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IMAGE CODING AND DECODING USING MAPPING COEFFICIENTS 

CORRESPONDING TO CLASS INFORMATION OF PIXEL BLOCKS 

Background of the Invention 

1. ·Field of the Invention 

The present invention relates to an image coding apparatus 

and image coding method, image decoding apparatus, recording 

medium and image processing apparatus and image transmitting 

method, and more particularly relates to the image coding apparatus 

and image coding method, image decoding apparatus, recording 

· medium ancf image processing apparatus and image transmitting 

method capable of thinning-out (subsampling) and compression 

encoding an image in such a manner that a decoded image is almost 

identical to a source image. 

2. Description of the Related Art 

Conventionally, various methods have been ·proposed as 

methods for compressing images. one such method employs the 

original image data (i.e., the image to be encoded) as an image of a 

"first hierarchy" (uppermost hierarchy). An image of a second 

hierarchy and an image of a third hierarchy are formed by ·reducing 

the number of pixels (i.e~, resolution is successively lowered). 

In accordance with a conventional hierarchical coding system,. 

ima~es of ~lural hierarchies are transmitted from a transmitting 

device to a.receiving device. At the receiving device, images of the 

respective hierarchies may be displayed (e.g., on a monitor) in 

response to each of these images of the plural hierarchies. 

Moreover, in accordance with a conventional hierarchical 

decoding system, an error correction process operation is carried 04t 

for data about the image in the lowermost hierarchy (namely, the 

image with the lowest resolution) but not for the Images of the other 
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higher hierarchies. As a result, when an error happens to· occur, no 

error correction can be made as· to the images of the hierarchies 

other than the lowermost hierarchy. As a result, under any error 

condition, only the data of the image of the lowermost hierarchy can 

be acquired and corrected. Images of the hierarchies higher than the 
lowermost hierarchy do not have data for error recovery and,t thus, 
may be obtained only by way of, for example, an interpolation 

process operation from the data about the image of the lowermost 
hierarchy on the receiver end. Therefore, the robustne·ss 

characteristic with respect to the error can be improved in 

· ·accordance with the hierarchical coding system. 

Fig. 36 illustrates one example of a conventional image coding 

apparatus for performing the above-described hierarchical coding 
operation. 1mage data to be coded is supplied as data of a first 

hierarchy (uppermost hierarchy) to a thinning (i.e., sub-sampling) 

unit 11 and a signal processing unit 501. 
. . . . 

In the thinning unit 11, the pixel quantity of the image data of 
the first hierarchy is thinned, so that image data of a second 

hierarchy (lower than the first hierarchy by one hierarchy) is formed, 

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

supplied to the signal processing unit 501. 
In the signal processing unit 501, an error correction process 

and other necessary signal processing operations are carried out 
with respect to the image data of the first hierarchy, the second 
hierarchy and the third hierarchy. Thereafter, the signal processed 
image data are multiplexed and the multiplexed image data is 
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outputted as the coded data. It should be noted that in the signat 

. processing unit 501, the image data of the third hierarchy is 

processed by executing the stronger error correction than that of the 

data of other hierarchies. 
. 

Fig. 37 illustrates an example embodiment of a conventional 

image decoding apparatus for hierarchically decoding the coded data 

outputted from the image coding apparatus of Fig. 36. 

In a signal processing unit 601, the coded data is separated 

into the coded image data of the first hierarchy, the second 

hierarchy and the third hierarchy. In addition, the signal processing 

unit 601, the error correction· process and other necessary process 

operations are carried out with respect to the separated image data. 

The image data of the first hierarchy is directly outputted as a 

decoded image of a first hierarchy. The image data of the second 

hierarchy is supplied to an interpolating unit 602. The interpolating 

unit 602 executes the interpolating process with respect to the 

image data of the second hierarchy so as to produce image data 

having the same pixel number as that of the image data of the first 

hierarchy (higher than that of the second hierarchy by one 

hierarchy). Then, this produced image data is outputted as a 

decoded image of a first hierarchy. 

The image data of the third hierarchy is supplied, to another ·· · · ·· · · · 

interpolating unit 603. The interpolating unit 603 executes the 

interpolating process operation for the image data of the third 

:hierarchy to thereby produce image data of the same pixel number 

as that of the image data of the second hierarchy (higher than this 
I 

third hierarchy by one hierarchy), namely a decoded image of a 

second hierarchy. The decoded image of the second hierarchy is 
outputted to another interpolating unit 604. The interpolating unit 

604 executes a similar interpolation process to that of the 
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interpotating unit 602 on the output of the interpolating unit 603, so 

_that image data having the same pixel number as that of the image 

data of the first hierarchy {further higher than the second hierarchy 

by one hierarchy) is produced, and then this image data is outputted 

as a decoded image of the first hierarchy. 

As a result, even when the image data of the ·first hierarchy 

could not be obtained for some reason, the decoded image of the 

first hierarchy may be obtained from the image data of the second 

hierarchy in the image decoding apparatus. Similarly, even when the 

image data of the first hierarchy and the image data of the second 

hierarchy could not be obtained due to same reasons, it is possible 

to obtain the decoded images of the first hierarchy and the second 

hierarchy from the image data of the third hierarchy. 

However, the image quality of the decoded im.age of the upper 

hierarchy, being interpolated from the image(s) of the lower 

hierarchies, is considerably deteriorated. 

It would be desirable to provide a s\istem capable of obtaining 

a decoded image with a high image quality even if only obtained 

from coded data of a f owermost hierarchy. 

Summary 

An image coding apparatus and/or method in accordance with 

an embodiment of the invention corrects the image data of the 

second hierarchy to Qutput correetio'n data. A prediction value of 

. the image data of the first hierarchy is predicted from the correction 

data. A prediction error of the prediction value is calculated with 

respect to the image data of the first hierarchy, a correction of the 

correction data outputted from the correcting means is judged based 

upon the prediction error. As a consequence, it is possible to obtain 
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a decoded image with the high image quality from the correctly 

judged correction data on the decoded side. 

In accordance with other embodiments of an image coding 

apparatus and method in accordance with the invention, the image 

data of the first hierarchy is a predetermined block, the block is 

classified into predetermined classes in accordance with a nature 

thereof, and the image data of the second hierarchy is calculated 

whose pixel number is smaller than that of the image data of the 

first hierarchy by executing a predetermined calculation by 

employing pixel values of pixels for constituting the block. The 

mapping coefficient is determined that corresponds to the class of 

this block. As a consequence, it is possible to produce the decoded 

image with the high image quality from the image data of the second 

hierarchy on the decoding side. 

The invention also includes a recording medium having data 

recorded thereon so encoded. For example, a recording medium in 

accordance with an embodiment ·of the· has recorded thereon coded 

data containing at least image data of a second hierarchy whose 

pixel number is smaller than that of image data of a first hierarchy. 

The coded data is produced by correcting image data of the second 

hierarc~y to output correction data. A prediction value of the image . . . 

data of the first hierarchy is predicted from the correction data. A 

prediction error of the prediction value is calculated with respect to 

the image data of the firs.t hierarchy, a correction of the correction 

.. data outputted from the correcting means is judged based upon the 

prediction error. Accordingly, it is possible to produce the decoded 

image with the high image quality from this coded data. 

An image decoding apparatus and/or method in accordance 

with an embodiment of the invention decodes the image of the first 

hierarchy based upon coded data containing at least such correction 
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data produced by correcting image data of a second hierarchy 

whose pixel number is smaller than that of image data of a first 

hierarchy, and by being judged as correct data based upon a 

prediction error of a prediction value of the image data of the first 

hierarchy predicted from this correction data. 

These and other aspects of the invention will become 

apparent when considered with reference to the following· 

description and the accompanying drawings. 

Brief Description of the Drawings 

· Fig. 1 is a block diagram for indicating an arrangement of an 

image processing system according to an embodiment of the present 

invention. 

Fig. 2 is a block diagram for representing an arrangement of 

the tr~nsmitter apparatus of Fig. 1 according to a first embodiment. 

Fig_. 3 is a diagram for explaining process operations of the 

thinning units.11 and ·12 of Flg. 2. 

Fig. 4 is a diagram for explaining process operations of the 

thinning units 11 and 12 of Fig. 2. 

Fig. 5 i$ a block diagram for indicating a structural example of 

the optimum corrected data calculating unit 13 (14) of Flg. 2. 

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

optimum corrected data calculating unit 13 of Fig. 5. 

Fig. 7 is a block diagram for showing a structure example of 

· the correcting unit 21 of Fig. 5. 

Fig. 8 is a flow chart for explaining operations of the 

correcting unit 21 of Fig. 7. 

Fig. 9 is a block diagram for indicating a structural example of 

the local decoding unit 22 of Fig. 5. 
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Fig. 10 is a diagram for explaining process operations of the 

class· Clas$ifying block making unit 41 of Fig. 9. 

Fig. 11 is a diagram for explaining the class classifying 

process operation. 

Fig. 12 is a diagram for explaining the AORC processing 

operation. 

Fig. 13 is a flow chart for describing operations of the local 

decoding unit 22 of Fig. 9. 

Fig. 14 is a block diagram for showing a structural example of 

the error calculating unit 23 of Fig. 5. 

Fig. 15 is a flow chart fot describing operations of the error 

calculating unit 23 of Fig. 14. 

Fig. 16 is a block diagram for showing a structural example of 

the judging unit 24 unit 23 of Fig. 5. 

Fig. 17 is a flow ·chart for describing operations of the judging 

unit 24 of Fig. 16. 

Fig. 18 is a block diagram for showing an arrangement of the 

receiver apparatus 4 of Fig. 1 • 

Fig. 19 is a block diagram for indicating a structural example 

of the predicting unit 72 shown in Fig. 18. · ···· 

Fig. 20 is a block diagram for indicating a structural example 

of the predicting unit 73 shown in Fig. 18. R. ·.·' •' •• •• 0 

Fig. 21 is a block diagram for indicating another structural. 

example of the local decoding unit 22 of Fig. 5. 
. . 

Fig. 22 is a block diagram for representing an arrangement of 

an image processing apparatus, according to an embodiment, for 

·calculating the prediction coefficients stored in· the prediction 

coefficient ROM 88 of Fig. 21 • 

Fig. 23 is a block diagram for showing·another structural 

example of the decoding unit 80 shown in Fig. 19. 
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Fig. 24 is a block diagram for indicatjng an arrangement of the 

transmitter apparatus 1 of Fig. 1, according to a second 

embodiment. 

Fig. 25 is a block diagram for indicating a structural example 

of the optimum correction data calculating unit 101 (102) of Fig. 24. 

Fig. 26 is a flow chart for explaining operations of the 

optimum correction data calculating unit 101 of Fig. 25. 

Fig. 27 is a block diagram for showing an arrangement of an . 
image processing apparatus, according to a first embodiment, for 

performing the learning operation used to obtain the mapping 

coefficient. 

Ag. 28 is a flow chart for explaining operations of the image 

processing apparatus of Fig. 27. 

Fig. 29 is a block diagram for showing an arrangement of an 

image processing apparatus, according to a second embodiment, for 

performing the learning operation used to obtain the mapping 

coefficient. 

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

processing apparatus of Fig. 29. 

Fig. 31 is a diagram for _explaining a method for decoding a 

first hierarchy according ,to th~ pres~nt invention. 

Fig. 32 is a diagram _for explaining a method for decoding a 

.. second hierarchy according to the present invention. 

Ftg. 33 is a diagram for showing an arrangement of the . . . . 
· transmitter apparatus 1 ·of Fig. 1, according to a ·third embodiment. 

Fig. 34 is a block diagram for showing a structural example of 

'the optimum corrected· data calculating· unit 201 of Fig. 33. 

Fig. 35 is a flow chart for describing operations of the 

optimum corrected data calculating unit 201 of Fig. 34. 
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Fig. 36 is a block diagram for showing one structural example 

of the· conventional image coding apparatus for performing the 

hierarchical coding operation. 

Fig. 37 is a block diagram for showing one structural example 

of the conventional image decoding apparatus for performing the 

hierarchical decoding operation. 

Fig. 38 is a block diagram showing an alternate embodiment 

of an optimum corrected data unit. 

Fig. 39 is a flow chart describing operations of the optimum 

corrected data calculating unit of Fig. 38. 

Fig. 40 is a block diagram.showing another alternate 

embodiment of an optimum corrected data unit. 

Fig. 41 is a flow chart describing operations of the optimum 

corrected data calculating unit of Fig. 40. 

Fig. 42 is a block diagram showing an alternate embodiment 

of a local decoding unit. 

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

decoding unit of Fig. 42 • . 
Fig. 44 is a block diagram of a determining unit 24. 

Fig. 45 is a flow chart des.cribing operations of the 

determining unit 24. 

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

predicting unit. 

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

·. optimum corrected data calculating unit. 

Fig. 48 is a flow chart describing operations of the optimum 

corrected data calculating unit of Fig. 47. 

Detatled··oescrlption · 
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ln order to clarify the corresponding relationship between each 

of the means of the various embodiments described herein, certain 

characteristics of the present invention are first briefly described 

with reference to the Figures. It is to be understood that the term 
-

"unit" is to be interpreted in its broadest sense, including a hard-. 
wired unit, a main frame computer loaded with appropriate software, 

·a programmed microprocessor or microcontrotler, or a combination 

of these. 

Fig. ·1 illustrates an·embodiment of an image processing 

system in accordance with the present invention. Digital image data 

is supplied to a transmitting apparatus 1. The transmitting apparatus 

1 hierarchically codes the input image data to obtain coded image 

data, and records this coded data on a recording medium 2 such as 

a optical disk, a magneto-optical disk, a magnetic tape, and other 

recording media. Otherwise (or in addition}, the coded data is 

transmitted via a transmission path 3 such as ground waves, a 

satellite line, a telephone line, a CA TV network, and other paths. 

In a receiver apparatus 4, the coded data which has been 

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

data which has been transmitted via the transmission path 3 is 

received, and this coded data is hierarchically decoded to obtain a 

decoded image which is supplied to a display (not shown). 

It should also be noted that the above-described image 

processing system may be applied to image recording/reproducing 

··. apparatuses,. for Instance, -an optical disk apparatus, a 

magneto-optical disk apparatus, a magnetic tape apparatus, and the 

like. Alternatively, this image processing system may be applied to 

image transferring apparatuses, for example, a television-telephone 

ctpparatus, a television broadcasting system, a CATV system and the 

Uke. Also, since a data amount of coded data outputted from the 
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transmitting apparatus 1 is relatively small, the image processing 

system of Fig. 1 may be applied to, for example, a portable 

telephone, and other portable terminal. 

Fig. 2 shows an example of an arrangement of the 

above-described transmi~er apparatus 1. 

The digital images data to be coded (i.e., the image data of 

the first, or uppermost, hierarchy) is directly supplied as the decoded 

data of the first hierarchy to the signal processing unit 15. The 

image data of the first hierarchy is also supplied to a thinning unit 11 

and to an optimum correction data calculating unit 13. In the 

thinning unit ·11, the pixel number of the image data of the first 

hierarchy is thinned, so that image data of a second hierarchy (lower 

than that of the first hierarchy by one hierarchy) is formed. In other 

words, for example, as shown in Fig. 3, in the thinning unit 11, the 

image data of the first hierarchy (in this drawing, a portion indicated 

by symbol "o") is simply thinned (e.g., subsampled) by 1/9 (being 

thinned. by 1 /3 in both transverse direction and iongitudinal 

direction}. As a result, the image of the second hienfrchy·(in this 

drawing, a portion indicated by symbol "o") is form~d. This image 

data of the second hierarchy is supplied to the thinning unit·12·and 

the optimum correction data calculating unit 13. 

In the thinning unit 12, the pixel number of the image data of 

the second hierarchy is thinned; so that image data of a third 

hierarchy furth~r lower than that of the second hierarchy. by one 

~ .• hierarchy is formed. That is, in the thinning unit 12, for example, 

similar to the case in the thinning unit 11, the image data of the 

second hierarchy is simply thinned by 1 /9, so that the image data of 

the third hierarchy indicated by symbol "X" in Fig. 3 is formed. This 

image data of the third hierarchy is supplied to another optimum 

correction data calculating unit 14 • 
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As-shown in Fig. 4, in the thinning units 11 and 12·, both the 

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

hierarchy are formed from the image data of the first hierarchy 

(namely, original image data) in the above-described manner. 

The optimum correction data calculating unit 13 calculates 

optimum correction data (referred to herein as "optimum correction 

data of a second hierarchy") which is suitable to obtain a decoded 

image of a first hierarchy from the image data of the second 

· hierarchy is calculated. This calculated optimum correction data is 

output as coded data of a second hierarchy to the signal processing 

unit 15. In the optimum correction data calculating unit 14, another 

optimum correction data (referred to herein as "optimum correction 

data of a third hierarchy") which is suitable to obtain optimum 

correctiOri data outputted from· this optimum correction data 

calculating unit 14 is calculated. This optimum correction data is 

·supplied as coded data of a third hierarchy to the signal processing 

unit 15. 

In this case, since the optimum correction data of the third 

hierarchy is suitable to obtain '~e optimum correction. d~ta of the 

second hierarchy, and also the optimum correction data of the 

second hierarchy is· ~uitable to obtain the decoded image of the first 

hierarchy, the optimum correction data of th.e third hierarchy may be 

suitable to .obtain the decoded Image of the first hierarchy similar to 

the optimum correction data of ttie second hierarchy. 

in the signal processing unit 15·, a prediction coefficient 

(prediction coefficient of the first hierarchy, discussed later) is 

··derived and the coded data of the second hierarchy includes the 

prediction coefficient of the first hierarchy. In addition, the coded 

data of the third hierarchy includes the prediction coefficient of the 

second hierarchy. Then, in the signal processing unit 15, an error 
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correction process and other necessary signal processing ·operations 

are executed with respect to the coded data of the first hierarchy to 

the third hierarchy. Thereafter, the signal-processed coded data are 

multiplexed and then the multiplexed data is outputted as finally 

coded data. It should be understood that, as to the coded data of 

the third hierarchy (which is the lowermost hierarchy), the error 

.. correction process carried out is stronger than that for the coded 

data of other hierarchies. 

.• 

The coded data which is outputted from the signal processing 

unit 15 in the above-described manner is recorded on the· recording 

· medium 2 and/or transferred through the transfer path 3. 

As described above, the thinning operations are carried out at 

the same rate in both the thinning units 11 and 12. However, it is 

not required that the thinning rate of the thinning unit 11 be identical 

to that of the thinning unit 12. 

Next, Fig. ·5 indicates an embodiment of an arrangement of 

the optimum correction data calculating unit 13 shown in Fig. 3. It 

should be noted that since the optimum correctioh·data calculating 

unit 14 may be similarly arranged, the description thereof is omitted. 

The image data of the second hierarchy derived from the 

thinning unit 11 is supplied to a correcting unit 21, and the image 

data of th~ first hierarchy is supplied to a local decoding unit 22. 

Further, the image data of the first hierarchy is also supplied to an 

error calculating unit 23. 

The correcting unit 21 corrects the image data of the second 

hierarchy in response to a control signal supplied from a judging unit 

· 24. The cor~ection data obtained from the correcting ope.ration by 

the correcting unit 21 is supplied to the local decoding unit 22 and 

the judging. unit 24. · · 
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The local decoding unit 22 predicts predicted values of a first 

hierarchy (higher than the second hierarchy by one hierarchy) based 

upon the corrected data outputted from the correcting unit 21, 

namely, the correction result of the image data of the second 

hierarchy. The term "predicted values" is meant to include a 

plurality of pixel values, where each pixel value corresponds to a 

pixel of the image data of the second hierarchy. The predicted 

values are supplied to the error calculating unit 23. 

As wifl be described·later in this specification, the local 

decoding unit 22 executes a process operation so as to obtain 

prediction coefficients for· each class used to calculate the predicted 

value of the first hierarchy by way of the linear coupling with the 

correction data using image data of the first hierarchy and the 

correction data. Based upon these prediction coefficients, the local 

decoding unit 22 executes an adaptive process operation so as to 

obtain the predicted values of the first hierarchy. The resultant 

prediction coefficients tor· each class is also supplied to the judging 

unit 24. 

The error calculating unit 23 calculates_ a prediction error of 

the predicted values derived from the local decoding unit 22 with 

respect to the image data (original image) of the first hierarchy. This 

prediction error is supplied as error information to the judging unit 

24. 

Based on the error information derived from the error 

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

data outputted from the correcting unit 21 is substantiatly equal to 

··the coded result of the original image (namety, in this case, the 

image of first hierarchy). When the judging unit 24 judges that the 

corrected. ~ata outputted from the correcting unit 21 is not 

substantially equal to the coded result of the original image,_ the 
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judging unit 24 controls the correcting unit 21 to .further correct the 

image data of the second hierarchy, so that newly obtained 

corrected data is outputted from this correcting unit 21. Also, when 

the judging unit 24 judges that the corrected data outputted by the 

correcting unit 21 is substantially equal to the coded result of the 

original image, the corrected data supplied from the correcting unit 

21 is furnished ·to a multiplexing unit 25 as optimum correction data 
• 

{optimum correction data of second hierarchy). In addition, the 

prediction coefficients supplied from the local decoding unit 22 is 

supplied to the multiplexing unit 25. 

The multiplexing unit 26 multiplexes the optimum correction 

data derived from the judging unit 24 with the prediction coefficients 

for each class, and then outputs the multiplexed result as coded data 

of the second hierarchy. 

Referring now. to the flow chart of Fig. 6, the operation of the 

optimum correction data calculating unit 13 is described. When the 

image data of the ·second hierarchy is supplied to the correcling unit 

21, the correcting unit 21 first directly outputs the image data· of the 

second hierarchy to the local decoding unit 22 and to the judging 

unit 24. At step S2, in the local decode unit 22, the correct~d .data 

derived from the corrt>cting unit 21,,.namely, as. previously, explained, 

image data of second hierarchy is directly local-decoded. . . . 

In other words, at the step S2,. the adaptive process operation 

· for obtaining the prediction coefficients for each class 'is carried out 

; on the.image data of the first hierarchy, and using the correctecJ 

data, to calculate the predicted values of the first hierarchy (higher 

"than the second hierarchy by one hierarchy) by way of the linear 

coupling with the corrected data derived from the correcting unit 21 • 

Based upon the prediction coefficients, the predicted values are 

obtained and then supplied to the error calculating unit 23. 
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When the predicted values of the first hierarchy is r.eceived 

from the local decoding unit 22 by the error calculating unit 23, at 

step S3, the error calculating unit 23 calculates the prediction error 

of the predicted values derived from the local decoding unit 22 with 

respect to the image data of the first hierarchy, and supplies the 

prediction error as ·the error information to the judging unit 24. 

When ·the error information is received from the error calculating unit 

23, the judging unit 24 judges at step S4 as to whether the 

corrected data outputted from the correcting unit 21 is substantially 

equal to the coded result of the image of the first hierarchy. 

In other words,· at step· S4, a judgment is made as to· whether 

the error information is smaller than a predetermined threshold value 

"et•. At step S4, when it is so judged that the error information is 

not smaller than the predetermined threshold value If e", a reco.gnition 

is made that the corrected data outputted from the corr.ecting unit 

21 is not substantially equal to the coded data of the image of the 

first hierarchy. Then, the process· operation is advanced to step SS 

at which the judging unit 24 controls the correcting unit 21 so as to 

correct the image data of the second hierarchy. The correcting unit 

21 varies a correction amount (namely, correction value "'A", which 

will be discussed later) under control of the judging unit 24 in order 

to correct the image data of the ·second. hierarchy. The resultant 

.. corrected data is outputted to the local decoding unit 22 and the 

judging unit 24. · ·Then, processing returns to the previous step S2, 
' 

~and a simllar process operation·is repeated. . .. 

On the other hanq, at step 84, when it is so judged that the 

error information is smaller than the predetermined threshold value 

"e", this indicates that the corrected data output from the correcting 

unit 21 is substantially equal· to the coded result of the image of the 

first hierarchy. The judging unit 24 outputs the correction data 
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when the error information smaller. than, or equal to the 

predetermined threshold value "s" as the Qptimum correction data in 

combination with the prediction coefficients for each class to the 

multiplexing unit 25. At step 86, the multiplexing unit 25 

.. multiplexes the prediction coefficients for each class with the 

optimum correction data derived from the judging unit 24, and 

outputs the multiplexed result as the coded data of the second 

hierarchy. Then, the process operation is ended. 

· As previously explained, since the corrected data produced by 

correcting the image data of the second hierarchy -under the 

condition that the error information becomes smaller than a 

preselected threshold value "s" is used as the coded result of the 

image of the first hierarchy, it is possible to obtain from the coded 

image data of the second hierarchy ·an image· substantially identical 

to the original image data (image data of first hierarchy) based on 

the corrected data (namely, optimum correction data} on the side of 

· the receiver apparatus 4. 

It should be noted that, as previously explained;. the 

processi~g operatiol'.1 for obtai~ing the prediction coefficients for 

each class used to calculate the predicted values-of,.the .. first 

hierarchy (higher than the second hierarchy by one hierarchy) by 

.... way of ·the linear coupling. with the correction data is performed in 

.. the optimum correction data calculating unit 13 by employing the 

image data of the first hierarchy, whereas the adaptive processing 

· ~· operation .is carried :out by employing the op.timum correction data 

outputted by the optimum correction data calculating unit 13. 

Alternatively, the optimum correction data calculating unit 14 may 

perform the adaptive process operation for the image data of the 

second hierarchy output from -the thinning unit 11. 
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Next, Fig. 7 indicates an example of an arrangement of the 

·correcting unit 21 shown in Fig~ 5. 

The image data of the second hierarchy is supplied to a 

correcting unit 32. In response to a control signal provided from the 

judging unit 24 (Fig. 5), the correcting unit 32 supplies an address to 

a correction value ROM 33, so that the correction value "fl." is read 

out from the ROM 33. Then, the correcting unit 32 produces the 

corrected data by, for example, adding the correction value fl. read 

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

hierarchy, and then supplies the produced corrected data to the local 

decoding unit 22 and· the judging unit 24. The correction value ROM 

33 stores therein combinations of various sorts of correction values 

A (for instance, a combination of corrected values for correcting 

image data of the second hierarchy for 1 frame) so as to correct the 

image data of the second hierarchy. A combination of correction 

values fl. corresponding to the address supplied from the correcting 

unit 32 is read from··the correction yalue ROM 33 to be supplied to 

the correcting unit 32. 

Referring now to Fig~ 8, processing of the correcting unit 21 

shown in Fig. 7 win be explained. 

Fo·r. example, when the image data of the second hierarchy for 

one frame is supplied to the correcting unit 32, the correcting tinif ..... ····--.~,~-c-•Jt•-..>:"-'·" 

32 receives this image data of the second hierarchy at step 811, and. 

at step 51 2, judges as to whether or not the control signal is 

¥ .... received .from the judging unit 24 (Fig. 5). At step 512, when it is 

so judged that the control signal is not received, the process 

operation skips over the steps S13 and S14, and continues at step 

S15, at which the correcting unit 32 directly outputs the image data 

of the second hierarchy as the.corrected-data to the local decoding 
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unit 22 and the judging unit 24. Then, processing returns. to the 

previous step S12. 

In other words, as described above, the judging unit 24 

controls the correcting unit 21 (correcting unit 32) based on the 

error information .. Stnce the error information has not yet been 

acquired immediately after the image data of the· second ... hierarchy is · 

received by the correcting unit 32 (because the ·error .information· is 

not outputted from the error calculating unit-2G)t no -control signal is 

. outputted from the judging unit 24. As a result, just after the image 

data of the second hierarchy is. received, the corr.ecting.uoit.32.does_., 

not correct this image data of the second hierarchy but, rather, 

directly .outputs this image data as the correct~d. dat.~ tQ .the. lo.<;.al 

decoding unit 22 and the judging unit 24. 

On the other hand, when it is judged at step· S12 that the 

control signal from the ju~ging unit. 24 is received, the correcting 

unit 32 outputs an address defined in accordance with the control 

signal to the correction value ROM 33 at step S13. As a result, at 

·step S13, the combination (setl of the-correction vawes A stared:at 

the address is read at from the cor~ection value ROM 33, and then ls 

' supplied. to the correcting unit 32. Up.oo ,-receipt of the combination 

of the correction value A read from the correction value ROM 33, 

th~ correc~ing .unit 32 adds. the qorr.esponding correction values A to 

the respective image data of the second hierarchy for 1 frame, so 

that the corrected data produced by correcting the image data of the 

second f)ierarchy is catculated at .step S 14. Thereaf:ter, the process 

operation is advanced to step S 15, at which tile correction data is 

output from the correcting unit 32 to the local decoding unit 22 and 

the judging unit 24, and processing returns to step S12. 

As previousty discussed, the correcting unit 21-repeatedly 

outputs the corrected data obtained by correcting the image data of 
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the second hierarchy into the various values under control. of the 

judging unit 24. 

It should be noted that, when the coding operation as to one 

frame of the image is accomplished, the judging unit 24 supplies to 

the correcting unit 21 a control signal for indicating the completion 

of the coding operation. Upon receipt of this control signal in step 

512, the correcting unft 21 finishes the processing operation with 

respect to an image of ·the present frame, and executes the process 

operation defined in the flow chart of Fig. 8 for the next frame of the 

image. 

Next, Fig. 9 illustrates an example embodiment of an 

arrangement of the local decode unit 22 shown in Fig. 6. 

The corrected data derived from the correcting unit 21 is 

supplied to a block making unit for class classification 41 and a 

block making unit for predicted value calculation 42. The block 

making unit for class classification 41 makes class classifying blocks 

used centered about the noted corrected data to classify the 

corrected data into a preselected class, depending upon a nature 

thereof. 

For example, assuming now that in Fig. 10, while a pixel 

indicated by symbol "o" constitutes the image of the first hierarchy, 

and another pixel indicated by symbol "•" constitutes the image of 

the second hierarchy (corrected data}, corrected data (otherwise, 

pixel)located at an i-th position from the upper position and at a j-th 

position from the left position is expressed as "Xit, the block making 

unit for class classification 41 will gener@te a class classifying block 

having 9 pixels in total, namely, a pixel "Xii" of interest and the 

following 8 pixels adjacent to this pixel of interest at upper left, 

upper, upper right, left, right, tower left, and lower right positions: 

Xt1·11<J·W X6.,,1, Xu.1tu+w Xitl·1JI Xig+ 1>, Xri.1Jfi·W Xli.111, X,1+rni+w The class 
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classifying block is supplied to a class classification adapt!ve 

processing unit 43. 

It should be noted that, in this case, the class classifying 

block is a regular square-shaped block having 3 x 3 pixels, but the 

shape of the class. clas~itying block is not required to be -such a 
regular square. Alternatively, other shapes, for example, a 

rectangular shape, a cross shape, and other arbitrary shapes may be 

employed. Also, a total number of the pixels for constituting the 

class classifying block is not limited to 9 pixels ( = 3 x 3 pixels). 

The block making· unit 42 for predicted value calculation 

processes the corrected data to make a predicted value calculating 

block, centered about the noted corrected data, used to calculate 

the predicted value of the image of the first hierarchy. In other 

words, in Fig. 10, assuming now that pixel values of 9 pixels ( = 3 x 
3} in an original image data (in this case, image data of first 

hierarchy), while positioning the corrected data Xij (portion denoted 

by symbol 11
•

11 in Fig. 10) are expressed from the leftmost direction 

to the rightmost direction, and from the upper direction to the lower 

direction, by: YQ(1), Yii(2), Y1i(3), Yij(4), Y1i(5), Y1i(6), Yii(7), Yij(S), 

Y ii{9), the block making unit 42 for the predicted value calculation 

constitutes a square-shaped prediction value calculating block in 

order to calculate.predicted values of the pixels Yll(1) through the 

pixel Yii(9). This predicted value calculating block is arranged by, for 

example, the below·mentioned 25 pixels(·= 5 x 5), while a pixel Xii 

is set as a center: x(i-2}1j-2)t xli-2111-W x(l-2)jr xli-2)1j+1)t XCi-2)(j+2)' x(i·1)(j-2}1 

Xu-Ho-11, Xri.11;, X11.11Q+w x(i.11q+21, ~11-21, xiu-w Xq, xi(j+11, xi(j+2)' x(i+1rn-21, 

X(l+111i·1>' Xo+1w Xu+11t;+w Xti+11Q+2>' Xn+2rn-21r Xu+21u-w Xli+2ll' Xc1+21u+w 

Xu+21CJ+2>· 

Referring to a concrete example using Fig. 10, to calculate the 
predicted values of the nine pixels Y33( 1) to Y33(9) in the image 
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data of the first hierarchy surrounded by a rectangular, the predicted 

value calculating block is constructed by the following corrected 

data: X,,, X11• X13, X,4, X1s, X111 X22, X13, X24, X2s1 X311 X32, X33, X34, 

X35, X41, X43, X44, X45, Xs11 Xs21 X53, Xs41 Xss· 

The predicted value calculating block obtained in the block 

making unit 42 for the predicted value calculation is supplied to the 

class classification adaptive processing unit 43. 

Similar to the· case of the class classifying block, the pixel 

number and the shape as to the predicted value calculating block are 

not limited to the above-described examples. It should be noted, 

though, that the total number of pixels of the predicted value 

calculating block is preferably made larger than the total number of 

pixels of the class classifying block. 

Also, when the above-explained block making process is 

carried out (similar to process operations other than block making), 

there are no corresponding pixels near the image frame of the image 

data. In this case, for example, the process operation may be 

performed, assuming now that the same pixels as those for 

constituting the image frame are located outside this image frame. 

The class classification adaptive processing unit 43 includes 

an ADRC (adaptive dynamic range coding) processing unit 44, a 

class classifying unit 45, and an adaptive processing unit 46, and 

performs a class classification adaptive processing operation. 

By class classification adaptive processing operation, it is 

meant that an input signet is classified into several classes based on 

features thereof, and an adaptive process operation suitable for each 

of these classes is executed for the input signal of each of these 

classes. Roughly speaking, the class classification adaptive process 

operation is subdivided into a class classification process operation 

and an adaptive process operation. 
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Now, both the class classification process operation and the 

adaptive process operation are described. 

First: the class classification processing operation will now be 

explained. For the purposes of discussion, it is assumed that, as 

indicated in Fig. 11A, a block (class classifying block) made of 2 x 2 

pixels is constructed of a pixet of interest, and three pixels located 

adjacent thereto, and each of these pixels is expressed by 1 bit 

(haying either a level "O" or a level "1 "). In this case, as indicated in 

Fig. 11 B, a block of 4 pixels (2 x 2) may be classified into 16 ( = 
(21).J, depending upon level distributions of the respective pixels. 

Such a pattern classification corresponds to the class classification 

process, which is performed in the class classifying unit 46. 

It should be noted that the class classification process 

operation ·preferably takes into account characteristics of the image, 

e.g., complexity of the image and strength of change of the image 

within the block. 

Normally, in this example, for instance, 8 bits or more are 

allocated to each of pixels. Also, in this embodiment, as previously 

explained, the class classifying block is arranged by 9 pixels ( = 3 x 

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

performed with respect to such a class -classifYing block, this block 

is classified into such a huge number of classes, i.e., (2a)9• 

Therefore, according to this embodiment, the ADRC process 

operation is carried out for the class .classlfyin_g block in the ADRC 

processing unit 44. As a result, the class number is reduced by 

decreasing the bit number of the pixels in the class classifying block. 

That is to say, for example, for the sake of simple explanation, 

as indicated in Fig. 12A, considering a block that is constructed of 4 . 
pixels aligned on a straight line, both a maximum value "MAX" a!'ld a 

minimum value "MIN" of this pixel value are detected in the ADRC 
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process operation. Then, assuming now that DR = MAX ..: MIN is 

used as a local dynamic range of the block, the pixel values of the 

pixels for constituting the block are requantized to k bits, based on 

this dynamic range DR. 

In other words, the minimum value MIN is subtracted from 

each of the pixel values within the block, and then the subtraction 

value is divided by DR/2K. As a result, the resultant value is 

converted into a .code (AORC code) corresponding to the divided 

value. Using a concrete example, if k = 2, as indicated in Fig. 12B, 

a judgment is made as to whether or not the divided value belongs 

to any one of such ranges obtained by equally dividing the dynamic 

range DR by 4 ( = 22). In the case that the divided value belongs to 

the lowermost level range, the second lowermost level range, the 

third lowermost level range, or the uppermost level range, each of 

the divided values is coded into 2 bits such as 008, 01 B, 108, or 

11 B (symbol "B" represents binary number) that represent the range. 

Then, on the decoding side, the ADRC code 008, 01 B, 1 OB, or 11 B 

is converted into a center value Loo of the lowermost level r:ange, a 

center value Len of the se~ond lowermost level range, a center value 
L10 of the third lowermost level range, or a center value L 11 of the 

. . 
uppermost level range. Then, the minimum value MIN is added to 

each of these values, so that the decoding operation is carried out. 

In this case, such an ADRC process operation is referred to as 

"non-edge matching". As indicated in Fig. ·12c, contrary to this 

non-edge mat~hing, there is an~ther ADRC processing technique 

called improved non-edge matching. In the improved non-edge 

matching ADRC processing operation, either the ADRC code OOB or 

the ADRC code 11 B is converted into an average value MIN' of the 

pixel values belonging to the lowermost level range obtained by 
equally dividing the dynamic range DR by 4, or another average 
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value MAX' of the pixel values belonging to the uppermost level 

range. Also, both the ADRC codes 01 B and 1 OB are converted into 

a level obtained by equally dividing a dynamic range OR' defined by 

MAX' -MIN' by 3, so that the ADRC codes are decoded. 

It should· be noted that a detailed description about this ADRC 

processing operation is disclosed in, for example, Japanese 

Laid-open Patent Application No. 3-53778 opened in 1991, which 

has been previously filed by the assignee of the present application. 

As previously explained, the number of classes may be 

reduced by executing the ADRC processing operation such that the 

quantization is performed based on a bit number smaller than the bit 

number which is allocated to the pixels for constituting the block. 

Such an ADRC processing operation is carried out in the ADRC 

processing unit 44. 

In this embodiment, the class classification processing 

operatio.n is carried out based upon the ADRC code outputted from 

the ADRC processing unit 44 in the class classifying unit 45. 

Alternatively, the class classification process operation may be 

carried out with respect ·to such data which are processed by way of 

other processing operations1 for example, DPCM (predictive coding), 

BTC (block truncation codin~), VO (vector.quantization), OCT 

(discrete cosine conversion)~ and Hadamard conversion. 

The adaptive process operation is now described. 

For instance, considering now that a predicted va1ue of a 

pixel value "y" of the image data of the first hierarchy is calculated 

by a linear primary coupling model. This linear primary coupling · 

model is defined by pixel ~alues X1, X2, -- of several pixe_ls located 

around this pixel value (in this case, corrected data obtained by 

correcting lmage data of second hierarchy, will be referred to as 

"learning data" hereinafter, if required), and also linear coupling of 
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preselected prediction coefficients W1, W2, --·. In this case, the 

predicted.value may be expressed by the following formula: 

(1) • 
• Thus, to generalize this formula, when a matrix W made of a 

set of the prediction coefficient w, a matrix X made of a set of the 

learning data, and a matrix Y' made of a set of the predicted value 

are defined by, 

Xu X12 .Kin 
Xu ~2 ... ~n 

X= . . . ... 
XJll.1 X1112 ... Xmn 

W1 E{Y1l 

W= 
W2 

Y'= 
E(Y2l 

I . . . ... 
wn E(Ynl 

the following observation equation can be satisfied: 

XW = Y' (2). 

Th~ predicted value approximated to the pixel value y of the 

image data of the first hierarchy is obtained by applying the 

minimum squaring method to this observation equation. lh this 

case, when a matrix Y m~de of a set of pixel values of the image 

data of the first hierarchy (wilt be referred to as •teacher data" 

hereinafter, if necessary), and another matrix E made of a set of 

remainder of the predicted value with respect to the pixel value y of 

the image data of the first hierarchy are defined by, the 

below-mentioned remainder equation may be satisfied from the 

formula (2): 

••• (2). 
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el Y1 

E= 
e2 

Y= 
Y2 

I . . . ... 
em Yn 

XW=Y+E ••• (3). 

In this case, a prediction coefficient Wi -of the first hierarchy 

used to catculate the predicted value approximated to the pixel . 
value y of the image data of the first hierarchy may be calculated by 

minimizing the square error. 

As a consequence, the above-described square error is 

differentiated by the prediction coefficient and the square error is set 

to 0. The prediction coefficient Wi capable of satisfying the 

following formula becomes an optimum value used to calculate the 

predicted value approximated to the pixel value "y" of the image 

data of the first hierarchy. 

.(:l=l,2, ••• ,n) 

·! 

••• (4}. 

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

prediction coefficient Wi of the first hierarchy, the below-mentioned 

formula can 'be satisfied: 
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• • • I 

oe1 
-=X·' ow. in 

(i=l,2, ... ,m} 
n 

Based on the formulae (4) and (5), formula (6) may be 

obtained: 

••• (5). 

••• (6). 

Furthermore, con$idering the relationship .among the learning 

data "L", the prediction coefficient "w", the teacher data "y", and 

the remainder "e" contained in the remainder equation defined in the 

formula (3), it is possible to obtain the following normal equation 
. . 

from the formula (6): 

Ill • "' Ill 

(~ X1aX"u)·w1 + <E XJ.riKJ.z> W2 + • • • + <E X1nX1n> wn= C:E X1nY1l 
~ i~ 1~ 1~ 

••• (7). 
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The number of normal equations defined in the formula (7) is 

the same as the number of the prediction coefficients w to be 

calculated. As a result, an optimum prediction coefficient w can be 

obtained by solving the formula (7). It should be noted that one way 

of solving the formula {7) is to use the sweep-out method 

(Gauss-Jordan's erasing method). 

As previously described, the adaptive processing operation is 

carried out in such a manner that the optimum prediction coefficient 
w of the first hierarchy for each class, and further, the predicted 
value approximated to the pixel value y of the image data of the 

first hierarchy is calculated based on the formula ( 1) by using this 

prediction coefficient w. This adaptive processing operation is 

performed in the adaptive processing unit 46. 

It should be noted that the adaptive processing operation is 

different from the interpolation processing operation. That is, in the 

adaptive processing_ operation, a component is reproduced which is 

contained in an original image data (in this embodiment, the image 
data of the first hierarchy), but is not contained in a thinned image 

(in this embodiment, the image data of the second hierarchy}. In 
other words, the adaptive processing operation is identical to the 
interpolation processing operation with employment of a so-called 
"interpolation filter" if only the formula (1) is considered. However, 
since the prediction coefficient w corresponding to the tap 
coefficient of this interpolation filter is calculated by using the 

teacher data "y", namely the learning system, the component 

contained in the original image data can be reproduced. In view of 
this technical point, the adaptive processing operation may be 

referred to as a process operation with an image forming effect. 
Referring now to a flow chart shown in Fig. 13, the process 

operations of the local. decoding unit 22 of Fig. 9 will be explained. 
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First, in the local decoding unit 22, at step 521, the corrected 

data derived from the correcting unit 21 is processed to make 

blocks. In other words, in the block making unit 41 for the class 

classification, the corrected data is subdivided into a class 

classifying block .of 3 x 3 pixels centered about the noted corrected 

data, which will then be supplied to the class classification adaptive 

proces$ing unit 43. In the block making unit 42 for the predicted 

value calculation, the corrected data is subdivided into a predicted 

value calculating block made of 5 x 5 pixels centered about the 

noted corrected data, which wm be then supplied to the class 

classification adaptive processing unit 43. 

As previously explained, in addition to the class classifying 

block and the predicted value calculating block, the image data ~f 

the first hierarchy is supplied to the class classification adaptive 

processing unit 43. The class classifying block is supplied to the 

ADRC processing unit 44, and the predicted value calculating block 

and the image data of the first hierarchy are supplied to the adaptive 

processing unit 46. 

Upon recei"pt.of,the class classifying block, the ADRC 

processing unit 44 executes the ADRC processing operation of, ·e.g., 

1 bit (ADRC for executing requantizaticm by 1 bit} with respect to 

this class classifying block at step 822. As a result, the corrected 

data is converted into 1 bit (namely, coded) which is outputted to 

the class classifying unit 45. At step 823, the class classifying unit 

45 executes the class classification proc_essing operation with 

respect to the AD RC-processed ct ass classifying block (namely, 

detects a state of distribution of each of the pixel levels in the 

block), and judges to which class this class classifying block 

belongs. This class judgement result is supplied as class information 

to the adaptive processing unit 46. 
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It should be understood that in this embodiment, since the . 
class classification processing operation is performed with respect to 

the class classifying block constructed of 9 pixels ( = 3 x 3)_ to 

which the AORC processing operation of 1 bit has been carried out, 

each of the class classifying blocks is classified into any one of 512 

classes ( = (21)
9
). 

Then, the process operation is advanced to step S24, at 

which the _adaptive processing operation is ~arried out for every 

class based on the class information supplied from the class 

classifying unit 46 in the adaptive processing unit 46. As a result, 

both the prediction coefficients for each class of the first hierarchy 

and the predicted values of one frame are calculated·. 

That is, according to this embodiment, 25 x 9 prediction 

coefficients for each class are calculated, from the corrected data 

and the image data of the first hierarchy, for one certain corrected 

data. In addition, predicted values as to a total of 9 pixels, namely a 

pixel of an image data.of a first hierarchy corresponding to this 

corrected data _of interest, and also 8 pixels adjacent to this pixel, 

are calculated by executing the adaptive processing operation, 

employing the prediction valµe calculating block having 5 x 5 pixels, 

where the pixel correspo~ding to the corrected data is centered 

within the predicted velue ·calculating block. 

Now, using the example of class information C being 

outputted from the class classifying unit 45, and ~i~ class 

information C being related to a class classifying block having by 

3 x 3 corrected data X22, X23, X24, X32, X33, X34, X42, 

X43,X44, where corrected data X33 shown in Fig. 10 is centered. 

Also, it is now assumed that as the predicted value calculating 

block, a predicted value calculating block corresponding to the class 

classifying block is outputted from the predicted value calculating 
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block making unit 42. This predicted value calculating btock is 

arranged by X11 , X12, X13, X14, X16, X21 , X22, X2a, X24, X25, X31, Xa2r 

Xn, X34, Xas1 X41, X42, X43, X44, X45, Xs,, Xs21 Xsar Xs41 Xss1 where 

corrected data X33 is centered. First, while the corrected data of 

the predicted value calculating block is set to· the learning data, and 

the pixel values Y 33 (1) to Y 33 (9) of the 3 x 3 pixels (a portion 

surrounded by a rectangular in Fig. 10) where the corrected data 

X33 is centered in the image data of the first hierarchy are set to the 

teacher data, the normal equation indicated in the formula (7) may 

be established. 

Moreover, the normal equation, for example for one frame, is 

similarly established as to other predicted value calculating blocks 

corresponding to o~her class classifying blocks which are classified 

into the class information C. When the normal equations are 

established by which a prediction co~fficient W1 (k) to a prediction 

coefficient W25(k) used to. calculate a predicted value of a pixel 

value Y 33(k} (k = 1 ( 2, ---, 9) can be calculated,. these normal 

equations are E?olved, so that an optimum prediction coefficient w 1(k) 

to an optimum prediction coefficient w6(k} are calculated which are 

· suitable for calculating the predicted value of the pixel value Y 33(k) 

.as to the class information C. The above-described prediction 

coefficients w 1(k) to w26(k) require 25, since 25 pieces of the 

learning data for obtaining one predicted value are used in this 

embodiment. Also, the process operations for establishing the 

normal equations are executed at step 824 until the above-described 

number of normal equations can be obtained. Thi!P process is carried 

out for each class -- 25 x 9 predictive coefficients are calculated for 

each class. Then, in accordance with the below-mentioned formula 

corresponding to the formula (1 ), the predicted value is obtained 

using the 26 x 9 predicted coefficients corresponding to class 
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information c and·the 25 corrected data in the predicted value 

calculating block: 

= w1(k)X11 + W 2(k}X12 + W 3(k)X13 

+ W4(k)X14 + W5(k)X1s + Ws(k)X21 

+ W7(k)X22 + Ws(k)X23 + W9(k)X24 

+ W 10(k)X25 + w11(k)X31 

+ W12(k}X32 + W13(k)X33 

+ w14(k)X34 + w11>(k}X3s 

+ W1s(k)X41 + W17(k)X42 

+ W18(k}X43 + W19(k)~ 

+ W2o(k)X45 + W21(k)Xs1 

+ W22(k)Xs2 + W23(k)Xsa 

·+ W24(k)X54 + W25(k)Xss ••• (8). 

In step 523, after 25 x 9 prediction coefficients for each class 

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

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

524, the 25 x 9 prediction coefficients for each class are provided to 

the determining unit 24 and predicted values are provided for an 

error calculation for each 3 x 3 pixels. Processing then returns to 

step 821, and processing is repeated for the next frame. . 

Next, Fig. 14 indicates an embodiment of·the error calculating 

unit 23 of Fig. 5. 

The original image data (namely the image data of the first 

hierarchy) is supplied to the block making unit 51 • In this case, the 

block making unit 51 processes the input image data to make 9 

blocks that correspond with the predicted values of the first 

hierarchy output from the local decoding unit 22. The resultant 

image blocks, constructed of 3 x 3 pixels, are supplied from the 

block making unit 51 to a square error calculating unit 62. As 

previously described, in addition to the blocks supplied from the 
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block making unit 5, the predicted value of the first hierarchy derived 

from the local decoding unit 22 is supplied in units of 9 pieces (block 

unit of 3 x 3 pixels) to the square error calculating unit 62. This 

square error calculating unit 6? calculates a square error as a 

prediction. error of this predicted value with respect to the image 

data of the first hierarchy, and then supplies this calculated square 

error to ·a multiplying unit 55. 

The square error calculating unit 52 includes calculators 63 

and 54. The calculator 53 subtracts the corresponding predicted 

value from each of the block-processed image data output from the 

block making unit 51, and then supplies the result of the subtraction 

to the calculator 54. The calculator 54 squares the output of the 

calculator 5B, and supplies the squared value to the multiplying unit 

55. 

Upon receipt of the square error from the square error 

calculating unit 52, the multiplying unit 55 reads a stored value of a 

memory 56, adds this stored value to the square error, and again 

supplies the added value to the memory 56 for stotage in the 

memory 56. Then, the multiplying unit 55 repeats the 

above-described operation to produce .a multiplied.value of the , . 

square error (error distribution). Furthermore, when the 

multiplication for a prese1ected amount -(for instance, for one frame) 

of square errors is completed by the multiplying unit 55, the 

multiplying unit 55 the multiplied value from the memory 56, and 

then supplies the multiplied value as the error information to the 

judging unit 24. The values in the memory 56 are cleared every 

time each frame is processed, and the output.values of the 

multiplying unit 55 are stored into the memory 66. 

Referring now to the flow chart in Fig. 15, operation of the 

error calculating unit 23 is described. First, at step 31, in the error 
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calcutating unit 23, the stored value of the memory 56 is cleared 

.(e.g., to "0"). ·Then, processing continues at step S32, where the 

image data of the first hierarchy is block-processed by the block 

making unit 51. The resulting block is supplied to the square error 

calculating unit 62. At step S33, the square error calculating unit 52 

calculates the square of the error between the image data of the 

image of the first "hierarchy, which constitutes the block supplied 

. from the block making unit 51, and the predicted value of the first 

hierarchy supplied from the local decoding unit 22. 

In other words, at step S33, in the calculator 53, the 

corresponding predicted values are subtracted from each of the 

image data of the first hierarchy, which has been block-processed 

and supplied by the block making unit 51, and then the subtraction 

value is furnished to the calculator 54. Further, at step S33, the 

output from the calculator 52 is squared by the calculator 54, and 

the squared value is supplied to the multiplying. unit 56. 

Upon receipt of the square error supplied from the square 

error calculating unit 52, at step 834 the multiplying unit 55 reads 

out the st~red value from the memory 56 and calculates the 

multiplied value of the square error by adding this value read from 

the memory 56 to the square error. The multiplied value of the 
" . 

square error calculated in ·the multiplying unit 55 is supplied to the 

memory 56, where t_he multiplied value of the square error is written 

over the previously stored value. 

Then, at step S35 ·in the multiplying unit 55, a judgment is 

made as to whether the multiplications of the square errors as to a 

preselected amount, for instance, one frame data are completed. At 

step S35, when it is judged that the multiplications of the square 

errors for one frame data have not been accomplished, processing 

returns to step 832. On the other hand, when at step 835 it is 
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judged that the multiplications of the square errors for one frame 

data have been accomplished, processing proceeds at step S36. At 

step S36, the multiplying unit 55 reads out, from the memory 56, 

·the multiplie~ value of ;the square errors for one frame data, and then 

outputs this multiplied value as the error information to the judging 

unit 24. Then, processing returns to step S31. 

As a consequence, in the error calculating unit 23, assuming 

now that the image data-of the first hierarchy is Y1i(k}, and the 

predicted value of the first hierarchy processed from the corrected 

.. data in the local .decoding unit 22 is, the error information Q may be 

calculated by executing a calculation in accordance with the 

following formula: 

0 = I(Y11(k) - 2, 

where symbol "I" implies a summation of 1 frame data. 

Next, Fig. 16 _is an ittustration of one embodiment of the 

judging unit 24 of Fig. 5. 

A prediction coefficient memory 61 stores therein the 

.prediction coefficients for each class supplied from the local 

decoding unit 22. A corrected data memory 62 stores therein the 

corrected data supplied_. from the correcting unit 21. 

It should be noted that when the image data of the secon~ 

hierarchy is newly corrected, and therefore the newly corrected data 

is supplied in the correcting unit 21, the corrected data memory 62 

stores therein the newly corrected data instead of the previously 

stored corrected data (i.e., previous corrected data}. Also, after the 

corrected data has been replaced by the newly corrected data, a set 

of. new prediction coefficients for each class corresponding to the 

newly corrected data is output fro~ the local decoding unit 22. 

Also, when a new prediction coefficients for each class are supplied 

to the prediction coefficient memory 61, the new prediction 
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coefficients for each class are stored in place of the previously 

stored prediction coefficients {i.e., preceding prediction coefficient 

for each class}. 

The error information memory 63 stores therein the error 

information supplied from the error calculating unit 23. It should 

also be noted that the error information memory 63 stores therein 

the error information which has been supplied from the error 

calculating unit 23 in the previous case (the preceding error 

information), in addition to the presently supplied error information 

(present error information). That is, even when the new error 

information is supplied, the previously stored error information is 

saved until the further new error information is supplied. Also, the 

content of the error information memory 63 is cleared every time a 

new frame is processed (e.g., at commencement of processing a 

new frame). 

A comparing unit 64 compares a predetermined threshold 

value "s" with the presently supplied error information stored in the 

error information memory 63, and further, may compare the 

presently supplied error information with the previously supplied 

·error information,. if required. A comparison result obtained from the 

comparing unit 64 is supplied to a control unit 65. 

The control unit 65 judges wheth~r the -corrected data stored 

in the corrected data memory 62 is substantially (optimally) equal to 

the coded result of the image based on the comparison result 

obtained from the comparing unit 64. When ·it. is judged that the 

corrected data is not substantially equal to the coded result, the 

control unit 65 supplies a control signal for requesting an output of 

new corrected data to the correcting unit 21 (Fig. 5). On the other 

hand; when the control unit 66 recognizes that the corrected data 

stored in the corrected data memory 62 is substantiatty equal to the 
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coded result of the image, the prediction coefficients for each class 

stored in the prediction coefficient memory 61 are read out for 

·outputto the multiplexing unit 25, and also the corrected data 

stored in the corrected data memory 62 is read to be output to the 

multiplexing unit 25 as the optimum corrected data. Furthermore, ·in · 

this case, the control ·unit 65 outputs a control signal to the 

correcting unit 21, and this control signal indicates that the coding 

operation for one frame image has been accomplished. As a result, 

as previously explained, the control unit 65 causes the correcting 

unit 21 to commence the process operation for the next frii:me. 

Next, operations of- tbe judging unit 24 are described with 

reference to Fig. 17. At a first step S41, in the judging unit 24, the 

comparing unit 64 judges whether the error information is received 

from the error calculating unit 23. When the comparing unit 64 

judges that the error information is not received, the processing 

returns 'to step S41 •. On the other hand, when the comparing unit 

64 judges that the erro.r information is received, namely when the 

error information i.s stored in the error information memory 63, the 

process operation is advanced to step 542. At step 542, the 

comparing unit 64 compares a predetermined threshold value "s" 

with the. presently stored error information (present· error · 

information) so as to judge whether the present error information is 

smaller than the predetermined threshold value. 

At step S42, when it is fudged that the present error 

information is not· less than the predetermined. threshold value "e", 
the comparing unit 64 reads out the preceding error information 

stored in the error information 63. Then, at step 843, the comparing 

unit 64 compares the preceding error information with the present 

error information to judge whether the preceding error information is 

larger than the present error information. 
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When the processing is commenced, and the error information 

is first supplied, since the preceding error information is not stored 

into the error information memory 63, in this- case, the process 

·· operations defined after the step 543 will not be performed in the · 

judging unit 24. The control unit 65 outputs a control signal for 

controlling the correcting unit 32 (Fig. Tl to output a predetermined 

initial address. 

When it is judged at step 543 that the present error 

information is less than or equal to the preceding error information, 

namely, when the image. data of the second hierarchy -is corrected to 

thereby reduce ·the error information, the processing continues at 

step 544. ~t step 544, the control unit 65 outputs.- to the correcting 

unit· 32, a control signal to instructing that the correction value is 

changed in a similar manner to that of the preceding case. Then, 

processing returns to step 541. On the other hand, when it is 

judged at step $43 that the present error information is larger than 

the preceding error information (i.e., that the error information is 

increased by correcting the image data of the second hierarchy, the 

processing advances to step 546. At step 545; the control unit 66 

outputs, to the correcting unit 32, a control signal to instruct that 

the correction value A is. chan~ed in. a -.manner opposite to that of the 

preceding case. Then, processing· continues at step 541. 

It should also be noted that when. the continuously reduced 

~rror information is increased with a certain timing, the control unit 

66 outputs .a .control signal for instructing that the correction value A 

.is decreased by, for example, 1/2, and is changed in a manner 

opposite to that of the previous case. 

Then, since the processing of step $41 to step 546 is 

repeated, the error information is decreased. As a result, in the case 

that it is judged at the step $42 that. the present error information is 
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smaller than the predetermined threshold value "e", the process 

operation is advanced to step 546. At step 546, the control unit 64 

reads out the prediction coefficients for each class, stored in the 

·.· prediction coefficient. memory 61·;· arid also reads out the corrected 

data of one frame stored in "the corrected ·data memory 62. Then, 

these prediction coefficients for· each class and corrected data are 

supplied to the multiplexing unit 25, and the processing is ended. 

Thereafter, the process operations· are repeated in accordance 

with the flow chart of Fig. 17, while. waiting for the supply of the 

error information about the next frame. 

It should also be noted that in the correcting unit 32, as to the 

correction of the image data of the second hierarchy, either all of the 

image data for one frame may be correqted, or only a portion of the 

image data for one frame may be corrected. When only a portion of 

· the image data of the second ·hierarchy is corrected (e.g., when 

pixels capable of giving a strong influence to the error information 

are detected by the control unit 65),- only the data about this portion 

(e.g., about the pixels. capable of giving a strong influence} may be 

corrected. An example of the manner in which pixels capable of 

giving the strong influence to the error information may be detected 

is .. now discussed. First, .the process operation is carried out by 

directly utilizing the image data of the second hierarchy, so that the 

error information is acquired. Then, a control signal is supplied from 

the control unit 65 to the correcting unit 32, which executes 

processing for correcting the image data of the second hierarchy by 

the same correction value /1 every one pixel. The resulting error 

information is compared with such the error information that is 

obtained when the image data of the second hierarchy is directly 

utilized. Then, a pixel about the ·error information where a 

comparison difference becomes larger than, or equal to a 
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predetermined value may be detected as the pixel capable-of giving 

the strong influence to the error information. 

As previously described, .the correcting operation of the image 

·.data of the,second·hierarchy is repeated·until the error information is 
. 

reduced, or decreased to be smaller than the preselected. threshold 

value "e". The corrected data obtained when the error information 

becomes smaller than the preselected threshold value "e" is output 

as the coded result of the image. Acc,.,rdingly, in the receiver 

apparatus 4 (Fig •. 1}, it is possible to produce the decoded image 

identical.to (or, .substantially identical to) the original image data 

from the corrected data (optimum corrected data) where the pixel 

values of the pixels of the thinned image data are made as the most 

proper values used to recover the original image _data. 

Since the image· is compressed by way of the thinning process 

operation, and also by the ADRC process operation and the class 

classification adaptive process operation; it is possible to obtain 

coded data· with the very high compression rate. It shoufd be noted 

th.at the above--described coding processing executed in the 

transmitting apparatus 1.may be referred to as a "combined coding 

process operation",. since the compression process operation by the 
' 

thinning operation is organically ·combined with the class 

classification adaptive process operation so as to realize the high 

efficiency compression. 

Then, Fig. 18 indicates an example of an arrangement of the 

receiving apparatus 4 shown in Fig. 1. 

The coded.data recorded on the recording medium 2 is 

reproduced in the signal processing unit 71, and also, the coded 

data which is transmitted via the transmission path 3 is received to 

be supplied to the signal processing unit 71. In this signal 

processing unit 71, the coded data is separated into the coded data 
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of the first hierarchy, of the second hierarchy. and of the third 

hierarchy. In addition, the error correcting process operation and 

other process operations are performed by .the signal processing unit 

7.1-. Also, the·· signal ·processing unit 71 copies the prediction 

coefficients for. e~ch :crass of the first hierarchy from the coded data · 

of the third:hierarchy to be used in coding the coded data of the 

second hierarchy. The signal processing unit thereafter outputs the 

coded data of the first-hierarchy through the coded data of the third 

hierarchy. 

The coded.data of the first hierarchy is directly output as a 

decoded image data of a first hierarchy. Also, the coded data of the 

second hierarchy and· of the third hierarchy is outputted to a 

predicting unit 72 and predicting unit 73, respectively. 

Based- upon the coded data of the second hierarchy, a· 

.predicted values of the image of the first hierarchy are calculated in 

the-predicting unit 72, and.then are outputted as the decoded image 

of the first ·hierarchy. Also, in the predicting unit 72, a predicted 

values of a first hierarchy are calculated based on the decoded 

image data of the third hierarchy to be outputted • 

. ··Fig. 19 illustrates an.embodiment of the predicting unit 72. 

The coded data of ·the second .hierarchy derived from the 

signal processing unit 71 (Rg. 1B) is suppHed to a separating unit 81 . . 
that separates out optimum correction data of .the second hierarchy 

and prediction coefficients for each class of the first hierarchy. The 

corrected data of the second hierarchy and ·the prediction 

coefficients for each class of the first hierarchy ar~ supplied to a 

decode unit 80. 

The decoding unit 80 includes a block making unit for class 

classification 82, a block making unit for predicted value calculation 

83, an ADRC processing unit 84, a class classifying unit 85, and a 
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predicting unit 86. These elements of the decoding unit 80 are 

arranged in a manner similar to the arrangement of the block making 

unit-.for class classification· 41 , the block making unit for predicted 

value calculation 42,, the ADRC processing unit 44, and the class . 
. -classifying unit 45 ·respectively. As a consequence; in these blocks 

· · operate in a similar rnanner. 

The optimum corrected data provided from the separating unit 

81 is input to the block making unit for cf ass classification 82 a.id 

.. the block making unit for predicted- value calculation 83, whereas 

. the prediction coefficients, for each class, of the first hierarchy are 

input to the predicting unit 86 and 'then are ~tored. in a memory {not 

shown). 

The predicted value calculating block output from the block 

making unit for prediction value calculation 83 supplied to the 

predicting unit 896. The class information outputted from the class 

classifying unit 85 is ~DRC processed by the ADRC processing unit 

84 •. · The -AD~C processed _class information is also provided to the 

predicting unit 86. 

In the· predicting unit 86, a 3 x 3 predicted values of a first 

· ··hierarchy are· calculated in accordance with the formula (1) by 

.employing the read 25 x 9 prediction coefficients of the first 

hierarchy correspondi~g to the class information among the 

prediction coefficients for each class of the first hierarchy stored in 

the memory (not sho~n) in response to the class information, and 

also employing the 5 x 5 optimum corrected data of the predicted 

value calculating block supplied from the block making unit 83 for 

the predicted value calculation. The calculated predicted value of 

the first hierarchy is .outputted from the decoding unit 80 as the 

decoded· image of the first hierarchy. 
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As described above, the optimum corrected.data.of the 

second hierarchy is used. to execute the prediction in the predicting 

unit 86, so that the error between the predicted value of the first 

hierarchy .and the image data of the first hierarchy is made to be 

t smaller than the threshold value "e". As a consequence, in 

accordance with the optimum corrected data of the second 

hierarchy, it is~possible to obtain the decoded image data of the first 

hierarchy with high resolution. 

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

unit 73 of Fig. 18. 

The coded data of the third hierarchy derived from the signal 

processing unit 71 (Fig. 18) is supplied to a separating unit 221 that 

separates the coded data of the third hierarchy into optimum 

corrected data of the third hierarchy, a prediction coefficients for 

each class of a second hierarchy, and a prediction coefficients for 

each class of a first hierarchy. Both the optimum corrected data of 

the third hierarchy and the prediction coefficient for each class of 

· the second hierarchy are supplied .to a decode unit 222, whereas the 

prediction coefficients for each class of the first hierarctiy ·are 

supptied to another decoding unit 223. 

The decoding unit 222 is arranged in a similar to that of the 

decoding unit 80 shown in Fig. 19. As a consequence, similar to 

the above-explained case, in this decoding unit 222, a predicted 

value of. the image corrected data of the ~econd hierarchy is 

calculated from the optimum correction data of the third hierarchy 

and the prediction coefficients for each class of the second 

hierarchy, and then the calculated predicted value is supplied to the 

decoding unit 223. The decoding unit 223 is atso arranged similar to 

the decoding unit 80. Thus, a predicted value of the first hierarchy 

is calculated from the predicted value of the secol'.ld hierarchy and 
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the prediction coefficient of the first hierarchy, and then the 

calculated prediction value is outputted ~s a decoded image of the 

first hierarchy. 

The prediction coefficients for each class of the· second 
. 

hierarchy are calculated in the optimum correction data calculating 

unit 14 of Fig. 2 in order to obtain. optimum data as the optimum 

corrected data of the second hierarchy. As previously explained, 

since the decoded image data of the first hierarchy having the high 

resolution can be obtained in accordance with the optimum 

co.rrected data of the second hierarchy, it is also possible to obtain 

the decoded image data of the first hierarchy with high resofution in 

accordance with the coded data of the third hierarchy. 

As previously explained, when a portion, or even all, of the 

coded data of the first hierarchy and the coded data of the second 

hierarchy are lost due to some reason, the decoded image having the 

high resolution can be obtained from the coded data of the third 

hierarchy (the lowermost hierarchy), namely the optimum corrected 

data of the first hierarchy in combination with the prediction 

coefficients for each class of the first hierarchy and of the second 

hierarchy. 

Also,. for example, in the case of the receiving apparatus 

which can receive only the coded data of a third hierarchy (that is, 

the optimum corrected data of the ~hird hierarchy, predicted 

coefficients for each class·of a first and second hierarchy), it is 

possible to decode .a decoded image h~ving high resolution. 

Furthermore, in the case of the receiving apparatus which can 

receive only the coded data of the second hierarchy and the coded 

data of a third hierarchy (that is, the optimum corrected data of a · 

second hierarchy, predicted coefficients for each class of a. first and 
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second hierarchy}, it is possible to decode a decoded image having a 

high resolution. 

It should be understood that in the described embodiment, the 

optimum correction data of the second hierarchy is contained in the 

coded data of the second hierarchy. Alternatively, the image data of 

the second hierarchy itself, as opposed to the optimum corrected 

data of the second hierarchy, may be contained in the coded data of 

the sec9nd hierarchy. 

Also, the coded data of the first hierarchy, the coded data of 

the second hierarchy and the coded data of the third hierarchy are 

contained in the coded data output from the signal processing unit 

15. As previously described, since the coded image with the high 

image quality can be produced only from the coded data of the third 

hierarchy (optimum corrected data of the third hierarchy and 

prediction coefficients for each class of first hierarchy and of second 

hierarchy), it is alternatively acceptable to include only the coded 

data of third· hierarchy in the coded data outputted from the sign~I 

processing unit 15. 

Furthermore, as shown in fig. 2, the optimum corrected data 

of the second hierarchy output from th~ optimum corrected data 

calculating unit 13 is supplied to the optimum corrected data 

calculating unit 14, so that the optimum prediction coefficient for 

each class is calculated to obtain the optimum corrected data of the 

second hierarchy. Alterna~ively, instead of the optimum corrected 

data of the second hierarchy, the image data of the second hierarchy 

itself may be supplied to the optimum correction data calculating 

unit 14, so that the optimum prediction coefficient for each class for 

obtaining the image data of the second hierarchy may be obtained. 

In the above-described case, the prediction coefficients for 

each class of the first hierarchy are obtained in the local decoding • 
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unit 22 of Fig. 9 (and the prediction coefficients for each class of the 

second hierarchy in local decode unit 22 for constructing optimum 

corrected data calculating unit 14), and then the prediction values of 

the first hierarchy are calculated by using the prediction coefficients 

for each class of the first hierarchy. Alternatively, the respective 

prediction values of the first hierarchy may be calculated without 

obtaining the prediction coefficients for each class in the local 

decode unit 22. 

That is, Fig. 21 illustrates another embodiment of the local 

decode unit 22. It should be understood that the same reference 

numerals shown in Fig. 9 will be employed as those for indicating 

the corresponding portions. Specifically, in place of the adaptive 

processing unit 46, a prediction coefficient ROM 88 and a predicting 

unit 89 are employed in the locat decoding unit 22 of Fig 21, and 

other units may be arranged similar to those of Fig. 9. 

The optimum corrected data calculating unit 13 that may 

include the Fig. 21 local decoding unit 22 is shown in Fig. 38. The 

Ag. 38 optimum corrected data calculating unit 13 is similar to the 

Fig. 5 optimum corrected data calculating unit 13 except that the 

image data of the first hierarchy (optimum correction data of the 

second hierarchy) is not provided to the local decoding unit 22 of 

the Fig. 38 optimum correction data calculating unit. As discussed 

in detail berow, the embodiment of the local decode unit of Fig. 21 

does not require the image data of the first hierarchy (optimum 

correction data of the second hierarchy}. 

·Referring now to Fig. 21 ~the prediction coefficient ROM 88 

stores therein prediction coefficients with respect to classes, which 

have been obtained by way of learning (to be described later in the 

specification). Upon receipt of class information output from the 

class classifying unit 44, the prediction coefficients stored at an 
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address corresponding to this class information are read out from 

this prediction coefficient ROM 88 and is supplied to the predicting 

unit 89. 

In. -the predicting unit 89, a calculation is made of a linear 

equation indicated in the formula ( 1} (formula (8) shows a concrete 

application. of formula ( 1 n by employing the predicted value 

calculating block derived from the block making ,unit 42 for the 

prediction value calculation, and also the prediction coefficient 

ROM 88. As a result, a prediction value of the original image is 

calculated without employing the original images of the respective 

hierarchies. 

As a result, in accordance with the class classification 

adaptive processing unit 43 shown in Fig. 21, this prediction value 
can be calculated without employing the original images of the 

respective hierarchies. 25 x 9 predictive coefficients for each class 

stored in the predictive coefficients ROM 81 are output to 

determining unit 24 in a manner similar to the manner previ.ously 
described. 

Fig. 39 is a flowchart that illustrates the process by which the 
Fig. 21 local decoding unit 22' ·operates. The process by which the 
fjg. 2.1 local decoding unit 22' operates is similar in some sense to 
the process illustrated in Fig. 13. For example, steps 821 - 823 are 
identical. However, at step 823A, the prediction coefficients for the 
classified class ar~ read from the prediction coefficient ROM 88. 

Then, at step S23B, in the predicting unit 89 executes an adaptive 
process to calculate a predicted value. Meanwhile, at step 23C, the 

prediction coefficients ROM provides the prediction coefficients for 
the classified class are provided to the -judging unit. 

Next, Fig. 22 illustrates an embodiment of an image 
processing apparatus for executing a learning operation so as to 
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obtain the prediction coefficients stored in the prediction coefficient 

ROM 88 shown in Fig. 21. 

Image data for a learning purpose (learning image) is supplied 

· to a bJock making unit 91 for learning·and a block makin_g unit 92 for 

a teacher. As described below, these image data are used to obtain 

prediction coefficients applicable to· any images. It should be noted 

that when the prediction coefficients for each class of the first 

hierarchy is obtained, the image data of the first hierarchy is 

supplied as the learning image to the learning block making unit 91 

and the teacher block making unit 92. Also, when the prediction 

coefficients, for each class, of the second hierarchy are obtained, 

the image data of the second hierarchy is supplied as the learning 

image to tlie learning block making unit 91 and the teacher block · 

making unit 92. 

The learning block making unit ~ 1 extracts, for example, 25 

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

relationship indicated by symbol "•" in Fig. 10, from the inputted 

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

a learning block to the ADRC processing unit 93 and a learning dat~ 

memory 96. 

· . Also, in the teacher block making unit 92, for example, a 

block constituted by 9 pixels (3 x 3 pixels) is produced from the 

input image data, and then a block having these 9 pixels is supplied 

as a teacher block to a teacher data memory 98. 

It should also. be noted that when the learning block 

constructed of, for example, the 25 pixels located in. the positional 

relationship indicated by symbol tr•" shown in Fig. 10 centered 

about the noted pixel in the learning block making unit 91, the 

teacher block of 3 x 3 pixels surrounded by a rectangle shown in 

Fig. 10 is produced from the teacher block making unit 92. 
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The ADRC processing unit 93 extracts central 9 pixels (3 x 3 

pixels) from the 25 pixels for constituting the learning block, and 

then executes an AORC process operation of 1 bit with respect to 

the block ·made of ·these 9 pixels in a similar manner to the ADRC 

processing unit of Fig. 21. The block of·3 x 3 pixels processed by 

the ADRC processing operation is supplied to a class classifying unit 

94. In the class classifying unit 94, the block from the ADRC 

processing unit 93 is class-classified to obtain class information. . 

This class information is supplied via a terminal "a" of a switch 95 to 

.the learning data memory 96 and the teacher data memory 98. 

In the.learning data memory 96, or the teacher,data memory 

98, the learning block outputted from the learning block making unit 

91, or the teacher block outputted from the teacher block making 

unit 92 is stored at an address corresponding to the class 

information supplied thereto. 

As a result, assuming now that, for example, the block having 

5 x 5 pixels shown by symbol "•" in Fig. 10 is stored as the 

learning block at a certain address of the learning data block 96, the 

block constructed of. 3 x 3 pixels indicated in this drawing and 

surrounded by the rectangle is stored as the teacher btock at the 

same address as the above-described address. 

Subsequently, a similar process is repeated for all of the 

prepared learning images, so that the learning block and _the teacher 

block are stored at the same addresses in the learning data memory 

96 and the teacher data memory 98. The teacher block is arranged 

by 9 pixels, in which the predicted value is calculated in the local 

decoding unit 22 of Fig. 21 by employing the predicted value 

calculating block constituted by 25 corrected data having the same 

positional relationship as that of the 25 pixels of the learning block. 
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Since a pfurality of information is stored at the same 

addresses in the learning data memory 96 and the teacher data 

memory 98, a plurality of learning blocks and a plurality of teacher 

blocks can be stored at the same addresses • 

. When the learning blocks and the· teacher blocks for all of the 

learning images are stored into the learning data memory 96 and the 

teacher data 98, the switch 95 which has been selected to the 

terminal "a" is changed to be selected to the terminal "b", so that an 

output of a counter 97 is supplied as an address to the learning data 

memory 96 and the teacher data memory 98. The counter 97 

counts a predetermined clock to output a sequential count value 

thereof, whereas in the learning. data memory 96, or the teacher 

data memory 98, either the learning block or the teacher block 

stored at an address corresponding ·to this count value is read out to 

be supplied to a calculating unit 99. 

As a result, a set of learning blocks and a set of teacher 

blocks of the class are provided to the calculating unit 99, 

corresponding to the count value of the counter 97 are supplied. 

Upon receipt of a set of learning blocks and a set of teacher 

blocks as to a certain "Class, the calculating unit 99 calculates . . . 

prediction coefficients to able of minimizing an error by way of the 

minimum square method by using these block sets. 

In other words, for instance, assuming now that pixel values 

of pixels for constituting a learning block are X1, X2, X3, -, and also 

prediction coefficients to be required are w1, w2, w3, ---, the 

prediction coefficients w1, w2, w3, #--, must satisfy the fortowing 

formula in order to obtain a pixel value "y" of a certain pixel for 

constituting a teacher bfock by way of a linear equation of these 

values: 
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As a consequence, the prediction coefficients w1, w2, w3, ---, 

may be calculated in the calculating unit 99 in such a way that the 

· normal equation indicated in the above-described formula (7} is 

established and solved, while these prediction coefficients minimize 

a square error of the predicted values w1x1 + w~2 + w3x3 + ·-­
with respect to a true value "y" from both the learning block in the 

same class and the teacher ':>lock corresponding thereto. Therefore, 

25 x 9 predictive .coeffici~nts are calculated for each class by 

carrying out the above-described process for each class. 

The prediction coefficients with respect to the respective 

classes, which are cafbulated in the calculating· unit 99, are supplied 

to .a memory 100. The count value is supplied from the counter 97 

to the memory 100, in addition to the prediction coefficients derived 

from the calculating unit .99. As a result, in the memory 100, the 

prediction coefficients derived from .the calculating unit 99 are stored 

at the addresses corresponding to the count values outputted from 

the counter 97. 

As described above, the 26 x 9 optimum prediction 

coefficients used to predict the 3 x 3 pixels of the block in this.class 

are stored at the addresses corresponding to the respective classes 

in the memory 100. 

The prediction coefficients for each class stored in the 

memory 100 in the above-described manner are stored in the 

prediction coefficient ROM 88 of Fig. 21. 

It should be understood that the prediction coefficients are not 
stored at the addresses corresponding to the respective classes in 

the prediction coefficient ROM 88. However, average values of the 

pixel values of the teacher blocks may be stored. In this case, when 
the class information is supplied, the pixel value corresponding to 

this class is outputted. Accordingly, in the local decoding unit 22 of 
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Fig. 21, neither the block making unit 42 for the predicted value 

calculation, nor the predicting unit 89 is provided. 

As a consequence of using·.the local decoding unit shown in 

Fig. 21, either,the predicting unit 72 or the predic..-ting unit 73 shown 

. .in Fig. 19 or Fig. 20 may be such as not to employ either the 

separating unit 81 or the separating unit 221. ln addition, the 

decoding unit 80 of Fig. 19 (similar to decoding. units 222 and 223 

of Fig. 20) should be· arranged as shown ln Fig. 23. ln other words, 

in this case, the decoding unit 80 may include the class 

classification block making unit 41, the predicted value calculation 

block making unit 42, the ADRC processing unit 44, the class_ 

classifying unit 45 and·the prediction coefficient ROM 88 employed 

in the local decoding unit 22 shown in FJg. 21; or the decoding unit 

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

predicted value calculation block making unit 142, the ADRC 

processing unit 144, the class classifying unit 145, the prediction 

coefficient ROM 146, or the predicting unit 147, which correspond 

thereto in the predicting unit 89. 

It should be understood that, as previously discussed with . 
reference to Fig. 9, the_ p.rediction coefficients are successively 

calculated to thereby obtain the prediction values, which will be 

referred to as a "sequential· method", whereas as previously .. : . 
discussed with referen~e to Fig. 21, the prediction coefficients for 

each class are previously stored in the prediction coefficient ROM 

88, and these stored prediction coefficients for each class are used 

to obtain the prediction value, which will be referred to as an "ROM 

method". 

In accordance with a third embodiment of a transmitting 

apparatus 1 of the invention, as shown in Fig. 40, an optimum 

correction data calculating unit 13 is provided for use with the local 
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decoding unit 22 shown in Fig. 21. Referring to Fig. 40, in this 

further embodiment; in· the· transmitting apparatus 1 (Fig. 2), the 

image data of the first ·hierarchy need not be supplied to the. Jocal 

·decoding unit 22'. Further,. unlike the optimum··corrected data 

calculating unit 13 shown in·Fig. 5, with the Fig. 40 optimum 

correction data calculating unit 13, the prediction coefficients for 

each class are not provided to the signal processing unit. 

Furthermore, the image data of the first hierarchy (or the optimum 

corrected data of the second ·hierarchy) is not needed by the local 

decoding. unit and, thus, is not provided thereto. 

Fig. 41 is a flowchart that illustrates the processing performed 

by the optimum corrected data .calcutatihg unit 13' of Fig. 40. 

Referring to Fig. 41, the flo.wchart is similar to the flowchart of 

Fig. 6, except that at-step S6' (as opposed to step 56 in Fig. 6) of 

the Fig •. 40 flowchart, while the optimum corrected data as the 

coded data is output, the .predictive coefficients for each class are 

not output. 

Fig. 42 illustrates the local decoding unit 22 of the Fig. 40 

optimum corrected data calculating unit 13. The local decoding unit 

22 illustrated in Fig. 42 is similar to the local decoding unit 22 

illustrated in Fig.-.21, except.that the predictive coefficients are not 

provided outside the focal decoding unit 22. 

Fig. 43 illustrates a procedure for operating the local decoding 

unit 22' shown in Fig. 42. The Fig. 43 flowchart is very similar to 

the flowchart of fig; 1.3 that illustrates the operation of the Fig. 9 

local decoding unit. For example, steps S21 - $23 are identical. 

However, at step 524, the predictive coefficients for the classified 

class are read from the predictive coefficients ROM 88. Then, at 

step S24A, the predicting unit 89 executes an adaptive process to 
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calculate predicted values. At step S24B, the predicted values are 

output. 

· Fig. 44.iJlustrates the judging unit.24 of the Fig. 42 local 

decoding .unit. The Fig. =44 judging unit 24 differs from the Fig. 24 

judging unit -24 -in that the Fig. 44 judging unit 24 does not include a 

prediction coefficient memory. 61. Likewise, the Fig. 44 judging unit 

24 does not provide prediction coefficients to the multiplexing unit. 

.. Fig. 45 is a flowchart illustrating the operation of the Fig. 44 

judging unit 24 of the Fig. 42 local ·decoding unit. The Fig. 45 

flowchart is similar to the 'i=lg~ 17 ·t1o=wchart (which illustrates the 

operation of the Fig. 16 judging unit, except that at step S46, the 

prediction coefficients for each class {which are not generated by 

the Fig. 44 judging unit) are not output. 

Fig. 46 illustrates ~ pr~dictiog Ul)it for third hierarchy for use 

in the. receiving apparatus 4 that is com~plementary to the third 

embodiment transmitting apparatus discussed above. In particular, 

as can be seen from Fig. 46, no corrected data or prediction 

coefficients for e~ch class are passed between the decoding unit 

222 and the decoding unit 223 •. Rather, the decoding unit 222 

receives coded data of the third hierarchy'· and provides· to the 

decoding .unit 223 predicted values of the second hierarchy. From 

the predicted values .of the second hierarchy, the decoding ·unit 223 

determines predicted values of the first hierarchy (which, in fact, is 

the decoded image of the first hierarchy). 

Fig. 24 iflustrates a fourth embodiment of the transmitting 

apparatus 1 shown in Fig. 1. It should be noted that the same 

reference numerals shown in Fig. 2 are employed as those for 

denoting the same or similar components of Fig. 24. 

In the Fig. 24 embodiment, only the image data of the first 

hierarchy is supplied to an optimum corrected data calculating unit 
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101, and then optimum corrected data of a second hierarchy is 

calculated from the image of the first hierarchy wherein. Then, this 

calculated optimum·correction data of the second hierarchy is 

· · supplied as coded data of the second hierarchy to a signal 

processing unit 15. Only image data of the second hierarchy 

outputted from a thinning unit 11 is supplied to an optimum 

corrected data calculating unit 102, in which optimum corrected 

data of a third hierarchy is calculated from the image data of the 

second hierarchy. Then, this calculated optimum corrected data of 

. ·the third hierarchy is supplied as coded data of a third hierarchy to 

the signal processing unit 15. 

Next, Ag. 26 repre~ent~ a.n.~xample of an arrangement of the 

optimum correction data calculating unit 101 shown in Fig. 24. 

Since this optimum correction data calculating unit 102 is arranged 

similar to the optimum correction data calculating unit 101, the 

explanation thereof is omitted. 

The image data of the first hierarchy (image data of second 

hierarchy, in case of optimum corrected data calculating unit 102) is 

provided to a block making unit 111. The block making unit 111 

processes the image data of the first hierarchy to make a class 

classifying block centered about the noted pixel which is a unit for 

classifying thls image data of the first hierarchy into a predetermined 

·class, depending upon its nature, and thus supplies the image block 

to an AORC processing unit 112 and to a delay uni~ .115. 

The AORC processing unit 112 executes an ADRC processing 

operation for the block (class classifying block) derived from the 

block making unit 111, and thereafter supplies the resulting block 

constituted by an ADRC code to a class classifying unit 113. 
' The class classifying unit 113 executes a c1a$S .classifying ; ..• . . . . . ( 

process operation for classifying the block outputted from the AQRC 
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processing unit 1 12 into a predetermined class, depending upon a 

nature thereof, and then supplies such information for indicating that 

this block belongs to .any class as class information to a mapping 

coefficient memory 114. 

As will be discussed later, the mapptng coefficient memory 

114 stores therein the mapping coefficients obtained from learning 

operations (mapping coefficient learning) every class information. . . 

· · While using the class inform"tion supplied from the class classifying 

unit 113, the mapping coefficients stored at this address are read 

out from thb; memory.111 to be supplied to a calculating unit 116. 

The delay unit 115 delays the· block supplied from the block 

makil)g. unit 111 until the mapping coefficients corresponding to the 

class .information of this block is read out from the mapping 

coefficients memory 114, and then supplies the delayed block to the 

calculating unit 116. 

The calculating unit 116 performs a predetermined. calculation 

by employing the pixel values of the pixe1s for constructing the block 

supplied from the delay unit 116, and further, the mapping 

coefficient corresponding to the class of this block, which is supplied 

from the mapping coefficient memory 114• From these, the coded 

data is calculated, which is obtained. by thinning (or reducing) the 

pixel number of this image to code· this image. In other words, the 

calculating unit 116 carculates a preselected function value "f" (y1, 

y2, ---, k1, k2, --}, while using the .following values as arguments. 

That is, the pixel values of the respective pixels for constructing the 

block outputted from the block making unit 111 are y1, y21 ---, and 

the mapping coefficients corresponding to the class of this block, 

which are outputted from the mapping coefficient memory 114 are 

k1, k2, ---. This calculated function value "f" (y1, y2, -:.., k1, k2, ---) is 

outputted as, for instance, a pixef value of a center pixel among the 
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pixels for constructing the block (class classifying block} outputted 

from the block making unit 111 • 

Accordingly, assuming now that the number of pixels for 

cQnstructing -the class classifying block outputted from the block 

making unit 111 ts equal to N pixels, the calculating unit 16 thins 

the image data by 1 /N, and outputs the 1 /N-thtnned data as the 

coded data. 

... ft should. be understood that the coded data output from the 

calculating unit 116 is not such data which is produced by 

extracting .the center pixel of the block arranged by the N pixels, 

namely produced by executing a simple thinning. process operation, 

.but, as previously described, is equal to the function value "f" {y1, 

y2, --, k1, k2, ---) defined by the N pixels for constituting this block. 

ln other words, this function value "f" (y11 y2, ---, k,, k2, ---} 

determines an optimum value. That is, the pixel value of the central 

pixel in the block, which is obtained from the-.simple thinning 

process operation, is corrected as the. optimum value capable of 

obtaining the original image data based on the pixel values located 

around this c.entral pixel. Accordingly, the data obtained by 

calculating. the mapping coefficients and the pixels ·for constituting 

the block may be referred to as "optimum correction data". . 

· Also, the calculation process executed in the calculating unit 

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

piix~I. values of the respective pixels· for constituting the class 

·c~assifying block outputted by the block making unit 111 into the 

function "f" (y1, y2, --, k1, k2, ---). Accordingly, the coefficients k,, 

k2, --:., used in such a process operation will be referred to as 

"mapping coefficients". 

Referring now to a flow chart of Fig. 26, operations of the 

process operation will be explained. 
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The image data of the first hierarchy is supplied in Onits of one 

frame (for example) to the block making unit 111. In the block 

making unit 111, at step 5101, the image of the·first.hierarchy for 

one frame is processed to make the·class classifying block. That is,· 
.. . . .. 

.for exampl_e, as indicated in Fig. 10 by the pixels surrounded by a 

.rectangular, the block making unit 111 subdivides the image data · ... ~ 

into the class classifying block constituted by 9 pixels· centered 

about the noted pixel (3 x 3 pixels along transverse direction and 

longitudinal direction), and successively supplies this class 

classifying block to. the ADRC processing unit 112 and the delay unit 

115. 
In this case, the class .classifying. block is arranged by the 

square-shaped block made of 3·x 3 pixels. Alternatively, the shape 

of this class classifying block is not limited to the square shape, but 

may be made from, for instance, a rectangular, a cross-shape, and 

other arbjtrary shapes. Also, a total number of pixels for 

constituting the class classifying block is not limited to 9 pixels 

(namely, 3 x 3 pixels). Furthermore; the class classifying block need 

not be adjoining pixets, but may be alternatively arranged by such · 

pixels located apart from each other. It should be noted that the 

shape and the pixel quantity .of the class classifying block must be 

made coincident with the shape and pixel quantity of the class 

classifying block used during the learning operation (i.e., the 

~apping coefficient learning operation, which is discussed later in 

this specification). 

At step S102, upon receipt of the c1ass classifying block from 

the block making unit 111, the ADRC processing unit 112 executes 

the ADRC process operation of one bit with respect to this block, so 

that a block of pixels expressed by one bit results. The class 
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ctassifying block which has been ADRC-processed is .furnished to the 

class classifying unit 113. 

In the class classifying unit 1.13, at step S103, the class 

classifying block derived from the ·AORC processing unit .1.12 1s 

classified into. a class, .and thus the resultant class information is 

supplied as an addr:ess to the mapping coefficient memory 114. As 

a consequence, at stop S103A, the mapping coefficients 

corresponding to the class information furnished from the class 

classifying unit 113 are read. out ·from the mapping coefficient 

memory 114 and then is supplied to the calculating unit 116. · 

On the other hand,. in the d~lay unit 115, the class classifying 

block derived from the block making· unit-111 is delayed, and the 

. delayed· class classifying block is supplied, while. waiting for the 

mapping coefficients correspbnding to the class information of this 

block are read out from the mapping· coefficient memory 114. At 

step S104, in the calculator 116, the above·described function 

"f ( •)" (symbol "•" appearing in this function "f" indicates a set of 

pixel values y11 y2, ---, and mapping coefficients k1, k2, ---)is 

calculated based upon the pixel values of the respective pixels for ,;, . 

constituting the class classifying block derived from the ·delay unit 

115, and also based.upon the mapping coefficients read out from 

the mapping coefficient memory 114. Thus, it is possible to 

calculate an optimum corrected data produced by correcting the 

pixel value of the central pixel of the class classifying block to 

generate an optimum pixel value. · This optimum corrected data is 

outputted as the coded data of the second hierarchy to the signal 

processing unit 15 (Fig. 24) at step S105. 

Then, at step S106, a judgment is made as to whether the 

processing for the image data of the first hierarchy for one frame has 

been accomplished. At step $106, when it is judged that the 
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process operation for the image data of the first hierarchy for one 

frame is not yet completed, .processing returns to the previous step 

·s 102, at which the process operation defined ·after the step 5102 is 

repeated for the next ciass :classifying block. On the other hand, 

when it is judged at step S106 that the p·rocess operation for the 

image data of the fh st hierarchy for one frame is completed, the 

process operation is returned to the step 8101, at which the process 

operation defined after· the step S101 is repeated for the next frame. 

· Next, Fig. 27 indicates a structural example of an image 

· processing.apparatus for executing.a learning (mapping coefficient 

teaming) process operation ·used to calculate the mapping 

coefficients stored ~n the.-mapping coefficient memory 114 (Fig. 25). 

In the memory -121, the image data·.of the first hierarchy for 

more than -one frame, which is suitable for the learning process {will 

be referred to as a "learning image" hereinafter}.is stored. It should 

be noted that the mapping coefficients stored in the mapping 

coefficient memory ·114 for constituting the optimu_m correction data 

calculating unit 102 .(Fig.: 24) are calculated, the image. data of the 

second hierarchy is ~tored in. "the memory 121. 

A block ~akil'.'9·, unit -1. 22. reads.the image data stored in the 

memory. 121 and gener:ates·: a 'Class. classifyin·g block like that output 

from the block making unit 111 shown in Fig. 25, and then·suppfies 

the block :to an ADRC proces~ing unit 123 and a calculating unit 

126. 

The. ADRC. pro~essi~g unit -123 and the class' classifying unit 

124 execute operations similar to that of the ADRC processing unit 

112 and the class classifying. unit 112 {Fig. 25), respectively. As a 

result, the class information of the block output from the block 

making unit 1 22 is output from the class ctassifying unit 124. Then, 
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this class information is supplied as an address to the mapping 

.coefficient memory 131 • 

The calculator 126 performs the same calculation as that of 

the calculating uriit l16 of Fig~ 25 by employing the pixels for 

constituting the block supplied from the ·block making unit 122, and 

also the mapping coefficients supplied from the mapping coefficient 

memory 1.3.1 . Thus, the ca1cu1ator 126 supplies the resultant 

correction data (function "f" ( e }\ to the local decoding unit 127. 

(The local decoding unit 127 may be any one of the local decoding 

device.shown in Figs. 9, 21 and 42.} 

Based upon the. corrected data supplied from the calculating 

unit 126, ·the local decoding unit 127 predicts "(calculates) a 

-predicted value of. an original .learning.im~ge·data (namety, predicted 

value of pixel values of plxei~ "tot constructing block output from 

~block making unit 122) in accordance with the above-described ROM 
method (i.e., "sequential method"){ and then supplies the predicted 

value to an error calculating unit 128. In the case of use of the 

sequential method, image .data of- learning from the memory 12 is 

provided to the local decoding unit (Fig. 7J. The error calculating 

unit 128. reads a pixel value (true value) of a learning image data 

corresponding to the predicted value supplied from the local . 

decoding unit 127 ~ calculates (detects) a prediction error of the 

predicted value with respect to the pixel value of this learning image 

data, and then supplies this calculated prediction error as error 

information to a judging unit 129. 

The judging unit 129 compares the error information supplied 

from the error calculating unit 128 with a predetermined threshold 

value "e1 ", and then controls a mapping coefficient setting unit 130 

in accordance with this comparison result. Under control of the 

judging unit 129, the mapping coefficient setting unit 130 sets 
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(changes) a set of mapping coefficients, the number of which is 

identical to. the number of classes obtained by the class classifying 

unit 124; and·then ·supplies the changed set of the mapping 

·coefficients.to .a·mapping coefficient memory 131. 

The mapping coefficient memory 131 temporarily stores 

therein the mapping .coefficients for ~ach class supplied from the 

mapping coefficient setting unit 130. It should be understood that 

the mapping coefficient memory 131 has storage regions capable of 

storing mapping ·coefficients (set of mapping coefficients}. The 

number of storage regions is equal to the number classes to be 

clas::.ified in the class classifying unit 124. In each of the storage 

regions, when new mapping ·coefficients for each class are supplied 

from the mapping coefficient setting unit .130, this new mapping 

coefficients for each class are preferably stored therein in place of 

the previously. stored mapping coefficients for each class. 

Also, the mapping coefficient memory 131 reads the mapping 

coefficients :$'tored at the address corresponding to the class 

-information supplied from the class classifying unit 124, and then ·:. 

supplies the read mapping coefficients to the calculating unit 126. 

Referring now to a flow chart shown in Fig. 28, operations 

thereof will be explained. 

First, at step S161, the mapping coefficient setting unit 130 

sets a set of initial values of the mapping coefficients by only the 

number equal to the classes to be clas~ified in the class classifying . 

unit 124, and then supplies the set of these initial values to the 

mapping coefficient memory 131. In this mapping coefficient 

memory 131, the mapping coefficients for each class {initial value} 

derived from the mapping coefficient setting unit 130 is stored a the 

address of the corresponding class. 
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Then, at step S152, the block making unit 122 processes all 

of the learning images stored in. the memory 121 . to· make blocks 

· having 3, x 3 ·pixels centered about the -noted pixel in a manner 

similar.to that of the.block making unit 1-11 shown in Fig. 25. 
Furthermore,: the. block making. unit 122 reads out the block from the 

memory 121,· and sequentiallv supplies the read block to the ADRC · 

processing unit 123 and the calculating unit 126. 

At step S153, similar to the processing operation of the ADRC 

processing unit 112 of Fig. 25,·the ADRC processing unit 123 
performs.the ADRC processing .operation of one bit for the block 

output.from the block making unit 122, and then supplies the 

ADRC-processed- block to the class classifying unit 124. At step 

S1-54, in the class.classifying unit ~124, a decision is made of a class 
pf the block supplied from the ADRC processing .. unit 123, and this 

class .information is supplied as an address to the mapping 

coefficient memory 131. As a consequence, at step S156, a 

mapping coefficients are read out from an address of the mapping 

coefficient memory 131, which.corresponds to the class information 

supplied from the.class classifying unit 124, and then the read 

mapping coefficients are supplied to the calculating unit 126. . 
At step S156, when the block is received from the block 

making unit 122, and also the mapping coefficients corresponding to 

the class of this block is received ·from the mapping coefficient 

memory 131, the .calct:1lating unit 126 calculates the above-explained 
function value "f(•)tf by employing based on the mapping 

coefficients and the pixel values of the pixels of the block supplied 

from the block making unit 122. This· calculation result is furnished 

to the local decoding unit 127 as the corrected data obtained by 
correcting the pixet value of the central pixel of the block supplied 

from the block making unit 122. 
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ln other words, for instance, in Fig. 10, assuming now that 

the block. of 3 x 3 ·pixels surrounded by the rectangle. is outputted 

from the .block making unit 12·2, the calculating unit 126·calculates 

·corrected data produced· by correcting the .pixeJ values of the pbcels · 
. 

-denated by symbol "•"in this drawing, and then outputs this 

calculated corrected data to the local decoding unit 127. 

· As a consequence; in the calculating unit 1-26, the number of 

pixels for constitutiug the learning image-data is thinned by 1/9, and 

thus ·the thinned pixel number is supplied to the local decoding 

unit 127. 

· After the correction data is calculated at the step S156, 

processing continues ·at step S157, where a check is made as to 

whether the correction data for all of .the learning image data stored 

in the memory 121 have been calculated. When it is judged at step 

S 157 that the corrected data of all of the learning image data are not 

yet calculated, processing returns to the previous step S1 53. Then, 

the processing of steps 81 53 to 8157 are repeated until the 

correction data about- all of the learning image data is calculated. 

When it is judged at step S157 that the correction data for all 

of. the learning image data have been calculated (i.e., that a thinned 

image· _co~'d be ·obtained ~hich is produced by thinning all of the .. 
. ..... '•, 

learning image data·stored in the memory 1'21 by 1/9, the process 

·operation is advanced to step S 168, at which this 1 /9-thinneci image 

is local-decoded in the local· decoding unit 127, so that a prediction 

value of the original-learning image is calculated. It should be 

understood that this 1 /9-thinned image is not equal to a thinned 

image produced by simply thinning the learning image by 1 /9. 

Rather, the 1 /9-thinned image is equal to another thinned image data 

obtained by calculating the mapping coefficients to acquire the pixel 
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value. Then, the predicted value is supplied to the error calculating 

unit 128. 

In the etror calculating unit 1"28, the learning image is read out 

. from the memory 121" at step S159, and then a prediction error of· 

the predicted vatu?. supplied .from the local decoding unit 127 with 

respect to this read learning image data is calculated. In other 

words, when the pixet ·value of the learning image data is expressed 

.as "Y•", and the predicted value thereof outputted from the local 

decoding -unit 127 is expressed as "1', error dispersion (namely, 

squared summation of error) "Q" indicated by the following formula .. 

is calculated in the error calculating unit 128. This error dispersion 

is supplied. as error information to the.judging unit 129. 

O= (Y1r)
2

, where symbol "I"· indicates a summation of all 

pixels of the tearnin·g image data • 

. Upon receipt of the error information from the error calculating 

unit 128, the judging unit 129 compares this error information with 

the preselected threshold value "s1 ", and judges whether the error 

information is larger. than the threshold· value "e1" at step S160. 

When it is judged at the step S160 that the error information is not 

less than the threshold value "e1" (i.e., no recognition is· made that 

the image constituted by the predicted value obtained in the local 

· decoding unit 127 is substantially equal to the original learning 

image data), the judging unit 129 outputs a control signal to the 

mapping coefficient setting unit 130. At step S161, in response to 

the control signal derived from the judging unit 129, the mapping 

coefficient setting unit 130 changes the mapping coefficients for 

each··class, and causes this changed mapping coefficients for each 

class to be newly stored into the mapping coefficient memory 131 . 
Then, the process operation is returned to the previous step 

5153, at which the process operations defined after step S153 are 
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again repeated by employing the changed mapping coefficients for 

each class stored .in the mapping coefficient memory 131 . 

Now, it- should bE: understood that 1:he mapping coefficie"ts 

may be varied at nmdom in tht ,11appirtg.·coefficient·setting unit 130. ·· .. 

Alternatively, if the present error information. becomes smafler: than 

the preceding error information, the mapping coefficients may be 

changed in acc~rdance with~a trend similar to the preceding trend. 

Also, if the present error :informatio.n becomes larger than the 

preceding·error·information, the· mapping coefficients may be · 

changed in accordance with a trend .opposite to the .previous trend. 

Furthermore, the mapping coefficients may be changed as to 

all of the classes, or a portion of the classes. When only the · 

mapping coefficients ·as to a portion of the classes is .changed, for 

example, such a class capable of giving a strong influence to error 

information is detected, and then only such mapping coefficients 

· may ~ varied. A class· capable of giving a strong influence to error 

information may be detected as follows. First, the process operation 

is carried. out by ·employing initial value of mapping coefficients to 

thereby .obtain error information thereof. Thereafter, the mapping 

coefficients are changed by th'e .same amount every one. class, and 

the resulting error information. is compared. with-the error information 

obtained when the initial values are employed. The class in which 

the comparison difference ;becomes not less than predetermined 

values may be detected as the class capable of giving the strong 

influence to the error information. 

Also, if a pluraiity ·of mapping coefficients such as the 

above-described k1, 2, --- are set as one set, only the mapping 

coefficient capable of giving the strong influence to the.error 

information among then may be changed. 
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Furthermore, in the -above case, the mapping coefficients are 

set every class~. Alternatively, the mapping efficients may be 

independentJy,set with .respect to; for instance·, each of the blocks, 

·-or in unit of the adjoining blocks. · · · · 

It .should .be·. noted that, for example, when the mapping 

coefficier-its are independently set every block, it is possible that 

pturat. sets of mapping coefficients are acquired with respect to a 

certain single cl.ass. (conversely, it is possible that a class will occur 

where a set of mapping coefficient could not be obtained). Finally, 

since the mapping coefficients should be determined every class, as 

-explained before, when plural sets <>f mapping coefficients are 

obtained as to a certain class, ·a certain process operation is carried 

out f~r the pfural sets of mapping c·oefficients, so that one set of 

mapping coefficients must be determined. 

· On the other band,. when it is judged at the step 51 60 that 

the error information has become. smaller than the threshold value 

"e1 ", namely when a recognition is made that the image constituted 

by the predicted value· obtained in the local decoding unit 127 is 

substantially identical to the original (earning ·image data, the process 

operation is completed. 

At this ·tjme, .the mapping coefficients of every class, which 

have been ·stored in the mapping coefficient memory 131, are set 

into the mapping coefficient memory 11. 4 of Fig. 26 as the optimum 

. mapping coefficients capable of obtaining the corrected data by 

which t~e decoded image data (predicted value) recognizable as 

substantially the same image as the original image data can be 

reproduced. 

As a consequence, in accordance with the optimum correction 

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

data . 

. · As previously described, in the ·embodiment of Fig. 27, the 

image is •subdivided· in.to the ·bfock · con·stituted by 9 ;:>lxef s centered 

about the noted~pixel (3 x 3 pixels). by the .. block. making unit 122, 

·whereas ·the ADRC processmg.operation of one bit is carried out for 

the Image blo.c'< in the ADRC proces~ing unit 123. As a 

.. consequence, the number of classes obtained by the etas~ 

c1assification by the class classifying unit 124 is equal to 512 

(=(21) 9). Accordingly, 512 sets of mapping coefficients are 

obtained. 

· · The Fig·. 46 predicting unit 73 .may be employed, as part of 

the receiving 21pparatus 4, k·r.decoding the coded image data (more 

specifically, the coded image data of the third hierarchy} produced 

by the Fig.'..24 transmitting apparatus. 

·Fig. 29 shows another structural example of an image 

-pro~essing apparatus. for performing learning (mapping coefficients . 

learning) process operation U!led to calculate the mapping 

. coefficients stored. in the mapping coefficient memory 114 o~ 

Fig. 25 • 

. . It ~hould be.noted.that according to the image processing . 
apparatus of F-ig. 27, even. whian the function "f" is expressed by, 

for instance; a linear equation, and further the non-linear equation, 

and the secondary,. or more equations, the optimum prediction 

coefficient may be obtained~ . On the other hand, in the image_ 

processing apparatus of Fig. 29, only when the function "f" is 

expressed by the linear equation may the optimum prediction 

coefficient be calculated. 

In other words, the image processing apparatus of Fig. 29 

may be used in the following case. That is, in Flg. 26, when the 
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pbcel values of the respective pixels for constituting the block made 

of 3 x 3 pixels output from the block making unit 111 are set to Ytr 

y2, ·---~ y9;-:and the··mapping coe-fficients output from the mapping 

.· c~~fficrent memory.-~11.4 ·i.lre· set to ·k1, k2,· k3, --·, kg, the calculating 

.unit 116 calculates the ·function "f" (y:i, v2, ---, k1, k2, ---)·in 

accord:~nce wcth the ·below-mentioned formula to obtain corrected 

data. 

f (•) = k1Y1 +k2Y2+ ••• +k9y9 

Image data· cf a first hierarchy, functiontng as a learning image 

data suitable for a.Jearning. purpose, is supplied in units of (for 

example} one frame to a thinning unit 171. In the thinning unit 171, 

the pixel number of the image. data of the first hierarchy ·ls thinned, 

so that image data· of a- second hierarchy is produced. lt should be 

understood that·when the mapping coefficients are calculated to be 

stored in· the mapping coefficient memory 1 14 .for later use by the 

optimum corrected data calculating unit 102 (Fig. ·24}, the image 

data of the second hierarchy is supplied to the thinning unit 171 so 

that.the image data of the.third hierarchy is formed. 

The image· data of the second hierarchy obtained in the 

thinning·unit 1.71 is .supplied .to an optimum ct"Jrrected data 

. calculating .unit 170. The .optimum corrected data calculating unit 

170 is arranged by a correcting unit 172, a local decoding unit 173, 

an error calculating unit 174 and a judging unit 175 (which are 

similar to the .above~described correcting unit 21, local decoding unit 

22, error calculating unit 23, and judging unit 24, respectfutty -­

either of Fig. 5, Fig. 38 or Fig. 40). In this optimum corrected data 

calculating unit 170, the optimum corrected data as to the input 

image, namely, the image of the second hierarchy is produced and 

then is supplied to a latch unit 176. tn the case of using the 
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optimum corrected .data calculating unit of Fig. 5, image data for 

learning is provided to th~ local decoding unit. 

··The latch. linit 1-16 includes a memory 176A for storing therein 

,the· optimum .correctec data supplied from the optimum corrected 

data calculating unit 170. Furthermore, the latch unit 176 reads out 

. ·such an .... Op;tin···Jm corrected data corresponding· to -the central pixet of 

the ·block read from a memory 177 A of a block making unit 177, 

f\°mong the, optimum corrected data stored in the memory 176A. It 

· .should ·be noted. that when the correction data for one frame is 

stored in the memory 176A, the latch unit 176A outputs to the 

block making unit 177. a control signal for indicating this -data 

storage • 

. The same imag.e .data as the image data supplied tQ the 

thinning unit .171·, namely the image data·of the first hierarchy, is 

supplied to the block making unit 177 in· units of one frame. The 

~block .. making unit 177 contains a memory 177 A for storing therein 

. the learning image data suppli~d thereto. Upon receipt of the control 

signal. sent from the latch unit 176;, the block making unit 177 

subdivides the learning image data stored in the memory 177 A into a 

block constructed o.f 3. x 3 pixels, ,centered about the noted pixel, in 

. a similar manner to. that of the block making unit 111 of Fig. 25 • 
.. 

Then, this block is sequentially read to. be. supplied to an ADRC 

processing unit 178 and a memory 180. 

When ·the block is. read from the memory ·177 A contained in 

the block making. unit 177, the block· making unit 177 supplies a 

control signal, indicative of a position of the block, to the latch unit 

176. In the latch unit 176, the block of 3 x 3 pixels read from the 

memory 177 A is recognized in response to this control signal, and 

then, as previously explained, the optimum correction data 

corresponding to the central pixel of this block is read from the 
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memory 176A. That is, as a result, both a certain block having. 

3 x 3 pixels and the optimum correction data corresponding to· this 

block are supplied at the same· time to the memQry ·180 •. 

The ADRC processing .unit·-178.:and,the ela$s:;ctas·stfy:irig"-unit · 

179 are similar to the AORC processing unit 112· and the class. . 

classifying unit 113 of J:ig. · 25, respectiv+>ly. ThenT :the cla:ls· . 

information about the block d~rived frorn the block making unit 1·77, 

output from the etas~ classifying unit 179,· is supplied. as the address · 

to a memory 180. 

The memory 180 stores therein the optimum corrected data 

supplied from the latch unit 176, and the block supplied from the 

block making unit 177, establishing .a ;relationship of an address 

corresponding to the class information supplied· from the class 

classifying unit 179. Note that in the memory 180, a pfurality .. of 

information can be stored at one address. As a result,. plural sets of 

bo~h the optimum corrected data and the ·block corresp.ondin-g -to 

certain class ·information can be· stored. 

A calculating unit 181 n~ads out both the nine pixels· y.;, y 2, 

---, Ye of the bloc;k of 3 x 3 pixels of ·the learning image, and the 

optimum corrected c;lata y'. correspon.ding to· this block, stored in the 

memory 180. Then, the minimum square.method·is.applied :to them,. 

so that the mapping· coefficients k,,. to k9·~are calculated every class 

to be supplied to a memory 182. The memory 182 stores therein 

the mapping coefficients k1 to k9 every class suppfied from the 

calculating unit 181 at the address .cor.responding·.to thi$-.class. 

Referring now to the flow chart shown in Fig. 30, operation of 

the Fig. 29 apparatus is described. 

When the image data of the first hierarchy is inputted as the 

learning image data, this teaming image data is stored in the memory 

177 A of the block making unit 177, and supplied to the thinning unit 
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171. In this thinning unit 171., the image data of the second 

hierarchy is formed from the··image data of the first hierarchy, and 

then is supplied to th.e optimum corrected data ·calculating ·unit 170. 

Upon receipt of the image· data."ofthe second hierarchy.;.the··· ·· .· 

optimum cor.rected data calculating unit 170 calculates the -optimum . 

-corrected data of the second hierarchy at step 61-31, .and supplies 

the calculated optimum corrected ·data to· the memory l76A of the 
1atch unit 176 so .as to be stored "therein. 

Then, when the optimum corrected data for one frame is 

stored in the memory 176A,. the latch unit 176 outputs the control 

signal to the block ·making unit 177. Upon receipt· of. the ·control 

signal derived from the latch unit 17.6:;- at step ·s1.32, the "block" 

making unit 177 subdivides the learning image data stored in the 

memory 177 A into the block constructed of 3 x 3· pixels. Then, the 

block making unit 177 reads out the block of the learning .image data 

stored in the memory 177 A, and supplies this read block to the 

ADRC processing unit 178 ·and the memory 180. 

At the same time, when the black is. read out from the 

memory 177 A, the block making unit 177 supplies the control signal 

indicative of the .po·sition of this block to the. latch unit 17.6. In- · 
response to the.control signal, the latch .unit 176 recognizes the 

block of 3 x 3 pixels read from. the memory 177 A, reads out the 

optimum corrected data corresponding to the central pixet of this 
block, and then supplies this read optimum corrected data to the 

memory 180. 

Then, at step 8133, the block derived from the block making 

unit 177 is ADRC-processed, and further, this block is 

class-classified in the ctass· classifying unit 179. This classification 

result is supplied as the address to the memory 180. 
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At step S 134, the memory 180 stores therein the optimum 

corrected data suppfied .from the latch unit 176, and .the·btock 

(learning data) supplied .from·the block m-4king unit ·177 with ·hdving 

the corresponding relationship at the ·address·. corresponding ·to the 
class information supplied from the class classifying unit 179~ 

Then, the process operatior. is advanced to· step S135, at 

which a check is done as to whether· or not both the block for one 

frame and the optimum corrected data are stared in the memory 

·180. When it is so judged at the step S135 that both the block. for 
one frame and the optimum corrected data are not yet stored in the 

memory 180, the next block is read·out from the block making unit 

177, and also "the optimum corrected data corresponding to this read 

block is read from the latch unit 176. Then, processing returns to 

step S133, where the processing operations· defined after step S133 

are repeated. 

On the other hand_, when it is judged at step 5135 that the · 

block for one frame and the optimum corrected data have been 

stored in the metnory 180; processing proceeds at step 5136, ·Where 

a check is performed ·as to whether -the processing for an .of the 

learning images has.been completed. If it is judged that.the · : 

processing qperations for all of the learning imag~s. have not· yet 

been completed,. processing returns to step 5131, and the steps 

thereafter are repeated for the- next learning image data. . 

On the other hand, when it.is judged at .step 5136 that the 

process operations for all of the learning images data has been · 

completed, processing is advanced to step S137, where the 

calculating unit 181 reads both the optimum corrected data and the 

block stored in the memory 180 for every class, and then establishes 

the normal equation shown in the formula (7) based on these data 

and block. Furthermore, at step S138, the calculating unit 181 
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solves this normal equation to calculate the mapping coefficients 

· capable of. minimizing the error for every class. At.step S139, the· '· 

calculated mapping co·efflcients are supplied to the memory 182 for 

storage· therein. Then, processing. ends. 

If the function "f" is expressed by ·tbe linear equation, th~ . 

mapping coeffk.:ients stored in the memory 182 in the 

above..<fescribed manner are !;tored into·the-mapping coefficient 

memory 114 of Fig. 25, -and the optimum corrected data can be 

obtained by using these mapping coefficients. 

However, in some cases, a sufficient number of normal 

equations capable of obtaining the mapping coefficients cannot be 

obtained. In these cases, in the .calculating·unit 116 of Fig. 25, 

mapping coefficients are set as a default value, namely k,- to k2 = 

1/9, from which for example;. an average value of the 9 pixels for 

the block of 3 x 3 pixels outputted from the block making unit ·111 

is output .. 

The structure of a receiving apparatus for each of fourth and· 

fifth embodiments is similar to the structure of: Fig •. 18. Also, each 
structure of predicting units for a second and third hierarchy is 

similar .to the structure of Fig. 23 and Fig. 46.. However,· predictive 

coefficients for each class stored in predictive coefficients ROM 

.corresponds to (is the same as) the predictive coefficients used ·in .. 

the mapping coefficients learning device. 

In the case· of Fig. 2, first, as illustrated. in Fig. 31 A, the· 

following optimum corrected data is calculated in the optimum 

corrected data calculating unit 13. This corrected data is produced 

by correcting the image data of the second hierarchy, capable of 

obtaining the predicted value of the first hierarchy in which the error 

(error information) from the image data of the first hierarchy is made 

to be smaller than a preselected threshold value "e ... Thereafter, as 
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shown in Fig. 31 B, the following optimum corrected data is 
calculated in the optimum corrected data calculating unit 14. This 

corrected data is produced by correcting the ·image data otthe· third 

~hierarchy, capable of obtaining the· predicted-· value of-the second'. . 
-

hierarchy in which the error (error information) from the optimum · 

-correct1.. J data of the second hierarchy is made to be smaller than a 

preselected threshol<"' value ft e~. For example, as shown in Fig. :32,: 

. alternatively, the optimum correction data of the third hierarchy 

corresponding to the lower most hierarchy may be obtained~ 

That is to say, the predicted value of the second hierarchy. is 

calculated from the corrected- data produced by correcting the· image 

data of the third hierarchy. Furthermore, the predicted value ·of the 

first hierarchy is calculated by directly using the calculated p~edicted , 

value of the second hierarchy. Then, such a corrected data that the 

predicted error (error information) of this prediction value of the firs.t ·. 

hierarchy is made smaller than a predetermined threshold value "e" 

is used as the optimum corrected data of the third hierarchy. 

Fig. 33 illustrates a sixth embodiment of .the transmitting 

apparatus 1 capable of obtaining the optimum corrected data of thE!!· 

third hierarchy in the above..;described manner. It should be n<>ted 

-that the same reference numerals shown in Fig. 2 are employed to 

denote corresponding por.tlons·9f Fig. 33. 

In the Fig. 33 embodiment, the image data of the first to third 

hierarchies are suppfied to -an optimum corrected calculating unit 

201. In the calculating unit 201, a-predicted value of a second'· 

hierarchy is calculated from the corrected data obtained by 

correcting the image data of the third hierarchy. Furthermore, a 

predicted value of a first hierarchy is calculated by directly using the 

calculated predicted value of the second hierarchy. Then, when 

corrected data is obtained such that the prediction error (error 
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information} of the predicted value of the first hierarchy is made to 

be sma11er than a predetermined threshold value. ~e" 1 .the optim·um. 

corrected data calculating unit.201 outputs; to the .signal processin·g . 

unit 15,. this calculated cortected data·:as the ·optimum· corrected 

data of the third hierarchy and the coded data of the· third ·hierarchy. 

In the embodiment of Fig. 33, the image data of the first 

hierarchy is directly supplied as the coded data of the fir-Jt.. hierarchy 

to the signal processing unit 15. However; the image data ·of the· · 

second hierarchy is not provided to the signal processing unit. · In an 

enhanced embodiment, the .. image data of the second embodiment .... 

may be provided thereto as the. coded data of·the second hierarchy. 

Next, Fig. 34 shows an example embodiment of the optimum 

corrected data calculating unit 201 of Fig. 33. The same reference 

numerals shown in Fig. 5 are employed in Fig. 33 to denote · 

corresponding portions of Fig. 33. Furthermore, the optimum 

· corrected data calculating unit 201 is similar to the optimum 

corrected data calculating unit 13 of Fig. 5, . except that the local 

decoding unit 231 is somewhat -different from· the ·local decoding· 

unit 22 of Fig~ 5. . 

· In the Fig. 33 embodiment,· image data of the. third .. hierarchy 

is input to the correcting unit 21, and corrected data obtained by· ·· · 

correcting this image data of the third .hierarchy is output. ·Both the 

corrected data output from the correcting unit 21, and the image 

data of the second hierarchy, are provided to the Jocal decoding unit 

22. In this decoding unit 22, the predicted value .of .the·second 

hierarchy is calculated to be outputted. In addition, the predicted 

value of the second hierarchy outputted from the local decoding unit 

22, and also the image data of the first hierarchy are inputted into 

the local decoding unit 231, in which the -prediction value of the first 

hierarchy is calculated to be derived. 
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Jn accordance with this embodiment, the .predicted -values are 

calculated by the "sequential method"; previousiy described, in-.the 

focal decoding units 22 and 23·1. Alternativ.ely, the predicted values 

may be calculated· by the JfROM meth"od" (Fig~ ·21.:), previously · 

described, in the local decoding units. 22 and 231 . 

The processing of the optimum corrected data calculating unit 

of Fig. 34 is described with reference to the flow chart Fig. 35. · 

When the image data of the third hierarchy is s4.1ppl1ed to -the. 

correcting unit 21, at step S201, tlie correcting unit 21 does not 

first execute the correcting operation. Rather, the correcting .unit.2.1 

first directly· outputs the image of the third hierarchy to the locai 

decoding unit 22 and to the judging unit 24. At step SZ02, .in .the; 

local decoding unit 22, the c.orrected data (as explained above, 

· image data of third hierarchy itself .is outputted when the process 

first starts) output from. the correcting .unit 21 is local-decoded. 

In other words, in a manner similar. to the processing of Fig. 9, 

at step 8.202, the prediction coefficients of each class of the second 

hierarchy is calculated. Furthermore, based on.this prediction 

coefficients, the predicted value of the. second hiera~chy Is 

calculated and supplied.to the local decoding unit.231 •. 

In the local decoding unit 231., at step. 8203,. the predicted 

value of the second hierarchy-from "the local decoding·ttnit 22 is 

local-decoded. 

That is, similar to the processing in the local decoding unit 22, 

at step 8203, the pr.ediction coefficients·of each class of the first 

hierarchy is calculated, and further, the predicted value of the first 

hierarchy is calculated based on this prediction coefficients and then 

supplied to the error calculating unit 23. · 

Subsequently, the processing at.steps 5204 to 8207 is similar 

to the processing of steps 83 to S6 of the Ag. 6 flowchart. As a 
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consequence, it is possib\e to obtain the optimum corrected data of 

the third hierarchy capable of reducing. the ·predicted· vatue of the 

first hierarchy lower than·thE!·threshold value "e'\ · 

As a consequence,· even· when the .opttrrium·:corr:eoted ·data c>f · ·. 

the third hierarchy obtained in this manner.is -employed, the decoded 

image with the high Image quality can be obtained. 

rt shoutd be understood that .in the embodiment shown in 

Fig. 33, the image data of the second· hierarchy is not.prov.ided. 

Alternatively, for instance, the.predicted value.of-the second 

hierarchy outputted from the local· decoding unit. 22 may be used as 

the decoded data of the second hierarchy. · Also, for ·example, the 

optimum corrected data· calculating unit 13~ shown in Fig.; 2 is 

employed, and the optimum corrected data of the second hierarchy 

outputted therefrom may be used as the -coded data of the second 

hierarchy. . . 

Also, in the case of the embodiment of Fig~ 33, all of the · 

coded data of the first hier.archy to the third hierarchy need· not ,be 

included in the coded data derived from th·e signal processing unit 

16. For example, only the coded data of the third hierarchy may be 

contained. 

·The coded data output from the transmitting apparatus shown 

in Fig. 33 may be decoded by the-receiving apparatus 4 shown in 

Fig. 18 and predicting unit shown ·in· Fig. ·20. 

In accordance with a seventh embodiment, the optimum 

correcting data calculating unit 201 of the Fig. 33 transmitting 

apparatus is as shown in Fig. 47. The Fig. 47.optimum correcting 

data calculating unit 201 is very similar to Fig. 34 optimum 

correcting data calculating unit, except that with the Fig. 4 7 

optimum corrected data calculating unit, the locar decoding unit 231 

does not utilize the image data of the first hierarchy. 



-80-

Fig. 48 is a flowchart that iHustrates the operation of the.· 

Fig. 47 .optimum corrected data -calculating unit 201. ·The flowchart 

is similar to the Fig. 35 flowchart that illustrates· the operation of the 

Fig.- 34 optimum corrected data. calculating arittt except that step· 
-

.8207 of the Fig. 48 fl.owcharfis a Step for outputting optimum. · .. · .. · 

corrected data. (Step 8207 of the Fig. 35 flowchart includes 

multiplexing optimum corrected data a1id predictive coeffici~.nts for 

eac-h class and outputting·coded ·data.} 

It should be noted that embodiments of the invention may· be 

utilized to code and decode many different kinds of image signals, 

from television signals in standard formats (e.g., NTSC) to 

high-definition television signals that inelude a ·relative·ty large . · 

amount of data. ·Furthermore, in these embodiments, although each 

process has been described as being carried out for one frame, each 

process may be carried o.ut for one field,.,or for two or more frames. 

ln addition, while block coding has been described as being 

carried out on images .. one frame at a time, the blocks can also be, 

for example, configur~ by . .gathering together plxels of the·same 

position in a plurality of time .. sequence frames. · 

Furthermore, the error information has been described .as. 

being the square sum of the.:error but, .for example, the absolute 

value of the error or the .. sum of the cube (or higher order) of .the 

error can also be used as error information. Which type of 

information to use as the error .information can be decided bas~d on 

statistical properties {e.g.; the convergence). 

Furthermore, although the images are described as being 

coded in the three hierarchm·s, the number of hierarchies is not 

limited to being three. 

As to the optimum correction data of the third hierarchy 

(equal to the lowermost hierarchy), for example, the prediction errors 



-81-

of the prediction values in the respective hierarchies may be 

. calculated, and correction data calculated such that the total error 

for all or some of the prediction values ·combined is lower than a· 
preselected value. · 

., 
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What is claimed is: 

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

means for forming an image data of a second hierarchy having 

a number of pixels which is smaller than that of an image data of a 

first hierarchy; 

means for correcting the image data of the second hierarchy 

and generating a corrected data; 

means for predicting the image data of the first hierarchy in 

accordance with the corrected data and generating a predicted data 

of the first hierarchy having a plurality of predicted pixels; 

means for calculating predictive error of the predicted data of 

the first hierarchy with respect to the·image data of the first 

hierarchy; 

means for determining suitability of the corrected data in 

accordance with the predicted error; and 

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

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

means includes: 

means for generating class informa~on for the corrected data; 

and 

means for generating the prec;iicted pixels in aecordance with 

the class information. . . 

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

means includes: 

means for generating predictive coefficients based upon the 

corrected data; and 

I 11111111111111111111111111111 
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means for generating the predicted data of the first -hierarchy 

based upon the corrected data and the predictive coefficients. 

4. An apparatus according to claim 1, wherein said predicting 

means includes: 

means for generating class information using a plurality of 

pixels of the corrected data; 

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

and 

means for generating the predicted pixels of the first hierarchy 

using the predictive coefficients corresponding to the class 

information and the corrected data. 

5. An apparatus according to claim 4, wherein said outputting 

means outputs the image data of the second hierarchy with the 

predictive coefficients for each class. 

6. An apparatus according to claim 1, wherein said predicting 

means includes: 

memory storing predictive coefficiei:its for each class; 

means for generating class information using a plurality of 

pixels of the corrected data; and 

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

pixels of the first hierarchy using the read predictive coefficients and 

the corrected data. 
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7. An apparatus according to claim 6, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 

8. An apparatus according to claim 7, wherein said outputting 

means outputs the image data of the second hierarchy with the 

predictive coefficients for each class. 

9. An apparatus according to claim 1, wherein 

said correcting means includes a memory storing correction 

values to correct the image data of the second hierarchy; and 

said correcting means corrects the image data of the second 

hierarchy using the correction values. 

10. An apparatus according to claim 1, wherein 

said determining means determines suitability of the· corrected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 

said outputting means outputs the corrected data as the 

coded data in response to the predicted error being less than the 

prescribed ttireshold value. 

11. An ~ppar~tus for decoding data represented by a hierarchical 

codinQ of an. im~ge, comprising: 

means for receiving the coded data including at least image 

data of a second hierarchy having a m:1mber of pixels which is 

smaller than that of an image data of a first hierarchy; 

means for decoding the image data of the first hierarchy from 

image data of the second hierarchy by steps of: 

-----
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forming the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy in 

accordance with the corrected data and generating a predicted 

data of the first hierarchy having a plurality of predicted 

pixels; 

calculating predictive error of the predicted data of the 

first hierarchy with respect to the image data of the first 

hierarchy; 

determining suitability of the corrected data in 

accordance with the predicted error; 

repeating the correctin~ operation as necessary until the 

corrected data becomes an optimum corrected data; and 

outputtting the optimum corrected data as the image 

data of the second hierarchy. 

12. An apparatus according to claim 11 , wherein 

said decoding means includes means for generating class 

information of the image data of the second hierarchy; and 

means for predicting the image data of the first hierarchy in 

accordance with the class information. 

13. An apparatus according to claim 11, wherein 

~aid code~ data includes predictive coefficients to predict the 

image data of the first hierarchy; and 

said decoding means includes means for predicting the image 

data of the first hierarchy using the predictive coefficients and the 

image data of the second hierarchy. 

14. An apparatus according to claim 11, wherein 

I lllllll llllll lllll lllll II 1111 
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said coded data includes predictive coefficients for each class 

to predict the image data of the first hierarchy; and 

said decoding means includes: 

means for generating class information using a plurality 

of pixels of the image data of the second hierarchy; and 

means for predicting the image data of the first 

hierarchy using the predictive coefficients corresponding to 

the class information and the image data of the second 

hierarchy. 

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

means includes: 

memory storing predictive coefficients for each class; 

means for generating class information using a plurality of 

pixels of the image data of the second hierarchy; and 

means for reading the predictive coefficients corresponding to 

the generated class information from the memory and generating the 

image data of the first hierarchy using the read predictive 

coefficients and the image data of the second hierarchy. 

16. An apparatus according to claim 16, wherein said predictive 

coefficients for each class stored in memory are generated using an 

image data for learning. 

17. An apparatus for performing a hierarchy coding comprising: 

means for extracting a plurality .of pixels of image data of a 

first hierarchy and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

means for storing mapping coefficients for each class; and 

I IJlllll l/111/ lllll lifll II Ill/ 
C L M S * 



-87-

means for reading mapping coefficients corresponding to the 

class information and predicting image data of a second hierarchy 

using the image data of the first hierarchy and the read mapping 

coefficients, the image data of the second hierarchy having a 
-

number of pixels which is smaller than that of the image data of the 

first hierarchy. 

18. An apparatus according to claim 17, wherein said predicting 
' 

means inctudes: 

means for extracting a plurality of pixels from the image data 

of the first hierarchy; and 

means for predicting the ima~e-data of the second hierarchy 

where a number of pixels of the image data of the first hierarchy is 

reduced, based upon the extracted ·plurality of pixels and the read 

mapping coefficients. 

19. An apparatus according to claim 17, wherein 

the mapping coefficients for each class are generated using an 

image data for learning. 

20. An apparatus according to claim 17, wherein the mapping 
r 

coefficients for each ·class are generated so that the predicted error 

between predicted data of the image data of the first hierarchy for 

learni'1g predict~d using the image data of the second hierarchy and 

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

21 . An apparatus according to claim 17, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning predicted using the image data of the second 

-----------·-
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hierarchy and the image data of the first hierarchy for ·teaming is less 

than a prescribed threshold value. 

22. An apparatus according to claim 17, wherein the mapping for 

each class is generated by the steps of: 

extracting a pluratity of pixels of image data of a first 

hierarchy for learning and generating class information corresponding 

to the characteristics of the extracted plurality of pixels; 
' 

predicting image data of the second hierarchy where a number 

of pixels for the image data of the first hierarchy for learning using 

the image data of the first hierarchy for learning and mapping 

coefficients corresponding to the class information; 

predicting the image data of the first hierarchy for learning in 

accordance with the coded data and generating predicted data 

having a plurality of predicted pixels; 

generating a predicted error of the predicted data of the imag·e 

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

the first hierarchy for learning; 

updating the mapping coefficients in accordance with the 
. . . 

_ predicted error until the mapping coefficients are optimum mapping 

coefflcients; ·and· 

determining the optimum mapping ·coefficients. 

23. {\n appar~tus according to claim 17, wherein the mapping for 

each class is generated by the steps of: 

forming an image data of the second hierarchy having a 

number of pixels that is smaller than that of an image data of the 

first hierarchy for learning; 

correcting the image data of the second hierarchy and 

generating a corrected data; 

1111111111111111111 fllll ll lllf 
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predicting the image data of the first hierarchy for learning in 

accordance with the corrected data and generating a predicted data 

of the first hierarchy for learning having a plurality of predicted 

pixels; 

calculating the predictive error of the predicted data of the 

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

hierarchy; 

determining suitability of the corrected data in accordance 

with the predicted error; 

repeating the correcting operation until the corrected data is 

an optimum corrected data; and 

generating optimum mapping_ coefficients for each class using 

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

corrected data. 

24. An apparatus for decoding a coded data hierarchical coding an 

image data comprising: 

means for receiving the coded data including·:at least image 

data of the second hierarchy, the image dat;:t of the second hierarchy 

having a ~umber of pixels which is smaller than that of an image 

data of the first hierarchy; and 

means for decoding the image data of the first hierarchy from 

image data of the second hierarchy, 

~aid code.d data generated by the steps of: 

extracting a plurality of pixels of an image data of a first 

hierarchy and generating class information corresponding to 

characteristics of the extracted· plurality of pixels; and 

reading mapping coefficients corresponding to the class 

information from a memory in which mapping coefficients for each 

class are stored and predicting an image data of the second 
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hierarchy using the image data of the second hierarchy having a 

number of pixels which is smaller than that of the image data of the 

first hierarchy. 

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

means includes: 

memory for storing predicted coefficients for each class used 

to generate the mapping coefficients for each class; 
' 

means for extracting a plurality of pixels of the image data of 

the second hierarchy and generating class information corresponding 

to the extracted plurality of pixels; and 

means for reading predicted coefficients corresponding to the 

class information and predicting a decoded image data of a first 

hierarchy using the image data of the second hierarchy and the read 

predicted coefficients. 

26. An apparatus according to claim 25, wherein 

· the predicted coefficients for each class are generated using 

an image data for learning. 

27. An apparatus according to claim 24, wherein 
I 

the mapping coefficients for each tlass are generated using an 

image d_ata for learning. 

28. An apparatus according to claim 24, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning is predicted using the image data of the 

second hierarchy and the image data of the first hierarchy for 

learning is minimum. 
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29. An apparatus according to claim 24, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning is predicted using image data of the second 

hierarchy and the image data of the first hierarchy for learning is less 

than prescribed threshold values. 

30. An apparatus for performing a hierarchical coding, comprising: . 
means for forming an image data of a second hierarchy having 

a number of pixels which is smaller than that of an image data of a 

first hierarchy; 

means for forming an image data of a third hierarchy having a 
1";.· 

number of pixels which is smalter than that of an image data of the 

second hierarchy; 

means for correcting the image data of the third hierarchy and 

generating a corrected data of the third hierarchy; 

first predicting means for generating predicted data of the 

second hierarchy, having a plurality· of pixels.,. in accordance with the 
... 4 •• 

corrected data of the third hierarchy; 

second predicting means.for generating a prediction value of 

the first hierarchy, having a plurality of pixels, in accordance with 
I 

the prediction value of the second hiera~hy; 

error generating means for generating a predicted error of the 

predic!ion value. of the first hierarchy with respect to the image data 

of the first hierarchy; 

means for determining suitability of the corrected data of the 

third hierarchy in accordance with the predicted error; and 

means for outputting the corrected data as the image data of 

the third hierarchy in accordance with the determined result. 
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31. The apparatus of claim 30, wherein said first predicting means 

includes: 

means for generating class information for the corrected data 

of the third hierarchy; and 

means for generating the prediction value of the second 

hierarchy in accordance with the class information. 

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

includes: 

means for generating predictive coefficients of the second 

hierarchy based upon the corrected data of the third hierarchy; and 

means for generating the pre~icted data of the second 

hierarchy based upon the corrected data of the third hierarchy and 

the predictive coefficients of the second hierarchy. 

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

means includes: 

means for generating class information for the predicted value 

of the second hierarchy; and 

means for generating the prediction value of the first hierarchy 

in accordance with the class information. 

34. The apparatus of claim 301 wherein said second predicting 

means includes: . . 
means for generating predictive coefficients of the first 

hlerarchy based upon the predicted value of the second hierarchy; 

and 

means for generating the predicted value of the first hierarchy 

based upon the predicted value of the second hierarchy and the 

predictive coefficients of the first hierarchy. 
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35. An apparatus according to claim 30, wherein first pr:edicting 

means includes: 

means for generating class information using a plurality of 

pixels of the corrected data of the third hierarchy; 

means for gener.ating predictive coefficients for each class 

using the image data of the second hierarchy and the corrected data 

of the third hierarchy; and 

means for generating the predicted value of the second 
' 

hierarchy using the predictive coefficients corresponding to the class 

information and the corrected data. 

36. An apparatus according to c!~im 35, wherein said outputting 

means outputs the correction' data; of the third hierarchy with the 

predictive coefficients for each class. 

37. An apparatus according to claim 30, wherein said first 

predicting means includes: 

memory storing predictive coefficients for each class; 

means for generating class information using a plurality of 

pixels of the corrected data of the third hierarchy; and 

means for reading the predictive coefficients corresponding to 
I 

the class information from the memory and generating the predicted 

pixels of the second hierarchy using the read predi.ctive coefficients 

and th~ corrected data of the third hierarchy. 

38. An apparatus according to claim 37, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 

-----. 
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39. An apparatus according to claim 38, wherein said outputting 

means outputs the corrected data of the third hierarchy with the 

predictive coefficients for each class. 

40. An apparatus according to claim 30, wherein 

said correcting means includes a memory storing correction 

values to correct the image data of the third hierarchy; and 

said correcting means corrects the image data of the third 
' 

hierarchy using the correction values. 

41. An apparatus according to claim 30, wherein 

said determining means determines suitability of the corrected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 

said outputting means outputs the corrected data of the third 

hierarchy as the coded data in response to the predicted error being 

less than the prescribed threshold value. 

42. An apparatus according to claim 30, wherein second 

predicting means includes: 

means for generating ctass information using the plurality of 

pixels of the predicted value of the second hierarchy; 

means for generating predictive coefficients for each class 

using t,he image .data of the first hierarchy and the predicted value of 

the second hierarchy; and 

means for generating the predicted value of the first hierarchy 

using the predictive coefficients corresponding to the class 

information and the predicted value of the first hierarchy. 
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43. An apparatus according to claim 42, wherein said OJJtputting 

means outputs the predicted value of the second hierarchy with the 

predictive coefficients for each class. 

44. An apparatus according to claim 30, wherein said second 

predicting means includes: 

memory storing predictive coefficients for each class; 

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

means for reading the predictive coefficients corresponding to 

the class information from the memory and generating the predicted 

value of the first hierarchy using thE1 read predictive coefficients and , 
If 

the predicted vatue of the second hierarchy. 

45. An apparatus according to claim 44, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 

46. An apparatus according to claim 45, wherein said outputting 

means outputs the predicted value of the second hierarchy along 

with the predictive coefficients for each class. 

47. A method of performing a hierarchical coding,"'Comprising: 

Jorming an image data of a second hierarchy having a number 

of pixels which is smaller than that of an image data of a first 

hierarchy; 

correcting the image data of the second hierarchy and 

generating a corrected data; 
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predicting the image data of the first hierarchy in accordance 

with the corrected data and generating a predicted data of the first 

hierarchy having a plurality of predicted pixels; 

calculating predictive error of the predicted data of the first 

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

determining suitability of the corrected data in accordance 

with the predicted error; and 

outputting the corrected data as the image data of the second 

hierarchy in accordance with the determined result. 

48. A method according to claim 47, wherein said predicting step 

includes: 

generating class information for the corrected data; and 

generating the predicted pixels in accordance with the class 

information. 

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

includes: 

generating predictive coefficients based upon the corrected 

data; and 

generating the predicted data of the first hierarchy based 

upon the corrected data and the predictive coefficients. 

50. ~method. according to claim 47, wherein said predicting step 

includes: 

generating class information using a plurality of pixels of the 

corrected data; 

generating predictive coefficients for each class using the 

image data of the first hierarchy and the corrected data; and 
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generating the predicted pixels of the first hierarchy using the 

predictive coefficients corresponding to the class information and the 

corrected data. 

51. A method according to claim 50, wherein said outputting step 

outputs the image data of the second hierarchy with the predictive 

coefficients for each class. 

52. A method according to clairrr47, wherein said predicting step 

includes: 

generating class information using a plurality of pixels of the 

corrected data; and 

reading from a memory preaictive coefficients corresponding 

to the class information from the memory and generating the 

predicted pixels of the first hierarchy using the read predictive 

coefficients and the corrected data. 

53. A method according to claim 52, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 

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

outputs the image data of the second hierarchy with·1:he predictive 

coefficients for each class. . . 

55. A method according to claim 47, wherein 

said correcting step corrects the image data of the second 

hierarchy using correction values stored in a memory. 

56. A method according to claim 47, wherein 
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said determining step determines suitability of the co:rected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 

said outputting step outputs the corrected data as the coded 

data in response to the predicted error being less than the- prescribed 

threshold value. 

57. A method of decoding data represented by a hierarchical 

coding of an image, comprising: 

receiving the coded data including at least image data of a 

second hierarchy having a number of pixels which is smaller than 

that of an image data of a first hierarchy; 

decoding the image data of the first hierarchy from image 

data of the second hierarchy by steps of: 

forming the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy in 

accordance with the corrected data and generating a predicted 

data of the first hierarchy having a plurality of predicted 

pixels; 

calc':Jlating predictive error of the predicted data of the 

first hierarchy with respect to the image data of the first . . 
hierarchy; 

.det~rmining suitability of the corrected data in 

accordance with the predicted error; 

repeating the correcting· operation as necessary until the 

corrected data becomes an optimum corrected data; and 

outputtting the optimum corrected data as the image 

data of the second hierarchy. 
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58. A method according to claim 57, wherein 

said decoding step includes step for generating class 

information of the image data of the second hierarchy; and 

predicting the image data of the first hierarchy in accordance 

with the class information. 

59. A method according to claim 57, wherein 

said coded data includes predictive coefficients to predict the 
' 

image data of the first hierarchy; and 

said decoding step includes step for predicting the image data 

of the first hierarchy using the predictive coefficients and the image 

data of the second hierarchy. 

60. A method according to claim· 57, wherein 

said coded data includes predictive coefficients for each class 

to predict the image data of the first hierarchy; and 

said decoding step includes: 

generating class information using a pl"uratity of pixels 

of the image data of the second hierarchy; and 

predicting the image data of the first hierarchy using 

the predictive coefficients corresponding to the ctass 

information and the image data of the second hierarchy. 

61. {\method. according to claim 57, wherein said decoding step 

includes: 

generating class information using a plurality of pixels of the 

image data of the second hierarchy; and 

reading from a memory predictive coefficients corresponding 

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

image data of the second hierarchy. 

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

coefficients for each class stored in memory are generated using an 

image data for learning. 

63. A method of performing a hierarchy coding comprising: 

extracting a plurality of pixels of image data of a first 

hierarchy and generating class information corresponding to 

cha'racteristics of the extracted plurality of pixels; 

storing mapping coefficient~.· for each class; and 
(I 

reading mapping coefficients corresponding to the class 

information and predicting image data of a second hierarchy using .. 
the image data of the first hierarchy and the read mapping 

coefficients, the image data of the second hierarchy having a 

number of pixels which is smaller than that of the image data of the 

first hierarchy. 

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

includes: 

extracting a plurality of pixels from the image data of the first 

hierarchy; and 

predicting the image data of the second hierarchy where a 

number of pixels of the image data of the first hierarchy is reduced, 

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

coefficients. 

65. A method according to claim 63, wherein 
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the mapping coefficients for each class are generate_d using an 

image data for learning. 

66. A method according to claim 63, wherein the mapping 

coefficients for each class are generated so that the predicted error 

between predicted data of the image data of the first hierarchy for 

learning predicted using the image data of the second hierarchy and 

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

67. A method according to claim 63, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 
r. .· 

hierarchy for learning predicted·usfng the image data of the second 

hierarchy and the image data of the first hierarchy for learning is less 

than a prescribed threshold value. 

68. A method according to claim 63, wherein the mapping for 

each class is generated by the steps of: 

extracting a plurality of pixels of image data of a first 

hierarchy for learning and generating class information corresponding 

to the characteristics of the extracted plurality of pixels; 
J 

predicting image data of the secorid hierarchy where a number 

of pixels for the image data of the first hierarchy for 4earning using 

the im~ge data 9f the first hierarchy for learning and mapping 

coefficients corresponding to the class information; 

predicting the image data of the- first hierarchy for learning in 

accordance with the coded data and generating predicted data 

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

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

the first hierarchy for learning; 

updating the mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum mapping 

coefficients; and 

determining the optimum mapping coefficients. 

69. A method according to claim 63, wherein the mapping for 

each class is generated by the steps of: 

forming an image data of the second hierarchy having a 

number of pixels that is smaller than that of an image data of the 

first hierarchy for teaming; 

correcting the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy for learning in 

accordance with the corrected data and generating a predicted data 

of the first hierarchy for learning having a plurality of predicted 

pixels; 

calculating the predictive error of the predicted data of the 

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

hierarchy; 

determining suitability of the corrected data in-accordance 

with the predict~d error; 

repeating the correcting operation until the corrected data is 

an optimum corrected data; and 

generating optimum mapping coefficients for each class using 

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

corrected data. 
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70. A method of decoding a coded data hierarchical codi!19 an 

image data comprising: 

receiving the coded data including at least image data of the 

second hierarchy, the image data of the second hierarchy having a 

number of pixels which is smaller than that of an image data of the 

first hierarchy; and 

decoding the image data of the first hierarchy from image 

data of the .second hierarchy, 

said coded data generated by the steps of: 

extracting a plurality of pixels of an image data of a first 

hierarchy and generating class information corresponding to . 

characteristics of the extracted plurality of pixels; and 

reading mapping coeffit:ients corresponding to the class 

information from a memory in which mapping coefficients for each 

class are stored and predicting an image data of the second 

hierarchy using the image data of the second hierarchy having a 

number of pixels which is smaller than that of the image data of the 

first hierarchy. 

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

includes: 

extracting a plurality of pixels of the image data of the 

second hierarchy and generating class information corresponding to 

the extracted plµrality of pixels; and 

reading from a memory predicted coefficients corresponding 

to the class information and predicting. a decoded image data of a 

first hierarchy using the image data of the second hierarchy and the 

read predicted coefficients. 

72. A method according to claim 71, wherein 

------
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the predicted coefficients for each class are generated using 

an image data for learning. 

73. A method according to claim 70, wherein 

the mapping coefficients for each class are generated using an 

image data for teaming. 

74. A method according to claim 70, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning is predicted using the image data of the 

second hierarchy and the image dat!l of the first hierarchy for 

learning is minimum. 

75. A method according to claim 70, wherein 

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning is predicted using image data -Of the second 

hierarchy and the image data of the first hierarchy for learning is less 

than prescribed threshold values. 

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

forming an image data of a second hierarchy having a number 

of pix~ls which is smaller than that of an image data of a first 

hierarchy; 

forming an image data of a third hierarchy .having. a number 

of pixels which is smaller than that of an image data of the second 

hierarchy; 

correcting the image data of the third hierarchy and 

generating a corrected data of the third hierarchy; 
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first predicting step for generating predicted data of the 

second hierarchy, having a plurality of pixels, in accordance with the 

corrected data of the third hierarchy; 

second predicting step for generating a prediction value of the 

first hierarchy, having a plurality of pixels, in accordance with the 

prediction value of the second hierarchy; 

error generating step for generating a predicted error of the 

prediction value of the first hierarchy with respect to the image data 

of the first hierarchy; 

determining suitability of the corrected data of the third 

hierarchy in accordance with the predicted error; and 

outputting the corrected data as the image data of the third 
Ii .. 

hierarchy in accordance with 'th'e determined result. 

77. A method according to claim 76, wherein said first predicting 

step includes: 

generating class information for the corrected data of the 

third hierarchy; and 

generating the prediction value of the second hierarchy in 

accordance with the class information. 

78. A method according to claim 76, wherein said first predicting 

step includes: 

.gener.ati11g predictive coefficients of the _second hierarchy 

based upon the corrected data of the third hierarchy; and 

generating the predicted data of the second hierarchy based 

upon the corrected data of the third hierarchy and the predictive 

coefficients of the second hierarchy. 
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79. A method according to claim 76, wherein said secor:id 

predicting step includes: 

generating class information for the predicted value of the 

second hierarchy; and 

generating the prediction value of the first hierarchy in 

accordance with the class information. 

80. A method according to claim 76, wherein said second 

predicting step includes: 

generating predictive coefficients of the first hierarchy based 

upon the predicted value of the second hierarchy; and 

generating the predicted value of the first hierarchy based 

upon the predicted value of the·second hierarchy and the predictive 

coefficients of the first hierarchy. 

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

includes: 

generating class information using a plurality-" of pixels of the 

corrected data of the third hierarchy;. 

generating predictive coefficients for each class using the 

image data of the second hierarchy and the corrected data of the 

third hierarchy; and 

generating the predicted value of the second hierarchy using 

the prt:dictive C<?efficients corresponding to the class information and 

the corrected data. 

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

outputs the correction data of the third hierarchy with the predictive 

coefficients for each class. 
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83. A method according to claim 76, wherein said first predicting 

step includes: 

generating class information using a plurality of pixels of the 

corrected data of the third hierarchy; and 

reading from a memory the predictive coefficients · 

corresponding to the class information and generating the predicted 

pixels of the second hierarchy using the read predictive coefficients 

and the corrected data of the third hierarchy. 

84. A method according to claim 83, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 

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

outputs the corrected data of the third hierarchy with the predictive 

coefficients for each class. 

86. A method according to claim 76, wherein 

said correcting step corrects the image data of the third 

hierarchy using correction values read from a memory. 

87. A method according to claim 76, wherein 

said determining step determines suitability of-the corrected 

data by detectin_g whether the predicted error is less than a 

prescribed threshold value; and 

said outputting step outputs the-corrected data of the third 

hierarchy as the coded data in response to the predicted error being 

less than the prescribed threshold value. 
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88. A method according to claim 76, wherein second pr~dicting 

step includes: 

generating class information using the plurality of pixels of 

the predicted value of the second hierarchy; 

generating predictive coefficients for each class using the 

image data of the first hierarchy and the predicted value of the 

second hierarchy; and 

generating the predicted value of the first hierarchy using the 

predictive coefficients corresponding to the class information and the 

predicted value of the first hierarchy. 

89. A method according to claim 88, wherein said outputting step 

outputs the predicted value of the ·second hierarchy with the 

predictive coefficients for each class. 

90. A method according to claim 76, wherein said second 

predicting ·step includes: 

generating class information using a plurality. of pixels of the 

predicted value of the second hierarchy; and 

reading from a ~emory the predictive coefficients 

corresponding to the class information and generating the predicted 
I 

value of the first hierarchy using the read predictive coefficients and 

the predicted value of the second hierarchy. 

91. A method according to claim 90, wherein said predictive 

coefficients for each class stored in said memory are generated 

using an image data for learning. 
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92. A method according to claim 91, wherein said outpu_tting step 

outputs the predicted value of the second hierarchy along with the 

predictive coefficients for each class. 

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

forming an image data of a second hierarchy having a number 

of pixels which is smaller than that of an image data of a first 

hierarchy; 

correcting the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy in accordance 

with the corrected data and generating a predicted data of the first 

hierarchy having a plurality of predicted pixels; 

calculating predictive error of the predicted data of the first 

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

determining suitability of the 9orrected data in accordance 

with the predicted error; and 

transmitting the corrected data as the image data of the 

second hierarchy in accordance with the determined result. 

94. A method according to claim 93# wherein said predicting step 

includes: 

generating class information for the corrected data; and 

• gener.ati11g the predicted pixels in accordance with the class 

information. 

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

includes: 

generating predictive coefficients based upon the corrected 

data; and 
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generating the predicted data of the first hierarchy ~ased 

upon the corrected data and the predictive coefficients. 

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

includes: 

generating class information using a plurality of pixels of the 

corrected data; 

generating predictive coefficients for each class using the 

image data of the first hierarchy and the corrected data; and 

generating the predicted pixels of the first hierarchy using the 

predictive coefficients corresponding to the class information and the 

corrected data. 

97. A method according to claim·96, wherein said transmitting 

step transmits the image data of the second hierarchy with the 

predictive coefficients for each class. 

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

includes: 

generating class information using a plurality of pixels of the 

corrected data; and 

reading from a memory predictive coefficients corresponding 

to ~he class information from the memory and generating the 

predic!ed pixels. of the first hierarchy using the read predictive 

coefficients and the corrected data. 

99. A method according to claim 98, wherein said predictive 

coefficients for each class stored in said memory are generated 

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

step transmits the image data of the second hierarchy with the 

predictive coefficients for each class. 

101. A method according to claim 93, wherein 

said correcting step corrects the image data of the second 

hierarchy using correction values stored in a memory. 

102. A method according to claim 93, wherein 

said determining step determines suitability of the corrected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 
/,' 

said transmitting step transrttits the corrected data as the 

coded data in response to the predicted error being less than the 

prescribed threshold value. 

103. An article of manufacture having recorded thereon coded 

image data, the article of manufacture produced by ·the following 

steps of: 

forming an image data of a second hierarchy having a number 

of pixels which is smaller than that of an image data of a first 

hierarchy; 

correcting the image data of the second hierarehy and 

generating a.co~rected data; 

predicting the image data of the first hierarchy in accordance 

with the corrected data and generating a predicted data of the first 

hierarchy having a plurality of predicted pixels; 

calculating predictive error of the predicted data of the first 

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

~ 
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determining suitability of the corrected data in accor~ance 

with the predicted error; and 

recording the corrected data as the image data of the second 

hierarchy in accordance with the determined result. 

104. An article of manufacture according to claim 103, wherein 

said predicting step includes: 

generating class information for the corrected data; and . 
generating the predicted pixels in accordance with the class 

information. 

105. An article of manufacture according to claim 103, wherein 

said predicting step includes: 

generating predictive coefficients based upon the corrected 

data; and 

generating the predicted data of the first hierarchy based 

upon the corrected data and the predictive coefficients. 

106. An article of manufacture according to claim 103, wherein 

said predicting step includes: 

generating class information using a plurality of pixels of the 

corrected data; 

generating predictive coefficients for each class using the 

image .data of the first hierarchy and the corrected data; and 

generating the predicted pixels of the first hierarchy using the 

predictive coefficients corresponding :to the class information and the 

corrected data. 
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107. An article of manufacture according to claim 106, w~erein 

said recording step records the image data of the second hierarchy 

with the predictive coefficients for each class. 

108. An article of manufacture according to claim 103, wherein 

said predicting step includes: 

generating class information using a plurality of pixels of the 

corrected data; and 

reading from a memory predictive coefficients corresponding 

to the class information from the memory and generating the 

predicted pixels of the first hierarchy using the read predictive 

coefficients and the corrected data. 

109. An article of manufacture according to claim 108, wherein 

said predictive coefficients for each class stored in said memory are 

generated using an image data for learning. 

110. An article of manufacture according to claim ·109, wherein 

said recording step records the image data of the second hierarchy 

with the predictive coefficients for each class. 

111. An article of manufacture according to claim 103, wherein 

said correcting step corrects the image data of>the second 

hierarc~y using ~orrection values stored in a memory. 

112. An article of manufacture according to claim 103, wherein 

said determining step determines suitability of the corrected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 
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said recording step records the corrected data as th~ coded 

data in response to the predicted error being ~ess than the prescribed 

threshold value. 

113. A method of transmitting code image data, the coded image 

data produced by the following steps of: 

forming an image data of a second hierarchy having a number 

of pixels which is smaller than that of an image data of a first 

hierarchy; 

correcting the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy in accordance 

with the corrected data and generating a predicted data of the first 

hierarchy having a plurality of predicted pixels; 

calculating predictive error of the predicted data of the first 

hierarchy with respect to the image data of the first hierarchy; and 

determining suitability of the corrected data in accordance 

with the predicted error. 

114. A method of transmitting according to claim 113, wherein 

said predicting step includes: 

~enerating class information for the corrected data; and 

generating the predicted pixels in accordance-with the class 

information •. . 
115. A method of transmitting accor:ding to claim 113, wherein 

said predicting step includes: 

generating predictive coefficients based upon the corrected 

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

upon the corrected data and the predictive coefficients. 

116. A method of transmitting according to claim 113, wherein 

said predicting step includes: 

generating ctass information using a plurality of pixels of the 

corrected data; 

generating predictive coefficients for each class using the 

image data of the first hierarchy and the corrected data; and 

generating the predicted pixels of the first hierarchy using the 

predictive coefficients corresponding to the class information and the 

corrected data. 

117. A method of transmitting according to claim 116, wherein 

said recording step records the image data of the second hierarchy 

with the predictive coefficients for each class. 

118. A method of transmitting according to claim 113, wherein 

said predicting step includes: 

generating class information using a plurality of pixels of the 

corrected data; and 

reading from a memory predictive coefficients corresponding 

to the class information from the memory and generating the 

predic~ed pixels .of the first hierarchy using the read predictive 

coefficients and the corrected data. 

119. A method of transmitting according to claim 118, wherein 

said predictive coefficients for each class stored in said memory are 

generated using an image data for learning. 
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120. A method of transmitting according to claim 119, w~erein 

said recording step records the image data of the second hierarchy 

with the predictive coefficients for each class. 

121. A method of transmitting according to claim 113, wherein 

said correcting step corrects the image data of the second 

hierarchy using correction values stored in a memory. 

1 22. A method of transmitting according to claim 113, wherein 

said determining step determines suitability of the corrected 

data by detecting whether the predicted error is less than a 

prescribed threshold value; and 

said recording step records the corrected data as the coded 

data in response to the predicted error being less than the prescribed 

threshold value. 

123. A method of transmitting hierarchically coded data, the 

method comprising: 

receiving the hierarchically coded image data, and 

transmitting the hierarchically coded image data, 

wherein the hierarchically coded image data has been formed 

by steps of: 

extracting a plurality of pixels of image aata of a first 

~ierarchy _and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

storing mapping coefficients for each class; and 

reading mapping coefficients corresponding to the class 

information and predicting image data of a second hierarchy 

using the image data of the first hierarchy and the read 

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

image data of the first hierarchy. 

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

step includes: 

extracting a plurality of pixels from the image data of the first 

hierarchy; and 

predicting the image data of the second hierarchy where a 

number of pixels of the image data of the first hierarchy is reduced, 

based upon the extracted plurality of pixels and the read mapping 

coefficients. 

125. The method according 'ta claim 123, wherein 

the mapping coefficients for each class are generated using an 

image data for learning. 

126. The method according to claim 123, wherein the mapping 

coefficients for each class are generated so that the predicted error 

between predicted data of the image data of the first hierarchy for 

learning predicted using the image data of the second hierarchy and 

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

127. The method according to claim 123, wherein 

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

hierarchy for learning predicted using.the image data of the second 

hierarchy and the image data of the first hierarchy for learning is less 

than a prescribed threshold value. 
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128. The method according to claim 123, wherein the mapping for 

each class is generated by the steps of: 

extracting a plurality of pixels of image data of a first 

hierarchy for learning and generating class information corresponding 

to the characteristics of the extracted plurality of pixels; · 

predicting image data of the second hierarchy where a number 

of pixels for the image data of the first hierarchy for learning using 

the image data of the first hierarchy for learning and mapping 
' 

coefficients corresponding to the class information; 

predicting the image data of the first hierarchy for learning in 

accordance with the coded data and generating predicted data 

having a plurality of predicted pixels; 

generating a predicted -error of the predicted data of the image 

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

the first hierarchy for learning; 

updating the mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum mapping 

coefficients; and 

determining the optimum mapping coefficients. 

129. The method according to claim 123, wherein the mapping for 

each class is generated by the steps of: 

forming an image data of the second hierarchy- having a 

number of pixel~ that is smaller than that of an image data of the 

first hierarchy for learning; 

correcting the image data of the- second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy for learning in 

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

pixels; 

calculating the predictive error of the predicted data of the 

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

hierarchy; 

determining suitability of the corrected data in accordance 

with the predicted error; 

repeating the correcting operation until the corrected data is 

an optimum corrected data; and 

generating optimum mapping coefficients for each class using 

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

corrected data. 

130. An article of manufacture having recorded thereon 

hierarchically coded image data, the hierarchically coded image data 

formed by the steps of: 

extracting a plurality of pixels of image data of a first 

hierarchy and generating class information co-I-responding to 

characteristics of the extracted plurality of pixels; 

storing mapping coeffici~nts for each class; and 

reading mapping coefficients corresponding to the class , 
information and predicting image data of a second hierarchy 

using the image data of the first hierarchy and-the read 

mapping (fOefficients, the image data Of the second hierarchy 

having a number of pixels which is smaller than that of the 

image data of the first hierarchy .. 

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

said predicting step includes: 
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extracting a plurality of pixels from the image data of the first 

hierarchy; and 

predicting the image data of the second hierarchy where a 

number of pixels of the image data of the first hierarchy is reduced, 

based upon the extracted plurality of pixels and the read mapping 

coefficients. 

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

the mapping coefficients for each class are generated using an 

image data for learning. 

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

the mapping coefficients for each class are generated so that the 

predicted error between predicted data of the image data of the first 

hierarchy for learning predicted using the image data of the second 

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

minimum. 

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

the mapping coefficients for each class are generated so that 

predicted error between predicted data of the image data of the first 

hierarchy for learning predicted using the image data of the second 

hierarchy and the image data of the first hierarchy for learning is tess 

than a prescribed threshold value. . . 

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

the mapping for each class is generated by the steps of: 

extracting a plurality of pixels of image data of a first 

hierarchy for learning and generating class information corresponding 

to the characteristics of the extracted plurality of pixels; 
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predicting image data of the second hierarchy where a number 

of pixels for the image data of the first hierarchy for learning using 

the image data of the first hierarchy for learning and mapping 

coefficients corresponding to the class information; 

predicting the image data of the first hierarchy for learning in 

accordance with the coded data and generating predicted data 

having a plurality of predicted pixels; 

generating a predicted error of the predicted data of the image 

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

the first hierarchy for learning; 

updating the mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum mapping 

coefficients; and 

determining the optimum mapping coefficients. 

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

the mapping for each class is generated by the steps of: 

forming an image data of the second hierarchy having a 

number of pixels that is smaller than that of an image data of the 

first hierarchy for learning; 

correcting the image data of the second hierarchy and 

generating a corrected data; 

predicting the image data of the first hierarchy-for learning in 

accord.ance wit~ the corrected data and generating a predicted data 

of the first hierarchy for learning having a plurality of predicted 

pixels; 

calculating the predictive error of the predicted data of the 

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

hierarchy; 
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determining suitability of the corrected data in accordance 

with the predicted error; 

repeating the correcting operation until the corrected data is 

an optimum corrected data; and 

generating optimum mapping coefficients for each class using 

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

corrected data. 
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