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"Field of the.tnvention The present invention rel ates to an

| mage codi ng apparatus - , . and imge codi ng net hod, inage decodi ng
appar at us, "and recording medi um and nore particularly relates to
t he i.mage codlng appar at us and i nage codi ng net hod, image decodi ng
appar atus, inmage transm f tisng.ymet hod and recordi ng medi um capabl e
of thinni ng- out (sub sanpling) and conpressing an inmage in such a
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Backgfound of the Invention
1. Field of the Invention
The present invention relates to an image coding apparatus

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

obtain a decoded image almost identical to the original image.

2. Description of the Related Art
j Conventionally, various methods have been put forward as
* methods for compressing images, with one of these methods being a

: method for compressing images by thinning-out the number of
Ly pixels.

e
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) However, when an irhage compressed by this kind of
thinning-out is simply expanded by interpolation, the resolution of
_the resulting decoded image is poor.
: - There are two reasons for this kind of deterioration in the
, - resolution of the decoded image. One reason is that high frequency
'-_r_ ; components included in the original image are not included in the
- thinned-out image. A second reason is that the pixel values for
¥ '--‘;_". pixels comprising images after thinning-out are not particularly
suitable for decoding the original image. Accordingly, it would be

desirable to provide methods and apparatus which resolves such
problems.




met hods for conpressing i mages, wth one of these nmethods being a
nmet hod for conpressing i nages by thinning-out the nunber of

pi xel s. However, when an inage conpressed by this kind of

thi nning-out is sinply expanded by interpolation, the resolution of _
the resulting decoded inmage is poor. There are two reasons for this kind
of deterioration in the resol ution of the decoded image. One
reason is that high frequency conponent% included in the original imge are
not included in the t hi nned- out® i mage. A second reason is that the

pi xel val ues for pi xel's conprising i mages after thinning-out are

not particul a for decoding the original inage.
Accordi ngly, FPK‘maTﬁogtheqH{’&Rﬁ&ﬁdem rable to provide nethods and

appar at us whi ch reés thaes psasent invention setoblets.resolve these problems,
2 Summary of tl%eh%rclasnevn%nl}'\lvggtlon is capable of thinning-out (subsampllng) and
compressing images in such a manner that decoded images that are
identical (almost identical) to the original images can be obtained.
According to one aspect of the present im)entior_y, an image
coding apparatus includes correction means which éor_rects
c-ompressed data obtained by cbmpressing the original image data to
a fewer number of pixels and outputs corrected data: Prediction
means predlcts the original image based on the corrected data and
outputs the predlcted value. An arithmetic means calculates a-
prediction error for the predicted value with respect to the original
image data. Determining means determines suitability of the
corrected data outputted by the correction means baéed on the |
prediction error. Outputting means outputs the corrected data as
the driginal image data coding results in accordance with
determination résults of the determining .mea‘ns. o
According to another aspect of the present invention, an _
image coding.method compresses an original image data to a fewer
number of pixels by correcting compressed data obtained by
. compressing the original image data and outputtmg corrected data,
predicting the original image data based on the corrected data and
outputting a bredicted value and calculating a prediction error for the
predicted value with resbect to the original image data is repeatedly
carried out until the prediction error becomes less than a prescribed
. threshold value, and the corrected data is then outputted as coding
results for the original image data.
According to yet another aspect of tHe present in\)ention, in
an image decoding apparatus, coded data decoded by the decoding



As the present invention sets out to resolve these problens, the present

I nvention is capabl e of thinning-out (subsanpling) and conpressing inmages
in such a manner that decoded inages that are identical (alnobst identical)
to the original inmages can be obtained. According to one aspect of
the present invention, an inmage codi ng apparatus includes correction nmeans
whi ch corrects conpressed data obtai ned by conpressing the original inage
data to a fewer nunber of pixels and outputs corrected data. Prediction
means predicts the original imge based on the corrected data and out puts
the predicted value. An arithnetic nearss calculates a prediction error for

the predi ot eqni@hdik Sbdindd J066H the drlicdrobR3) beBBAfed!fisd s £1 1 N N9

means det erm nes sul ata outputted by the
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out putted as codi resul t e origi.nal inage data. Accordi ng
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According to a further aspect of the present invention, a
recording medium is recorded with corrected data when a prediction
error is less than a prescribed value, obtained by repeatedly
correcting'compréssed data obtained by compressing the original
image data to a fewer number of pixels and outputting corrected
data, predicting the original image data based on the corrected data
and outputting a predicted value and calculating a prediction error
for the predicted value with respect to the original image data until
the prediction error becomes less than a prescribed threshold value.

According to another aspect of the present invention, the
image coding apparatus' includes prediction means having.adaptive
processing means for carrying out adaptive processing for obtaining

- predictive coefficient for each class for calculating said predicted
values using a linear combination with the correctea data so as to -
‘ obtain the predicted value based on this predictive coefficient. '

According to yet another aspect of the present invention, the
image coding apparatus includes prediction means having sorting
means for sorting the corrected data into prescribed classes in

response to characteristics of the corrected data and the adaptive



an i mage decodi ng apparatus, coded data decoded by the decoding

3 neans i s obtained when the prediction error becones |less than a

prescri bed threshold value as corrected data by repeatedly conpressing an
original image data to a fewer number of pixels, correcting conpressed data
obt ai ned by conpressing the original inage data and outputting corrected
data, predicting the original inmage data based on the corrected data and
outputting a predicted value; and calculating a prediction error for the
predi cted value with respect to the original inmge data until the
prediction error becones |ess than a préscribed threshold val ue.

Accordi ng to\/\ﬂ dé%%{l"@'en%%ﬂﬁcéarﬁtast&ﬂ &;ﬁg{ﬁt g}dﬁé—ggmé)@acﬁ thecor di ng nmedi um -

is recorded cted data when a tion ertror 1s less than a
prescri bed vaprescribedatlassl by repeatedly correcting conpressed data

obt ai ned by corrprei%icg?d_t he ori

ing to a fgi'tﬂ%ll' aspect of the present invention, the
image coding apparatus includes trarismitting.means for transmitting
the corrected datg outputted by the outputting meané. .

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

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

description and the accompanying drawings.

Brief Description of the Drawings

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

Figure 2 is a block diagram showing an example configuration
of the transmission apparatus 1 of Figure 1.



I mage data to a fewer nunber of pixels and outputting corrected data,
predicting the original inmage data based on the corrected data and
outputting a predicted value and calculating a prediction error for the
predi cted value with respect to the original image data until the
prediction error becones |ess than a prescribed threshold val ue.

According to anot her aspect of the present invention, the inmge coding
apparatus includes prediction neans having adaptive processing neans for
carrying out adaptive processing for obgaining predictive coefficient for
each class for calculating said predicted values using a |inear

conbination with t ect o) t val ue
based on this predi (g[ulrgléi BBy FPE?@H?F&O& é'agﬁg &d?JBEfSR{ﬁ?dd ﬁf?g}qhef? _
aspect of thetnérﬁaﬁeﬁuséiuﬁrapmatwq of F@@@e@@bi&uamar atus includes
prediction neans having sorting neans for sorting the corrected data into

prescri bed c|Hgsemlﬁtmglrmdmdewqm&ﬁhcter| stics of the corrected data
and the adaptive Figure 4 is a flow chart illustrating the operation of the

transmission apparatus 1 of Figure 3.

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

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

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

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

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

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

Figure 11 is a flow chart illustrating the operation of the local
decoder 22 of Figure 8.

. Figure 12 is a block diagram showing an example

configuration of the error calculator 23 of Figures 3, 17 and 21.

Figure 13 is a flow chart illustrating the.operation of the error
calculator 23 of Figure 12.

Figure 14 is a block dlagram of the determmmg unit 24 of .
Figures 3 and 17.

Figure 15 is a flow chart illustrating the operatlon of the
determining unit 24 of Figure 14.
' Figure 16 is a block diagram of the receiving apparatus 4 of
Figure 1 for use in connection with the transmitting apparatus of
Figures 3 and the transmitting apparatus of Figure 17. |



4 processing neans carries out adaptive processing each the prescribed

cl ass. According to a further aspect of the present invention, the
i mage codi ng apparatus includes transmtting nmeans for transmtting the
corrected data outputted by the outputting neans. According to an

aspect of the present invention, the inmage decodi ng apparatus is an inage
codi ng apparatus for decoding data coded for an inage, which includes
decodi ng neans for decoding the coded data, the coded data being corrected
data when a prediction error is |less than a prescribed val ue, obtai ned by
repeatedly conpressing an original imge data to a fewer nunber of pixels,

correcting conpressed data.obtai ned.,.by c r ' . orlginal i e data
and outputting cor é%"frngZa\?zf, gfﬁf’g‘o‘?'ééﬁ{ﬁrﬁqhi%%ﬂ%g'?'%gﬁ ni%l%%%&g%? gq%gsed on
the correct ed sdabad BAbodinierit b thé ppésstitaheentiehlie and cal cul ating an
estimation error for the gr_edi cted value with respect to the'oriI%i nal i mage
data until the prediguieoh8ds bloaskcdiagsameefsthentpeal deceder i22e ®fthigutmol d

val ue. : se and ot her aspects of the invention will becone apparent
when considered'with reference to the follow ng description and the

acconpanyi ng draw ure 18risef fiDes ehartillastrating theldperation of the lodal gure 1
I's a bl ock diagram showing a _configuration of an enbodi nent of the present
i nvent i on appldes@dep ofFigher;d8pr ocessi ng appar at us. L
o Figure 20 is a block diagram showing a configuration of an
embodiment of an image processing apparatus for calculating
predictive coefficients for storage in the predictive coefficients ROM
81 of Figure 18. |
Figure 21 is a block diagram of a transmission apparatus of a
third embodiment of the present invention.
Figure 22 is a flow chart illustrating the operation of the
_ transmissfon apparatus of Figure 21.
Figure 23 is a block diagram of a local decoder 22’ of Figure
21.
Figure 24 is a flow chart illustrating the operation of the local
decoder of Figure 23.
Figure 25 is a block diagram of a determining unit 24’ of
Figure 21.
Figure 26 is a flow chart illustratihg the "oper'ation of the
determining unit of Figure 25.
| Figure 27 is a block diagram of a receividg apparatus for use
with the transmitting apparatus of Figure 21.

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

characteristics of the present invention are first briefly described



Figure 2 is a block diagram showi ng an exanpl e configuration of the
transm ssion apparatus 1 of Figure 1.

5 Figure 3 is a functional block diagramof a first enbodi nent of
the transm ssion apparatus 1 of Figure 2 (excluding transmtting/recording
devi ce 16). Figure 4 is a flowchart illustrating the operation of
the transm ssion apparatus 1 of Figure 3. Figure 5 is a bl ock diagram
of the conmpressing unit 21 of each of Figures 3, 17 and 21. Figure 6
is a flowchart illustrating the operation of the conpressing unit 21 of

Fi gure 5. Figure 7 is an illustrgtion of the process of the

ot o an 6 Wi estepehoe 1o 4he Figures. It is'toBe inderstodd it the fn
"unit” is to be interpreted in the broadest sense, including a hard
wired circuit, a main frame loaded with appropriate'software, a
programmed microprocessor or microcontroller, or a combination of
these. ' )

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

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

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



of the | ocal decoder 22 of Figure 3. Figures 9(A) and 9(B)
Il1lustrate a class classifying process. Figures 10(A), 10(B) and
10(C) are diagrans which illustrate the ADRC process. Figure 11 is a
flow chart illustrating the operation of the |ocal decoder 22 of Figure 8.
Figure 12 is a block diagram show ng an exanple configuration of the error
cal cul ator 23 of Figures 3, 17 and 21. Figure 13 is a flow chart
illustrating the operation of the error calculator 23 of Figure 12.

Figure 14 is a block diagramof the determning unit 24 of Figures 3 and
17. Figure 15 is a flow chart ilgustrating the operation of the

det erm ni ng u&‘ét%p(ﬁé%t? mE' ‘érr‘?urs_:ﬁer of pjxels) ah BhEYeRords | 'tﬁeq \%(‘ti%] A9r am of

t he receivi ng ap use I n connec
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Flgure 17. magneto-optical disc or magnetic tape, etc., or transmits the
resultiné data via a transmission p_ath 3 of, for example, ground
waves, broadcast circuits, telephone lines or CATV networks etc.

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

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

Referring now to Figure 2, a transmitting apparatus of a first
embodiment is shown. In operation, an I/F (interface) 11 carries out
receiving processing of image data received from outside and carries
out transmission processing of coded data for a
transmitting/recording device 16. The ROM (Read Only Memory) 12
stores a program for IPL (Initial Program Loading) use as weil as
other items. A RAM (Random Access Memory) 13 stores system
programs (OS (Opérating System)) recorded on an external storage
apparatus 15 and application programs together with data necesséry
in the operation of the CPU (Central Processing Unit) 14. The CPU



6 Figure 17 is a block diagramof a transm ssion apparatus of a

second enbodi nent of the present invention. Figure 18 is a bl ock
di agram of the |ocal decoder 22' of Figure 17. Figure 19 is a flow
chart illustrating the operation of the |ocal decoder of Figure 18.

Figure 20 is-a bl ock diagram showi ng a configuration of an enbodi nent of an
| mge processing apparatus for cal culating predictive coefficients for

storage in the predictive coefficients ROM 81 of Figure 18. Figure 21
is a block diagramof a transm ssion apparatus of a third enbodi nent of the
present invention. Figure 22 is a9 low chart illustrating the

oper ation of transy SSy pparatus of Figure 21.. .. Figure 23 is a
bl ock. d agr ant S108df S HARLES AR SRR pPogind #1, Applications.plpgtints, 7' 5
flow chart ilfrofd t7d eRternae stolRget agParatus NG irP§etodRimedewitdl tHe MIr e 23.
Figure 25 is a block diagramof a determning unit 24" of Figure 21.

Figure 26 is program stered inlthesROM i1 andexanutes iapplioationepregramsi ni ng
unit of Figur
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processing is carried out on the image data supplied from the I/F 11.

The external storage apparatus 15 is, for example, a magnetic disc

apparétus etc. that stores data necessary for the operation of the
CPU 14 in addition to the system program and applications programs
executed by the CPU 14. The transmittinglrecofding device 16 then
records coded data supplied from the I/F 11 on the recording
medium 2 or transmits this data via the transmission path 3.

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

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

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

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

resulting compressed data (image data after thinning-out) is



Det ai | ed Description of the Preferred Enbodi nents In order to
clarify the corresponding relationship between each of the neans of the
vari ous enbodi nents described herein, certain characteristics of the
present invention are first briefly described

7 wth reference to the Figures. It is to be understood that the term
"unit" is to be interpreted in the broadest sense, including a hard wred
circuit, a main frane | oaded with appropriate software, a programed

m croprocessor or mcrocontroller, or a conbination of these. The

i mge codi ng apparatus of the present i@A%ention includes conpression neans
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corrected data generated by the compressing unit 21 is then
supplied to the local decoder 22 and the determining unit_ 24.

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

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

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

resulting new corrected data is outputted. When the determining



nunber of pixels, correction neans (for exanple, the conpressing unit 21
etc. shown in Figure 3) for correcting conpressed data obtai ned by
conpressing the original inage data outputting corrected data, prediction
means (for exanple, the |ocal decoder 22 etc. shown in Figure 3) for
predicting the original inmge data based on the corrected data and
outputting the predicted value, arithnmetic nmeans (for exanple, the error
calculator 23 etc. shown in Figure 3) for calculating a prediction error
for the predicted value with respect to the original inage, determ ning
nmeans (for exanple, the determ ning unit124 etc. shown in Figure 3) for

determ ning sui. | i of .t rect t ) e correction
means based oW'%%?ﬁﬁt%MPF%Rﬁaf%‘? %éﬁ%%&%@ﬁt?%%ﬂ%%&sgffthg exanpl e, the
determ ni ng UgbrmpPdsstng uri2Wisi suitdle e be tdken ayithetdddiggtreeukefoect ed
data as the original inmage data coding results in accordance with

det er ni nat i ontheestiginal émagredate: sheicerrestaddasa supplied frae the egoi ng i s not
now o Fi gur ccamekédifig fhiE 23 teceurrlfeg & 8 iRy 2545 e optimyf o1
di gi tized i nagerrdstedl tats (ngreirtsftéOreferredatdstort siicityas ahe S optinlie
transm ssion apparatus 1 conpresses and codes inputted imge data by
t hi nni ng out ¢elBctethgptad) 1he predictive coefficient supplied from the local

decoder 22 is also supplied to the multip!éxor 25.

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

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

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

generated by local decoder 22 are supplied to the determining part
24,



8 data (reducing the nunber of pixels) and records the resulting data on a
recordi ng medium 2 conprising, for exanple, an optical disc,

magnet o- opti cal disc or nagnetic tape, etc., or transmts the resulting
data via a transm ssion path 3 of, for exanple, ground waves, broadcast
circuits, telephone |ines or CATV networks etc. Coded data recorded
on the recording nedium 2 is then played back at a receiving apparatus 4 or
coded data transmitted via the transm ssion path 3 is received. This coded
data is then expanded and decoded, with the resulting decoded inmage being
supplied to a display not shown in the I aw ngs. The i mage processing

system descr i bed alidugesatbriBri8dplor Wo!dhedictbd 6T ButAPREA FHofh ther

recordi ng/ reproduci ng~1 mages as optical disc apparatus,
magnet o- opt i cédcalidecodep 22 ats thersgme: as thaptec@ppdrlmageseobtamed\d:rappar at us

for carrying out transm ssion of inmages su exanpl e, video phone
appar at us, tel Q?iséé ?Ei*%éaeayfn%yepgﬁuar@w&ﬂw égstems etc. Further, the
i nRge processi ng SXﬁh@H‘ﬂfedﬁétgHr\F‘al& §46r ﬁ%é@n%ﬁxa?ﬁﬂa‘g%ddét% &%rtte%%?ed

termnals that can be utilize ermve and that are of a | ow
transm ssi on fedra thtedbcalsdee@dete22nﬂhe ermraai@lllatareZBFnﬁiuelstesat C.

Referring now f % t%Jnr %rr%rs ?ot rﬁg S['Jrll}aéltcwg vahid f'}E,H-,S the lc‘;icgliJesétoder 22
in step S3 with respect to the original image data and supplies these
prediction errors to the determining unit 24 as error- information.
When error information is received from the error calgulator 23, in
step S4, the determining unit 24 determines whether or not the
corrected data outputted by the compressing unit 21 is suitable to
be taken as the coding results for the original image data based on
this error information. '

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

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

error information is less than the prescribed threshold value ¢, the



enbodi mrent is shown. In operation, an I/F (interface) 11 carries out

recei ving processing of imge data received from outside and carries out
transm ssion processing of coded data for a transmtting/recordi ng device
16. The ROM (Read Only Menory) 12 stores a programfor IPL (Initial Program
Loadi ng) use as well as other itens. A RAM (Random Access Menory) 13 stores
system prograns (OS (Operating System) recorded on an external storage
apparatus 15 and application progranms together with data necessary in the
operation of the CPU (Central ProcessingsUnit) 14. The CPU

9 14 loads to RAM 13 the system programand applications progranms fromthe
The RO 12 ariPHisCREF aftd Butititef 1y e EBERrekiig e A iTedifidfiod B od 17
syst em progr abe suitabld akhthefcodingiregultsdongherovighsali ingagesdata.r ke out on
the image data suppljed fromthe I/F 11

determining unit 24 then outputs the corrected data for when error

information of less than the prescribed threshold value € is obtained

to a multiplexor 25 as the optimum compressed data together with

the predictive coefficients for each class. At the muitiplexor 25, in

step S6, the optimum compressed data from the determining unit 24

and the predictive coefficients for each class are multiplexed, the

resulting coded data is outputted and the process is complete.

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

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

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

The correcting unit 32 then provides an address to a corrected
value ROM 33 in accordance with a control signal from the
determining unit 24 (Figure 3) so that the corrected value A is read.
The correcting unit 32 then generates corrected data by, for
example, adding the corrected value A from the corrected value
ROM 33 to the compressed data from the thinning-out unit 31. This
corrected data is then supplied to the local decoder 22 and the



The external storage apparatus 15 is, for exanple, a magnetic disc
apparatus etc. that stores data necessary for the operation of the CPU 14
in addition to the system program and applications prograns executed by the
CPU 14. The transmtting/recording device 16 then records coded data
supplied fromthe I/F 11 on the recording medium2 or transmts this data
via the transm ssion path 3. The I/F 1 1, ROM 12, RAM 13, CPU 14 and
external storage apparatus 15 are connected together via a bus 17. At
the transm ssion apparatus 1 configuredl#n this way, when inmage data is
supplied to the I/F 11, this imge data is supplied to the CPU 14. The CPU

14 then codesdbfirmihiiRPEnH AR TUMBINARIONSS(féhexamplé ! Eombivatishglata to the
I/F 11. The I/F 11 then receives the coded data and suPpI ies this data to
=}

the transmittcagectabralueg osaareecting anetfremerpordion et pgmnresser ng devi ce

1 6; coded data,f LE 11 th ' Lum 2 or
Lransm tted yPARYE thdholithe Varialis FERECED VAubqA HFE 3hEh ol BN o °
Figures 3, 4, tihe cBrreéted Valu?ROM. 33 fn ordér t'@ofrect ahéidothprisiaedidaat of

the transmtting apparatus 1 (excluding the transmtting/recording device
16) and the r esépyited byatheathinningsout usitpBhi Meembinationmgé thet a (t he

oL eS8k el aCER oA SoRadn SORBIRR AR 4, 2L
conpr esses t heorrgrtingtanid 3B/ akd tieh Rdad dhdididhpliedetss tivgdoffeR tingagnik t i ng
conpr essed datsaz.(i mage data after thinning-out) is

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

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

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

When compressed data is received from the thinning-out unit

31, in step S12 the correcting unit 32 makes a determination as to



10 corrected under control froma determning unit 24. The resulting
corrected data generated by the conpressing unit 21 is then supplied to the
| ocal decoder 22 and the determ ning unit 24. The | ocal decoder 22
makes predictions for the original inmage based on corrected data fromthe
conpressing unit 21 and supplies these predicted values to the error

cal culator 23. As is described in the follow ng, the | ocal decoder 22
carries out processing for obtaining predictive coefficients for each class
for calculating predicted values by |inear conbination with the corrected
data, using the corrected data and the bsiginal inmage data. Then the | ocal

decoder 22 Cahbfiard ndf aRldMFoPGBREPARIDLA BB 1idth he P edi ot ed

val ues based oOn se correspon Ive coefficients, with these

predi cted valdeterraining umt);zw ﬂ-'dgltufe Bheand ifoa controllsigpal Rds bednt he
predictive coefficients for each class generated by | gcal decoder 22 are
supplied to tReetedewhethag thmicone! signal hasrp state indieating pg: ind of

cal cul at es g, fapdhcd | WihdH (196 detbrrhiifodisl & bBHUEY sind A48 hBELLER?

decoder 22 w r espect to
received in step S12, step S15 is proceeded to. The correcting unit

32 then outputs compressed data from the thinnirig—out unit to the
local decoder 22 and the determining unit 24 without modification as
_ the corrected data and step S12 is returned to.

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

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

- address is read from the ROM 33 and supplied to the correcting unit

32. When a combination of corrected values A is received from the

corrected value ROM 33, in step S14 the correcting unit 32 adds

corresponding corrected values A to respective one frames of



I nputted i mage data for the original imge data (source inmage data). This
prediction error is then supplied to the determning unit 24 as error

i nformati on. The determning unit 24 determnes the suitability of
taking the corrected data outputted by the conpressing unit 21 as the
coding results for the original imge data based on the error information
fromthe error cal culator 23. Wen the determning unit 24 determ nes that
the corrected data outputted by the conpressing unit 21 is not appropriate
to be taken as the coding results for the original inage data, the

determ ning unit 24 controls the conprégéing unit 21, conpressed data is

corrected. _arghhBRodseatibia G BSNoCGHIERRKE el AR fhen the

determ ni ng 4 determnes that the corrected data
out putted by d¢drapeessededatarg Aftertthiy, stepssilbdsiproceeded takthe as t he coding

results for corrected data is outputted from the correcting unit 32 to the local
decoder 22 and the determining unit 24 and step S12 is returned to.

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

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

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

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

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

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

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

Corrected data from the compressing unit 21 is supplied to a

blocking unit for class classification 41 and to a blocking unit for



the original image data, the corrected data supplied fromthe conpressing
unit 21 is supplied to a nultiplexor 25 as the optimum corrected data
(hereinafter referred to for sinplicity as the "optimm corrected data").
The predictive coefficient supplied fromthe | ocal decoder 22 is also
supplied to the multipl exor 25. The nul ti pl exor 25 nultipl exes the
opti mum data (corrected data) fromthe determning unit 24 and the
predictive coefficients for each class and outputs the results of this

mul tiplexing to the transmtting/recording device 16 (Figure 2) as coded
dat a. Next, this operation is deskttibed with reference to the flow

hart of Fi ' ' |l ' it 21,
R B R

this i mage daichassificdtionsd 1othgnpats the coregted alada imtd the faoalof ddockler 22
and the determning part 24 wthout carryi ng out correction, Corrected data
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comprising a total of nine pixels of the eight pixels X141, Xg1)e
X+ e Xigaye Xigenye Xengne Xpnye Xgengenye 10 the upper left, top,
upper right, left, right, lower left, bottom, and lower right of the
noted pixel X;, plus the noted pixel itself. This class classifying block
is then supplied to a class classifying adaptive processing circuit 43.

In this case, the class classifying block comprises a

square-shaped block of 3 x 3 pixels but the shape of the class

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

The blocking unit for predicted value calculation 42 puts the
corrected data into the form of blocks for predicted value use
centered about the noted corrected data that are units for calculating
the predicted value for the original image data. Namely, in Figure 7,
taking the corrected data Xij (the portions shown by @ in Figure 7)
as the center and expressing the nine pixel values of 3 x 3 occurring
in the original image data (source picture data) as Yy, Yz Yiay
Yiare Yisy Yier Yin: Yyer Yie. in order to calculate predicted values
for the pixels Yy, to Y, the blocking circuit for predicted value



12 | mges conprised of the predicted val ues outputted fromthe | ocal
decoder 22 are the sane as the decoded i nages obtained on the side of the
recei ving apparatus 4 (Figure 1). When predicted val ues for the
original imge data are received fromthe | ocal decoder 22, the error

cal cul ator 23 calcul ates- estimation errors for the predicted values from
the | ocal decoder 22 in step S3 with respect to the original inage data and
supplies these prediction errors to the determining unit 24 as error
informati on. When error information is received fromthe error cal cul ator
23, in step S4, the determ ning unit 241%et er mi nes whether or not the

corrected dat gagiidii 89 EonfdResBEAIR BlocKTdr prbdictedWdigh! € o be taken

as the coding results for the original 1 mage data based on this error
i nformation. calculatingause comprisingp fo¥examplar thentwenty-five mixielsadf t o
whet her or x(i-2m‘-2)f X(i-Zm'-‘H' x(i-Z)jl X(i-2)(j+1)' X(i-2)(i+2)' x(i-1)(j-2)' X(i-l)(i-ﬂ' x(i-l)j' X(i-1)(i+1)'
X(i-1'(i+2)' xi(i-le xi(i-"' Xii' xi(i+1l' xi(i+2i' X(i+1)§i-2|' )_((ij-_ﬂ.(i-‘ll' x(i+1li'
Xli+1)(i+1)' x!i+1)ti+2)' X(i+2m-2): x(i+2nj-1)v x_(i+2)i' x(i+2)(j+1) and X(i+2)(j+2)
centered about the pixél Xij as a b x 5 matrix.

Specifically, as, for example, a block for estimation error
calculating use is configured from pixels Xy, X132/ Xy3:¢ X140 Xig0r
Xayer Xoze Xages 1 Xogre Xogee Xaree Xapes xsﬁ'v Xagr Xageo Xear Xazs Xogeo
Xaae Xass Xgie Xg2ee Xgar Xggq @and X in order to calculate predicted
values for the nine pixels Y3 to Y33y 0ccurring in the image for
the original image enclosed by the quadrilateral shape in Figure 7.

Blocks for use in predicted value calculation obtained at the

" blocking circuit for predicted value calculation 42 are supplied to the
class classifying adaptive processing circuit 43.

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

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

The class claésifying adaptive proceSsing unit 43 comprises

an ADRC {Adaptive Dynamic Range Coding) processing unit 44, a



not the error information is |ess than the prescribed threshold val ue
[err]. Wien it is determined in step S4 that the error information is not

| ess than the prescribed threshold value [err], the corrected data
outputted by the conpressing unit 21 is confirmed to be inappropriate as
the coded data for the original imge data, step S5 is proceeded to and the
determning unit 24 controls the conpressing unit 21 so that the conpressed
data is corrected. The conpressing unit 21 then changes the correction
anount (hereinafter referred to as the ggrrected value A) under the control
of the determning unit 24, the conpresSéed data is corrected and the

resul ting corrssseiadsifgird uRitt95lahddan adaptive grobedsingdeit 245 and t he
determning unit 24. Step S2 i's then returned and the sane process is then

repeat ed t her exgirries out class classifyingadaptive Miocessingit is deternined in
step S that the el dBLAHRY! ot Siotebli L8sRISH il 4Bharno!

into a number of classes based on the characteristics of the input

signal and then executes the adaptive processing appropriate to each

~ class. Class classifying adaptive processing can therefore be largely
divided into class classifying processing and adaptive processing.
Here, a simple description is given of class classifying

processir{g and adaptive processing. .

First, class classifying processing will be described.

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

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

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

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



corrected data outputted by the conpressing unit 21 is confirnmed to be
suitable as the coding results for the original inmge data. The determ ning
unit 24 then outputs the corrected data for when error information of |ess
than the prescribed threshold value [err] is obtained to a multiplexor 25
as the optimum conpressed data together with the predictive coefficients
for each class. At the nultiplexor 25, in step S6, the optinum conpressed
data fromthe determning unit 24 and the predictive coefficients for each
class are nultiplexed, the resulting coded data is outputted and the
process is conpl ete. As descri bed28bove, corrected data corrected
fromthe conpression data when the e r inforpatjon is | ess than the
prescribed t hr eshollythiggmbe ""ﬂ%fkterﬁéé%t PEOGESSING 1SCairted eyt opH&eor i gi nal

i mage dat a. i ' \ e L ' ata
(source irragéﬂ‘ggtﬂzg) ?céﬁ@t ﬁlea%sggﬂ%;?gléﬁgﬁ %nnRPﬁ‘Z\: Em&?ﬁq @Etrggg?@?%g

appar at us 4 basmbesroftdlassencapchen nteduced by mhakirtg ttenartgrlef -
configuration of the conpressing.unit 21 js.shown in Fjgure, 5.
mge data ¢ obis fohEa8 BIKEIS CATANSBE e BIOBKS AN R FlaSAIing use he
t hi nni ng-out griaj. 31 then thins out the inage data by 1/N so that
conpressed data conpressed by 1/Nis outputted fromthe thinning-out unit
31. Thi s conpresseffodaxample; irenrderptd siaplifyothe descediptionngs showmin 31 to

a correcting ynit 3 .The cqgrrecting unit .32 .then, proyides an
Sddress o a EBECUA). sansidaipe i Bipek Safbrisg fPuh PR POV gnal
fromthe det gpBy8ithe étPé_iFh?ﬁnéFtHé‘h?aﬁ}mﬁﬁ vdlak MAX aRdrhel @thiMiHe A is
read. The correcti ngl unit 32 then generates corrected data by, for

value MIN for these pixels is detected in the ADRC processing.

Her e,

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

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

and the center value L11 for the range for the uppermost level. The



exanpl e, adding the corrected value [err] fromthe corrected value ROM 33
to the conpressed data fromthe thinning-out unit 31. This corrected data
is then supplied to the | ocal decoder 22 and the ‘

14 determning unit 24. Conbi nations (for exanple, conbinations of
corrected values for correcting one franme portion of conpressed data) of
each of the various corrected values A are then stored by the corrected
value ROM 33 in order to correct the conpressed data outputted by the

t hi nni ng-out unit 31. Conbinations of the corrected val ues A corr.espondi ng
to addresses supplied fromthe correctingiunit 32 are then read and

conpr essi ng ulBLREFEWRAMIY & then pded (3T vaIlB, PIREKIG T ADRE . ¢
Wien, for exarmmbeessing ié réfetradtd isemati-edgefmataidagdata is
" An improved non-edge matching method is illustrated by
Figure 10(C). In this improved type of non-edge matching, the
dynamic range DR is divided into four equal parts and the mean
value MIN’ for the pixel value belonging to the range of the
lowerhost level and the mean value MAX' for the pixel'Qalue
belonging to the range of the uppermost level are converted to
~ ADRC codes 00B and 11B. The levels dividing the dynamic range
DR’ (into three equal parts) defined by MAX’ - MIN’ are converted to
ADRC codes 01B and 10B so that ADRC decoding is carried out.
This is an improvement of ADRC processing.

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

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

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

Next, adaptive processing will be described.

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

the original image data can be considered to be obtained using a



supplied to the thinning-out unit 31, the thinning-out unit 31 thins out
this image data in step S11 by 1/N and the resulting conpressed data is
outputted to the correcting unit 32. As shown in Figure 7, the

t hi nning-out unit 31 thins out the inmage data by, for exanple, 1/9. Nanely,
the thinning-out unit 31 only extracts pixels values for pixels (portions
shown by the mark [err] in Figure 7) in the center of each unit, taking

ni ne pixels arranged as 3 x 3 (horizontal x vertical) as one unit and ot her
portions (shown by the mark Oin Figureé%% are elimnated. The thinning-out
unit 31 then carries out the above proc inunits of, for exanple, one
frame (field) t ¢ e frane is
t hi nned- out bllﬁjéﬁrQﬁl;ség't? ?aﬁ’qngupp ﬁrr‘%ér?rﬁvhgﬁ?ﬁl\@iﬁf% {@l}?%numt 3l to
the correcti ngmhmdlmﬁat d:Orrestew:I detqzdmehiaﬁéroreferredftoaase|eﬁrn|ngageta)o be

di vi ded t I k f th 1 hi currin
ot "t he t hi nni Ry Tt um e several pixdls in Tols VIERDRR nePSEriBed mpdctve |
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2 the correcting unit 32 rrakes ‘a determ nafion as
shown by the following equation.

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

In order to generalize, the matrix W that is the set for the
predictive coefficient w, the array X that is the set for the 'Iearning
data and the array Y’ that is the set for the predicted value Ely] is
then defined by:

(X Xig w Xin)

X= Xoy Xop oo X
b X - %
(W) (En)

e Wzr’ v | B
W, \awi)

The following trial equation can then be arrived at.

XW = Y e e e e (2)
A predicted value Ely] near to the pixel value y of the original
image data can be obtained by applying the least square method to



15 whet her or not a control signal has been received fromthe determ ning
unit 24 (Figure 3), and if a control signal has been received whether the
control signal has a state indicating an "end of operation.” Wen it is
determ ned that a control signal has not been received in step S12, step
S15 is proceeded to. The correcting unit 32 then outputs conpressed data
fromthe thinning-out unit to the | ocal decoder 22 and the determ ning unit
24 wi thout nodification as the corrected data and step S12 is returned to.
Nanel y, as descri bed above, the determining unit 24 controls the
conpressing unit 21 (correcting unit 3233based on the error infornation.
Then, direct lthi@idf edudRidr2 M W%%ééatvahémheeﬁatrwt/mﬁa&eé thé @@t fbe

t hi nning-out unit 31, a control signal is not outputted fromthe

det ermi ni ng uhietpigel belusadee@rraﬁ 19 inf therfellowingaaoteacherpdatiaiby {decause

error infor ian is ot out tted frof the e[ Lor ¢

Ther ef or e, gatﬁ.' c'm%P"a Fhe[ﬂ 298 taaﬁr%f{he S’Lﬁ%{)&%gép l?%%lzyf ﬁ%r

thi nni ng- out dpbaihdertd forLthd 9Féduaﬂedwame3@[quahrte§p6@ff@me ifage

conpressed data (correcting of adding zero is carried out) and this data is

out putted wi tvalue wfer thecariginal imagraatacare defingtbas22 and t he

determ nation unit cgfrected data. On the other hand, when it
Efatbs 2}

is determined in s at a control signal has been received fromthe
determ.ning unit 24, in step S13 the correcting unit 32 outputs an address

in accordance wth this control sign Wto tf}q\ corrected value ROM 33. As a
resul t y.
E=| 2| v=|"2 .
Vn)

the following remainder equation can be arrived at from
equation 2. ’
XW =Y + E ...t iitttatnnnananns (3)
The predictive coefficient wi for the original image data for
obtaining the predicted value Ely] close to the pixel value y for the
original imagé data can then be obtained in such a manner as to
make a minimum error.

[Equation 3] -

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

fulfilling the following equation is the most suitable value for



of this, in step S13, a conbination (set) of corrected values [err] for
correcting one franme portion of conpressed data stored at this address is

read fromthe ROM 33 and supplied to the correcting. unit

32. \Wien a

conbi nati on of corrected values [err].is received fromthe corrected val ue
ROM 33, in step S14 the correcting unit 32 adds corresponding corrected

val ues A to respective one franes of

16 conpressed data so as to cal cul ate corrected data corrected for
conpressed data. After this, step S15 i 24proceeded to, the corrected data
is outputted fromthe correcting unit 32 to the | ocal decoder 22 and the

determ ni ng U&B air‘%ﬂ 9 di Peoseal .eSE ﬁtﬁﬁeﬂ' it pixel valdd!
P giézl {%a? Llro'f aang

an en

determ ned in ste a con si gha

gnfgfrtt(r)%:r ation

state has beegriginatimagefdatm t he determ ning unit 24, the process is
returned to step S11, where_the thinning-out unit 31 thins out this inmge

data in step S11 blFayaliamélt ne

%8, o8, de,,

% w2 ow aw,
; ; )

oot =0 (1=1,2,...,n) (4)

Here, the following eqUation is first arrived at by

differentiating equation (3) by the predictive coefficient wi.

[Equation 5]
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Equation (6) is then obtained from equation (4) and equation

(5).
[Equation 6]

m m m
; e,x,,=0.§ ©X=0, ... 21: ex,,=0

(6)

The following regular equation can then be obtained from

equation. (6) by considering the relationship between the learning

data x of the remainder equation (3), the predictive coefficient w,

the teacher data y, and the remainder e.
[Equation 7]



resulting conpressed data for the followng franme is processed in-

accordance with this flow chart. As descri bed above, the: conpressing
unit 21 repeatedly outputs corrected data for the conpressed data corrected
to various val ues under the control of the determ ning unit 24. When

coding is conpleted for one frame of inmage, the determning unit 24
supplies a control signal indicating this point to the conpressing unit 21.
When the conpressing unit 21 receives this control signal in step S12, the
process for the present frane is finished, and a process is executed in
accordance with the flow chart of Fi gur%eqﬁ on the imge for the follow ng
frane. In the above case just pi data (pixel values) for pixels
at the center of pix¢le arrangedmas 3 x 3 are @extracted at the thinning-out

unit 31 so as to gen (Ex,,)qupnapagxguza Ho(Ry X )W =(3Xapp) e, an average
3

value for the 3 x 3 pisel s can o be cal cul atted and co#pressed data can
be generated taking this average vaI ue as the pixel value for the pixel at
the center of the 3 pi xel s Fi gure shows an xanmpl e

configuration of the ﬁllé’cdc(EXmZ@mj* R dépe XX W, = X ect ed data
fromthe conpressing|dlit 21 is &lpplied to a &bl ocking dﬂlt for class
classification 41 an tlg a bl ocki ng unit for

(Z; Xi X)Wy + (g XpXW+ oo + (?;:’ XX W= (g'xiny)

A7)

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

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

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

be said to be a process that is an operation of reproducing the
so-called image. |



17 predicted value calculation 42. The blocking unit for class
classification 41 then puts the corrected data into the form of bIocks for
class classifying centered about the noted corrected data that are units
for classifying into prescribed classes in response to the characteristics
of the corrected data. Nanely, in Figure 7, when the top to the ith
and the left to the jth corrected data (conpressed data) (or pixels)
(portions shown by the mark [err] in Figure 7) is expressed as X[ err], the
bl ocking unit for class classification 43 constructs a class classifying

bl ock conprising a total of nine pixels of the eight pixels Xerr], Xerr],
Xerr], X err], X eNext, ¥ descriptirewil] beXgigen]witk| refejencecta tiee flpper | eft,

top, upper right, left, right ower |eft, tt nd l.ower, right of the
nored' brxel | xEBar of Biauee  El of shacsraEeniatie oph AgcorBt 220hEdud ng
bl ock is thengsupplied to a class classifying adaptive processing circuit
43. In this case, the class classifying block conprises a

squar e- shaped bl oclFirst, ih step BR2A¢the Hocalt decoderp22 guts loorodcted dzitassi fying
D e e ear oA i CAL 55 408 o BGRE PSR g
L hg g' S.Sieflsaﬁﬁ%?&m"@a%'t FoPLRAs WaddifibBasa 41,"HecdotrBcted libfa B el of
put into the form of 3 x 3 pixel blocks centered about the noted
corrected data for class classifying use and supplied to the class
classifying adaptive processing circuit 43. Further, at the blocking
circuit for predicted value calculation 42, the corrected data is put
into the form of 5 x 5 pixel blocks centered about the noted
corrected data for predicted value calculation and supplied to the
class classifying adaptive processing circuit 43. |
Image data for the original image data is also supplied to the
class classifying adaptive processing circuit 43 in addition to the
blocks for class classifying use and the blocks for predicted value
calculation. The blocks for class classifying use are supplied to the
ADRC processing unit 44 and the blocks for predicted value
calculation use and the image data for the original image data are
supplied to the adaptive processing unit 46. .
In step S22, when the blocks for class classifying are
received, the ADRC processing unit 44 subjects the blocks for class
classifying use to, for example, one bit ADRC (ADRC carried out
using one bit quantization) processing so that the corrected data is
converted (coded) into one bit and outputted to the class classifying
unit 45. In step S23, the class classifying unit 45 subjects the
blocks for class classifying use that have been ADRC processed to
class classifying processing. Namely, the class classifying unit 45
detects a state of distribution of each of the levels in the block and



The bl ocking unit for predicted value calculation 42 puts the corrected
data into the formof blocks for predicted value use centered about the
noted corrected data that are 'units for calculating the predicted val ue
for the original image data. Nanely, in Figure 7, taking the corrected
data Xij (the portions shown by [err] in Figure 7) as the center and
expressing the nine pixel values of 3 x 3 occurring 1in the original inage
data (source picture data) as Y[err], Y[err], Y[err], Y[err], Ylerr],
Y[err], Y[err], Y[err] Y[err] in order 29 cal cul ate predicted values for
the pixels Y[err] to Y[errL@;he bl ocking circuit for predicted val ue

18 cal cul at i odetepmings theclassas shatithess slassralasgifviag dleaks helanatocul ati ng

Per e or e KRRy S50 bS8 ot o Sl pbmgl B he LT
Klerr] X err]adafitive brocdsving uni{ 46rds cése ifforfiation., '

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

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

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

Specifically, for example, when class information C for the
block for class classifying use comprising the 3 x 3 corrected data
Xa2r Xazr Xogr Xagze Xazr Xaar Xa2'e X43” and X,, centered about the
corrected data X33 shown in Figure 7 is outputted from the class
classifying unit 45 and a block for predicted value calculating use
corresponding to the block for class classifying use,comprising
corrected data X,,", X;,', Xi3', Xq4's X45' Xp0's 'Xzz’, Xas's Xaa'y Xos's



Xerr], Xerr], Xerr], Xerr], Xerr] Xerr] and X[err] centered about the
pixel Xij as a 5 x 5 matrix. Specifically, as, for exanple, a block
for estimation error calculating use is configured frompixels Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr], Xerr],
X[err], Xerr] X [err], Xerr], Xerr], and X[err] in order to calcul ate
predi cted values for the nine pixels Y[err] to Y[err] occurring in the

i mage for the original imge enclosed bypgthe quadrilateral shape in Figure
7 Bl ocks for use in predicted val ue cal cul ati on obtai ned at the

blocking ci rokit, Kor, BLEUixledyal 06,63 SU! LS OX 42 S RUPPX,LE] X', he
class classifying adaptive processing circuit 43. he nunber of
pi xel s and shégé ad Xie fisir dbr § & 5 rixelisceantered gboutthalcarrentedsdatags wit h

the above. _rosBuds outptrted,Bnd Hie BISFRNa B E TG eI uPlle. oy i <1 ng”
the bl ock forcgleaRitioned2vad dbléck Fol prédictéd vatud aRiubsting e} iRe nunber of
pi xel s conprising the block for class classifying use, When t he

above bl ocki nepfirectest datajcemprising shissblogk togmstiraatest velueseacylating t han
DL ocki . ' \ . . . e
Che'pi crure r0Se e R eR®ag dilif Gt CARPL 1xRd el (é dBribf I 1Y 7

exanmpl e, the sarsundsditsy dse ghadpilateral iadFigutes 7h W allies Ni33(4) o Y 3®E@)exi st
on the. outside. The class classifying adaptive processing unit 43
conpri ses an Amreﬁmﬁqt\ﬁ@emaﬁ?@dqaﬂaxé%ﬁ@ akarpasdepphendata 89, a

that the regular equation shown in equation (7) is fulfilled.

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



19 class classifying unit 45 and an adaptive processing unit 46 and carries
out class classifying adaptive processing. Cl ass cl assifying adaptive
processing classifies an input signal into a nunber of classes based on the
characteristics of the input signal and then executes the adaptive
processing appropriate to each class. Cass classifying adaptive processing
can therefore be largely divided into class classifying processing and

adapti ve processing. Here, a sinple description is given of class
cl assi fying processing and adaptive pr@@ssing. First, class
cl assifying processing will be descri bed. As shown, for exanple, in

(2)r)c(ler2 to sinplify E@%?@?FQ %‘is(‘a[:)f‘di R R?Igﬁke Q(A\Q,{l(kyxbl ock is configured of

pi xels (a blo cl as SSi g 'tise) tsi nb3 a certain noted
pi xel and three pixels nei ghbewiidX,hi+s wgkpd,pitxg(l)X,, each pi xel is taken
to be expressed by one bit (of a, level of either O ). In this case, the
2 x 2 four pixel block is cl asWAk) zi'ht‘ﬂs(igxéa:"'( Z‘{;ﬂ; 2i[err]) patterns as

shown in Figure 9(B) using t i I byt L,oN each of the pixel |evels.
This kind of hp."ﬂﬁt’k“ autiCl S :

+ Wik X3, + Wis(k)Xss

+Wialk) X34 + Wyg(k) X35

+W|6(k)X41 + W|7(k)X42

+ Wik X3 + Wig(KIXee
+WyolK)X s + W (KYXg, _ =
+ Woo(k)Xga + Woa(k)X;s
+ W (K)Xgq + Wag(K)Xgs

. {8)

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

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

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

the local decoder 22 are alsp supplied to the square error calculating



pattern dividing is the class classifying process and is carried out by the
class classifying unit 45. The cl ass cl assifying process can be
carried out in such a nanner as to take into consideration the activity

(i mage conplexity) of the inmage (inmage within a bl ock) (severity of

change) . Usual |y, for exanple, about 8 bits are allotted to each

pi xel . Further, in this enbodi nent, as descri bed above, the class

cl assifying bl ocks conprise nine pixels of 3 x 3. Therefore, because class
classifying processing is carried out tygygeting this kind of block for

cl ass cIaSS|fy|ng use, an enor nous numnber of (2[err])[err] classes can be
classified.

erbodi ment | AR 57 i 886P Rlork it of ypixls dRlockamjfs of 38,3 gty B 1 S
cl assi fyi ng ugddaiord f&tw&%@k@gﬁgpnw fetht thebloEReGHIAY |INIEE 1cTaRses can

then be reduced by nmaking the nu
square error calculating unit 52 then calculates a square error as the
prediction error for the predicted value with respect to the original
image data and supplies this to an integrator 55.

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

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

- Next, this operation will be described with reference to the
flow chart of Figure 13. At the error calculator 23, the value stored
in the memory-56 is first, for example, cleared to O in step S31 and
step S32 is proceeded to. Then, at the block coding unit 51, the



bits for the pixels conprising the blocks for class classifying use small.
For exanple, in order to sinplify the description, as shown in Figure
10(A), considering the block conprising four pixels |lined-up above the
straight line, the maxi numvalue MAX and the m ninumvalue MN for these
pixels is detected in the ADRC processing. DR = MAX - MN is then taken as
the localized dynam c range of the block and the pixel values of the pixels
conprising this block are requantized to K-bits based on this dynam ¢ range
DR. Narmel y, the m ni mum val ue NIE is subtracted fromthe values for
each of the pixels within a block and t ts subtracted value is divided by

DR/ 2[ err] and: ’ 0. | [ di v ded
val ue. Speci fllrﬁgﬁ/;g ,a E%\Eseh,ﬂt ?%t(rb g%anp e?)?%?{i%§§g&?ﬁgvhm% spﬁﬁ'ﬁ SLdrlg(sl%eél( B),
t he di vi ded vaiipplietd to dhe sguareendmor calcalagiag¥tit Gy Theisquare paor [fpr equal
parts and a determnatjon s pade as t.o V\:hiéh range the pb\é | val ues bel ong
to. Wen the Heimedepatadopihe aiiging image datrcempriaing & S|evel, the

range of the $60Ad KM RYIoLE telding Wit 87UncPind Predibidd! vair ot | evel

or the range e uppernost level, Toding is carr out into two bits
of , for exanpbuppliBfrcdit tBe lacaBdecoddr B2 arethentcaleulatédBin stem &3S at
bi nary nunber

out on the de%%%léﬁ&lalg": EE’E’[’J’;} %Hgéf‘g:%tr gl‘?éo,(A[B)??C ggggdlore% I_. .glt gfanlczci]gr :aﬁg 11
B to the center Va'Nh‘?nbl@oiﬁ’fstéﬁ‘%Sﬁnﬂeﬂ-{é)&ifﬁ?ﬁe{ie\éﬁfdmﬁSs' evel, the center
val ue LO1 for the range for the second | owernost |evel, the center value
L10 for the reaotresponding:prédicted valesoare subtedcteddfrohethe nespectieue L11
for the rangeié‘grget&aeiausou%epr“rélasi% llaltea\cl:ﬁlfbrr-mr‘nhgy the block coding unit 51 and

the resulting data is supplied to the arithmetic unit 54. Further, in

step S33, the output of the arithmetic unit 53 is squared at the

arithmetic unit 54 and supplied to the integrator 55.

When the square error from the square error calculating unit

52 is received, in step S34, the integrator 55 reads the values stored

in the memory 56 and obtains integrated values for the square error

by adding these stored values and the square errors. The integrated

values for the squared errors calculated at the integrator 55 are then

supplied to the memory 56 and stored by overwriting the values

stored for the previous time. -

" Next, in step S35, the integrator 55 makes a determination as

to whether or not integration of the squére errors for a prescribed

amount of, for example, one frame portion, is complete. When it is

determined in step S35 that integration of the square errors for ohe

frame portion is not complete, step S32 is returned to and the

process from step S32 onwards is repeated. Further, when it is

determined in step S35 that integration of the square errors for one

frame portion is complete, step S35 is proceeded to. The integrator

55 then reads out integration values for square errors for one frame

portion stored in the memory 56 and outputs these to the



21 mninmumvalue MNis then added to this value. This kind of ADRC
processing is referred to as non-edge mat chi ng. An i nproved non-edge
mat ching nethod is illustrated by Figure 10(C). In this inproved type of
non- edge matching, the dynamc range DR is divided into four equal parts
and the nean value M N for the pixel value belonging to the range of the
| oner nost | evel and the nean value MAX' for the pixel value belonging to
the range of the uppernost |evel are converted to ADRC codes OOB and 11 B.
The |l evel s dividing the dynam c range DR (into three equal parts) defined
by MAX - MN are converted to ADRC c@2s 01 B and 10B so that ADRC

Thi s ADRC pr GeerfiiyRicunit 34 abBsP nIBERKASH, St ST P RgRat
Lai d- open Pat enandubli praicess isieepedtedsftém step S31Toawardss nunber can be
reduced in the above way by ’

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

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

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

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

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

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

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

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



perform ng ADRC processing by requantizing at a bit nunber smaller than the
bit nunber allotted to the pixels conprising the blocks, wth this kind of
ADRC processing being carried out at the ADRC processing unit 44. In
this enbodi ment, class classifying is carried out at the class classifying
unit 45 based on the ADRC code outputted fromthe ADRC processing unit 44.
However, class classifying processing can also be carried out taking as an
obj ect data on which, for exanple, DPCM (estinmation coding), BTC (Bl ock
Truncation Coding), VQ (Vector Quantization), DCT (Discrete Cosine
Transform and Adamar Transform coding 33e perforned. Next, adaptive

processing wi in'fohﬁadsﬁ% 'sGESned even |f E@w@fﬂfmh%nﬁaﬁome@uﬁbﬁéd)val ue E[y]
of the pixel value 'y for the original image data can be considered to be
obt ai ned usi ngha error information memory 63 is then cleared every time | near fir st

order coupl i ng, fdelng’st & adl tEmnightgs, (1n this
A comparator 64 compares error information for the current
time stored in the error information memory 63 and a prescribed
threshold value €, as well as com'paring error information for the
current time and error information for the previous time if necessary.
The comparison results of the comparator 64 are then supplied to a

controller 65.

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

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

whether or not error information has been received from the error



enbodi ment, corrected data, hereinafter referred to as | earning data)

x[err], x[err], . . . for several pixels in this vicinity and prescribed
predictive coefficients wWerr], werr], . . . In this case, the predicted.
value E[y] is shown by the foll ow ng equation. : Ey] = wWerr]

x[err] + Werr]x[err] +. .. (1 In

order to generalize, the matrix Wthat is the set for the predictive
coefficient w, the array X that is the set for the | earning data and the
?;:?¥ Y' that is the set for the predicgid value E[y] is then defined by:

calculator 23 is determined in step S41 by the comparator 64.

When it is determined that error information has not been received,

step S41 is returned to. When it is determined in step S41 that

error information has been received, i.e., that error information is

stored at the error information memory 63, step S42 is proceeded

to. The comparator 64 then compares the error information

currently stored in the error information memory 63 (the current

error information) and the prescribed threshold value & and

determines which is the larger.

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

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

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

to be changed in the same way as for the previous time to the



The followi ng trial equation can then be arrived at. XW =Y
..... (2) A predicted value E[y] near to the pixel value y of the
original imge data can be obtained by applying the | east square nmethod to
23 this trial equation. In this case, when the matrix Y that is the set for
the pixel values (referred to in the follow ng as "teacher data") y for the
i mage for the original imge data and the matrix E for the set for a

remai nder e for the predicted value E[y] with respect to the inmge

35
correcting unit 32 and step S41 is returned to. Further, when it is
determined in step S43 that the error information for the current
time is larger than the error information for the previous time i.e.,
when the error information is increased by carrying out correction of
compressed data, step S45 is proceeded to, the controller 65
outputs a control signal indicating that the correction value A has
been changed in a way that is the opposite of that for the previous
time to the correcting unit 32 and step S41 is returned to.

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

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

After this, the error information for the following frame is

awaited and the process is repeated in accordance with the flow
chart shown in Figure 15.



value y for the original inmage data are defined as [ Equation 21
the foll owi ng remai nder equation can be arrived at fromequation 2.

....................... (3) The predictive coefficient
wi for the original imge data for obtaining the predicted value Ey]

XW=Y + E

to the pixel
such a manner

[err]

cl ose

value y for the original inmage data can then be obtained in

as to make a mni num error. [ Equation 3] [err]
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At the correcting unit 32, the correction for the.image data for
the original image data can also be carried out for all of the image
data for the original image data of one frame and can also be carried
out just with respect to data for this one portion. When correction is

carried out only with respect to this one portion, for example, pixels

- that strongly influence the error information are detected by the

controller 65, with correction then only being carried out for these
pixels. Pixels that strongly influence the error information can be
detected, for example, in the following way. Namely, first, error
information can be obtained by carrying out processing using the
compressed data of pixels remaining after thinning-out as is. Error
information (1) resulting from the outputting of a control signal that
causes processing that performs correction for just the same
correction value A one pixel at a time to be performed on
compressed data for pixels remaining after thinning-out, and (2)
error information obtained when the compressed data is used
without.modification are compared. Pixels for which this difference
is greater than or equal to a prescribed value can then be detected
as pixels that strongly influence the error information. -

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



Therefore, the square error differentiated by the predictive coefficient w
becones zero, i.e. the predictive coefficient wi fulfilling the foll ow ng
equation is the nost suitable value for

24 obtaining a predicted value E[y] near to the pixel value y for the
original inmage data. [ EQuation 41 [err]
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In addition to compression by thinning-out, the image is
compressed by ADRC processing and class classifying adaptive
processing etc. and coded data of an extremely high compression
rate can therefore be obtained. The above coding processing
occurring at the transmission apparatus 1 achieve highly efficient
compression by using so-called organic combining of compression
coding using thinning-out and class classifying adaptive processing,
with this being referred to as combined code processing.

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

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

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

from the class classifying unit 75. The blocks for predicted value



Here, the follow ng equation is first arrived at by differentiating

equation (3) by the predictive coefficient w. [ Equation 5] [err]
(5) Equation (6) is then obtained fromequation (4) and equation (5).
[ Equation 6] [err] The follow ng regul ar equation can then be

obtained from equation (6) by considering the relationship between the
| earning data x of the remainder equation (3), the predictive coefficient
w, the teacher data y, and the renmai nder e. [ EQuati on 7]
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calculation and the class information is then supplied to the
predicting unit 76.

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

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

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

With reference now to Figures 4, 5, 6, 12, 13, 14, 15, 16,
17, 18, 19 and 20, a second embodiment of a transmission
apparatus 1 (excluding the transmitting/recording device 16) and a
receiving apparatus 4 is explained. Referring now to Figure 17, such
Figure 17 illustrates a second embodiment of a trar;smission
‘apparatus. In contrast to the transmission apparatus of Figure 3, the
transmission apparatus of Figure 17 utilizes a different local decoder.
More specifically, the local decoder 22 of Figure 3 is replaced with a
local decoder 22’ as shown in Figure 18. In further detail, Figure 18
is a block diagram of the local decoder 22’ of Figure 17. In Figure



[err] 25 - :
.. (7 The regul ar equation of equation (7) has just the same number
as the nunber of predictive coefficients w.to be obt ai ned. The nost

sui tabl e predictive coefficient w can then be obtained by sol ving
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18, portions that correspond to portions in local decoder 22 of
Figure 8 are given the same numerals. This is to say that other than
predictive coefficients ROM 81 and a predicting unit 82 being
pfovided in place of the adaptive processing unit 46, the
configuration of the local decoder 22’ of Figure 18 is the same as
the local decoder 22 of Figure 8.

The predictive coefficients ROM 81 stores predictive

coefficients for each class that have. already been obtained by

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

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

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

decoder 22 of Figure 18 in such an embodiment does not include the



equation (7). Equation (7) can be solved by applying, for exanple, a

rel ease nethod (such as the Gauss Jordan elim nation nethod) etc.

Wth the above adaptive processing, the nost suitable predictive
coefficients w for each class is obtained, and a predicted value E[y] near
to the pixel value y for the original inage data is obtained from equation
(1) using this predictive coefficient w. This adaptive processing is
carried out at the adaptive processing unit 46. Adapt i ve processing
differs frominterpol ation processing iin that conponents included in the
original imge data that are not incluagd in the thinned-out inmage are

eproduced. NgRidhg Liit 67 'prBBALY Yhild balculition @2 ot i@ dBliicthg?r ocessi ng
this is the sane as Interpdlation processing using a so-calle
i nt er pol ati onuhiti8&r. However, because the predictive coefficient w

sl g So-cal led | cReMRTGAEPHGte Rlgureste: iy BREHP B6laal drcodeidiaded i n
Lt o e BTERRAE°(8 i o e el p Gy BolaGA Ak b
i mage. of Figure 8, in step S21, the local decoder 22’ puts corrected data

| from the compressing unit 21 into the form of blocks. Namely, at

the blocking circuit for class classification 41, the corrected data is

put into the form of 3 x 3 pixel blocks centered about the noted

corrected data for class classifying use and supplied to the class
classifying adaptive processing circuit 43. Further, at the blocking

unit for predicted value calculation 42, the corrected data is put into

the form of a 5 x 5 pixels block centered about the noted corrected

data for predicted value calculation and supplied to the class

classifying adaptive processing circuit 43. _

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

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

adaptive processing unit 46 as class information.



26 Next, a description.wll be given with reference to the flow chart
of Figure 11 of the operation of the |ocal decoder 22 of Figure 8.

First, in step S21, the |ocal decoder 22 puts corrected data fromthe
conpressing unit 21 into the formof blocks. Nanely, at the bl ocking
circuit for class classification 41, the corrected data is put into the
formof 3 x 3 pixel blocks centered about the noted corrected data for
class classifying use and supplied to the class classifying adaptive
processing circuit 43. Further, at the 41 ocking circuit for predicted val ue
cal culation 42, the corrected data is put into the formof 5 x 5 pixel

bl ocks cent er ed abiyishamBRRfleRP! S&41 B 1HEHOLIY fa s chbsiftdtfon

cal cul ation and supplied tot assi fying adaptive processing
circuit 43. belong torege afittee 532 {2 10)3) glasses becaustmckass<classifyingppl i ed

to the class classifying adaptiyv rocessi circuit, 43 i.n addition to the

bl ocks for ol Qama¥er BeeREaEed. ot ohansIJerks Fof clpsasieraticotste

cal cul ati on. E%ﬁaéiﬁgss EB%eAf'a?Fa?rgf@daéé 3 XD ehdtHav¥ BndERMBASEnbDit Ne ADRC
4 and the ocks “for

processi ng unit predi cted val ue calcul ation use and
t he i nage dat ADBEC proeessing.nal i mage data are supplied to the adaptive
processing unit 46

classifying are redePREY i%ﬁéﬂ%&@s‘%%&&nﬁtagfﬁ’fibsltuocj‘zgéi?g}r’é‘{igts"?ﬁe bl ocks
for class cl apeffidieRts 4PE rédd f6PEalK JMIEL, AWRePiS28DRIagiNdC carried out
usi ng one bit quantization) processing so that the corrected data is
processing is carried out to calculate predicted values for each class.
Then at step S26 predictive coefficients for each class and predicted
values are output. Step S21 is then returned to and the same
process is repeated thereafter, for example, for each one frame.
Next, Figure 20 shows an example configuration of an image
processing apparatus for carrying out learning for obtaining
predictive coefficients for each class stored in the predictive
coefficients ROM 81 of Figure 18.
Image data (learning images) for learning use for obtaining
predictive coefficients suitable for all images are supplied to a
blocking unit for learning 91 and a blocking unit for teaching 92.
Such image data is selected beforehand to be representative of data
to be produced, i.e., to be representative of the types of scenes,
motion, visual impact, etc. | o
The blocking unit for learning use 91 extracts.25 pixels (6 x
pixéls) of the positional relationship shown, for example, by the mark
® in Figure 7 from the inputted image data. The blocks comprising
these 25 pixels is then supplied to an ADRC processing unit 93 and
a learning data memory 96.
At the blocking unit for teaching 92 a block comprising, for

example, nine pixels arranged as 3 x 3 is generated from the



converted (coded) into one bit and outputted to the class classifying unit
45. In step S23; the class classifying unit 45 subjects the blocks for
class classifying use that have been ADRC processed to class classifying
processing. Nanely, the class classifying unit 45 detects a state of

di stribution of each of the levels in the bl ock and .

27 determnes the classes that these class classifying bl ocks belong to.
The results of this class determ nation are then supplied to the adaptive
processing unit 46 as class information. I'n this enbodi nent, each of
the bl ocks for class classifying use beddng to one of the 512 (=(21)9)

bl ocke for ol SRARIEEimn8Tlta) e Bide bBMaIng BpE T bEs Rotne | na
have under gonsupplieditt aAldaching dasaimemory 98 as% Blbck2fbri teakhRiy.pr oceeded
o A A e T e A Block foy Ioainieg compricina 28 pivcls af e o 10 Uni t 46
for each class bas g prising 2o p
positional relationship shown, for example, by the mark ® in Figure 7
is generated at thé blocking unit for learning 91, a 3 x 3 pixel block
for learning _shown as being surrounded bylthe quadrilateral in Figure
7 is generated at the blocking unit for teaching 92.
‘The ADRC processing uhit 93 extracts the center 9 pixels (3 x
3 pixels) from the 25 pixels comprising the block for learning use,
with one-bit ADRC processing then being performed on this nine
" pixels block in the same way as the case for the ADRC processing
unit 44 of Figure 18. The ADRC-procéssed 3 x 3 pixels block is
then supplied to a class classifying unit 94. Blocks from the ADRC
processing unit 93 are class-classified at the class classifying unit 94
in the same way as the case for the class cléssifying unit 45, with
' the class information obtained being sent to the learning data
memory 96 and the teaching data memory 98 via terminal a of
switch 95. '
Blocks for learning use from the blocking unit for learning 91
and blocks for teaching use from the Blocking unit for teaching 92
are stored at addresses corfespond_ing to the provided class
information at the learning data memory 96 and the teaching data
memory 98, respectively.
At the learning data memory 96, when, for example, the block
comprising 5 x 5 pixels shown by the mark ® in Figure 7 is taken as
the block for learning use and stored at a certain address, the 3 x 3
pixels block shown to be surrounded by the quadrilateral in Figure 7

is stored as the block for teaching use at the same address as this
address at the teaching data memory 98.



on class information fromthe class classifying unit 45 so that predictive
coefficients for each class and predicted values for the original inage
data of 1 frame can be cal cul at ed. Nanely, in this enbodi nent, 25 x
9 predictive coefficients for each class are cal cul ated using the corrected
data and the original inmage data for 1 frame when certain corrected data is
taken as noted data. If the total -of nine pi xel s of the pixel corresponding
to this noted corrected data and the eight pixels surrounding this pixel
are cal cul ated by carrying out adaptlve éroceSS|ng using 25 x 9 predictive
coefficients and bl ocks for predicted value calcul ating use conprising 5 x

S pixels centered méamaqm%bsgl ns:qﬁé.eeé.@dat@atmlan dsieﬂwnﬁa?égféﬂ ass
i nf or mati on. Speci ficall é for exanple, when class information C for

the bl ock foiearnmuaeﬁgpawdw efmehaaﬂrprinsﬁhpﬁgwavﬁe tBe)blgck dpr tearpinglat a

Cent et ed about'serd Mg PRI sedsRidg ush sfimersifgh pheete fo MIBTT et om

the class cl ppédicyéd vallids akbobtifinéd Rt KK 1664l dmﬂieﬁtm ofHigarecalzcul ating
use corresponding to the block for class classifying_use, conprising

corrected dat asiqeblqcks fgrereplictsdaralye calqulation copppiising 25jtems of
Xerr]", Xer rJorrec%L& r(fa]ta ha?\q'r?é ;Jositlonal relationships that are t_he same as
o the 25 pixels comprising this block for learning are stored at the
same addresses of the learning data memory 96 and the teaching
data memory 98. -

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

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

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

The calculating unit 99 receives the set for the block for

learning and the set for the block for teaching for a certain class and



28 Xlerr], Xerr]," Xerr], Xerr], Xerr]', Xerr], Xerr]," Xerr],
X[err], Xerr], Xerr]', Xerr], Xerr], Xerr]' and Xerr]' for the 5 x 5
pi xel s centered about the corrected data X33 is outputted fromthe bl ocking
circuit for predicted value calculation 42 as a bl ock for predicted val ue
calculating use, the corrected data conprising this block for estinmated

val ue calculating use is first taken as learning data, and the 3 x 3 pi xel
(the portion surrounded by the quadrilateral in Figure 7) values Y33(1) to
Y33(9) centered about the corrected data X33 are taken as teacher data so
that the regul ar equation shown in equad4on (7) is fulfilled. For
exanple, for 1 frame, when the reqular equation is al so fqulIIed in the
same way for 68lcalatesdqnedigtive EPE%FQ!F@EF {on acerain ¢lags wiptuvakesthespondi ng

to ot her bl oc%ﬁorq{ thﬁﬁﬁ Lgﬁ@e co F%ﬁu% éﬁvﬁt?'lo(ad by the class

I nformati on C and pre |C|en K to wWerr](k) (in this
enbodi ment, 25 it eforaixdmaplenivaienlahe pixel vale@staf thiet pixelsocemprisingt ed
val ue and 25 predictive coeffjcients w are therefore needed) {or obt ai ni ng

a predi cted vahedlecks/feslearping @f&rtael‘%%p@t’étd ’ﬂzaP‘ae y338Rd er e k= 1,
2, ... 9) are ‘?Qai%'ﬁk/@t@tgef'fhéﬁts%l b SbthiNed a2 % cherW ﬁf
or I fi é' re’éul ar

obt ai ni ng the regul ar equatiton (the process

equation is car, rbledkslfbr leamimuSééhrerﬂodflgunedgumag lerqaaatflrsnoodert hi s nunber

Is obtained), with res ct tqQ the class infor tlon 't he nost ultable
predictive co&OMPlingR 8? Saify 2 Pixely T‘SrV BHt%Pﬁng" S'

necessary for the predictive coefficients w,, w,, wj, . . . to fulfill the
following equation.

Y = WXy + WoXy + WX + ...

At the calculating unit 99, predictive coefficients w,, w,, wj, .

. that make the square error for the predicted values w;x; + w,x,

+ wWs3X; + ... from blocks for learning of the same class and
corresponding blocks for teaching a minimum with respect to the
true value y by resolving the regular equation shown in equation (7).

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

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

In the first embodiment, the predictive coefficients for each
class are calculated in real time in the local decoder, and the



predicted value E [Y[err] (k)] for the pixel value Y[err](k) is calculated
by resolving this regul ar equation. The above processing is carried out for
each class, 25 x 9 predictive coefficients are cal cul ated. The predicted
value E[Y[err] (k)] can then be obtained in accordance with the foll ow ng
‘equation corresponding to the equation (1) using 25 x 9 predictive
coefficients corresponding to class information C and the 25 pixels in the
bl ock for predicted val ue use.

29 E[ Y33(k)] = wWerr](k)Xerr] +4d{err] (k)X err] + werr](k)Xerr]

twWerr](k)Xerr] + Werr](k)Xerr] + wWerr](k)Xerr]

+ k) X

_+% Z; H Ekg [erﬁr}edlctMeeEEﬁf@%t%rfo}‘ ehcH Skt SEorddLat the men\‘/\\?ry 108(3: >e<-[ err] +
W err] (k) X[ errdtored at the predictive coeffitidrts RQM B[l eofr Figure[18.r Jr{ ke[ err ]
twWerr](k)Xerr] + V\[err]g )

second embod menL sm]ce in the local decoder predictive
coefficients for each class are not calculated, it is possible to raise
processing speed. In a third embodiment, since predictive
coefficients for each class are not tfansferred, it is possible to raise
the efficiency of compressing.

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

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

out correction. Corrected data (initially this is compressed data



twWerr](k)X[err] + werr](k)Xerr] twWerr](k)Xerr] +
Werr] (k)X err] +Werr](k)X[err] + Werr] (k)X err]
(K)X[err] + wWerr](k)Xerr] '

+wW err]
... (8) In step S24, after 25 x 9 predictive coefficients for each
class are calculated, 3 x 3 predicted values are calculated in units of 3 x
3 pixels centered about the noted corrected data. Thereafter, in step S25,
the 25 x 9 predictive coefficients for each class are provided determ ning
unit 24, and predicted values are provigegd to error calculator 23 for each

3 x 3 pixels. Step S21 is then returned to and the sane process is repeated
thereafter, for

ex le.  for,_each one fr . . Figure 12 shows
an exanpl e comt?%fﬁ?{ﬁ‘)”l TRRg d?ﬁ %é'?r%&péglﬁ)%na&%w%ﬁy?ﬂﬁ lé)L?ragvS ~ The
original inaggedatadidt therRicatdetdar 12'2®Qh|916%18’2.t 51. The bl ocking unit 51
then puts this imaﬂiadata into the formof a block of 9 pixels

correspondi ng to ttarpebuiiotstep\@2uthe peedicted yalugsragnenaiemd byathe out putt ed
restnt are tnpCORTIHER7 o Hehit ddalfied & B HOTRRC D bredi cted
val ues for the ori dirtjes ca@prideticof thapidtictive Malutar odgyuttéd Fremaheo
supplied to the square error cal cul ating : . .
local decoder 22'' are the same as the decoded images obtained on
the side of the receiving apparafus 4’ (Figure 27).
- When predictive values for the original image are received
from the local decoder 22'*, the error calculator 23 calculates
prediction errors for the predicted values from the local decoder 22"/
in step S3 with respect to the original image data and supplies these
prediction errors to the determining unit 24’ as error information.
When error information is received from the error calculator 23, in
| step S4, the determining unit 24’ determines whether or not the
correctéd data outputted by the compressing unit 21 is suitable to
be taken as the coding results for the 6riginal image based on this
error information.

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

resulting corrected data is outputted to the local decoder 22’' and



30 wunit 52 in each block unit of 9 pixels (block units of 3 x 3 pixels) in
addition to the bl ocks supplied fromthe block coding unit 51. The square
error calculating unit 52 then calculates a square error as the prediction
error for the predicted value with respect to the original image data and
supplies this to an integrator 55. The square error cal culating unit
52 conprises arithmetic units 53 and 54. The arithmetic unit 53 subtracts
correspondi ng predicted values fromimge data fromthe bl ock coding unit
51 that has been put into block form and these subtracted val ues are
supplied to the arithnetic unit 54. ThéZrithnetic unit 54 then squares: the

out put (the inmage data for the_original .image, together with the predicted
val ﬁe aEld di fﬂéﬁgéiﬁé%')m'é‘l'"sl Hé"ta?gt 2 jgjthenge d‘eguﬁ?pﬁi‘gsthﬂﬁaé“?o t he

integrator S55process js MNrdgtated Rbredttdor IS received fromthe square
t 52

~error cal culating uni , the integrator 55 reads the values stored in the
menory 56. These stQm d¢bewaheebhandd vilien itgsatetdrmimea in step SheathatdHed, again
56 and, stored, with this process being regeat ed. The
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obtai ned. Werorfted b Yutputted! B¢ ’he compressing unit 21 is confirmed to
' be suitable as the coding results for the origiﬁal image data. The
determining unit 24’ then at step S6’ outputs, for transmission or
recording, the corrected data for the case where the error
information is less than the prescribed threshold valide € is complete.
As described above, corrected data corrected from the
compression data when the error information is less the prescribed
threshold € is taken as the coded results for the original image data.
An image that is almost the same as the original image data (source
image data) can then be obtained on the side of the receiving
apparatus 4’ based on this corrected data.
Referring now to Figure 23, the local decoder 22’* of the third
embodiment is explained. In local decoder 22'' a bredictive
_coefficients ROM 81’ replaces the predictive coefficients ROM 81 of
the second embodiment. Since the local decoder 22’’ does not (as
does the local decoder 22’ of the second embodiment) generate
predictive coefficients for each class, such predictive coefficients are |
not output from the predictive coefficients ROM 81, but instead are
provided only to the predicting unit 82. In further detail, portions
that cdrrespond to portions in local decoder 22 of Figure 8 are given
the same numerals. This is to say that other than predictive
coefficients ROM 81 and a predicting unit 82 being provided in place
of the adaptive processing unit 46, the configuration of the local

decoder 22’ of Figure 19 is the same as the local decoder 22 of
Figure 8.



finishes integrating square errors for a prescribed anmount (for exanple,
one frame portion, etc.), this integrated value is read fromthe nenory 56
and supplied to the determning unit 24 as error information. Wen the
processing for one frame is conplete, the nenory 56 clears these stored

val ues while storing the values outputted by the integrator 55.

Next, this operation will be described with reference to the flow chart of
Figure 13. At the error calculator 23, the value stored in the nenory 56

is first, for exanple, cleared to O in ghep S31 and step S32 is proceeded
to. Then, at the bl ock coding unit 51, e

31 inmage data is put into the formof blocks and the resulting blocks are
supplied to the squthe peedictiveatarffiatentg ROV 832 storles pedigtiveerror for the
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decoder 22 ar qehfiftRg (80 b6l déKGibeY RitER, Péceidks class information outputted
' by the ADRC processing unit 44, reads predictive coefficients stored
in addresses corresponding to this class information, and supplies
this data to the predicting unit 82.
At the predicting unit 82 the |inéar first-order equation shown
in equation (1) (specifically, for example, equation (8)) using 5 x 5
pixel blocks for predicted value calculation from the blocking circuit
for predicted value calculation 42 and predictive coefficients from
the predictive coefficients ROM 81 predicted values for the original
image data can be calculated. Therefore, according to the class
classifying adaptive processing circuit 43 of Figure 23, these
predicted values can be calculated without using original images.
Referring now to Figure 24, the operation of the local decoder
22" of Figure 23 is explained. As with the local decoder of Figure
8, in step S21, the local decoder 22’’ puts corrected data from the
compressing unit 21 into the form of blocks. Namely, at the
blocking unit for class classification 41, the corrected data is put
into the form of 3 x 3 pixels blocks centered about the noted
corrected data for class classification and supplied to the class
classifying adaptive processing circuit 43. Further,-at the blocking
circuit for predicted value calculation 42, the corrected data is put
into the form of 5 x 5 pixel blocks centered about the noted
corrected data for predictive value calculation and supplied to the
class classifying adaptive processing circuit 43.
The blocks for class classification are supp|ied to the ADRC
procqssing circuit 44 and the b_locks for predicted value calculation

use are supplied to the adaptive processing circuit 46.



t he square error calculating unit 52, Nanely, in step S33, at the
arithnetic circuit 53, correspondi ng predicted values are subtracted from
the respective image data supplied in block formby the block coding unit
51 and the resulting data is supplied to the arithnmetic unit 54. Further,
in step S33, the output of the arithmetic unit 53 is squared at the
arithnetic unit 54 and supplied to the integrator 55. When t he square
error fromthe square error calculating unit 52 is received, in step S34,
the integrator 55 reads the values storeghin the nenory 56 and obtai ns

I ntegrated val ues for the square error by adding these stored val ues and

the square errors. The in rated val ues for the squared errors cal cul ated
at the integrator 595 $ep éﬁgnvﬂlﬁmh"‘egch&%{% ‘H@T’ﬁ) t}%‘%ﬁﬂ?%?fﬁ ed by
overwiting t t [ [ A step
S35, the int egr% g%ég)relégéhﬁaﬁggéaﬁgﬂéﬁég?mﬁgﬁ?foﬂﬁggb %&%25 hbel?cggk?é\%? lds

i ntegrati on ofclassifisgtianeogfooexample,come bitc ADRC (ABDRC caofied foart uskagpl e,
one frame portion, . is co [ mned in, step, S35 that

) |l ete. Waen it is deter
i ntegration ofoR%Pitsgyan %Wﬁr@@&?s'ﬂﬂesq thatethsocerreRted data it onpl et e,
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errors for oneudit@e fostepS23; thengloss elassifyings8biti 45 mubjeetsatdhet 0. The
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class classifying processing. Namely, the class classifying unit 45
detects a state of distribution of each of the levels in"the block and
determines the classes that these class classifying blocks belong to.
The results of this class determination are then supplied to the
adaptive processing unit 46 as class information.

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

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

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

61. In operation, when newly corrected data is supplied by the



32 determining unit 24 as error information. Step S31 is then returned to .
and the process is repeated fromstep S31 onwards. The error
informati on Q can then be cal culated at the error cal cul ator 23 by carrying
out arithmetic operations in accordance with the follow ng equation when
the original inmage data is taken to be Yij(k) and the predicted value is

taken to be E[Yij(k)]. [err] Here, [err] neans a summation with
respect to one franme portion. Figure 14 shows an exanpl e
configuration of the determning unit 24 of Figure 3. The predictive

coefficient nmemory 61 stores predictiveS8oefficients supplied fromthe
| ocal decoder 22. The corrected data nenory 62 stores corrected data from

the conpr essida@gnpredsiig unit 21, thi¥ Sorrested dmarmemvmgtomssumpl i ed by the
conpressing unit 21, the corrected data menory 62 stores the

corrected datRewly ppuested data "&@l‘#%?é&hGMWﬂﬁgé’aﬁr(ﬂé&@ ée?ft%l%e%r evi ous
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predictive coefficients corresponding to this new corrected data is
not outputted from the local decoder 22 when corrected data is
updated with new data in this way.

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

A comparator 64 compares error information for the current
time stored in the error information memory 63 and a prescribed
threshold value €, as well as comparing error information for the
current time and error information for the previous time if necessary.
The comparison results of the comparator 64 are then supplied to a

~ controller 65. '

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

data to the multiplexor 25 to thereby supply to transmission device



corresponding to this new corrected data is outputted fromthe | ocal
decoder 22 when corrected data is updated with new data in this way.
However, when these new predictive coefficients for each class are al so
supplied to the predictive coefficient nmenory 61 these new predictive
coefficients for each class are stored in place of the predictive ‘
coefficients for each class (predictive coefficients for each class for the
previous tinme) already stored. An error information nenory 63 stores
error information supplied fromthe error calculator 23. As well as
storing the error information currentlg'provided fromthe error cal cul ator
23, the error information nenory 63 std#es error information supplied the
previ ous ti meafciarcheyresiooding device thefeptimunvcompraesed gatdl Mether; r or
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compressing unit 21 indicating completion of coding for one frame
of image, so that processing starts at the compressing unit 21 for
the following frame as described above.

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

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

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

at the determining unit 24. A control signal for controlling the



processing of new franmes commences. A conpar ator 64 conpares error

I nformation for the current tine stored in the error information nenory 63
and a prescribed threshold value [err], as well as conparing error
information for the current time and error information for the previous
time if necessary. The conparison results of the conparator 64 are then
supplied to a controller 65. The controll er 65 determ nes whet her
corrected data stored in the corrected data nenory 62 .is suitable (nost
suited) to be taken as original inmge coding results based on the
conparison results of the conparator 6422Wen the corrected data is
confirnmed (determned) not to be the nost appropriate, a control signal
requesti ng outpuecting wit B2viFigunect) isdthent autputied pndeal preseriked itiakssi ng
unit 21 (corre éin .unit 3 (Figure 5). Further, when the predictive
coefficients "l'% reggdﬁ oMtgY egrored in the predictive coefficient nmenory 61

is confirmed to bewhén MOt détérinfited th Bfep SatHR thedtuidenteiors for the
original inmage data, the controller 65-reads out corrected data stored in

t he corr ect edindatmatiends Jespor equplite than shezreon informationifopitbeor 25 to
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conpressi ng ugut cdtrectidncet tothpressed datd), slepcS44 g procedded e aAmEhef i nmage,

so that processing starts at the conpressing unit 21 for the follow ng
frame as descepp@llap®dethen outputres controlisignal ndisating tfiaken with
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from the erroprevious time to the correcting unit 32 and step S41 is returned to.

Further, when it is determined in step S43 that the error information

for the current time is greater than the error information for the

previous time i.e., when the error information is increased by

carrying out correction of compressed data, step S45 is proceeded

to and the controller 65 outputs a control signal indicating that the

correction value A has been changed in a way that is the opposite of

that for the previous time to the correcting unit 32 and step S41 is

returned to.

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

The error information is then reduced by repeating the process
of steps S41 to S45. In this way, when the error information of the
current time is determined in step S42 to be smaller than the
presc_:ribed threshold value, step S46’ is proceeded to. The
controller 65 then reads corrected data stored in the corrected data
'memory 62 and the estimated valued is supplied to

transmitting/recording device as the optimum corrected data.



34 calculator 23 is determined in step S41 by the conparator 64. Wen it is
determ ned that error information has not been received, step $41 is
returned to. When it is determned in step S41 that error information has
been received, i.e., that error information is stored at the error

i nformati on nmenory 63, step S42 is proceeded to. The conparator 64 then
conpares the error information currently stored in the error information
menory 63 (the current error information) and the prescribed threshold
value [err] and determnes which is trmééafger. When it is determ ned
in step S42 that the error information Tor the current tinme is equal to or

gr eat er than the prosgribedilnEeShRd waliuh {oeh Rgrauer 64 reads

out error information for 't previ ous time StOI’e(JfOHIBa{ﬁQ error information
nmenory 63. Thawaigdasmnd Qhe@#obégﬂus:mnwea ih ecerdaricd With k¢ iflow f or t he

previ ous chart shown in Figure 26.

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

The blocking unit for class classification 73, an ADRC
processing unif 74, a class classifying unit 75 and a blocking unit for
predicted value calculation 77 have the same configuration as the

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

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

in accordance with equation (1) using read predictive coefficients



time and the error information for the current time in step S43 and

determ nes which is |arger. When processing is then started for one
frame and error information is first provided, the error information for
the previous time is not stored in the error information nmenory 63.
Therefore, in this case, the processing fromstep S43 onwards i s not
carried out at the determning unit 24. A control signal for controlling
the correcting unit 32 (Figure 5) is then outputted and a prescribed

initial address is outputted. Weén it is determined in step S43
that the current error information is |ess than the error information for
the previous tine,

out corr ot oROMERPEBAiSIL 83 alats EpEpakitn I o fBale golg e’ ° V' "
controller 65cohdiisingEPyls pﬁkéIQﬂbéﬁ’é fof Bf@dictélﬂ\rﬁl%"e' &8cubforp correction
value [err] is to be changed in the same way as for the previous tine to
t he supplied from the blocking circuit for predicded value calculation 77.
Images for one frame comprised using these kind of predicted values
are then outputted by predictjhg unit 76 as the decoded image.
It is possible to store the mean values of the pixel values
comprising the teaching blocks at addresses corresponding to each
class at the ROM 81 rather than storing the actual predictive
coefficients. In this case, when the class information is considered,
pixel values corresponding to this class are outputted. The local
decoder 22 of Figure 19 in such an embodiment does not include the
blocking circuit for predicted value calculation 42 nor the predicting
unit 82. |
In the above, a description has been given of the present
invention applied to an irhage prbcessing apparatus but in addition to
coding television signals Iin standard formats such as the NTSC
format this kind of image processing apparatus is particularly
effective in the case of encoding so-called high definition format
television signals where there is a large amount of data.
~In this embodiment, the square sum of the error has been
used as the .error information but, for example, the absolute value of
the error or the sum of the cube or more of the error can also be
used as error information. Whichever value is used as the error
information can then be decided based, for example, on the
convergence etc. of this example. In this embodiment, although
each process is carried out for one frame, each process may be
carried out for one field, for two or more frames. Furthermore, block
coding is carried out taking images for one frame as the object, but

the blocks can also, for example, be configured by gathering



correcting unit 32 and step S41 is returned to. Further, when it is
determned in step S43 that the error information for the current tine is
| arger than the error information for the previous tinme i.e., when the
error information is increased by carrying out correction of conpressed
data, step S45 is proceeded to, the controller 65 outputs a control signal
I ndicating that the correction value A has been changed in a way that is

t he opposite of that for the previous time to the correcting unit 32 and
step S41 is returned to. When error information that continues to be
reduced rises at a certain timing, the ¥ntroller 65 outputs a contro

si gnal |nd|cat|n that hec rrected val ue, St nged, in a
manner Opposi "EQQ Bet H!i‘%e pof ttﬁé A% iPOFHIAN R!']-"q*'(SY %xgﬂﬂeéal r%eg B¥e size
of the case up thbigericRat point in time. The error information is

then reduced by repeating the process of step S41 to S45. In this way, when
the error infornatirthisferhbediment rdortection of detrgnessed data 4 egpeat2dt o be

smal l er than the prescri b threshold va oceeded to. The
control Ler 65URHLHhS Bt 8 St Aiess thag, 2 Rreserined HPERSRAIR S remor y
62 and the prgg} Ftt|§dal¥ |HI9rfoL'?sﬁ Kpét Rkt ﬂonww%@tﬁé neiiild &d to the
mul tipl exor 25 as the st suitable corrected data present i n the opti num

data. In steptigws of berrectmgdﬁeetcomsremdbdptaedN@melv, focéxampbnt s for each

cl ass stored t he redl ctive ca cien 61 and corrected data of
o ot or cithen TBSES pre s iEtel FLAER SEOR ¥ nenataend 1L *nta 1o 1he

nul ti pl exor 2prGeeksing of 'dfecfrahitd to %eCWBhSBthhln a preé(f:ltil?éd fparivd ble error
information for the following frane is awaited and t process is repeated
i n accor danceitistnot mecddsany for the error information to conve?ge within a

prescribed period of time. By providing an upper limit to the number

of times of correction, when error information does not converge to

be less than a threshold value € within a prescribed period of time,

processing for this frame can be completed (the corrected data at

this time is taken as the coded results) and processing for the next

frame can begin. | |

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

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

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

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



chart shown in Figure 15. ' 36

At the correcting unit 32, the correction for the imge data for the
original inmge data can also be carried out -for all of the inage data for
the original inmage data of one frame and can also be carried out just with
respect to data for this one portion. Wen correction is carried out only
Wth respect to this one portion, for exanple, pixels that strongly

i nfluence the error information are detected by the controller 65, with
correction then only being carried out for these pixels. Pixels that
strongly influence the error informati otf can be detected, for exanple, in

carrying out GRgbetes Aatd andgherireBiBRcedus 8 AUIBRTeH o) SSFEIRIGN ng. af t er
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t he sane original image data. Suitability of the corrected data outputted by the
' correction means is then determined based on the estimation error.

The corrected data is the outputted as the original image data coding

results in accordance with determination results. A decoded image

that is almost identical to the original data image can therefore be

obtained by using this corrected data.

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

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

error becomes less than a prescribed threshold value. A decoded



correction value [err] one pixel at a tine to be perfornmed on conpressed
data for pixels remaining after thinning-out, and (2) error information
obt ai ned when the conpressed data is used without nodification are
conpared. Pixels for which this difference is greater than or equal to a
prescribed value can then be detected as pixels that strongly influence the
error information. Correction of the inage data for the origina

i mage data is then repeated until the error information becormes snaller
(made to be equal to or |ess than) thanghe prescribed threshold value
[err]. The corrected data, when the error information becones snmaller than

the prescri beqnﬁz{qeeﬁga'tiﬁ ARoLE id&itidal tkgth%hSﬁ%iﬁ'éi Wébg%&ge&ﬁfﬂngegg%gﬁém

corrected data. erefore possib to obtal n a“deco t he
recei vi ng appadrabbsainedbygusinglthis Mrédedmtaarredaz (al nost the satrrﬁ as)
the source inmage data using this opfimumcorrected data, i.e. just e
corrected data fora]:"ng"ev‘aqf-i?édt%ﬂ"QQu‘f‘h%f thes pragantdgventigacptrentedne i mage

for the origi ng4tal i%@opé’édiwhen an estimation error is less than a prescribed
value obtained by repeatedly compressing an original image to a
fewer number of pixels, correcting compressed data obtained by
compressing the original image data and outputting corrected data,
estimating-the original image data based on the corrected data and
outputting a predicted value and calculating an estimation error for
the predicted value with respect to the original image data until the
estimation error becomes less than a prescribed threshold value. A
decoded image that is almost identical to the original image data can
therefore be obtained by using this corrected data.
In summary, the configuration of a first embodiment of the
invention comprises the transmitting apparatus of Figure 3, the
v compressing unit of Figure 5, the local decoder of Figure 8, the error
calculator of Figure 12, the determining unit of Figure 14 and the
receiving apparatus of Figure 16. The configuration of the second
embodiment of the invention cd.rﬁprises the transmitting apparatus of
Figure 17, the compressing unit of Figure 5, the local decoder of
Figure 18, the error calculator of Figure‘12, the determining unit of
Figure 14 and the receiving apparatus of Figure 16. The
configuration of the third embodiment of the invention comprises the
transmitting apparatus of Figure 21, the compressing unit of Figure
5, the local decoder of Figure 23, the error calculator of Figure 12,
the determining unit of Figure 25 and the receiving apparatus of
Figure 27.
Although only certain embodiments have been described in

detail, those having ordinary skill in the art will certainly understand



37 In addition to conpression by thinning-out, the inmage is
conpressed by ADRC processing and cl ass cl assifying adaptive processing
etc. and coded data of an extrenmely high conpression rate can therefore be
obt ai ned. The above codi ng processing occurring at the transm ssion
apparatus 1 achieve highly efficient conpression by using so-called organic
conbi ni ng of conpression codi ng using thinning-out and cl ass cl assifying
adaptive processing, with this being referred to as conbi ned code

processi ng. Wth reference now t%ézl gure 16, a first enbodi nent of a
decoder is explained in detail. t the receiving/reproduci ng device
71, coded datg recorded the recordin bagk or coded
data transnit Pegy @PBQM% o/l ﬁfﬁbg& We‘k&% ﬁg 9ed to a
di vi der 72. T?b‘hcﬂ'inﬁ?é’%r&@fth‘ﬂ%l%ﬁ’hﬂf‘diﬁbﬂﬁoﬁg%?é|Ht%trﬁiéd"fd)b60”90t ed data
and predictive coefficients for each class. The corrected data is then
suppl i ed t o aebtounipasgednvithirothe sagpe afabei falloavingrel@@nand a bl ocking uni t
77 for predicted value calculation 77 and the predictive coefficients for
each class are supplied to the predicting unit 76 and then are stored in a
menory (not shown) for exanple. The bl ocking unit for class
classification 73, an ADRC processing unit 74, a class classifying unit 75
and a blocking unit for predicted value cal culation 77 have the sane
configuration as the blocking unit for class classification 41, the ADRC
processing unit 44, the class classifying unit 45 and a bl ocking unit for
predi cted val ue cal culation 42. The sanme processes as for the case in
Figure 8 are therefore carried out on these bl ocks so that blocks for



predi cted val ue cal culation are outputted fromthe bl ocking unit for

predi ctive value calculation 77 and class information is outputted fromthe
class classifying unit 75. The bl ocks for predicted val ue

38 calculation and the class information is then supplied to the
predicting unit 76. 3 x 3 predicted values are cal cul ated at the
predicting unit 76 in accordance with equation (1) using predictive
coefficients corresponding to the class information and corrected data
conprising 5 x 5 pixel blocks for predi%®ed value cal cul ati on supplied from
the bl ocking unit for predicted value calculation 77. Images for one franme

conpri sed usimw_ﬁﬁ&ki nd of predicted values are then outputted as the
decoded i mage." the receiving side, a decoded i mage can be obt ai ned

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

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

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

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

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

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

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

2. The apparatus of claim 1, 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:

A AR



carrying out usual interpolation w thout using predictive coefficients even
wi thout the receiving apparatus 4 shown in Figure 16 by using a apparatus

t hat decodes by perform ng sinple interpolation of the thinned-out imge.
However, the picture quality (resolution) of decoded inmages obtained in
this case is inferior. In the above case, predictive coefficients
are obtained at the |local decoder 22 of Figure 3 and are used to obtain
predi cted val ues. However, it is also possible to calculate predicted
values at the |ocal decoder 22 without ghtaining predictive coefficients.
Wth reference now to Figures 4, 5, 6, 12, 13, 14, 15, 16, 17, 18, 19 and

20, a second enbodi nent of a %ransm ssion at us % b
transnitting/recording A% ‘1’6?3'&?1’@“99 P@?@‘?&Y%ﬁ%ﬁlﬁ 'AFSU a§pc¥]gpon
expl ai ned.. Referri pge RR¥dcRefidlthcand. such Figure 17 illustrates a second

enbodi nent of a transm ssion apparatus. In contrast to the transm ssion
appar atus of Fi gure 3, theans fangensksting ﬁmareﬁluted)pixéilgbaeedllpm lizes a

di fferent | ocal der. re,specifically, t.he Io decoder 22 of Figure
S 15T epl aced wi t 8 GosteateURanD 456 SdiRkYR SRRPISNEE 5. n furt hor
detail, Figure 18 is a block diagramof the | ocal decoder 22' of Figure

17. In Figure
4. The apparatus of claim 1, wherein the means for

predicting comprises:

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

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

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

information of each class and the corrected data.

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

for each class.

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

coefficients corresponding to the information of each class

A



39 18, portions that correspond to portions in |ocal decoder 22 of Figure
8 are given the sane nunerals. This is to say that other than predictive
coefficients ROM 81 and a predicting unit 82 being provided in place of the
adaptive processing unit 46, the configuration of the |ocal decoder 22' of
Figure 18 is the sane as the | ocal decoder 22 of Figure 8. The
predictive coefficients ROM 81 stores predictive coefficients for each

cl ass that have already been obtained by |learning (to be described |ater),
recei ves class information outputted bygihe ADRC processing unit 44, reads
predictive coefficients stored in addresses corresponding to this class

I nformation, and s hﬁs

coet a1 ent's o 5 8 (e asflshEd el BiebiieR AL Pos Upbn oyl 1) '

predictive coeffi cipratictivercoettivieHte shd the coffectd® datgdi cting unit 82 the
| inear first-order equation shown in equation (1) (specifically, for
exanpl e, equation (8)) using 5 x 5 pixel blocks for predicted val ue

calculation fromt h/s bl Oﬁ{% %PE@‘%FL@T%P{“E“%'C‘R’EE#'@!tﬁ%té | cul ation 42 and

predi ctive coefficients fro I've ‘coe ksl predi ct ed

val ues for theoeffigentd fomeach dhiss sredén thk THeMioey.are generdbd BhSEE
according to the cl ass ¢l assi Qgtn% adaptive processing circuit 43 of Figure
gdo

18, these pr ediPO QRIS iBage r learning.

. 8. The apparatus of claim 7, wherein the means for
outputting outputs the coded data with the predictive coefficients
for each class. '

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

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

i0. The apparatus of élaim 1, wherein

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

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

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

means for receiving the coded data;

_—
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cal cul ated w thout using original inmage data. It is possible to store the
mean val ues of the pixel values conprising the teaching bl ocks at addresses
corresponding to each class at the predictive coefficients ROM 81 rat her
than storing the actual predictive coefficients. In this case, when the
class information is considered, pixel values corresponding to this class
are outputted. The | ocal decoder 22 of Figure 18 in such an enbodi nent does

not include the 40 bl ocki ng unit
for predicted value calculation 42 nor ftgle predicting unit 82.

Referring now to Figure 19, the operation of |ocal decoder 22' of Figure 18
Step S21, the local decBManeISr dRraiog thecadpdidets FROHAT2EBRpr cssl ng
sl oot on o1 CER88 HABESHARMAahind CBOSHAS Gidihia b9 ¢! 255
the steps of: :
reducing a number of pixels of original image data to
generate compressed data;
correcting the compressed data to generate corrected
data;
predicting ithe original image data in accordance with
the corrected data and generating predicted data having a
plurality of predicted pixels;
calculating, with respect to the original image data, a
predictive error of the predicted data;
determining suitability of the corrected data as coded
data based upon the predicted error; and
| outputting the corrected data as coded data of the

original image data based upon the determined suitability.

12. The apparatus of claim 11, wherein the decoding means
comprises:
means for generating class information of the coded
data; and '

means for producing the decoded image data in

accordance with the class information.

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

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

R



put into the formof 3 x 3 pixel blocks centered about the noted corrected
data for class classifying use and supplied to the class classifying
adaptive processing circuit 43. Further, at the blocking unit for predicted
val ue cal cul ation 42, the corrected data is put into the formof a 5 x 5

pi xel s bl ock centered about the noted corrected data for predicted val ue
cal cul ation and supplied to the class classifying adaptive processing

circuit 43. The bl ocks for class classifying use are supplied to the
ADRC processing unit 44 and the bl ocks 3®r predicted-value calculation are
supplied to the predicting unit 82. In step S22, when the bl ocks for

class classificati are,recei ved, the A processi ng unit 44 subjects the
bl ocks for class cﬁQSSi ﬁf’@a?‘?%q{?g‘é%_o?&la'f"b 1e>¥¥1'ﬁ?)rleé'? tgﬂé’%ep d#RC ( ADRC
carried out UBicRgdeyprdtiibtive BRSS! FoPE 86 TR0t Brd emf corrected
data is converted (coded) into one bit and outputted to the class

cl assi fyi ng ufie¢oder imagsidgiasand thieemelans foc ldesoding cgmpriges45 subj ect s

t he bl ocks for class cl | figation that have.bgen ADRC processed to class
classifying processing. "Nathd P Q%G'EF'&%QEF%&*?WW%@%H Nasg pz‘éflabé\t s a
state of distribut bepixdls fcdhetdoddtedagy:el s in the block and determines the
classes that these class classifying blocks belong to. The results of this
cl ass determi nation aremMeans fppraducing thedecoged image dets ssing the t 46 as

?' ass i'nformation. 5 0 yictive coefficients corresponding to the coded data.

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

a memory for storing predictive coefficients for each
class;

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

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

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

17. A method for coding image data having a plurality of
pixels, comprising the steps of:
reducing a number of pixels of 6riginal image data to

generate compressed data;

correcting the compressed data to generate corrected
data;

_—
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41 In this enbodi nent, each of the blocks for class classification
bel ong to one of the 512 (=(21)9) classes because class cl assifying

di vidi ng has been carried out on the blocks for class classification
conprising 9 pixels arranged as 3 x 3 that have undergone one-bit ADRC

pr ocessi ng. Step S24' is then proceeded to and at such step
predictive coefficients are read for each class. At step S25' adaptive
processing is carried out to cal cul ate ‘predicted val ues for each cl ass.
Then at step S26 predictive coefficients for each class and predicted

val ues are output. Step S21 is then retdaaned to and the same process is

d thereafter, f | e, for. each one frane. Fi 20
Shows. an exanpl e conti g BRGNS Rriahi dmpl AAETR aosarapnbE ey, 9°

carrying out |ear n!tﬁgﬁdﬁeéﬂéﬂa&éﬂa%d)b%ﬂbﬁéﬁﬂgfﬁé&&fécpHﬁtﬁ faliiig gach cl ass
stored in the predictive coefficients ROM 81 of Figure 18. | mage

data (Iearning i magdunalityrofi predicted pixelsior obtai ning predictive
COST 11 o et Sul Labl e ! oBlladE Yt BB RAPRL b ol B o ket 1"
sel ected bef or ehancpreg@idiive 8fof D¥the!prédicteddnita;
determining suitability of the corrected data as coded
data of the original image based upon the predicted error; and
outputting the corrected data as coded data of the

original image data based upon the determined suitability.

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

generating class information of the corrected data; and

-generating the predicted pixels in accordance with the

class information.

19. The method of claim 17, wherein the step of predicting,
comprises the steps of:
generating predictive coefficients based upon the
corrected data; and
generating the predicted pixels based upon the
corrected data and the predictive coefficients.

20. The method of claim 17, wherein the step of predicting
comprises the steps of:
generating class information based upon a plurality of
pixels of the corrected data;
generating predictive coefficients for each class based
upon the original image data and the corrected data; and

-
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to be produced, i.e., to be representative of the types of scenes, notion,
vi sual inpact, etc. The bl ocking unit for learning use 91 extracts

" 25 pixels (5 x 5 pixels) of the positional relationship shown, for exanple,
by the mark [err] in Figure 7 fromthe inputted i nage data. The bl ocks
conprising these 25 pixels is then supplied to an ADRC processing unit 93

and a learning data nenory 96. At the bl ocking unit for teaching 92
a bl ock conprising, for exanple, nine pixels arranged as 3 x 3 i s generated
fromthe 65 42 inputted i mage

data. The bl ock conprising these 9 pixels is then supplied to a teaching

data mermory 98 as a bl Oﬁtiéﬂtapétlﬁ t|or§ﬂ]graht of pr%ﬁ@eé‘gﬁk&g% £ bFék i ng

conprising 25 pixels of € pos ations or exanple, by

the mark-[err] in Ehgprediétive guaflicnts cﬂirrdﬁp@ddlmg ko igfarméatidroof | ear ni ng
91, a 3 x 3 pixel block
s each class and the corrected data.

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

coefficients for each class.

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

storing predictive coefficients for each class;

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

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

23. The method of claim 22, wherein storéd predicti\}e
coefficients for each class are generated based upon original image
data for learning. '

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

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

storing correction values, wherein the compressed data
is corrected using the correction values.
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for | earning shown as being surrounded by the quadrilateral in Figure 7 is
generated at the blocking unit for teaching 92. The ADRC processi ng
unit 93 extracts the center 9 pixels (3 x 3 pixels) fromthe 25 pixels
conprising the block for learning use, with one-bit ADRC processing then
bei ng performed on this nine pixels block in the sane way as the case for
the ADRC processing unit 44 of Figure 18. The ADRC-processed 3 x 3 pixels

bl ock is then supplied to a class classifying unit 94. Bl ocks fromthe ADRC
processing unit 93 are class-classifie fﬂ the class classifying unit 94 in
the sane way as the case for t he class c assifying unit 45, with the class

I nformati on obtain be| sen& t0 t 96 and the

t eachi ng data neno ﬂﬂjrﬂil Q"B V\)fvggﬁe'QSt%engtré%rngl ocks for

| ear ni ng use aéggnﬁ,hﬁ,doggﬁgbmgv eBhiprisds tHRAstEpEdofl and bl ocks for teaching
use fromthe blocking unit for teaching 92 are stored at addresses

corresponding to the prsleteeting viethenftberpredictedterroris lessithag alat a nenory
96 and the teaching dat ectjvely. At the |earning
data nenory 96, m%ﬁesqr&er%garr%pg?d VHE’GEQ{L‘L conprising 5 x 5 pixels shown

by the mark [err] in Fi Qiﬂtﬁuﬁmé thé'&?r&&eﬂ%tﬁ'é&hé @bdbéadé’tbrlﬂtﬁée and
stored at a certain address, the pi xel s bl ock shown to be surrounded

by the quadril at er iredieted guras is |BSS 3h@mébezmesmb@d dbreshald vadieghi ng use at
the sane address as this address at the teaching data nenory 98.

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

28. The method of claim 27, wherein the step of decoding

the coded data comprises the steps of:
_ [ ——
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43 The sane process is then repeated for all of the inages for

| ear ni ng use prepared beforehand. In this way, the block for |earning use
and the block for teaching use conprising 9 pixels for which predicted

val ues are obtained at the |ocal decoder 22 of Figure 17 using bl ocks for
predi cted val ue cal cul ation conprising 25 itens of corrected data having
positional relationships that are the sane as the 25 pixels conprising this
bl ock for .learning are stored at the sane addresses of the |earning data
menory 96 and the teaching data nmenory 98. A plurality of information
can be stored at the sane address at the7learning data nenory 96 and the

teaching data menory 98. gbRefdiing ¥R¥s ihforhfatRAv et BhE coled! @4@; andl Ural ity
of blocks for |earning a%d %I ocKs for teaching at the sane address.

When t he bl ocks for .| ear pratipcing theatdcodey innage: Hiatay il accardansfe with i nages
for learning are stqQred in.the |learning data menory 96 and the teaching.
data nenory 98, theaﬁxﬂaéﬁ TRt ng terminal ‘a is switched over to
termnal b. The output of a counter 97 is ';heh

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

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

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

generating class information using a plurality of pixels
of the coded data; '
producing the decoded image data using the predictive

coefficients corresponding to the coded data.

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

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

————
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supplied to the learning data nenory 96 and the teaching data nenory 98 as
t he address. The counter 97 counts a prescribed clock and outputs this
count value. The bl ocks for |learning and the blocks for teaching stored at
t he addresses corresponding to this count value are then read fromthe

| earning data nenory 96 and the teaching data nenory 98 and supplied to a
cal culating unit 99. A set for the block for learning and a set for
the bl ock for teaching corresponding to a certain class in accordance with
the count value of the counter 97 are then supplied to the cal culating unit
99.- The calculating unit 99 rece63es the set for the block for

| earning and the s t he ching for ert ! ss and
44 cal cul ates predfct |t'ée(58% Q“EPE gﬁ % ﬂﬁeé %'?f???&ﬁc %es the
: coefficients for each class generated using original image data for

learning.

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

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

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

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

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

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

an output circuit for outputting the corrected data as
coded data of the original image data based upon the
determined suitability.

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

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

a circuit for generating the predictéd pixels in
accordance with the class information.
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error a mninumusing the | east square nethod. For exanpl e, when the
pi xel values of the pixels conprising the blocks for learning are taken to
be x[err], x[err], x[err], . . . and the predictive coefficients to be
obtained are taken to be werr], wWerr], Werr], bl ocks for |earning use
are configured using linear first order coupling and in order to obtain a
pi xel value y for a certain pixel it is necessary for the predictive
coefficients werr], wWerr], Werr], . . . to fulfill the follow ng .

equati on. y =werr]x[er] + wWerr]x[err] + werr]x[err] + ...

At ‘the calculating unit 99, predictive e®efficients werr], wWerr], wWerr],
. . that nmake the square error for the predicted val ues ‘\#errh_;( err] +
wWerr]x[err] + Me@%ﬂ-x[éﬁhﬁ apparatus of (clainp S5k wheesin tBg RIeIFHId t he same
class and cor ndi ks for teaching a mnimumw th respect to the
true value y Eﬁéggégio\%@ﬁe regul ar equation shown in equation (7).

The predictive coeffici entiscaittfor getesdtind predictiveadoeficienits Hisetlor each
class are supplied to the nmenor 00. In addition to the predictive
coefficients from RO GPHECHR date: 9‘@& count values are al so supplied

to the nmenory 100 so th et [y Si ; hng unit
99 can be stored at add%ggégﬂcfgrrr%?Sgﬁg{‘%ggﬁ??}%aoﬁ%téaipé%%s reo(ar:y?ﬁe
counter 97. Ther ef dhe,cditected datacamd ithe predictivei ameficiemtseach cl ass are
cal cul ated by carrying out the process as above for each cl ass. The

nost appropriate predictive coefficients (here, this is the 25 x 9
predictive coefficiggls)ThO appapstis! 6f8lain 33, Wﬁé?éinb{rfé?E?edlEtinéhi s class
are stored at addresses corresponding to each class at the nenbry 100.
In the first eitouit cempriselse predictive coefficients for each

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 bixels
based upon the predictive coefficients corresponding to

information of each class and the corrected data.

37. The apparatus of claim 36, wherein output circuit
outputs the coded data with the predictive coefficients for each
class. '

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

_ a memory for storing predictive coefficients for each
class;
a circuit for generating class information based upon a

plurality of pixels of the corrected data; and

AW



class are calculated in real tinme in the |ocal decoder, and the

45 predictive coefficients for each class stored at the nenory 100 are
‘stored at the predictive coefficients ROM 81 of Figure 18. In the second
enbodi ment, since in the |ocal decoder predictive coefficients for each
class are not calculated, it is possible to raise processing speed. In a
third enbodi ment, since predictive coefficients for each class are not
transferred, it is possible to raise the efficiency of conpressing.

Wth reference nowto Figures 5 6, 125013, 21, 22, 23, 24, 25, 26 and 27
the third enbodi ment of the transmtting apparatus 1 (excluding the

transmtting/recording device 16) an e receivi r
expl ained. In further d@t%{f‘fu't }%% %erarqdﬂ% E%"ﬁ%(&umgﬂ%&p&% {erlﬂj%tiﬁ ssi on
apparatus of Fi gur %oaiﬂé?lélf\fseéérr&éﬁm&lhgttothd:IrﬁuhﬁailiSanﬂ Sadleeprst to a
| ocal” decoder 22" and with respect to a

and for generating the predicted pixels based upon the read

predictive coefficients and the corrected data.

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

40. The apparatus of claim 39, wherein the output circuit
outputs the coded data with the predictive coefficients for each
class.

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

correction values.

42. The apparatus of claim 33, wherein

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

the output circuit outputs the corrected data as the
coded data if the predicted error is less than the prescribed
threshold value.

43. An apparatus for decoding coded data generated by
coding image data, comprising:
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determining unit 24'. Mre specifically, the |ocal decoder 22" does not, as
does the | ocal decoder 22' of Figure 19, provide predictive coefficients
for each class. Furthernore, as would be expected given the output of |ocal
decoder 22", the determning unit 24' of Figure 21 outputs optinmum
conpressed data, but does not output predictive coefficients. Therefore,
the output data of determning unit 24 need not be nmultiplexed (with
coefficient data) before transm ssion or recording of such output data.
Referring now to Figure 22, the operation of the transm ssion apparatus of
Figure 21 is explained in further detailZ7l Wen inage data is supplied to

the conpressing unit 21, in st S1 the c re unit 21 perforns
conpr essi on by "t hi nni ng- o?ffc‘('gggtsé‘?ﬁﬂ'}’w&)t?{%?ga?q@%é data and first outputs
this inage data to the |a0&@éo<§j€rcfm%e&)?dlng'iﬂet&ﬂiédpaﬁfﬂﬁﬂ'%r@éfln§4

wi t hout carrying out correction. Corrected data (initially Thisis
conpressed data - decoding image data, wherein the coded data is geferated by

the steps of:

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

correcting the compressed data to generate corrected
data;

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

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

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

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

44, The. apparatus of claim 43, wherein the decoder .
comprises:
a circuit for generating class information of the coded
data; and
a circuit for producing the decoded image data in

accordance with the class information.

45. The apparatus of claim 43, wherein the coded data
includes predictive coefficients to produce the decoded image data,

and the decoder comprises:
J—
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where the image data has sinply been thinned-out) is locally decoded at the
| ocal decoder 22" in step S2. Nanely, in step S2, the predicted

val ues generated by the | ocal decoder 22" are then supplied to the error
cal cul at or 23. | mages conprised of the predictive val ues outputted
fromthe | ocal decoder 22" are the sane as the decoded i mages obtai ned on
the side of the receiving apparatus 4' (Figure 27). When predictive
values for the original inmage are received fromthe | ocal decoder 22", the
error calculator 23 calculates predictigy errors for the predicted val ues
fromthe | ocal decoder 22" in step S3 with respect to the original inmge

data and supplies these el 14N ' 4' as
error infor ﬁgt i on. \Wen agﬁ:?g?ﬁifh?%reﬁggﬁ'ﬁg }ﬂ‘s?e t#eégglaggghﬁd(;ématgﬁejﬁgérer%r

cal cul ator 23, in upon e ptddictiee @oefficiegtsiand thé' cokeddatsmes whet her or
not the corrected data outputted by the conpressing unit 21 is suitable to
be taken as the coding results for the original inage based on this error

i nformation. 46Vanefpe aPBaﬁétﬁE %Iﬁirﬁ%tﬁr%%&h%ei Sod&dfafs (O

whet her or not the error Information 1's less than the prescribed threshold
val ue [err]. indledes tpredictiveccoefiicients for @acB4iclabsito tpredacedhei nf or mat i on

is not less than the presgrjbed reshold value [err], the corrected data
out putted by tcRa °98Hﬂ ﬁa{%rﬁ“ié g‘le decegRt Fpﬂiﬂf{sce&'be i nappropri ate as

the coded data for the of it fdrWrgﬁﬁg1cI§§seﬁlf§ﬁnaii§nR§é?ﬁ§%ded to and
the determ ning unit 24' controls The conpressing unit 21 so that the

conpressed data is pluraléytafdpixelscof tumpodedidatauni t 21 then changes the
correction ? rount a circuit for producing the decoded image data using

the predictive.coefficients corresponding to the coded data.

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

a memory for storing predictive coefficients for each
class;

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

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

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

49. A method for transmitting image data having a plurality
of pixels, comprising the steps of:
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(hereinafter referred to as the corrected value [err]) under the control of
the determning unit 24', the conpressed data is corrected and the
resulting corrected data is outputted to the |ocal decoder 22" and
47 the determining unit 24. Step S2 is then returned to and the sane
process is then repeated thereafter. On the other hand, when it is
determned in step S4 that the error information is | ess than the
prescri bed threshold value [err], the corrected data outputted by the
conpressing unit 21 is confirmed to be suitable as the coding results for
the original image data. The deternininb3unit 24' then at step S6' outputs,
for transm ssion or redorging“;the cBrre?ted dat.a far Ghe case.wWhere the
Hh

error information is |ed§ FHB"B 192 ipb’é%stor{roergﬂﬁ lr(}%g%gaf%}?] i's

conpl et e. As gtpretatdednipreysad dataect ed data corrected fromthe
conpression data when the error information is | ess the prescribed
correcting the compressed data to generate corrected

data;

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

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

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

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

transmitting the outputted corrected data.

50. The method of claim 49, wherein the stép of predicting
comprises the steps of:
generating class information of the corrected data; and
'generai:ing the predicted pixels in accordance with the
class information. |

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

corrected data and the predictive coefficients.
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threshold [err] is taken as the coded results for the original inage data.
An image that is alnost the sanme as the original inage data (source imge
data) can then be obtained on the side of the receiving apparatus 4' based
on this corrected data. Referring now to Figure 23, the | ocal decoder
22" of the third enbodinment is explained. In |ocal decoder 22" a predictive
coefficients ROM 81' replaces the predictive coefficients ROM 81 of the
second enbodi nent. Since the | ocal decoder 22" does not (as does the-Iocal
decoder 22' of the second enbodi nent) gtherate predictive coefficients for
each class, such predictive coefficients are not output fromthe predictive

coefficients ROM 8 but—i vigle : | G4 unit
82. In further det ;E??r pgﬁélf’g%ggf’ ﬁéfd(%(g)rﬁrdéésl’pg’rp%p%% %%r%‘i%g’n@f ﬁﬁéﬁ%{éﬁ
decoder 22 of dongprisesties stgpsveft t he same nunerals. This is to say that

ot her than predictive coefficients ROM 81 and a predicting unit 82 being
provi ded in place of thesenpiptingec!pse ifosmagionrhasessuppRa phrialityuehti on of

the | ocal decoder Zﬁie@fof{@'égrégtéédﬁw sane as the | ocal decoder 22 of
Fi gure 8. !

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 4.9, wherein the step of predicting
compiises the steps of:

storing predictive coefficients for each class;

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

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

66. The method of claim 54, wherein stored predictive
coefficients for each class are generated based upon original image
data for learning.
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48 - The predictive coefficients ROM 81' stores predictive
coefficients for each class that have already been obtained by learning (to
be described later), receives class information outputted by the ADRC
processing unit 44, reads predictive coefficients stored in addresses
corresponding to this class information, and supplies this data to the
predicting unit 82. At the predicting unit 82 the linear first-order
equation shown in equation (1) (specifically, for exanple, equation (8))
using 5 x 5 pixel blocks for predicted ¥alue cal cul ati on fromthe bl ocking
circuit for predicted value calculation 42 and predictive coefficients from

the predictive coefficient.s 81 pr.edicted or the original inmage
data can be cal cul at ed. aﬁé?lg?gl?rere‘ged\?@'lgdﬁgc%{@é#ﬁ%t%1 ass cl assifying
adapti ve processing cir@udécddercofordeidding Ihetdtrirl datfbatiefensrhting can be:
cal cul ated without using original inmages.. Referfing now to Figure
24, the operation deceding isnage giagaduhergin die cpdad dats is gepesatednby. As

with the | ocal dec r Figure 8, in step S21, the |ocal decoder 22" puts
corrected data frogﬂgﬁégé%ﬁ%‘ressi ng unit 21 into the form of bl ocks.

Namel 'y, at the bl ocki ng redutingoa nilraber 6F pdadlé icfairiginakimagé daeonsect ed
data is put into the form of x 3 pixels blocks centered about the noted

corrected data for g@pgg@tecq:gquag d_éFﬁFand supplied to the class
classifying adaptive progaoeldiy thé Gonpredsed ddt %o gé’ﬁgr‘a‘?é? cBrRTtLHY

data;

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

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

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

outputting the corrected daté as coded data of the

original image data based upon the determined suitability.

44. The apparatué of claim 43, wherein the decoder
corhprises:
a circuit for generating class information of the coded
data; and
a circuit for producing the decoded image data in

accordance with the class information.

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

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

I ———
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circuit for predicted value calculation 42, the corrected data is put into
the formof 5 x 5 pixel blocks centered about the noted corrected data for
predictive value calculation and supplied to the class classifying adaptive
processing circuit 43. The bl ocks for class classification are
supplied to the ADRC processing circuit 44 and the bl ocks for predicted
val ue cal cul ation wuse are supplied to the adaptive processing circuit 46.
49 In step S22, when the bl ocks for class classification are

recei ved, the ADRC processing unit 44 sgRjects the blocks for class
classification to, for exanple, one bit ADRC (ADRC carried out using one

(codady into one bit and SLewtiokdRhetating Bhe SebBfedihbdeastbie s | |
step S23, the cl asupdnatind predictiveicoefficients entistheheoddddeta.f or class -
classification that have been ADRC processed to
46. The apparatus of claim 43, wherein the coded data
includes predictive coefficients for each class to produce the
decoded image data, and the decoder comprises: '
a circuit for generating class information using a
plurality of pixels of the coded data;
a circuit for producing the decoded image data using

- the predictive coefficients corresponding to the coded data.

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

a memory for storing predictive coefficients for each
class;

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

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

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

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

) O



class classifying processing. Nanely, the class classifying unit 45 detects
a state of distribution of each of the levels in the block and determ nes
the classes that these class classifying blocks belong to. The results of
this class determ nation are then supplied to the adaptive processing unit
46 as class information. In this enbodi nent, each of the blocks for
class classification belong to one of the 512 (=(21)9) cl asses because
class classifying dividing has been carried out on the bl ocks for class
classifying conprising 9 pixels arranged as 3 x 3 that have under gone
one-bit ADRC processing. Step S247 is then proceeded to and at such

nf or et on. AL step S2ESaqngl  puFffe St bR BY Srdinatiindlid Upt far 7

predi cted val ues. gbasréte cdrdpréstfed gaegi cted val ues are output. Unlike the
| ocal decoder of Figure 17, predictive coefficients are not output. Step

S21 is then returned tocefteating theeopryessed data dpganegathepegeted | for
" exanple, for each ggga,frame. Referring now to Figure 25, the
determning unit 2 df the third enbodinment is explained. In contrast to

t he determ ning unit 24 médidting tie beighidl ddiagendatasinséesordiancei withe 14, the
determning unit 24 does not utilize a predictjon coefficient nepory 61. In
operation, when nef§ cosrected-dpta-and far gaperating pledigted data having a

plurality of predicted pixels;

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

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

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

transmitting the outputted corrected data.

50. The method of claim 49, wherein the step of predicting
comiprises the steps of:
- generating class information of the corrected data; and
generating the prédicted pixels in accordance with the
class information.

51. The method of claim 49, wherein the step of predicting,
comprises the steps of: '
generating predictive coefficients based upon the
corrected data; and

generating the predicted pixels based upon the

corrected data and the predictive coefficients.

I
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50 conpressing unit 21, the corrected data nmenory 62 stores the newy
corrected data in place of the corrected data (data corrected the previous
time) already stored. In this way a new set of predictive coefficients
corresponding to this new corrected data is not outputted fromthe | ocal
decoder 22 when corrected data is updated with new data in this way.

An error information nmenory 63 stores error information supplied fromthe
error calculator 23. As well as storing the error information currently
provided fromthe error cal culator 23, the error information nenory 63
stores error information supplied the pf8vious tine (already stored error

I nformation is hel nt ik, new.error, i,nf ory@t i P prlie vep J.f new
error information ?‘;g!su;;‘l;ﬂq g!ﬁt_ﬁoqll_pef célﬂndr ’n‘fvﬁgﬁéﬁitg'% #ghvéjﬂ/s%e?l]?gnq hen
cl eared every cbhiptisdsOeirsstops of: new frames commences. A conpar at or

64 conpares error information for the current tine stored in the error
i nformati on nenory 63 argenerpting olassinformatinolhased ueon @& pluralily ekl | as

conparing error infoermatj f ent time and error information for
PkGBL41 el BOrebbtoc ke

the previous time i _
generating predictive coefficients for each class based

upon the original image data and the correc ted 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 upén a plurality of
pixels of the corrected data; and
reading from the memory the predictive coefficients
corresponding to the information 6f each class and for
" generating the predicted pixels based upon the read prédictive

coefficients and the corrected data.

55. The method of claim 54, wherein stored predictive
coefficients for each class are generated based upon original image

data for learning.
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The conparison results of the conparator 64 are then supplied to a
controll er 65. The controller 65 determ nes whether corrected data
stored in the corrected data nmenory 62 is suitable (optinun) to be taken as
original imge coding results based on the conparison results of the
conparator 64. When the corrected data is confirnmed (determ ned) not to be
the nost appropriate, a control signal requesting outputting of new
corrected data is supplied to the conpressing unit 21 (correcting unit 32)
(Figure 5). Further, the controller 65 re ds out corrected data stored in
the corrected data nenory 62, outputs this data to the nmultiplexor 25 to
thereby supply to tggansniygsi [ . ' . :

Bl ”3‘21% r?x'&tlﬁj(ﬁ% oggilalm 55, wherein tge dpa?da?d Eatﬁ I8, ,

51 and/or the recordrng Vice t I num-¢onpresse
this case, theoatpitrwithetheSpredittivé soefficients forsegeialcldss.

in

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

is corrected using the correction values.

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

predicted error is less than the prescribed threshold value.

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

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

éorrecting the compressed data to generate corrected
data;

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

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

I
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conpressing unit 21 indicating conpletion of coding for one frane of imge,
so that processing starts at the conpressing unit 21 for the foll ow ng

- frane as descri bed above. Referring now to Figure 26, the operation
of the determining unit of Figure 25 is further explained. At the

determ ning unit 24', whether or not error information has been received
fromthe error calculator 23 is determned in step S41 by the conparator
64. When it is determined that error information has not been received,
step S41 is returned to. Wien it is det@gomned in step S41 that error

i nformati on has been received, i.e., that error information is stored at

the error information NyResmiing SURRLIMY dfSthR! SEIPesRd data d9eodeapar at or
64 then conpares the error information currently stored in the error

i nformati on menory dega based auparethe predicteédegiorht i on) and the prescri bed
threshold value [err] and . .defermnes which.is the |arger,. When it is
determned in step $S42 t%P“ftHég é&?&prfﬁ#ﬁ’rﬁt?cﬁ? ?%qg‘flqgt%&frtgﬁt tinme is
equal to or greatelprigiwdl iniyaPd8Es babed updnetHeobeteralingd [seitabilityNand

conparator 64 reads out error information for the previous time stored in

the error information negeesdiag. thereodeshgdataporthesrecosdingomediws. t he error
information for the previous time and the error information for the current
time in step S43 and determ nes which is larger. When processing is

then started for orgt.frarfe pbrding mediOhPbiRldigN60s ihérein Bi@stélears t he
error information for the previous tinme is not stored in the error

I nformation mﬁg@@ties. cqmeriéegrtbsa stapstafi s case, the processing fromstep
S43 onvards is not carr gl QutingHiabd fnffatiBn b thd'Bblretted BatniAS!

signal for controlling t
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 claini'_60, wherein the step of
predicting comprises the steps of: ' '

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

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

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

each class and the corrected data.

S
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52 correcting unit 32 (Figure 5) is then outputted and a prescribed

initial address is outputted. Wien it is determned in step $S43 that
the current error information is less or equal to than the error
information for the previous time, i.e. when the error information is

reduced by carrying out correction of conpressed data, step S44 is
proceeded to. The controller 65 then outputs a control signal indicating
that a correction value [err] is to be changed in the sane way as for the
previous time to the correcting unit BZ%ind step S41 is returned to.
Further, when it is determned in step 3 that the error information for
the current time is greater than the error information for the previous
time i.e., when th@4errFheirecording madjiumiafcelaim &0.plurthar gemgrising
correction ofth%og&rpegﬁed data, step S45 is prpceeded

outputting the coded data with the prédictive

coefficients for each class.

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

storing predictive coefficients for each class;

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

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

coef_ficients and the corrected data.

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

original image data for learning.

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

68. The recording medium of claim 60, wherein the step of
correcting comprises the step of:
storing correction values, wherein the compressed data

is corrected using the correction values.

69. The recording medium of claim 60, wherein the step of
determining suitability comprises the steps of: e

L



to and the controller 65 outputs a control signal indicating that the
correction value [err] has been changed in a way that is the opposite of
that for the previous time to the correcting unit 32 and step S41 is
returned to. When error information that continues to be reduced
rises at a certain timng, the controller 65 outputs a control signal
indicating that the corrected value [err] is to be changed in a manner
opposite to that of the previous tine to, for exanple, 1/2 the size of the
case up until that point in tinme. 82 The error information is then
reduced by repeating the process of steps S41 to S45. In this way, when

the error information ofgetBeting WhetNer thepredictad @rrariedess thaep S42 to be
smal ler than the prescribed threshold value, step S46' is proceeded to.

The controller 65preesribedithresboldvele; @da stored in the corrected data
menory 62 and the esti rraturetggﬁrlagugg?lg%nse%qgclj 'cEQata% tﬁerggaga tdtawg{{heecordl ng

devi ce as the optinmm cot
predicted error is less than the prescribed threshold value.

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

generate compressed data; : -

correcting the compressed data to generate corrected
data;

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

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

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

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

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

generating the predicted samples in accordance with
the class information.

72. The method of claim 70, wherein the step of predicting,

comprises the steps of:

RO T



53 After this, the error information for the
awai ted and the process is repeated i.n accordance w
in Figure 26. Wth reference now to Figure 27
4' of the third enbodinment is described in detail. |

following frame is

th the flow chart shown
a receiving apparatus
n contrast to the

recei ving apparatus 4 (Figure 16) of the second enbodi nent, receiving

apparatus 4' does not receive predictive coefficient

s for each cl ass.

| nstead, receiving apparatus 4' includes a predictive coefficients ROM 78.
Predictive coefficients ROM78 is |oadggdhwith the sane data as is
predictive coefficients ROM 81" of Figure 23. In further detail, at the

recei vi ng/ reproduci ng d%\éirn%g%téi% p@%&ﬁ%v@%&ﬁﬁf@&g%% #Egn rpeor di ng

medium 2 i s played- back a transm -t Vi
i s recei ved and supptieeded @atheahdocki ng unit for cl

a a transm ssion path 3
ass classification 73 .

and the blocking circuit 77 for predicted value calculation 77. The

bl ocking unit for class gangsating theirfgdicied £

sfyBPAdhENi t 74, a

255, ST esS1 11110 eciBuata e BEKCRIURLE dlnBlaite o0 val v

classification 41, the ADRC processing unit 44, the

45 and._a blocking unit for predicted val ue calcul ation 42.

: { he s;
processes as for tHe3-casthe Metnggrel olaim, L0, wehereky the sten @ péﬁé

ocking unit for class
class classifying unit
anme

i

CEHRS hese

bl ocks so thatc&?ﬁ&ﬁ%@sf{t?é S{gé%’fiéfzt ed value calculation are outputted from

t he bl ocki ng circui or pr
i nformation i s out putt edgéneratingeclass irsforivetiit pased

redi ctive val ue
P samples of the corrected data;

generating predictive coefficients f

I ve value calculation 77 and cl ass

wmpion & ‘plurdtiey lifocks f or

or each class based

upon the original data and the corrected data; and

generating the plurality of predicted samples based

upon the predictive coefficients correspo

of each class and the corrected data.

nding to information

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

outputting the coded data with the predictive

coefficients for each class.

75. The method of claim 70, wherein the step of predicting

comprises the steps of: |

storing predictive 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

predictive coefficients and the corrected

upon the read
data.

AR



calculating use and the class information is then supplied to the

predicting unit 76. 3 x 3 predicted values are cal cul ated at the
predicting unit 76 in accordance with equation (1) using read predictive
coefficients 54 correspondi ng

to the class information and corrected data conprising 5 x 5 pixel Dblocks
for predicted value calculation supplied fromthe blocking circuit for
predi cted val ue calculation 77. Inmages for one franme conprised using these
ki nd of predicted values are then outpué ed by predicting unit 76 as the
decoded i mage. I's possible to ore the nean val ues of the-pixe

val ues compr' 5i ng be t%%hﬁ%wé%%alm TRINLRSRAS siofdcPpRACvg to. each

class at the ROM 81 rat her an storing thé actual pre tive coefficients.
In this case, cobHficiems forasch olfass rmelgnnerate:bbas@téupdn rigiak! dataitor

correspondi ng to this class are outputted. The | ocal
learning.

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

output with the predictive coefficients for each class.

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

is corrected using the correction values.

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

predicted error is less than the prescribed threshold value.

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

receiving the coded data;

dec'oding 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;

R ) A



decoder 22 of Figure 19 in such an enbodi nent does not include the bl ocking
circuit for predicted value calculation 42 nor the predicting unit 82.

In the above, a description has been given of the present invention applied
to an inmage processing apparatus but in addition to coding television
signals in standard formats such as the NTSC format this kind of inage
processi ng apparatus is particularly effective in the case of encodi ng
so-called high definition format television signals where there is a |arge
amount of dat a. In this enbodi ment, the square sum of the error has
been wused as the error information butgsfor exanple, the absol ute val ue of

the error or the sumof the cube or mpre of the error can also be used as
error information. Wi dHeHSNG the °i"§“&§le§at§s'“tﬁé°c€fjf’8Fe WH}"&?‘ﬁat i on can

then be deci ded basgtbctbar For BBnERRind BRUEERT GBS Havi oL 11 S

exanple. In this ment, al thoug ocess Is carried out for one
frane, each procegdurditybef praticteddsampldsyr one field, for two or nore

frames. Furthernore, block . codi n\g, is carrijed Rut t aki i mmges for one
frame as the object, butalculating. JFith respegt & the araiRaldetd: % configured
by gat hering 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.

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

class information.

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

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

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

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

T L



55 together pixels of the sanme position in a plurality of franmes |inked by
a time series. In this enbodi nent, correction of conpressed data is
repeated until the error information is |less than a prescribed threshold
value [err] but it is also possible for an upper Ilimt to be put on the
nunber of tinmes of correcting the conpressed data. Nanely, for exanple,
when inmages are transmtted in real tinme it is necessary for processing of
one frame to be finished within a prescribed period but it is not necessary
for the error informati on to convege wBbhin a prescribed period of tinme. By
providing an upper limt to the nunber of times of correction, when error

I nformati on does not conyerge. h . 0 e [err]
within a prescribed periB og.}cﬁ)ﬁﬁg Jf%g)?gg (ﬁ}gaqfé nbe'ﬁgsérgrd;%\}écan be
conpl eted (the corrggéfddisitbacctiedgunding 18 the dadethdata.t he coded results)
and processing for the next frame can begin. In this enbodi ment

bl ocks are configured frominages for one frame but can al so be configured

f rom for exa_rrpl e, Ehxel ?hgtmg{}?qugf%lﬁﬂ‘?ﬁgib&ﬂ\ rP?ﬁ? %{%&e%%eicto\éi f ranes

linked by a time series conmpresst ng unit

21, the inmage the §¢a@aﬂawclali\q§h§u§the ete;ig'l@f center pi xel occurring at a 3
X 3 pi xel bl ock can be extracted.and taken _as conpressed data. However, at

t he corrpre55| ng unit 21, StQﬂ"Qaf(’éﬁﬂjFEVGtqq’@fﬂﬁ'&ﬁt‘-ilé‘l’héa?%tc 3%% ni ne
generating class |nformat|on using a plurahty of samples

of the coded data; and

reading the predictive coefficients corresponding to the
class information from the memory and generating the '
predicted sample using the read predictive coefficients and the
coded data.

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

coefficients for each class generated using original data for learning.

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

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

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

a calculator for calculating, with respect to the original

data, a predictive error of the predicted data;

——
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pi xel s conprising a block can al so be obtained and taken as the pixel val ue:
for the pixel at the center of this block. The nunber of pixels can then be
reduced (thinned out) and nmade into conpressed data. According to

t he codi ng apparatus of the present invention, conpressed data obtained by
conpressing the original imge data to a fewer nunber of pixels is
corrected and the corrected data is outputted. The original imge data is
t hen estinmated based on the 56
corrected data and the predicted value 89 outputted. An estimation error is
then cal culated for the predicted value with respect to the original inmage
data. Suitability of the corrected data outputted by the correction neans

i s then deternined base@ dgterméning¢ireuit far determining: suisabiity & thata is the

outputted as the O{cbg{e@ié%ig%?%%‘%%{%ﬁ‘%&%Lﬂéo% tie PEERICHEN GFroft LN

determ nation resu
and

an output circuit for outputting the corrected data as
coded data of the original data based upon the determined

suitability.

87. The apparatus of claim 86, wher_eiﬁ the predicting
circuit comprises:
a circuit for generating class information of the
corrected data; and .
a circuit for generating the predicted samples in

accordance with the class information.

88. The apparatus of claim 86, wherein the predicting
circuit, comprises: _
a circuit for generating predictive coefficients based
upon the corrected data; and _
a circuit for generating the predicted samplés based

upon the corrected data and the predictive coefficients.

89. The apparatus of claim 86, wherein the predicting
circuit comprises:
a circuit for generating class information based upon a
plurality of samples of the corrected data;
a circuit for generating predictive coefficients for each

class based upon the original data and the corrected data; and

U
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that is alnost identical to the original data inmage can therefore be
obt ai ned by using this corrected data. According to codi ng net hod of
the present invention, correcting conpressed data obtained by conpressing
the original image data to a fewer nunber of pixels and outputting
corrected data, estimating the original imge data based on.the. corrected
data and outputting a predicted value and cal cul ati ng an estimation error
for the predicted value with respect to the original inage data is repeated
until the estimation error becones |ess than a prescribed threshold val ue.
The corrected data at the tinme when theggstimation error is |l ess then or

equal to a prescribed thresh v LS Lt aen t ding results
for the original imge aﬁ%qu%de%ﬁahﬁﬁa%kg ?‘ﬁg%lﬂyséﬁg'ﬁen@?&lgdent ical to
the original imagesgmplddBaséd upohethebpidictivdoatficigntshesrrespomdingd dat a.
According to.the image decodi ng apparatus of the present, invention, at a
decodi ng neans, cotq Bfoemagionz0t each clarsqjang the eesractad \datanpr essi ng an
original inmage to a fewer nunber of pixels, correcting conpressed data
obtai ned by conpressing the original imge data and outputting corrected
data, estimating tBe. ofMhe dpparatingef tidim BIs achereiri batpwr ciectiied data and
outputting a predicted value and cal cul at i,ntFl an es},i matiagn error for the
predi cted vaPHtPulstthereadad daty with the ipgedigtive rapftigionts faf prchne

estimation eLf= k. beconmes | ess than a prescribed threshold val ue. A decoded

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

a memory for storing predictive coefficients for each
class;

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

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

predictive coefficients and the corrected data.

92. The apparatus of claim 91, 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:
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57 image that is alnost identical to the original imge data can therefore
be obtained by using this corrected data. In the recordi ng nedi um of
the present invention corrected data is recorded when an estinmation error
is less than a prescribed val ue obtained by repeatedly conpressing an
original image to a fewer nunber of pixels, correcting conpressed data
obt ai ned by conpressing the original inmage data and outputting corrected
data, estimating the original inmge data based on the corrected data and
outputting a predicted val ue and calculatlng an estimation error for the
predicted value with respect to the ori& nal image data until the

estimation error becones |ess th res decoded
i mage that is al npst |deanme53?r\f ?\ e é?hgggf’hg;gazag%{t‘g' %‘He%eef\efore be
obt ai ned by using tdblrfediﬁfq]eﬁ&@ﬁ dtitécts the comprésyBapdata tsiggeef | guration
of a first enbodinent of the invention conprises the transmtting apparatus

of Figure 3, the coosrestiimyalueist of Figure 5, the |ocal decoder of Figure
8, the error calculator of Figure 12, the determining unit of Figure 14 and
t he receiving apparatus of Figure 16. The configuration of the second

95. The apparatus of claim 86, wherein

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

the output circuit outputs the corrected data as the
coded data if the predicted error is less than the prescribed

threshold value.

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

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

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

correcting the compressed data to generate corrected
data;

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

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

determining suitability of the corrected data as coded

data based upon the predicted error; and

R )RR



enbodi nent of the invention conprises the transmitting apparatus of Figure
17, the conpressing unit of Figure 5, the local decoder of Figure 18, the
error calculator of Figure 12, the determning unit of Figure 14 and the
recei ving apparatus, of Figure 16. The configuration of the third enbodi nent
of the invention conprises the transmtting apparatus of Figure 21, the
conpressing unit of Figure 5 the | ocal decoder of Figure 23, the error

cal cul ator of Figure 12, the determining unit of Figure 25 and the

recei ving apparatus of Figure 27. Al t hough only certain enbodi nents
have been described in detail, those haf ng ordinary skill in the art will
certainly understand t hat

. 58
many nodi fications are %%t Sult'gpg t\l/jvlet OJG?Ctggp%ar A %s‘gc?‘r’S%‘?"H‘S ?fegl&i ngs
hereof. Al such naigihacdateobased epont theddetdrmihed suitability.

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

with the class information. -

98. The apparatus of claim 96, wherein the coded data
includes predictive coefficients to produce the decoded data, and the
* decoder comprises:
a circuit for generating the decoded data based upon

the predictive coefficients and the coded .data.

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

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

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

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

a memory for storing predictive coefficients for each
class; '

A R



enconpassed within the scope of the foll owi ng cl ai ns.

59 WE CLAI M 1. An apparatus for coding i nage data having a
plurality of pixels, conprising: means for reducing a nunber of
pi xel s of original inage data to generate conpressed data;

means for correcting the 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; , meansgfor calculating, with respect to

the original inmage
a circuit for generating class information using a
plurality of samples of the coded data; and .
a circuit for reading the predictive coefficients
corresponding to the class information from the memory and
generating the predicted sample using the read predictive

coefficients and the coded data.

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

original data for learning.
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data, a predictive error of the predicted data; means for

determning 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 inmge data based upon
t he determ ned suitability. 2. The apparatus of claim1
wherein the neans for predicting conprises: nmeans for '
generating class information of the corrected data; and

means for generating the predicted pixels in accordance with the
class information. - 3. The appgrat us of claim1, wherein the

means for predicting, conprises:

IMAGE CODING APPARATUS, IMAGE CODING METHOD, IMAGE
DECODING METHOD, IMAGE DECODING APPARATUS, IMAGE DATA
TRANSMITTING METHOD AND RECORDING MEDIUM

-

ABSTRACT OF THE DISCLOSURE
To obtain a decoded image almost identical to an original
image using a small amount of _daté, compressed data obtained by
thinning-out original image data is corrected and the corrected data
is outputted. At a local decoder the original image data is predicted
based on this corrected data and this predicted value is outputted.
Then, at an error calculator a predicted error for the predicted value
is calculated with respect to the original image data. The above
process is then repeated at a determination unit until the prediction
- error is determined to be less than a prescribed value, and the
corrected data when the estimation error is less than a pfescribed

value is then outputted as the coded results for the original image
data.

Figure 3



60 means for generating predictive coefficients based upon

the corrected data; and nmeans for generating the predicted

pi xel s based upon the corrected data and the predictive coefficients.
4, The apparatus of claim1l, wherein the nmeans for predicting conprises:
means for generating class information based upon a plurality of

pi xel s of the corrected data; nmeans for generating predictive
coefficients for each cl ass based ugon the original inmage data and
the corrected data; and 1726 neans for generating the
plurality of predicted pixels based upon the predictive coefficients
correspondi ng to I nformati on of each class and the corrected data.

5. The apparatus of claim4, wherein the means for outputting outputs the

coded data vm[ﬂlGLHd predictive coefficients for each class.
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6. The apparatus of claim1l, wherein the nmeans for predicting conprises:
a nenory for storing predictive coefficients for each
means for generating class information based upon a
means for reading fromthe
coefficients corresponding to the information

pi xel s of the corrected data; and
menory the predictive

of each cl ass

61

cl ass;
plurality of

and for.

generating the predicted pixels based upon the read predictive
coefficients and the corrected data. 5/2¢ 7. The apparatus of claim 6,
wherein the predictive coefficients for each class stored in the nenory are
gener at ed based
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upon original image data for | earning. 8. The apparatus of claim
7, wherein the neans for outputting outputs the coded data with the
predictive coefficients for each class. 9. The apparatus of claim
1, wherein the neans for correcting conprises: a menory for
storing correction values, wherein the means for correcting corrects
t he conpressed data using the correction val ues. 10. The
apparatus of claim1, wherein t he neans for determ ning

determ nes suitability of the gorkected data by detecting whet her the
predicted error is |ess than a prescribed threshold val ue; and

the nmeans for outputting outputs the corrected data as the coded data
if the predicted error is less than the prescri bed threshol d val ue.
11. An apparatus for decoding coded data generated by coding i mage dat a,
conpri si ng: means for receiving the coded dat a;
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62" means for decoding the coded data and generating

decoded i mage data, wherein the coded data is generated by the steps
of : reduci ng a nunber of pixels of original inmage data to
generate conpressed dat a; correcting the conpressed data to
generate corrected dat a; predi cting the original inmge
data in accordance with the corrected data and generating predicted
data having a plurality of predicted pixels; cal cul ati ng,
with respect to the original image data, a predictive error of the
predi cted data; deternining uitability of the corrected data
as coded dat a- based upon the.pré PRt ed error; and
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outputting the corrected data as coded data of the original inmge

data based upon the determ ned suitability. 12. The apparatus of
claiml1 1, wherein the decodi ng neans conpri ses: means for
generating class information of the coded data; and means
for producing the decoded inmage data in accordance with the class
I nformati on. 13. The apparatus of claiml1 1, wherein the coded
data includes predictive coefficients to produce the decoded i mage dat a,
and the neans for decoding conpri ses: means for generating the
decoded i mage data based upon the predictive coefficients and the
coded dat a. _ 5/26
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63 14. The apparatus of claiml1l 1, wherein the coded data incl udes
predictive coefficients for each class to produce the decoded i mage dat a,

and the neans for decodi ng conpri ses: means for generating.
class information using a plurality of pixels of the coded data;
means for producing the decoded i nage data using the predictive
coefficients corresponding to the coded dat a. 15. The apparatus of
claim11l, wherein the nmeans for decodi ng conpri ses: a nmenory
for storing predictive coefficients for each cl ass; means
for generating class information using Qsplurality of pixels of the
coded data; and nmeans for {eading the predictive coefficients
corresponding to the class information fromthe nenory and generati ng
the predicted pi xe[FI8i @] the read predictive coefficients and the
coded dat a. 16. The apparatus of claim 15, wherein the predictive

coefficients for each class stored in the nenory are generated using
original inmge data for |earning.
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17. A nethod for coding inmage data having a plurality of pixels,

conprising the steps of: : reduci ng a nunber of pixels of
original imge data to géner ate conpressed dat a;

correcting the conpressed data to generate corrected dat a;

64 predicting the original inage data in accordance with

the corrected data and generating predicted data having a plurality of
predi cted pixel s; calculating, with respect to the origina

| mage data, a predictive error of the predicted data;

determning suitability of the correctgggdata as coded
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data of the original imge based upon the predicted error; and
outputting the corrected data as coded data of the origi nal inage
data based upon the determined suitability. 18. The net hod of
claim17, wherein the step of predicting conprises the steps of:
generating class information of the corrected data; and

generating the predicted pixels in accordance with the cl ass

i nformation. 19. The nethod of claim 17, wherein the step of

predi cting, conprises the steps of: generating predictive.
coefficients based upon the (f ed data; and

generating the predicted pixels based ‘upon the corrected data and the
predictive coefficients. 20. The nethod of claim 17, wherein the
step of predicting conprises the steps of: generating cl ass

i nformation based upon a plurality of pi xel s of the corrected dat a;
generating predictive coefficients for each class based upon the

original inmge data and the corrected dTa and
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65 generating the plurality of predicted pixels based upon

the predictive coefficients corresponding to infornation of each cl ass
and the corrected data. 21. The nethod of claim 20, further
conprising the step of: outputting the coded data with the
predictive coefficients for each cl ass. 22. The nethod of
claim 17, wherein the step of predicting conprises the steps of:
storing predictive coefficients for each cl ass; generati ng
class informati on based upon a pluralltx of pi xel s of the corrected
data; and
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reading fromthe nmenory 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 nethod of claim 22, wherein stored predictive coefficients for

each cl ass are generated based upon original inmage data for

| ear ni ng.

24. The nmethod of claim 23, wherein the coded data is output with the
predictive coefficients for each class. 25. The nethod of claim

17, wherein the step of correcting conprises the step of:
storing correction val ues, wherein thd0ddfpressed data
using the correction values
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66 26. The nethod of claim 17, wherein the step of determ ning
suitability conprises the steps of: det ecti ng whet her the
predicted error is less than a prescri bed 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. 27. A net hod
for decodi ng coded data generated by coding i mage data, conprising the
steps of: recei ving the coded data; decodi ng t he
coded data and generating decodi ng i mge data, wherein the coded data
is generated by the steps of : reduci ng a nunber of

pi xel s of original imge data to enerate conpressed data;
correcting the conpressed data to gen%*éﬂ% corrected - dat a;

predi cting the origgipal ¢ hfBge data i n accordance with the corrected
data and for genelggﬁﬁglgigdicted data having a plurality of

predi cted pixels; calculating, with respect to the origina

i mge data, a ' %
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predictive error of the predicted data; determ ni ng

suitability of the corrected data as coded dat a based upon the
predi cted error; and outputting the corrected data as coded
data of the original inmge data based upon the determ ned
suitability. 28. The nethod of claim27, wherein the step of
decoding the coded data conprises the steps of:
67 generating class information of the coded data; and
produci ng the decoded i mage data in accordance with t he cl ass
I nformati on.
12/26
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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
the coded data conprises the step of: generating the decoded
I mage data based upon the predictive coefficients and the coded dat a.
30. The method of claim27, 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 theagteps of: generati ng
class information Eéheg a_plurality of pixels of the coded dat a;
produci ng the deco 4lﬂde data using the predictive coefficients
corresponding to the coded dat a. 31. The nethod of claim 27,
wherein the step of decoding the coded data conprises the steps of:
storing predictiveé%befficients for each cl ass; generating
class information ing a plurality of pixels of the coded data; and
readi ng the predictdve coefficients é%rresponding to the cl ass
information fromtH@ menory and gerergd i ng the predi cted pixel using
t he read predictqugcogfficients aftl ‘g he. coded dat a.
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68 32. The nmethod of claim 31, wherein the stored predictive
coefficients for each class generated using original imge data for

| ear ni ng. 33. An apparatus for coding inmage data having a plurality
of pixels, conprising: _ a subsampling circuit for reducing a
nunber of pixels of original inmage data to generate conpressed data;
a correcting circuit for correcting the conpressed data to generate
corrected data; a predicting circuit-for predicting the
original inmge data in accordance with the corrected data and for
generating predi cted data havifgyj§|ﬂ urality of predicted pixels;

a calculator for calculating, with 235 ect to the original

>
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| mage 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.

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 with the class informati onl5/26
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69 35. The apparatus of claim 33, wherein the predicting circuit,

conpri ses: a circuit for generating predictive coefficients
based upon the corrected data; and acircuit for
generating the predicted pixels 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 informati on based upon a plurality of pixels of the corrected
dat a; acircuit for generating predictive coefficients for
each cl as ed n the origepab i mage data and the corrected
data; and ' ;?}Ef' éug?rcuit for generating the plurality of predicted
pi xel s based upon the predictive coefficients corresponding to
i nformati on of each class and the corrected data. 37. The
apparatus of claim 36, whereinpoutput circuit outputs the coded data with
the predictive coefficient each cl ass. 38. The apparat us of
claim 33, wherein the predeciidg
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a nenory for storing predictive

circuit conprises:
a circuit for generating

coefficients for each class;

class informati on based upon a - plurality of pixels of the corrected

data; and ' 70 a
coefficients

circuit for reading fromthe nmenory the predictive

corresponding to the information of each cl ass
predictive coefficients and the

predi cted pi xel s based upon the read
corrected data. 39. The appal&fdé of claim 38, wherein the
gp in the nenory are generated
W

and for generating the

predictive coefficients for each cl ass sgor
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upon original image data for | earning. 40. The apparatus of claim
39, wherein the output circuit outputs the coded data with the predictive

coefficients for each cl ass. 41. The apparatus of claim 33,
wherein the correcting circuit conprises: a nenory for storing
correction val ues, wherein the - correcting circuit corrects the
conpressed data using the ‘correction val ues. 42. The
apparatus of claim 33, wherein the determning circuit
determnes suitability of the : corrxr2el data by detecting whether the
predicted error is |ess than 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.

43. An apparatus for decodi ng coded data generated by codi ng i nage data,
conpri si ng:
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71

acircuit for

wherein the coded data is generated by

reduci ng a nunber of pixels of original

conpressed dat a;

corrected dat a;
accordance with
havi ng a plurality of

respect to the original
predi ct ed dat a;
as coded

the corrected da

receiving the coded data;
for decoding the coded data and generating

a decoder

decodi ng i mage dat a,

the steps of:
| mage data to
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predi cting the original
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outputting the corrected data as coded data of the original inmge

data based upon the determ ned suitability. 44, The apparatus of
cl aim43, wherein the decoder conprises: acircuit for
generating class information of the coded data; and a
circuit for producing the decoded image data in accordance with the
class information. 45. The apparatus of claim43, wherein the

coded data includes predictive coefficienpgao produce the decoded inage
data, and the decoder conpri ses:
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acircuit for generating the decoded i nage data based upon the

predi ctive coefficients and the coded -dat a. 46. The apparatus of
claim43, wherein the coded data includes predictive coefficients for each
cl ass to produce the decoded i mage data, and the decoder conprises: -

a circuit for generating class information using a plurality of
pi xel s of the coded dat a; a circuit for producing the decoded
i mge data using the predictive coefficients corresponding to the
coded dat a. 47. The apparatus of claim43, wherein the decoder
conpri ses: a nmenory for fi?ikng predictive coefficients for
each cl ass; a circui or generating class information
using a plurality of pixels of the coded data; and a
~circuit faor reading trmaﬁmggiggéve coefficients corresponding to the
class information fromthe nerdTy and generating the predicted pixel
using the read predictive coefficients and the coded data.

48. The apparat.us of claim47, wherein the predictive
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coefficients for each class stored in the nmenory are generated using

original image data for |earning. - 49. A nmethod for transmtting
i mage data having a plurality of pixels, conprising the steps of:

73 reduci ng a nunber of pixels of original inmage data to
generate conpressed dat a; correcting the conpressed data to
generate corrected dat a; predi cting the original inage
data in accordance with the corrected data and for generating

predi cted data having a plurality of predicted pixels;

calculating, with respect to the ori ginalg | mage data, a
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predictive error of the predicted data; determning suitability
of the corrected data as coded data 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 nmethod of claim49, wherein
the step of predicting conprises the steps of: generati ng
class information of the corrected data; and generating the
predi cted pixels in accordance with the class information.

51. The nethod of claim49, wherein2B8H86step of predicting, conprises the
steps of: generating predictive coefficients based upon the
corrected data; and generating the predicted pixels based upon
t he corrected data and the predictive coefficients.
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74 52. The nethod of claim49, wherein the step of predicting

conpri ses the steps of: generating class information based upon
a plurality of pi xel s of the corrected data; generati ng
predictive coefficients for each class based upon the original inmge
data and the corrected data; and generating the plurality of
predi cted pi xels based upon the predictive coefficients correspondi ng
to information of each class and the corrected data. 53. The
met hod of claimb52, further conpri3|q9 t he step of: out putting
the coded data with the predictive E5coeff|C|ents for each cl ass.

54. The method of claim49, wherein the step of predicting conprises the

steps of: storlnggg idi ive coefficients for each class;
generating class informatio e on a plurality of

most suitable compressed data
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pi xel s of the corrected data; and reading fromthe nmenory the

predi ctive coefficients corresponding to the information of each
cl ass and for generating the predicted pixels based upon the read
predictive coefficients and the corrected data. 55. The

met hod of claimb54, wherein stored predictive coefficients for each cl ass
are generated based upon original inmge data for |earning. :
75 a circuit for receiving the coded dat a; a decoder
for decoding the coded data and generating decodi ng i nage dat a,
wherein the coded data is generated Qy5/26 t he steps of:
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reducing a number of pi xel s of original inmage data to generate
conpr essed dat a; correcting the conpressed data to generate

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; calculating, with
respect to the original image data, a predictive error of the
predi ct ed data, determning suitability of the corrected data
as coded data based upon the pregliygéed error; and
outputting the corrected data as coded data of the original inmge
data based upon the determ ned suitability. 44, The apparatus of
cl aim43, wherein the decoder conprises: acircuit for
generating class information of the coded data; and a
circuit for producing the decoded image dgta in accordance with the
class information. 45. The app us of claim43, wherein the
coded data includes predictive coeffici s to produce the decoded i mage
data, and the decoder conprises: = '
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76 £ 3 a circuit for generating the decoded i mage data based

updn the predictive coefficients and the coded data. (46~ -The.. -
apparatus of claim43, mherehg, gga% d data includes predlctiv Ll
coefficients for each cl ass t he decoded i mage data,f and the-- -
decoder conpri ses: a circuit for generating clacslln$9J,bL|on i
using a plurality of pixels of the coded data; LQ arcircdit |
for producing the decoded i mage data usi hg26 the predictive - i
coefficients corresponding to the coded data. 47. The apparatus of
claim43, wherein the decoder conprises:
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a menory for storing predictive coefficients for each cl ass;

a circuit for generating class information using a plurallty of
pi xel s of the coded data; and a circuit for reading: M.., -
predictive coefficients correspondi ng to the class i nformatiof § fh““
the nenory and generating the predicted pixel using the riead predlctlv
coefficients and the coded data. 2/2648 The apparat ys of CTAiJea7,
wherein the predictive coefficients fof“€ach class stored in_the nenory
generated using original imge data for | earning. .49, TATTET
for transmtting i mage data having a plurality of pixels,—ecemprising the
steps of:
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77 reduci ng a nunber of pixels of original inmage data to.
gener ate conpressed dat a; correcting the conpressgd.-data.t.o. -
generate corrected dat a; predicting the origjnal imge |
data in accordance with the corrected data and for generht g APT 2051

predi cted data having a plurality of predicted pixels;
calculating, with respect to the origi naB/psage data, a predi ct1ve
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 determned suitability; and transmtting
the outputted corrected data. 50. The nmethod of claim49, wherein
the step of predicting conprises the steps of: generating cl ass
information of the corrected data; and generating the predicted
pi xel s in accordance with the class information. 51. The

nmet hod of claim49, wherein the step Flﬁdiati ng,
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conprises the steps of: generating predictive ceefficients

based upon the corrected data; and gener af i fgpita

predi cted pixels based upon the corrected data and the;pred%GLLMQ*wﬂ
coefficients. 78 | 52. The

met hod of claim49, wherein the step of predicting conprlse§ hheééﬁépQEx
generating class information based upop 3 pIurallty of dixel s of the l
corrected data; generatlng redlctlve coefficients for each ™

cl ass based upon the original imge data and the correcfedmdaLahmm“d
generating the plurality of predicted pixels based upon t he

predi ctive coefficients corresponding to infornmation of each cl ass

and the corrected data.
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53. The nethod of claimb52, further conprising the step of: {‘
outputting the coded data with the predictive coeffici ents e
cl ass. 54. The nmethod of claim49, wherein the step bfﬁpredl cting-.
conprises the steps of: storing predictive coefflicﬁerﬁﬁ kg et
each cl ass; generating clasg g@f ormati on based upor‘gﬂ a
plurality of pi xel s of the correcté data; and “feadi ng
fromthe nmenory the predictive coefficients correspondllﬂg-....ﬂ,.Lhe-»—«ww“‘”
i nformation of each class and for generating the predicted pixels

based upon the read predictive coefficients and the corrected data.

55." The nethod of claim54, wherein stored predictive coefficients for

each class are generated based upon original imge data for | earning.
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79 . 56. The nethod of claim55, wherein the coded datanaf'butput mnth

thé predictive coefficients for each cl ass. 57. The hpd of clalm

- 49, wherein the step of correcting conprises the step of:
storing correction val ues, wherein the conpressed data |s cofrRéFEdils
using the correction val ues. 58. The nethod of claim49,[ wherein
the step of determning suitability corgyiges the steps of: -
detecting whether the predicted error is less than a +b@d_““wmmm””m
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.
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60. A recording nedium having an encoded digital signal recorded thereon

thé recordi ng nedi um bei ng prepared by the steps of:
a nunber of pixels of original inmge data to generate esse ¢
dat a; correcting the conpressed data to generatg orrected ]
dat a; predicting the origi nf}dérrage data in accprdaree asth: ;¢
the corrected data and generating predict’ed data having a pIurallty i
of predicted pixels; cal culating, with respect]totte -
original inage data, a predictive error of the predicited data,;
80 determ ning suitabim ity of the corrected data as coded
dat.a based upon the predicted erro%
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outputting the corrected data as coded data of the or|g~nal i mge

data based upon the determned suitability; and JecordJngfthew:j~
coded data on the recordi ng nmedi um 61. The recordﬁng medi’ym’of ¥ ?ti7
claim60, wherein the step of predicting conprises the steps Qf T
generating class information of the corrected data; and ; | EDAPR 2% |
generating the predicted pixels in accgjgignce with the i élass -hj

i nformation. 62. The recording nmedi um of claim 60, §mhere|n The—
step of predicting, conprises 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 recordi ng nedi um of cl ai m 60,
wherein the step of predicting conprises the steps of:

generating class informati on 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 corrected data; and

generating the plurality of predicted pixels based upon

Fl G . 9 A pixel to be considered
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the predictive coefficients corresponding to information of
class and the corrected data. - o
81 64. The recording nmedium of claim 60, further conpgtiFsr
step of: outputting the coded data with the predigtTive
coefficients for each class. 65.9/28he recording ne |un1%nﬁcka|n160
wherein the step of predicting conprises the steps of: stbrlng
predictive coefficients for each class; gener at i lng—ecl-ass. --

i nformation based upon a plurality of pi xel s of the jcorrected data
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reading fromthe nenory the predictive coefficients corresponding to

the information of each class and for generating the predicted

pi xel s based upon the read predictive coefficients a&péthe COrrect661
dat a. 66. The recordi ng nmedi um of claim65, whereinystored- -
predictive coefficients for each class are generated based mpon,p |ggnal ;
i mge data for |earning. 67. 10)merecordi ng nedi um of aﬂﬁ166*4 |
wherein the coded data is output with the predictive coeffjcients far. each:
cl ass. 68. The recordi ng nmedi um of claim60, wherein the step of
correcting conprises the step of: storing cor rect+oen—val-ues;-
wherein the conpressed data is corrected using the correction

val ues. 69. The recordi ng nmedi um of claim60, wherein the step of

determning suitability conprises the steps of:
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82 . detecting whether the predicted error is less_than. a .-

prescribed threshold val ue; and outputting the corpected.:dat &-
as the coded data if the predicted error is |ess than i he-preseribed
t hreshol d val ue. 70. A nmethod for coding data having a %Irur!_a.j?j LYy 1
of sanples, conprising the steps of: reduci ng a pupb Capn covi |
sanples of original data to geri'elr/ét% conpr essed dat a; |
correcting the conpressed data to generate corrected dpt a;

predicting the original data in accordance with the colt.ected--dat-a

and generating predicted data having a plurality of predicted

sanpl es; calculating, with respect to the original data, a
predictive error of the predicted data; determ ni ng

suitability of the corrected data as coded

(to determining unit)
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data of. the original data based upon the predicted error; ang— -
out'putting the corrected data as coded data of the or ijgifhal&'datial 5

based upon the determi ned suitability. 71. The net hod ofctarm-76;—
wherein the step of predicting conprises the steps of:
generating class information of the corrected data; and
generating the predicted sanples in dédéPdance with the-chass. .|
i nformati on. 72. The nethod of claim 70, wherein he step of

predi cting, conprises the steps of:
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generating predictive coefficients based upon the corrected data;_and. .
generating the predicted sanpl es based upon the corfegted -data; andzy
the predictive coefficients. 73. The nethod of clalm70; Wherei-n
the step of predicting conprises the steps of: gener ating class
i nformation based upon a plurality of 13/ g sanples of the ?orE@cﬁ%@l dat a
generating predictive coefficients for eac%‘n cl ass based ¢ upon the |
original data and the corrected data; and gengrating t he
plurality of predicted sanples based upon the predictive coefficients
corresponding to information = of each class and the corrected data.

74. The nmethod of &£laim 73, furt fer conprising the step of:

outputting the cdasl data with the predictive coefficients for each

cl ass. 78 2 The method of 8clai m 70, wherein the step of predicting
conprises the s(gﬁpsp: of : a storing predictive coefficients for
each cl ass; generati Eg class informati on based upon a
plurality of o
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sanpl es, of the corrected data; and reading from_the nenory. the

predi ctive coefficients correspondi ng to the inforndtien: of- -eagh et
cl ass and for generating the predicted sanpl es based uponmphewpeadw~
predictive coefficients and the corrected data. .
84 76. The method of claim 75, wherein stored predlc&|WeAu:f?3<wu
coefficients for each class are generq%zq based upon orlglnaH data for

| ear ni ng. 77. The nethod of C 76 wherein the coded data is

output with the predictive coefficients for each class. | 8. The

met hod of claim 70, wherein the step of correcting
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conprises the step of: storing correction values, wherein the

conpressed data is corrected using the correction val ues. 79.
The method of claim 70, wherein the step of determ ning syriabili, -
conprises the steps of: det ecting whet her thd preditied ertor
is less than a prescribed threshold val ue; and i !
outputting the corrected data as the cdBédédata if the | pEedpEfed i |
error is less than the prescribed threshold val ue. 80. A nmethod |
for decodi ng coded data generated by codi ng data, conprisijng tHe stéps of "
receiving the coded dat a; decoding the codedidata and .. .. . ... .;
gener ati ng decodi ng dat a, mherei§ the coded data is generated by the
steps of: reduci ng a nunbeg of sanples of original data to
generate conpressed dat a; gorrecting the conpressed data to
generate corrected dat a; 3
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85 predicting the original data in accordance with the

corrected data and for generating predicted data having a pIurallty of
predi cted sanpl es; cal culating, with respect fﬁ“tn Lgu Pﬁr
data, a predictive error of the predicted data; § o
determning suitability of the corrected data as coded 11 data based"j
upon the predicted error; and 16/260utputt|ng t he correvted"datﬁ aS
coded data of the original dat a based upon the deterni ned ;
suitability. 81. The method of claim 80, mhereln t he-step' of — =
decodi ng the coded data conprises the steps of: generating
class informati on of the coded data; and prodUC|ng  he decoded™
data in accordance with the cl ass information. 82. The
met hod of claim 80, wherein the %pded dat a
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T
52 8
85 N
- O
29 5
£
A o8
§ s [
g © ©
S £
o] o f
8 =
8 S So
] 53
\ kel
S s o o>
5 5 ~N a
w] & T N
3 T
£ 83 _g
N 4 4 _.g%:— §8 -
™ £ %g =3
. b 588
O : “
— Eg !
L Eg 2 | §
Qo c . - ©
o)+ EE - g
i E3)
«_ /] B %
[&]
T
[=
k=)
2 o =
<] =]
8 | OEE
B
5/ Sxé

image data




i ncludes predictive coefficients to produce the decoded data, and the step

of 'decodi ng the coded data conprises the step of: r-generat.Lng.
the decoded data based upon the predictive coef ficients Bnd the codadeT
dat a. 83. The nethod of claim@80, wherein the codedidata rmnctudes—

~.ne

't:\. é.&w,

predictive coefficients for each clasg t8 produce the decoded {:Iatz';\B
step of decoding the coded data conprises the steps of: {

generating class information using a plurality of sanples L..of the
coded dat a; 86
produci ng the decoded data using theS predictive coef fi crents
corresponding to the coded dat a. £ °
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84.
conpri ses the steps of:
each cl ass; generating class information using

The met hod of claim 80, wherein the step of decoding t
storing predictive coef

he coded data
ficients for
a plnra]ity of

sanpl es of the coded data; and readi ng t
coefficients corresponding to the class information f
and generating the predi ct ed sanBIe using the read pr
coefficients and the coded dat al®/26 85. The net
wherein the stored predictive coefficients for each class g
original data for [earning. 86. An apparatus for
having a plurality of sanples, conprising: as
circuit for reducing a nunber of sanples of ori gi nal
generate conpressed dat a; a correcting circuit
t he conpressed data to generate corrected data;
predicting circuit for predicting the original data in

with the corrected data and for gen 2.0 predi ct ed
plurality of predicted sanples; GF'G- 19ca| cul ator f
Wi th respect to the original
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data, a predictive error of the predicted data;,

87 a determning circuit for determ ning suitabil

corrected data as coded data based upon the predicted error; | ' 1

an output circuit for outputting the corrected data as qoded&d}attamoim ]

the original data based upon the determ ned suitability,; | 87"““1J
i SEET o,

The apparatus of claim 86, wherein the @¢@écting circuit conp
a circuit for generating class information of the corrected _data; and ,
' ]

a circuit for generating the predicted sanples_in
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accordance with the class information. 88. The apparatus of claim

86," wherein the predicting circuit, conprises: B—Et+F-etH-t—F-6+
generating predictive coefficients based upon the corf|eidtied 8HEH] ST
a circuit for generating the predicted sanpl es based uponTthe™ """
corrected data and the predictive coefficients. 89 [TQ@Q@ggggayysg
of claim 86, wherein the predicting c2ogaét conprises: - S
circuit for generating class information based upon a bLuLaLLLyHQLWJ
sanpl es of the corrected data; a circuit for generating
predictive coefficients for each cl ass based upon the orirgirmal-—data——-

and the corrected data; and
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88 a circuit for generating the plurality of predicted
sanpl es based upon the predictive coefficients correspondi ng.-

information of each class and the corrected data. ()Dﬁﬂher”'ﬂy LEST
apparatus of claim 89, wherein output circuit outputs the qo@ed~data~mp&hmw
the predictive coefficients for each c2hézé 91. THe app@éapqs of
claim86, wherein the predicting circuit conprises: P ﬂEﬂD%y
for storing predictive coefficients for each cl ass; § b ]
circuit for generating class information based upon a plurallty of
sanples of the corrected data; and acircuit fe%m¥eadhng from i
the nmenory the predictive coefficients corresponding to the

i nformation of each cl ass and for generating the predicted sanples
based upon the read predictive coefficients and the corrected data.

92. The apparatus of claim91, wherein the predictive coefficients for
each class stored in the nenory are ﬁeéit ed based
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upon orjginal data for |earning. 93. The apparatus of claim 92,

wherein the output circuit outputs the coded data with the prie 1L Ve

coefficients for each cl ass. 94. The apparatus of dl alfr8e :
wherein the correcting circuit conprises: ' ; 1
89 a nmenory for storing correction val ues, V\,herel ft h2{ A0n 3
correcting circuit corrects the conpress@e®d data using the ; ;correct ion !
val ues. - -

predicted value
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95. The apparatus of claim86, wherein the determning circuit

detiermines suitability of the corrected data by detedrrn‘“mhetherwthe-
predicted error is |ess than a prescribed threshol d qal

the output circuit outputs the corrected data as the icaded data’i’f

the predicted error is less than the prescribed threshdldﬂvafugl'lg

96. An apparatus for decodi ng coded dat83ééﬁerated by codlng data,
conpri si ng: a circuit for receiving the coded ;ddta;

a decoder for decodlng t he coded data and generating decodlng dat a,
wherein the coded data is generated by the steps of:

" reduci ng a nunber of sanples of original data to gener ate 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; cal culating, with respect to the
original data, a predictive erg® f gkpredicted dat a;
determning suitability of the corre coded ' dat a. based

upon the predicted error; and
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90 outputting the corrected data as coded data of the

ori-gi nal data based upon the determni ned suitability. . ..97. . The
apparatus of claim96, wherein the decoder conpri ses: f o} Cl
for generating class information of the coded dat a 3 2
circuit for producing the decoded dat&4¥A6accordance ; f'tyﬁtgg
I nformati on. 98. The apparatus of claim96, whergi ] tﬁe—coaed data
i ncludes predictive coefficients to produce the decoded d? a, and.the
decoder conpri ses: 1
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a circuit for generating the decoded data based upon the predictive

coefficients and the coded dat a. 99. The apparat us—of CIalnL96
wherein the coded data includes predictive coefficients for e : '

produce the decoded data, and the decoder conprises: ) “a circuil
for generating class information using a plurality of saqp¢d§”btwthe
coded dat a; a circuit for p?édaélng t he decoded data u3|ng the
predictive coefficients corresponding to the coded data. ! 1007 TRE
apparatus of claim96, wherein the decoder conprises: ?“m__mw” a_nenory
for storing predictive coefficients for each cl ass;
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91 ; a circuit for generating class information using a

plurality of sanples of the coded data; and acircuit for
readi ng the predictive coefficients corresponding to

i nformation fromthe nmenory and

t he read predictive coefficients and the coded dat a.

generating the predicteq

]
]
Z

apparatus of claim 100, wherein the pr&iz&ive coefficient sgf ér %@cﬁﬂéla‘ss

i

stored in the nenory are generated using original data for I’%:’ea{'_rni_[l_gu.__m__,___,A_,.M.,.
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