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IMAGE CODING APPARATUS, IMAGE CODING METHOD, IMAGE 
DECODING METHOD, IMAGE DECODING APPARATUS, 

lMAGE DATA TRANSMITTING METHOD AND RECORDING MEDIUM 

Background of the Invention 

1. Field of the Invention 

The present invention relates an image coding apparatus, an 

image coding method, an image decoding apparatus, an image 

decoding method, a record medium and an image transmitting 

method, and more specifically, to an image coding apparatus and an 

image coding method, an image encoding apparatus, an image 

decoding method, a record medium and an image transmitting 

method capable of producing a prediction image with a higher image 

quality in a high efficiency by executing less data process operation. 

2. Description of the Related Art 

Conventionally, various sorts of image compressing methods 

have been proposed. Among these conventiona1 image compressing 

methods, there is one image compressing method which compresses 

by thinning (subsampling) pixels of an image. 

However, when pixel data produced by simply thinning an image 

to compress the thinned image is directly coded, the total amount of 

data to be processed becomes huge. Therefore, because of the 

huge processing requirements, prediction images having a high 

image quality could not effectively be obtained effectively. 

Accordingly, it would be desirable to obtain a high efficiency 
.. 

prediction image with a higher image quality utilizing a small amount 

of data. 

Summary of the Invention .. --ft is an object of the present invention to efficient( y code 

image data. 
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It is a feature of the present invention to provide high image 

quality utilizing a small amount of data. 

tt is an advantage of the present invention to reduce the 

amount of transmitted or recorded data necessary to provide high 

quality images. 

In accordance with an aspect of the present invention an 

apparatus for coding image data having a plurality of pixels includes 

means for reducing a number of pixels of original image data to 

generate compressed data, means for limiting a level of pixels of the 

compressed data to generate limited compressed data, means for 

correcting the limited compressed data to generate corrected data, 

means for predicting the original image data in accordance with the 

corrected data and for generating predicted data having a plurality of 

predicted pixels, means for calculating, with respect to the original 

image data, a predictive error of the predicted data, means for 

determining suitability of the corrected data as coded data based 

upon the predicted error and means for outputting the corrected data 

as coded data of the original image data ~ased upon the determined 

suitability. 

According to another aspect of the present invention an 

apparatus for decoding coded data generated by coding image data 

includes means for receiving the coded data, and means for 

decoding the coded data and generating decoded image data, 

wherein' the coded data is generated by the steps of reducing a 

number of pixels of original image data to generate compressed 

data, limiting a levet of pixels of the compre'ssed data to generate 

1imited compressed data, correcting the limited compressed data to 

generate corrected data, predicting the original image data in 

accordance with the corrected data and generating predicted data 

having a plurality of predicted pixels, calculating, with respect to 
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the original image data, a predictive error of the predicted data, 

determining suitability of the corrected data as coded data based 

upon the predicted error, repeating the step of correcting until the 

corrected data becomes an optimum corrected data, and outputting 

the optimum corrected data as coded data. 

According to yet another aspect of the present invention a 

method for coding image data having a plurality of pixels includes 

the steps of reducing a number of pixels of original'image data to 

generate compressed data, limiting a level of pixels of the 

compressed data to generate limited compressed data, correcting the 

limited compressed data to generate corrected data, predicting the 

original image data in accordance with the corrected data and 

generating predicted data having a plurality of predicted pixels, 

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

of the predicted data, determining suitability of the corrected data as 

coded data of the original image based upon the predicted error, and 

outputting the corrected data as coded data of the original image 

data based up.on the determined suitability. 

According to a further aspect of the present invention a 

method for decoding coded data generated by coding image data, 
. 

includes the steps of receiving th~ coded data, and decoding the 

coded data and generating decoding image data, wherein the coded 

data is generated by the steps of reducing a number of pixels of 

original image data to generate compressed data, limiting a level of 

pixels of the compressed data to generate limited compressed data, 

correcting ~e limited compressed data to generate corrected data, 

predicting the original image data in accordance with the corrected 

data and for generating predicted data having a plurality of predicted 

pixels, calculating, with respect to the original image data, a 

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

outputting the corrected data as coded data of the original image 

data based upon the determined suitability. 

According to yet a further aspect of the present invention an 

apparatus for coding image data having a plura1ity of pixels, inctudes 

a subsampling circuit for reducing a number of pixels of original 

image data to generate compressed data, a limiting circuit for 

limiting a level of pixels of the compressed data to generate limited 

compressed data, a correcting circuit for correcting the limited 

compressed data to generate corrected data, a predicting circuit for 

predicting the original image data in accordance wi~h the corrected 

data and for generating predicted data having a plurality of predicted 

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

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

for determining suitability of the corrected data as coded data based 

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

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

the determined suitability. 

According to an additional aspect of the present invention an 

apparatus for decoding coded data generated by coding image data 

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

decoding the coded data and generating decoding image data, 

wherein the coded data is generated by the steps of reducing a 

number of pixels of original image data to generate.compressed 

data, limiting a level of p{xels of the compressed data to generate 

limited compressed data, correcting the limited compressed data to 

generate corrected data, predicting the original image data in 

accordance with the corrected data and for generating predicted 

data having a plurality of predicted pixels, calculating, with respect 

to the original image data, a predictive error of the predicted data, 
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determining suitability of the corrected data as coded data based 

upon the predicted error, and outputting the correc~ed data as coded 

data of the original image data based upon the determined 

suitability. 

According an ·aspect of the present invention a method for 

transmitting image data flaving a plurality of pixels. includes the 

steps of reducing a number of pixels of original image data to 

generate compressed data, limiting a level of pixels of the 

compressed data to generate limited compressed data, correcting the 

limited compressed data to generate corrected data, predicting the 

original image data in accordance with the corrected data and for 

generating predicted data having a plurality of predicted pixels, 

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

of the predicted data, determining suitability of the corrected data as 

coded data based upon the predicted error, outputting the corrected 

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

determined suitability, and transmitting the outputted corrected data. 

According to a further aspect of the present invention a 

recording medium has an encoded digital signal recorded thereon, 

the recording medium being prepared by the steps of reducing a 

number of pixels of original image data to generate compressed 

data, limiting a level of pixels of the compressed data to generate 

limited compressed data, correcting the limited compressed data to 

generate corrected data, predicting the original image data in 

accordance with the corrected data and for generating predicted 

data having a plurality of predicted pixels, calculating, with respect 

to the original image data, a predictive error of the predicted data, 

determining suitability of the corrected data as coded data based 

upon the predicted error, outputting the corrected data as coded 
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data of the original image data based upon the determined 

suitability, and recording the coded data on the recording medium. 

According to an additional aspect of the present invention a 

method for coding data having a plurality of samples, includes the 

steps of reducing a number of samples of original data to generate 

compressed data, limiting a level of samples of the .compressed data 

to generate limited compressed data, correcting the limited 

compressed data to generate corrected data, predicting the original 

data in accordance with the corrected data and generating predicted 

data having a plurality of predicted samples, calculating, with 

respect to the original data, a predictive error of the predicted data, 

determining suitability of the corrected data as coded data of the 

original data based upon the predicted error, and outputting the 

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

determined suitability. 

According to yet another aspect of the present invention, a 

method for decoding coded data generated by coding data, includes 

the steps of receiving the coded data, and decoding the coded data 

and generating decoding data, wherein the coded data is generated· 

by the steps of limiting a level of samples of the compressed data to 

generate limited compressed data, correcting the limited compressed 

data to generate corrected data,. predicting the original data in 

accordance with the corrected data and for generating predicted .. 
data having a plurality of predicted samples, calculating, with 

respect to the original data, a predictive error of the predicted data, 

determining suitability of the corrected data as coded data based 

upon the predicted error, and outputting the corrected data as coded 

data of the original data based upon the determined suitability. 

According to a further aspect of the present invention, an 

apparatus for coding data having a plurality of samples includes a 
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subsampling circuit for reducing a number of samples of original data 

to generate compressed data, a limiting circuit for limiting a level of 

samples of the compressed data to generate limited compressed 

data, a correcting circuit for correcting the limited compressed data 

to generate corrected data, a predicting circuit for predicting the 

original data in accordance with the corrected data and for 

generating predicted data having a plurality of predicted samples,a 

calculator for calculating, with respect to the original data, a 

predictive error of the predicted data, a determining circuit for 

determining suitability of the corrected data as coded data based 

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

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

determined suitability. 

According to yet another aspect of the present invention an 

apparatus fo·r decoding coded data generated by coding data, 

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

decoding the coded data and generating decoding data, wherein the 

coded data is generated by the steps of reducing a number of 

samples of original data to generate compressed-data, correcting the 

compressed data to generate corrected data, predicting the original 

data in accordance with the corrected data and for generating 

predicted data having a plurality of predicted samples, calculating, 

with respect to the original data# a predictive error of the predicted 

data, determining suitability of the corrected data as coded data 

b~sed upon the predicted error, and outputting the corrected data as 

coded data of the original data based upon the determined 

suitability. 

According to an aspect of the present invention, an apparatus 

for coding image data having a plurality of pixels includes means for 

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

of pixels, means for storing mapping coefficients for each class, 

means for reading mapping coefficients for each class, means for 

reading mapping coefficients corresponding to the class information 

and for producing corrected data using the image data and the read 

mapping coefficients, and means for producing coded data by 

limiting a level of pixets of the corrected data. 

According to another aspect of the present invention, an 

apparatus for decoding coded data generated by coding image data, 

includes means for receiving the coded data, and means for 

decoding the coded data to produce decoded image data, said coded 

data generated by the steps of extracting a plurality of pixels of the 

image data and generating class information corresponding to 

characteristics of the extracted plurality of pixels, storing mapping 

coefficients for each class, reading mapping coefficients for each 

class, reading mapping coefficients corresponding fo the class 

information and for producing corrected data using the image data 

and the read mapping coefficients, and producing coded data by 

limiting a level of pixels of the corrected data. 

According to yet a further aspect of the present Invention, a 

method for coding image data having a plurality of pixels, includes 

the steps of extracting a plurality of pixels of the image data and 

gene~ing class information corresponding to characteristics of the 

extracted plurality of pixels, storing mapping coefficients for each 

class, reading mapping coefficients for each class, reading mapping 

coefficients corresponding to the class information and for producing 

corrected data using the image data and the read mapping 

coefficients, and producing coded data by limiting a level of pixels of 

the corrected data. 
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According to another aspect of the present invention, a 

method for decoding coded data generated by coding image data, 

includes the steps of receiving the coded data, and decoding the 

coded data to produce decoded image data, said coded data 

generated by the steps of extracting a plurality of pixels of the image 

data and generating class information corresponding to 

characteristics of the extracted plurality of pixels, storing mapping 

coefficients for each class, reading mapping coefficients for each 

class, reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image data 

and the read mapping coefficients, and producing coded data by 

limiting a level of pixels of the corrected data. 

According to an additional aspect of the present invention, a 

method for transmitting image data having a plurality of pixels, 

includes the steps of extracting a plurality of pixets of the image 

data and generating class information corresponding to 

characteristics of the extracted plurality of pixels, storing mapping 

coefficients for each class, reading mapping coefficients for each 

class, reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image data 

and the read mapping coefficients, producing coded data·by limiting 

a level of pixels of the corrected data, and transmitting the coded 

data. 

According to an aspect of the present invention, a method for 

transmitting image data having a plurality of pixels,. includes the 

steps of extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics of the 

extracted plurality of pixels, storing mapping coefficients for each 

class, reading mapping coefficients for each class, reading mapping 

coefficients corresponding to the class information and for producing 
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corrected data using the image data and the read mapping 

coefficients, producing coded data by limiting a level of pixels of the 

corrected data, and transmitting the coded data. 

According to an additional aspect of the present invention, a 

recording medium has an encoded digital signal recorded thereon, 

the recording medium being prepared by the steps of extracting a 

plurality of pixels of the image data and generating class information 

corresponding to characteristics of the extracted plurality of pixels, 

storing mapping coefficients for each class, reading mapping 

coefficients for each class, reading mapping coefficients 

corresponding to the class information and for producing corrected 

data using the image data and the read mapping coefficients, 

producing coded data by limiting a level of pixels of the corrected 

data, and recording the coded data on the recording medium. 

According to a further aspect of the present invention, an 

apparatus for coding image data having a plurality of pixels, includes 

a subsampling circuit for extracting a plurality of pixefs of the image 

data and generating class information corresponding to 

characteristics of the extracted plurality of pixels, a memory storing 

mapping coefficients for each class, a circuit for re•ding mapping 

coefficients for each crass, a circuit for reading mapping coefficients 

corresponding to the class information and for producing corrected 

data using the image data and the read mapping coefficients, and a 

limiting circuit for producing coded data by limiting a level of pixels 

of the corrected data. 

According to another aspect of the present invention, an 

apparatus for decoding coded data generated by coding image data, 

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

decoding the coded data to produce decoded image data, said coded 

data generated by the steps of extracting a plurality of pixels of the 
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image data and generating class in formation corresponding to 

characteristics of the extracted plurality of pixels, storing mapping 

coefficients for each class, reading mapping coefficients for each 

class, reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image data 

and the read mapping coefficients, and producing coded data by 

limiting a level of pixels of the corrected data. 

According to an additional aspect of the present invention, a 

method of transmitting coded image data, includes the steps of recei 

ving the coded image data, and transmitting the coded image data, 

wherein the coded image data is produced by the steps of reducing 

a number of pixels of original image data to generate compressed 

data, limiting a level of pixels of the compressed data to generate 

limited compressed data, correcting the limited compressed data to 

generate corrected data, predicting the original image data in 

accordance with the corrected data and for generating predicted 

data having a plurality of predicted pixels, calculating, with respect 

to the original image data, a predictive error of the predicted data, 

determining suitability of the corrected data as coded data based 

up~n the predicted error, and outputting the corrected data as coded 

data of the original image data based upon the determined 

suitability. 

These and other objects, features, advantages and aspects of 

· the invention wilt become apparent when considered with reference 

to the following description and the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a block diagram showing a configuration of an 

embodiment of the present invention applied to an image processing 

system. 
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Figure 2 is a block diagram showing an example configuration 

of the transmitting apparatus 1 . 

Figure 3 is a block diagram of a first embodiment of the 

transmitting apparatus 1 of Figure 2 (excluding 

transmitting/recording device 1 6). 

Figure 4 is a flow chart illustrating the operation of the 

transmitting apparatus 1 of Figure 3. 

Figure 5 is a block diagram of the compressing unit 21 of each 

of Figures 3, 19 and 21. 

Figure 6 is a flow chart illustrating the operation of the 

compressing unit 21 of Figure 5. 

Figure 7 is an illustration of the process of the thinning-out 

unit 31 of Figure 5. 

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

Figure 3. 

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

Figure 10 is a flow chart illustrating the operation of the local 

decoder 22 of Figure 8. 

Figure 11 is a block diagram of the error calculator 23 of 

Figures 3 and 28. 

Figure 12 is a flow chart illustrating the operation~_of the error 

calculator 23 of Figure 1 1. 

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

Figure 3. 

Figure 14 is a flow chart illustrating the operation of the 

determining unit of Figure 13. 

Figure 1 5 is a block diagram of the receiving apparatus of 

Figure 1 for use in connection with the transmitting apparatus of 

Figure 3. 
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Figure 16 is a block diagram of the tocat decoder 22' of 

Figure 28. 

Figure 17 is a block diagram of an embodiment of an image 

processing apparatus for calculating the predictive coefficients for 

storage in the predictive coefficient ROM 81 of Figure 16. 

Figure 18 is a block diagram of a transmitting apparatus 1 of 

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

fourth and fifth embodiment of the invention. 

Figures 19(A), 19(8} and 19{C) are diagrams which illustrate 

the ADRC process. 

Figure 20 is a flow chart illustrating the operation of the 

transmitting apparatus of Figure 18. 

Figure 21 is a block diagram Qf an image processing 

apparatus, according to a fourth embodiment, for performing the 

learning operation used to obtain mapping coefficients. 

Figure 22 is a flow chart illustrating the operation of the image 

processing apparatus of figure 21. 

Figure 23 is a block diagram of the local decoder 127 of 

Figure 21. 

Figure 24 is a flow chart illustrating the operation of the local 

decoder 127 of Figure 23. 

Figure 25 is a block diagram of an image processing . 
apparatus, according to a fifth embodiment, for performing the 

learning operation used to obtain mapping coefficients. 

Figure 26 is a flow chart illustrating the operation of the image 

processing apparatus of Figure 25. 

Figure 27 is a block diagram of a receiving apparatus of Figure 

1 for use in connection with the transmitting apparatus Figure 18. 

Figure 28 is a block diagram of a transmitting apparatus 

according to a second embodiment of the invention. 
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Figure 29 is a flow chart illustrating the operation of the 

transmitting apparatus of Figure 28. 

Figure 30 is a block diagram of a transmitting apparatus 

according to a third embodiment of the invention. 

Figure 31 is a flow chart illustrating the operation of the 

transmitting apparatus of Figure 30. 

Figure 32 is a block diagram of a local decoder 22" of the 

transmitting apparatus of Figure 29. 

Figure 33 is a flow chart illustrating the operation of the local 

decoder 22" of Figure 32. 

Figure ·34 is a block diagram of a determining unit 24~ of the 

transmitting apparatus of Figure 30. 

Figure 35 is a flow chart illustrating the operation of 

transmitting apparatus of Figure 34. 

Figure 36 is a block diagram of a receiving apparatus of Figure 

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

Detailed Description of the Preferred Embodiments 

In order to clarify the corresponding relationship between each 

of the means of the various embodiments described· herein, certain 

characteristics of the present invention are first briefly described . 

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

"unit" is to be interpreted in the broadest sense, including a hard 

wired circuit, a main frame loaded with «ppropriate.software, a 

programmed microprocessor or micro-controller, or a combination of 

these. 

Figure 1 illustrates an arrangement of an embodiment of an 

image processing apparatus to which the present invention is 

applied. To a transmitting apparatus 1, digitalized image data is 
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supplied. The transmitting apparatus 1 thins (namely, reduces the 

pixel number thereof, for example by subsampling) the inputted 

image data to compress/code the thinned image data in order to 

obtain coded image data, and records this coded data on a recording 

medium 2 such as an optical disk, a magneto-optical disk, a 

magnetic tape, and other recording media, otherwise transmits this 

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

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

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

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

data which has been transmitted via the transmission path 3 is 

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

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

be displayed on this display. 

It should also be noted that the above-described image 

processing apparatus may utilized with image recording/reproducing 

apparatuses, for instance, an optical disk apparatu~, a 

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

like. Alternatively, this image processing apparatus may be utilized 

with to image transferring apparatuses, for example, a television 

telephone apparatus, a television broadcasting system, a CA TV 

system and the like. Also, since a data amount of coded data 

outputted from the transmitting apparatus 1 is smatl, the image 

processing apparatus of Figure 1 may be utilized with, for example, 

a portable telephone, and other portable terminal, the transfer rates 

of which are low. 

Figure 2 shows an example of an arrangement of the 

above-described transmitting apparatus 1. 

An f/F (fnterface) 11 is provided to perform a reception process 

of image data externally supplied thereto, and a transmission 
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process of coded data with respect to a transmitting/recording 

device 16. A ROM (Read Only memory) 12 stores therein a program 

for an IPL {Initial Program Loading), and other programs. A RAM 

(Random Access Memory) 1 3 is employed so as to store therein a 

system program (i.e., an operating system) saved in an external 

storage device 15, an application program, and also data required for 

operation of a CPU {Central Processing Unit) 14. The CPU 14 

extends the system program and the application program from the 

external storage apparatus 15 in accordance with the IPL program 

stored in the ROM 12 to RAM 13, and also executes a decoding 

process operation (will be explained later) as to image data supplied 

from the 1/F 11 by executing the application program under control 

of this system program. The external storage apparatus 15 is 

constituted by, for example, a magnetic disk apparatus, and as 

previously described, stores therein the system program and the 

application program executed by the CPU 11, and further stores data 

required in operations of the CPU 14. The transmitting/recording 

device 16 records the coded data supplied from the l/F 11 on the 

recording medium 2, or transmits this coded data via the 

transmission path 3. 

ft should be noted that the above-described l/F ·11, ROM 12, · 

RAM 13, CPU 14, and external storage apparatus 15 are mutuaiiy 

connected via a bus 17. 

In the transmitting apparatus 1 constructed in the above manner, 

when image data is supplied to the 1/F 11, this image data is 

supplied to the CPU 14. The CPU 14 codes the image data, and 

then supplies the resultant coded data to the 1/F 11. Upon receipt of 

the coded data, the l/F 11 supplies this coded data to the 

transmitting/recording apparatus 16. In the tr-ansmitting/recording 

apparatus 16, the coded data derived from the l/F 11 is recorded on 
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the recording medium 2, or is transmitted via the transmission path 

3. 

First Embodiment 

With reference now to Figures 3, 4, 5, 6, 8, 10, 11, 12, 13, 14 

and, 15 a configuration of a first embodiment of the invention is 
described. Figure 3 is a functional block diagram for showing an 

internal arrangement of the transmitting apparatus 1 of Figure 2 

except for the transmitting/recording device 16. 

The image data (the original image data) to be coded is supplied 

to a compressing unit 21, a local decoder 22, and an error calculator 

23. The compressing unit 21 compresses the image data by simply 
thinning pixels (subsampling) of this image data, and also corrects 

such compression data (namely, image data which has been thinned 
and level-limited) under control of the determining unit 24 by limiting 

the levels of the extracted pixel data. The corrected data obtained. 

by correcting the compression data in the compressing unit 21 is 

supplied to the local decoder 22 and the determining unit 24. 

The local decoder 22 predicts an original image based on the 

corrected data supplied from the compressing unit 21, and then 
supplies predicted values to the error calculator 23. As will be 
described later, the local decoder 22 executes an adaptive process 
operation so as to obtain predictive coefficients used to calculate the 
predicted values by way of the linear coupling with the correction 

data. Based upon these predictive coefficients, the local decoder 22 
obtains the predicted values, which are in turn supplied to error 
calculator 23. The resultant predictive coefficients are supplied to 
the determining unit 24. 

The error calculator 23 calculates a prediction error of the 
predicted values derived from the local decoder 22 with respect to 
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the original image data (original image), which is entered into this 

error calculator 23. This prediction error is supplied as error 

information to the determining unit 24. 

Based on the error information derived from the error calculator 

23., the determining unit 24 judges whether or not the corrected data 

outputted from the compressing unit 21 is correctly equal to the 

coded result of the original image. Then, when the determining unit 

24 judges that the corrected data outputted from the compressing 

unit 21 is not equal to the coded result of the original image, this 

determining unit 24 controls the compressing unit 21 to further 

correct the compression data, so that newly obtained corrected data 

is outputted from this compressing unit 21. Also, when the 

determining unit 24 judges that the corrected data outputted by the 

compressing unit 21 is correctly equal to the coded result of the 

original image data, the corrected data supplied from the 

compressing unit 21 is furnished to a multiplexor 2? as optimum 

compression data (to be referred to as "optimum compression data" 

hereinafter, if necessary), and the predictive coefficients supplied 

from the local decoder 22 is supplied to the multiplexor 25. 

The multiplexor 25 multiplexes the optimum compression data 

derived from the determining unit 24 with the predictive coefficients, 

and then suppfies the multiplexed result as coded data to the 

transmitting/recording device 16 (Figure 2). 

Referring now to a flow chart of Figure 4, the operation of the 

transmitting apparatus of Figure 3 is further explained. When the 

image data (the original image data) is supplied to the compressing 

unit 21, the compressing unit 21 first compresses this image data, 

at a step S1, while thinning the image data (namely, extracting plural 

pixels from a large number of pixels). At a step S2., levels of the 

extracted pixel data are limited by extracting 2 bits of this pixel data 
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on the MSB side thereof. Then, this pixel data is outputted to the 

local decoder 22 and the determining unit 24 without any correction 

in the beginning. In the local decoder 22, at a step 53, the 

corrected data derived from the compressing unit 21 is locally 

decoded. This corrected data is equal to such a compression data 

that, as previously explained, the image data is simply thinned and 

also level-controlled in the beginning. 

In other words, at the step 53, the adaptive. process operation 

for obtaining predictive coefficients used to calculate predicted 

values of the original image data is carried out by way of the linear 

coupling operation with the correction data from the compressing 

unit 21. Then, based on these predictive coefficients, the predicted 

values are calculated. The predicted values ca1culated in the focal 

decoder 22 are supplied to the error calculator 23, and the predictive 

coefficients are supplied to the determining unit 24. 

In this case, an image constructed of the predicted values 

outputted from the local decoder 22 is identical to the decoded 

image obtained on the side of the receiving apparatus 4 (Figure 1). 

. When the predicted values of the originat image data are received 

from the local decoder 22 by the error calculator 23, at a step 84, 

the error calculator 23 calculates the prediction error of the predicted 

values derived from the local decoder 22 with respect to the original 

image data, and supplies this prediction error as the error information 

to the determining unit 24. When the error information is received 

from the error calculator 23, the determining unit 24 judges at a step 

85 as to whether or not the corrected data outputted from the 

compressing unit 21 is correctly equal to the coded result of the 

original image data. 

In other words, at a step $5, for instance, a judgment is made as 

to whether or not the error information is fess than a predetermined 
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threshold value "s". At the step SS, when it is so judged that the 

error information is not less than the predetermined threshold value 

"s", a recognition is made that the corrected data outputted from 

the compressing unit 21 is not equal to the coded data of the 

original image data. Then, the process operation is advanced to a 

step 56 at which the determining unit 24 controls the compressing 

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

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

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

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

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

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

operation wilt now be repeatedly carried out. 

On the other hand, at the step SS, when it is so judged that the 

error information· is less than the predetermined threshold value "s", 

a recognition that the corrected data outputted from the 

compressing unit 21 is correctly equal to the coded result of the 

original image data. The determining unit 24 outputs the correction 

data when the error information less than the predetermined 

threshold value "s" as the optimum correction data in combination 

with the predictive coefficient to the multiplexor 25. At a step 87, 

the multiplexor 25 multiplexes the predictive coefficient with the 

optimum compressed data derived from the determ~ning unit 24, and 

outputs the multiplexed result as the coded data. Then, the · 

process operation is ended. 

As previously explained, since the corrected data produced by 

correcting the compressed data, such a condition that the error 

information becomes less than a preselected threshold vatue .. e" is 

used as the coded result of the original image data, it is possible to 

obtain such an image substantially identical to the original image 



- 21 -

data based on this corrected data on the side of th~ receiving 

apparatus 4. 

Next, Figure 5 illustrates an arrangement of the compressing unit 

21 of Figure 3. 

The image data {the original image data) to be coded is inputted 

into a thinning unit 30. The thinning unit 30 may thin the inputted 

image data by 1 /N. As a result, such compression data that the 

image data is compressed by 1 /N is outputted from the thinning unit 

30. This compression data is entered into a level limiting unit 31 so 

as to limit the level of this compression data by extracting, for 

instance, only 2-bit data of the respective pixel data on the side of 

theJv1SB thereof, and this pixel data is expressed by 8 bits. Then, 

the tevet-timited compression data is supplied to a correcting unit 32. 

In response to a control signal sent from the determining unit 24 

(Figure 3), the correcting unit 32 supplies an address to a correction 

value ROM 33, so that the correction value "A" is read out from this 

ROM. Then, the correcting unit 32 produces the corrected data by, 

for example* adding the correction value A read from the correction 

value ROM 33 to the compression data from the level limiting unit 

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

decoder 22 and the determining unit 24. The correction value ROM 

33 stores therein combinations of various sorts of correction vr;1lues 

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

compression data for 1 frame) so as to correct the compression data 

outputted from the level flmiting unit 31. A combination of 

correction values A corresponding to the address supplied from the 

correcting unit 32 is read from this correction value ROM 32 to be 

supplied to the correcting unit 32. 

Referring now to Figure 6, the operation of the compressing unit 

21 shown in Figure 5 is further explained. 
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For example, when the image data for 1 frame is supplied to the 

correcting unit 30, the thinning unit 30 thins this image data by 1 /N 

at a step S11, and outputs the resultant compression data to the 

level limiting unit 31 • 

In this case, as indicated in Fig 7, the thinning unit 30 is 

designed to thin the image data by, for instance, 1/9. That is, the 

thinning unit 30 extracts only a pixel value about a central pixel 

(portion indicated by symbol "• " in Figure 7) in each unit, while 9 

pixels of 3 x 3 (transverse direction x longitudinal direction) are used 

as 1 unit, and also deletes other portions (portions indicated by 

symbol "0" in Figure 7). It should be noted that the thinning unit 

30 performs the above-described process operation in unit of, for 

instance, 1 frame. As a result, the data produced by that image 

data for 1 frame is thinned by 1 /9) is supplied as the compression 

data from the thinning unit 30 to the levet limiting unit 31 . It also 

should be noted that the thinning process operation executed in the 

thinning unit 30 may be alternatively carried out in such a manner 

that an image of 1 frame is subdivided into several blocks, and the 

thinning process operation is performed in units of one block. 

Upon receipt of the supply of the pixel data thinned by 1 /9 from 

the thinning unit 30, at step S12 the level limiting unit 31 limits the 

lev~I of the thinned pixel data by extracting 2-bit data from the pixel 

data indicated by 8 bits, from the MSB side thereof. In other words, 

as a consequence, the respective pixel data are expressed by 2 bits, 

so that the subsequent process operation may be made simple. 

Upon receipt of the compression data from the level limiting unit 

31, the correcting unit 32 judges as to whether or not a control 

signal sent from the determining unit 24 (Figure 3) is received. 

When it is so judged at the step S 13 that the control signal is not 

yet received, the process operation is advanced to a step S16, at 
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which the correcting unit 32 directly outputs the compression data 

derived from the level limiting unit 31 as correction data to the local 

decoder 22 and the determining unit 24. Then, the process 

operation is returned to the step S 13. 

That is to say, as explained above, the determining unit 24 

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

error information. Since the error information is not yet acquired 

immediately after the compression data is received by the level 

limiting unit 31 (because the error information is not outputted from 

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

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

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

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

outputs this compression data as the corrected data to the locat 

decoder 22 and the determining unit 24. 

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

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

the correcting unit 32 outputs an address defined in accordance with 

this control. signal to the correction value ROM 33 at a step 514. As 

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

values A stored at this address and used to correct. the compre·ssion 

data for 1 frame is read at from the correction value ROM 33, and 

then is supplied to the correcting unit 32. Upon receipt of the 

combination of the correction value A read from the correction value 

ROM 33, the correcting unit 32 adds the corresponding correction 

values A to the respective compression data for 1 frame, so that the 

corrected data produced by correcting the compression data for 1 

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

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

from the correcting unit 32 to the local decoder 22 and the 
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determining unit 24, and then is returned to the step S13. When it 

is determined in step S13 that a control signal having an end of 

operation state has been received from the determining unit 24, the 

process is returned to step $11, where the thinning unit 30 thins out 

this image data in step S 11 by 1 /N and then the following 

compressed data is processed in the sarrte way. 

As previously expf ained, the compressing unit 21 repeatedly 

outputs the corrected data obtained by correcting the compression 

data into the various values under control of the determining unit 24. 

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

image of 1 frame is accomplished, the determining unit 24 supplies 

to the compressing unit 21 , such a control signal for indicating this 

completion of the coding operation. Upon receipt of this control 

signal, the compressing unit 21 executes the process operation 

defined in the flow chart of Figure 6 with respect to an image of the 

next frame. 

Also, in the abQve-described case, the compression data is 

produced by the thinning unit 30 by extracting only the pixel data 

(pixel value) about the central pixel of the 3 x 3 pixels. 

Alternatively, for example, ·an average value of the 3 x 3 pixels is 

calculated, and thus, the compression data may be produced by 

using this average value as the pixel value of the central pixel in the 

3 x 3 pixels. 

Next, Figure 8 illustrates an arrangement of the local decoder 22 

shown in Figure 3. 

The corrected data derived from the compressing unit 21 is 

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

block making unit for predicted values calculation 42. The block 

making unit 4 1 for the class classification makes class classifying 

blocks centered about the noted corrected data in units used to 
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classify the corrected data into a preselected class, depending upon 

a nature thereof. 

In other words, for instance, assuming now that in Figure 7, 

corrected data (compression data} (or, pixel) (portion indicated by 

symbol "•") located at an i-th position from the upper position and at 

a j-th position from the left position is expressed· as "Xr,", the block 

making unit 41 for the class classification will cons~itute a class 

classifying block arranged by 5 pixels in total, namely, a pixel "X1i" 
of interest and the following 4 pixels adjacent to this pixel of interest 

at upper, left, right, and lower positions: x(i·1li' xi(j-1)1 xi(j+W Xr .. 11j• 

This class classifying bfock is supplied to a class c1assification 

adaptive processing circuit 43. 

It should be noted, in this case, the class classifying block is 

constituted by a cross-shaped block, but the shape of the class 

classifying block is not required to be such a cross shape. 

Alternatively, other shapes, for example, a rectangular shape, a 

square shape, and other arbitrary shapes may be employed. Also, a 

total number of the pixels for constituting the class classifying block 

is not limited to 5 pixels. 

The block making unit for the predicted value calculation 42 

processes the corrected data to make a predicted values calculating 
. . . 

block ·centered about the noted corrected data in units used to 

calculate the predicted values of the original image data. In other 

words, in Figure 7, assuming now that pixel values of 9 pixels 

( = 3 x 3) in an original image data, while positioning the corrected 

data Xij (portion denoted by symbol • ·" in Figure 7) are expressed 

from the leftmost direction to the rightmost direction, and from the 

upper direction to the lower direction, by: Y11(1), Y1;{2), Yij(3), Yij{4), 

Y1;(5), Yij{6), Y;;(7), Yij(8), Y11(9}, the block making unit for the 

predicted values calculation 42 will constitute a square-shaped 
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predicted values calculating block in order to calculate predicted 

values of the pixels Y1i( 1 ) through the pixel Y1i(9}. This predicted 

values 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)(j·2)• x(i·2)(j-1!• x(l·2)j• xli·21{j+1Jt X(i.2}(j+21• x(i· 1l{j·21• x(i·1HJ·11' xli·11i' 

Xti-nq+w X<1-11tj+21, X1cj-21' x,(j·W xii• X1a+11• Xiq+21' Xu+11(j-21• Xri+11u-11• x(i+11j• 

xti+1)(j+1)• X(i+11(j+21• X(i+21(j·21' X11+211i·W xli+21i' X(i+2J(j+11• X(i+21!j+2)• 

Concretely speaking, for instance, in Figure 7, to calculate the 

predicted values of the pixels Y33( 1 ) to Y33(9) in the original image 

data surrounded by a rectangle, the predicted values calculating 

block is constructed by the following pixels: X 11 , x;2, X 13, X 14, X 15, 

X211 X221 X231 X241 X251 X311 X32r X33, X34r X35, X411 X421 X431 X44, X45, 

Xs1• Xu, Xs3• X54, Xss· 
The predicted values calculating block obtained in the block 

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

class ·classification adaptive processing circuit 43. 

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

number and the shape as to the predicted values calculating block 

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

that the total number of pixels for constituting the predicted values 

calculating block is preferably made larger than the total number of 

pixels for constituting the class classifying block. 

Also, when the above-explained block making process is carried 

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

no corresponding pixels near the image frame of the image. In this 

case, for example, the process operation may be performed, 

assuming now that the same pixels as those for constituting the 

image frame are located outside this image frame. 

The class classification adaptive processing circuit 43 is arranged 

by a class classifying unit 45, and an adaptive processing unit 46, 
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and is designed to perform class classification adaptive processing 

operation. 

A class classification adaptive processing operation implies that 

an input signal is classified into several classes based on features 

thereof, and then, an adaptive process operation suitable for each of 

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

c1asses. Roughly speaking, this class classification adaptive process 

operation is subdivided into a class classification process operation 

and an adaptive process operation. 

Now, both the class classification process operation and the 

adaptive process operation will be simply explained. 

First, the class classification processing operation will now be 

explained. 

It is now assumed that, for instance, as indicat~d in Figure 9(A), 

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

of a pixel of interest, and three pixels located adjacent thereto, and 

each of these pixels is expressed by 1 bit (having any one of level 

"O" and level "1 "). In this case, as indicated in Figure 9(8), a block 

of 4 pixels (2_x 2) may be classified into 16 (= (21)4), depending 

upon level distributions of the respective pixels. Such a pattern 

classification corresponds to the class classification process, which 

is performed in the class classifying unit 45. 

It should be noted that the class classification process operatjon 

may be carried out, taking account of also activities (complexity of 

image), (streng~h of change) of an image (image within block). 

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

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

explained, the class classifying block is arranged by 5 pixels. As a 

result, when the class classification process operation is performed 

with respect to such a class classifying block constituted by the 
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original (8-bit) pixels, this block is classified into such a huge number 

of classes, i.e., (28)5 • 

Therefore, according to this embodiment, as previously 

explained, the bit number of the pixel is reduced (reduced from 8 

bits to 2 bits) in the level limiting unit 31 , so that the number of 

classes is deleted {1024 {=(22)5). 

Subsequently, the adaptive process operation wilt now be 

described. 

For instance, considering now that a predicted values E[y} of a 

pixel value "y" of the image is calculated by a linear primary coupling 

model. This linear primary coupling model is defined by pixel values 

X1, X2, --- of several pixels located around this pixel value (will be 

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

coupling of preselected predictive coefficients W1, W2, ---. In this 

case, the predicted values E[y} may be expressed by the following 

formula: 

ECyl = W,X, + W2X2 + --- W2r,X25 + WO •.• (1). 

where symbol "WO" is an offset coefficient which i~ added so as to 

express E[y} by 8 bits, because the original 8-bit data "Xi" has been 

converted into the 2:-bit data. 

Thus, to generalize this formula, when a matrix W made of a set 

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

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

E(y} are defined by [formula 1 J, 

the following observation equation can be satisfied: 
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X11 X12 x;n 

X= 
~1 X22 Xin 

Xm1 X1n2 Xmn 

K'1 E[y;] 

W= 
W2 

Y' = 
E[y~ 

wn Etr,J 

XW = Y' (2). 

Then, considering now that the predicted values E[yl 

approximated to the pixel value v of the original image data is 

obtained by applying the minimum squaring method to this 

observation equation. In this case, when a matrix Y made of a set 

of pixel values of the original image data {will be referred to· as 

"teacher data" hereinafter, if necessary), and another matrix E made 

of a set of remainder of the predicted vaJues E(y] with respect to the 

pixel value y of the image are defined by (formula 2), the below­

mentioned remainder equation may be satisfied from the formula (2):· 

61 Y1 

E= 
St 

Y= 
Ya 

f ... ... 
em Yn 

XW=Y+E .•• (3). 
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In this case, a predictive coefficient Wi used to calculate the 

predicted values E[y} approximated to the pixel value y of the 

original image data may be calculated by minimizing the square error 

[formula 3]. 

m 

Eef 
/-1 

••• (3) 

As a consequence, the above-described square error is 

differentiated by the predict coefficient Wi becomes 0, namely, the 

predictive coefficient Wi capable of satisfying the f91lowing formula 

becomes an optimum value used to calculate the predicted values 

E[yl approximated to the pixel value "y" of the original image data. 

[formula 41 

(/=1 ,2, ••• ,n) 

••• (4). 

Thus, firstly, since the formula (3) is differentiated by the 

predictive coefficient Wi, the below-mentioned formula can be 

satisfied: 

[formuta 51 

(/=1 .2, ••• ,m) 

• . . (5). 

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

{formula 61 
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m m m 

E 6r11=0,E 8,>(12=0, ••• E e;<1n=O 
/=1 i=1 .. 1 

••• (6). 

Furthermore, considering the relationship among the learning 

data "x", the predictive 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 fol1owing normal equation 

from the formula {6}: 

[formula 71 

m m m m 
<l:X1rXJ1)M'1 +(:Ex11xJw2+ •·· +(Exnx.JWn=CEXirY~ 
M M M M 

m m m m 
KE x,r,1>M'1 + <E xrJ w2 + ••• + <E xrJwn =CE x12J1) 

M 1 .. 1 /=1 1=1 

m m · m m 
CEx;,x11)\4'1 +(I;xnK~W2 + ••• +Q:xnKJWn=<Ex.,r) 
M M M M 

••• (7). 

The normal equations defined in the formula (7) may be 

established, the number of which is the same as that of the 

predictive coefficients w to be calculated. As .a result, an optimum 

predictive coefficient w can be obtained by solving·the formula (7). 

It should be noted that to solve the formula (7), for instance, the 

sweep-out method (Gauss- Jordan's erasing method) may be 

applied. 

As previously described, the adaptive processing operations is 

carried out in such a manner that the optimum predictive coefficient 

w, and further, the predicted values E[y} approximated to the pixel 
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value y of the original image data is calculated based on the formula 

( 1) by using this predictive coefficient w. This adaptive processing 

operation is performed in the adaptive processing unit 46. 

lt should be noted that this adaptive processing operation is 

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

adaptive processing operation, a component is reproduced which is 

contained in an original image data, but is not contained in a thinned 

image data. In other words, the adaptive processing operation is 

identical to the interpolation processing operation with employment 

of a so- called "interpolation ftttert•, while considering only to the 

formula ( 1). However, since the predictive 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 Figure 10, the operation 

of the local decoder 22 of Figure 8 further explained. 

Arst. in the local decoder 22, at a step ·s21, the corrected data 

derived from the compressing unit 21 is processed to make blocks. 

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

the correction data is subdivided into a class classifying block made 

of 5 pixels centered about the noted corrected data, which will be 

then supplied to the class classification adaptive processing circuit 
. . 

43. In the block making unit for the predicted values calculation 42, 

the corrected data is subdivided into a predicted va,ues calculating 

block made of 5 x 5 pixels centered about the noted corrected data, 

which will be then supplied to the class classification adaptive 

processing circuit 43. 
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As previously explained, in addition to the class classifying block 

and the predicted values calculating block, the original image data is 

supplied to the class classification adaptive processing circuit 43. 

The class classifying block is supplied to the class classifying unit 

45, and the prediction calculating block and the ori~inal image data 

are supplied to the adaptive processing unit 46. 

At a step S22, the class classifying unit 45 performs the class 

classification processing operation with respect to the class 

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

state of distribution of each of the pixel levels in the block, and then 

judges to which class, this class classifying block belongs. This 

class judging result is supplied as class information to the adaptive 

processing unit 46. 

It should be understood that in this embodiment, since the class 

classification processing operation is performed with respect to the 

class classifying block constructed of 5 pixels expressed by 2 bits, 

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

1024 classes ( = (22)6). 

Then, the process operation is advanced to-a step S23, at which 

the adaptive processing operation is carried out for each class based 

on the class information supplied from the class classifying unit 45 

to the adaptive processing unit 46. As a _result, both the predicted 

values and the predicted coefficients for each class of 1 frame of the 

original image data are calculated. 

That is, according to this embodiment, for instance, 25 x 9 

predictive coefficients for each class are calculated using the 

corrected data and the original image data for 1 frame, in such a 

case that an attention is made of one certain correction data, 

predicted values as to a total of 5 pixels, namely a pixel 

corresponding to this correction data of interest, and also 4 pixels 
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adjacent to this pixel, are calculated by executing the adaptive 

processing operation with employment of the 25 x 9 predictive 

coefficients and the predicted values calculating block made of 5 x 5 

pixels where the correction data of interest in centered in response 

to c1ass information. 

In concrete terms, fot example, it is now assumed that class 

information C is outputted from the class classifying unit 45, and 

this class information C is related to a class c1assifying block 

constituted by 5 correction data X23, X32, X33, X34, X43, where 

correction data X33 shown in Figure 7 is centered. Also, it is now 

assumed that as the predicted values calculating block 

corresponding to the class classifying block, a predicted values 

calculating block is outputted from the predicted values calculating 

block making unit 42. This prediction calculating block is arranged 

by X,,, X12, X1a1 X,4, X1s, X21• X221 X23, X241 X2s• X311 X32, Xa3, X34, 

X35, X41, X42, X43, X44, X45, X51 , X62, X63, X64, X65, where correction 

data X33 is centered. First, white the correction data for constituting 

this predicted values calculating block is set to the learning data, and 

. the pi~el values Y33 (1) to Y33 (9) of th~ 3 x 3 pixels (a portion 

t!~rrounded by a rectangle in Figure 7) where the corrected data X33 

is centered in the original image data are set to the teacher data, the . . 

normal equation indicated in the formula (7) may be established. 

Moreover, for example, for 1 frame, the normal equation is 

similarly established as to other predicted values calculating blocks 

corresponding to other class classifying blocks which are classified 

into the class information C. When the normal equations are 

es_tablished by which a predictive coefficient W1{k) to a predictive 

coefficient W 25(k) used to calculate a predicted values E[Y 33(k) I of a 

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

equations are solved, so that an optimum predictive coefficient w 1(k) 
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to an optimum predictive coefficient w 5(k) are calculated which are 

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

Y 33{k) as to the class information C. The above-described predictive 

coefficients "w" require 26, since 25 pfeces of the learning data for 

obtaining one predicted values are used and further, one offset 

coefficient is required in this embodiment. Also, the process · 

operations for establishing the normal equations are executed at step 

523 until the above-described number of normal equations can be 

obtained. The above processing is carried out for each class, 25 x 9 

predictive coefficients are calculated. Then, in accordance with the 

below-mentioned formula corresponding to the formula ( 1}, the 

predicted values E[Y 33(k)] is obtained using 25 x 9 predictive 

coefficients corresponding to class information and the 25 pixels in 

the predicted value calculating block: 

E[Y 33(k)] = W 1(k)X11 + W2(k)X12 + W 3(k)X13 

+ W4(k)X14 + W5(k)X1s + We(klX21 

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

+ W1o(k)X2s + W11(k)Xa1 

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

+ W14{k)X34 + W15(k)X35 

+ W16(k)X41 + W17(k)X42 

+ W1afk)X43 + W19(k)X44 

+ Wzo(k)"4s + W21<klXs1 

+ W22(k)X52 + W23(k)X53 

+ W24(k)X54 + W25(k)X55 + Wo(kl ••• un . 
In step S23, after 25 x 9 predictive coefficients for each class 

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

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

S24, the 25 x 9 predictive coefficients for each class are provided to 

determining 24, and predicted values are provided to error calculator 
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23 for each unit of 3 x 3 pixels. Step 821 is then returned to and 

the same process is repeated thereafter, for example, for each one 

frame. 

Next, Figure 11 illustrates an example of an arrangement of the 

error calculator 23 of Figure 3. 

To the blocking, the original image data, is supplied. In this case, 

the blocking unit 51 processes the input image data to make 9 pixel 

blocks in correspondence with the predicted values outputted from 

the local decoder 22. The resultant image blocks {e.g., blocks of 3 x 

3 pixels as surrounded by a rectangle in Figure 7) constructed of 

3 x 3 pixels are supplied from the block making unit 51 to a square 

error calculating unit 52. As previously explained, in addition to the 

blocks supplied from the block making unit 51, the predicted values 

derived from the local decoder 22 is supplied in unit of 9 pixels 

{block unit of 3 x 3 pixels} to the square error calculating unit 52. 

This square error calculating unit 52 calculates a square error as a 

prediction error of this predicted values with respect to the original 

image data, and then supplies this calculated square error to an 

integrator 56. 

That is to say, the square error calculating unit 52 includes 

calculators 53 and 54. The calculator 53 subtracts th~ 

corresponding predicted values from each of the block-processed 

image data outputted from the block making unit 51, and then 

supplies this subtraction value to the calculator 54. The calculator 

54 squares the output (a difference between original image data and 

predicted values thereof) of the calculator 53, and supplies the 

squared value to the integrator 55. 

Upon receipt of the square error from the square error calculating 

unit 52, the integrator 55 reads a stored value of a·memory 56, adds 

this stored value to the square error, and again supplies the added 
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value to the memory 56 so as to be stored therein. Then, the 

above-described operation is repeated by the integrator 55, so that a 

multiplied value of the square error (error distribution}. Furthermore, 

when the integration for a preselected amount {for instance, amount 

for 1 frame) of square errors is completed by the integrator 55, this 

integrator 55 reads out from this integrated value from the memory 

56, and then supplies this integrated value as the error information 

to the determining unit 24. While the stored values of the memory 

56 are cleared every time the process operation as to 1 frame is 

completed, the output values of the integrator 55 stored into this 

memory 56. 

Referring now to a flow chart shown in Figure 12, the operation 

of the error calculator 23 is further explained. First, at a step 531, 

in the error calculator 23, the stored value of the memory 56 is 

cleared to become, for example, "O". Then, the process operation is 

advanced to a step 532, at which the image data is block·processed 

in the above-described manner by the blocking unit 61, and the 

resulting block is supplied to the square error calculating unit 52. In 

the square error calculating unit 52, at a step S33, a calculation.is 

made of the square error between the original image data, which 

constitutes the block supplied from the blocking unit 51, and the 

predicted values supplied from the local decoder 22. 

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

corresponding predication value is subtracted from each of the image 

data, which has been block-processed and supplied by the blocking 

unit 51, and then the subtraction value is furnished to the calculator 

54. Further, at a step S33, the output from the calculator 53 is 

squared by the calculator 64, and the squared value is supplied to 

the integrator 55. 
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Upon receipt of the square error supplied from the square error 

calculating unit 52, the integrator 55 reads out the stored value of 

the memory 56, and integrates the value of the square error by 

adding this read stored value to the square error at a step S34. The 

integrated value of the square error integrated in the integrator 55 is 

supplied to the memory 56, and is overwritten on the preceding 

stored value so as to be stored. 

Then, at a step S35, in the integrator 55, a judgment is made as 

to whether or not the integrations of the square errors as to a 

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

the step 535, when it is so jud~ed that the integrations of the 

square errors for 1 frame data are not accomplished, the process 

operation is retur.ned to the step S32, at which the process 

operation defined from the step 532 is again repeated. At the step 

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

errors for 1 frame data are accomplished, the process operation is 

advanced to a step S36. At this step S36, the integrator 55 reads 

out the multiplied value of the square errors for 1 frame data, stored 

in the memory 66, and then outputs this multiplied value as the error 

information to the determining unit 24. Then, the process operation 

is returned to the step 531, at which the process operations defined 

from the step S31 are repeated. 

As a consequence, in the error calculator 23, assuming now that 

the original image data is Yij(k), and the predicted values thereof 

processed from the corrected data in the .local decoder 22 is 

E[Yij(k)], the error information Q may be calculated by executing a 

calculation in accordance with the following formula: 

0 = I (Yq (k) - (Y1; (k)l)2 , 

where symbol "I" implies a summation of 1 frame data. 
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Next, Figure 13 represents an example of an arrangement of the 

determining unit 24 of Figure 3. 

A predictive coefficient memory 61 stores therein the predictive 

coefficients supplied from the local decoder 22~ A corrected data 

memory 62 stores therein the corrected data supplied from the 

compressing unit 21. 

It should be noted that when the compression data is newly 

corrected, and therefore the newly corrected data is supplied, the 

corrected data memory 62 stores therein the newly corrected data 

instead of the previously stored corrected data (namely, previous 

corrected data). Also, at such time that such a corrected data has 

been updated by the newly corrected data, a set of new predictive 

coefficients for each class corresponding to this newly corrected 

data is outputted from the local decoder 22. Also, ·in the predictive 

coefficient memory 61, in such a case that a new predictive 

coefficient for each class is supplied thereto in the above manner, 

this new predictive coefficient is stored instead of the previously 

stored predictive coefficient for each class (namely I preceding 

predictive coefficient for each class). 

The error information memory 63 stores therein the error 

information supplied from the error calculator 23. It should also be 

noted that the error information memory 63 stores therein the error 

information which has been supplied from the error calculator 23 in 

the previous case, in addition to the presently supplied error 

information (even when the new error information is supplied, the 

previously stored error information is saved until the further new 

error information is supp tied}. Also, the content of "the· error 

information memory 63 is cleared every time the process operation 

for a new frame is commenced. 
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A comparator 64 compares a predetermined threshold vaf ue "e .. 

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 

comparator 64 is supplied to a controller 65. 

The controller 65 judges whether or not the corrected data 

stored in the corrected data memory 62 is correctly (optimally) equal 

to the coded result of the original image data based on the 

comparison result obtained from the comparator 64. When it is 

recognized (judged) that the corrected data is not optimally equal to 

the coded result, the controJter 65 supplies a control signal for 

requesting an output of new corrected data to the compressing unit 

21 (correcting unit 21} (Figure 5). To the contrary, when the 

controlter 65 recognizes that the corrected data stored in the 

corrected data memory 62 is optimally equal to the coded result of 

the image, the predictive coefficient for each class stored in the 

predictive coefficient memory 61 is read out to be outputted to the 

multiplexor 25, and also "the corrected data stored in the corrected 

data memory 62 is read to be outputted as the optimum corrected 

data to the multiplexor 25. Furthermore, in this case, the controller 

66 outputs a control signal to the compressing unit 21, and ·this 

control signal indicates such a message that the coding operation for 

1 frame image is accomplished. As a result, as previously explained, 

the controller 65 causes the compressing unit 21 to commence the 

process operation for the next frame. 

Next, operations of the determining unit 24 is further described 

with reference to Figure 14. At a first step 541, in the determining 

unit 24, the comparator 64 judges as to whether or not the error 

information is received from the error calculator 23, When the 
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comparator 64 judges that the error information is not received, the 

process operation is returned to the step S41. On the other hand, 

when the comparator 64 judges that the error information is 

received, namely when the error information is stored in the error 

information memory 63, the process operation is advanced to a step 

542. At this step 542, the comparator 64 compares a 

predetermined threshold value "e" with the presently stored error 

information (present error information) so as to judge that any one of 

these values is larger. 

At this step S42, when it is so judged that the present error 

information is larger than or equal to a predetermined threshold value 

"e", the comparator 64 reads out the preceding error information 

stored in the error information memo'ry 63. Then, at a step $43, the 

comparator 64 compares the preceding error information with the 

present error information so as to judge whether or not the 

preceding error information is larger than the present error . 
information. 

In such a case that the process operation for 1 frame image is 

commenced, and the error information is first supplied, since the 

preceding error information is not stored into the error information 

memory 63, in this case, the process operations d~fined after the 

step 543 will not be performed in the determining unit 24. The 

controller 65 outputs a control signal for controUing the correcting 

circuit 32 (Figure 5) in order to output a predetermined initial 

address. 

When it is so judged at the step S43 that the present error 

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

namely, when the compression data is corrected to thereby reduce 

the error information, the process operation is advanced to a step 

844. At this step S44, the controller 65 outputs to the correcting 
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circuit 32, such a control signal for instructing that th.e correction 

value A is changed in a similar manner to that of the preceding case. 

Then, the process operation is returned to the step S41. To the 

contrary, when it is so judged at the step S43 that the present error 

information is larger than the preceding error information, namely 

when the error information is increased by correcting the 

compression data, the process operation is advanced to a step S45. 

At this step S45, the controller 65 outputs to the correcting circuit 

32, such a control signat for instructing that the correction value A is 

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

the process operation is returned to the step S41 • . 

It should also be noted that when _the continuously reduced error 

information is increased at certain timing, the contr~ller 65 outputs 

such a control signal for instructing that the correction value A is 

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

opposite to that of the previous case. 

Then, since the process operations defined from the step 541 to 

the step 845 are repeated, the error information is decreased. As a 

result, in the case that it is so judged at the step 842 that the 

present error information is smaller than a predetermined threshold 

value "s", the process operation is advanced to a step S46. At this • 

step 546, the control circuit 64 reads out the predictive coefficient 

for each class stored in the predictive coefficient memory 61, and 

also reads out the corrected data of 1 frame stored in the corrected 

data memory 62. Then, these optimum compressed data and 

predictive coefficients for each class are supplied to the multiplexor 

25, and the process operation is ended. 

Thereafter, the process operations are again repeated in 

accordance with a flow chart shown in Figure 14, while waiting for 

the supply of the error information about the next frame. 
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It should also be noted that in the correcting circuit 32, as to the 

correction of the compression data, all of the compression data for 1 

frame may be corrected, and only a portion of this compression data 

for 1 ·frame may be corrected. When only a portion of the 

compression data is carried out, for instance, the pixels capable of 

giving a strong influence to the error information is detected by the 

controtter 65, and only the compression data about such pixels may 

be corrected. The pixels capable of giving the strong influence to 

the error information may be detected by way of the following 

manner, for instance. That is, first of all, the process operation is 

carried out by directly utilizing the level-controlled compression data 

as to the remaining pixels after thinning, so that this error 

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

the controller 65 to the correcting circuit 32, by which executes a 

process operation for correcting the compression data as to the 

remaining pixels after thinning by the same correcti~n value b. every 

one pixel. The resulting error information is compared with such an 

error information that is obtained when the compression data is 

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

comparison difference becomes larger than, or equal to a 

predetermined value may be detected as the pixel capable of giving 

the strong influence to the error information. 

As previously described, the correcting operation of the 

compression data is repeated until the error information is reduced, 

or decreased smaller ·than a preselected threshold value "e". The 

corrected data obtained when the error information becomes smaller 

than the preselected threshold value "e" is outputted as the coded 

resu1t of the image. Accordingly, in the receiving apparatus 4 

(Figure 1 ), it is possible to produce the decoded image (decoded 

image with high image quality) identical to (or, substantially identical 
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to) the original image data from the corrected data (optimum 

corrected data) where the pixel values of the pixels for constituting 

the thinned image are made as the most proper values used to 

recover the original image data. 

Since the image is compressed by way of the thinning process 

operation, and also by the level limiting process operation and the 

class classification adaptive process operation, it is. possible to 

obtain the coded data with the very high compression rate. It 

should be noted that the above-explained coding process operation 

executed in the transmitting apparatus 1 may be referred to as a 

"combined coding process operation"# since the compression 

process operation by the thinning operation is organically combined 

with the class classification adaptive process operation so as to 

realize the high efficiency compression. 

Referring now to Figure 15, a decoder for use with the first 

embodiment of the invention is now described. Figure 15 illustrates 

an example of an arrangement of the receiving apparatus 4 shown in 

Figure 1 . 

. In a receiving/reproducing unit 71, coded data recorded on the 

recording medium 2 is reproduced, or coded _data transmitted via the 

transmission path 3 is received, and is supplied to a separating unit 

72. In the separating unit 72, the coded data is separated into 

corrected data and a predicted coefficients for each class. The 

corrected data is supplied to a blocking unit for class classifying 73 

and a blocking unit for predicted value calculation 77, whereas the 

predictive coefficients for each class are supplied to a predicting unit 

76 and then are stored in a memory (not shown) for example. 

It should be understood that the blocking unit for class 

classifying 73, the class classifying unit 75, or the blocking unit for 

predicted value calculation 77 are arranged similar to the class 
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classification block circuit 41, the class classifying unit 45, or the 

predicted values calculation block making unit 42, shown in Figure 

8. As a result, in these blocks, a similar process operation to that of 

Figure 8 is carried out. As a result, a predicted values calculating 

block is outputted from the blocking unit for predicted value 

calculation 77, or class information is outputted from the class 

classifying unit 75. These predicted values calculation block and 

class information are supplied to the predicting unit 76. 

In the predicting unit 76, 25 x 9 predictive coefficients are read 

out from the memory (not shown) in response to class information, 

and a calculation is made of a 3 x 3 predicted values in accordance 

with the formula { 1) by using the read predictive coefficient 

corresponding to the class information, and also the 5 x 5 correction 

data for constituting the predicted values catculation block supplied 

from the blocking unit for predicted value calculation 77. Then, an 

image for 1 frame constituted by such a predicted values is 

outputted as a decoded image. As previously explained, this 

decoded image is substantially equal to the original image. 

It should also be noted that even" when the receiving apparatus 4 

as shown in Figure 15 is not employed at the reception end, the 

normal interpolation is carried out without using the predictive 

coefficient by such an apparatus for decoding a thinned image by 

way of a simple interpolation, so that it is possible to obtain a 

decoded image. tn this case, an image quality (resolution) of this 

resultant decoded image is deteriorated. 

Second Embodiment 

In the first embodiment of the invention, the predictive 

coefficient is obtained in the local decoder 22 of Figure 3, and then 

the predicted values is calculated by using this predictive coefficient. 
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Alternatively, the respective predicted values may be calculated 

without obtaining the predictive coefficient in the local decoder 22. 

In further detail, a second embodiment of the invention is 

described with reference to the transmitting apparatus of Figure 28, 

the compressing unit of Figure 5, the local decoder of Figure 16, the 

error calculator of Figure 11, the determining unit of Figure 13 and 

the learning device for predictive coefficients of Figure 17. The 

receiving apparatus for use with this second embodiment is 

illustrated in Figure 15. Except as otherwise noted, the compressing 

unit of Figure 5, the error calculator of Figure 11, the determining 

unit of Figure 13 and the receiving apparatus of Figure 15 operate as 

previously described with respect to the first embodiment of the 

invention. 

With reference now to Figure 28, the transmitting apparatus 

of the second embodiment differs from that of Figure 3 in that the 

local decoder 22' of Figure 28 operates differently from that of local 

decoder 22 of Figure 3, as further explained below. 

Referring now to Figure 16, Figure 16 illustrates another 

embodiment of the toca1 decoder 22 of Figure 3. It should be 

understood that the same reference numerals shown in Figure 8 will 

be employed as those for indicating the corresponding circuit 

portions. That is, instead of the adaptive processing circuit 46, a 

predictive coefficient ROM 81 and a predicting unit 82 are employed 

in the local decoder 22' of Fig 16. Otherwise, other circuit 

arrangements thereof are similar to those of Figure 8. 

The predictive coefficient ROM 81 stores therein predictive 

coefficients with respect to classes, which have been obtained by 

way of learning (will be discussed later). Upon receipt of class 

information outputted from the class classifying unit 45, the 

predictive coefficient stored at an addr.ess corresponding to this 



------· ---------------------

- 47 -

class information is read out from this predictive coefficient ROM 81 

and then is supplied to the predicting unit 82. 

In the predicting unit 82, a calculation is made of a linear 

equation indicated in the formula (1) {concretely speaking, for 

example, formula {8}) by employing the predicted values calculating 

block derived from the block making unit for the predicted values 

calculation 42, and also the predictive coefficient ROM 81 . As a 

result, a predicted values of the original image data is calculated. 

As a result, in accordance with the class classification adaptive 

processing circuit 43 shown in Figure 16, this predicted values can 

be calculated without employing the original images data. 25 x 9 

predictive coefficients for each class stored in the predictive 

coefficients ROM 81 are outputted to determining unit 24 in the 

above embodiment. 

As indicated in Figure 16, when the local decoder 22' is 

arranged, the receiving apparatus 4 shown in· Figure 15 may be 

arranged in such a manner that the post stage of the 

receiving/reproducing apparatus 71 is constituted similar to the class 

·classification processing circuit 43 of Figure 16. 

With reference now to Figure 29, the operation of the local 

decoder 22' of Figure 16 is explained in further detail. First, in the 

local decoder 22', at a step S21, the corrected data derived from the 

compressing unit 21 is processed to make blocks. In other words, in 

the block making unit for class classification 41, the correction data 

is subdivided into a class classifying block made of 5 pixels centered 

about the noted corrected data, which will be then supplied to the 

class classification adaptive processing circuit 43. In the block 

making unit for the predicted value calculation 42, the corrected 

data is subdivided into a predicted values calculating block made of 

5 x 5 pixels centered about the noted corrected data, which will be 
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then supplied to the class classification adaptive processing circuit 

43. 

As previously explained, the class classifying block is supplied to 

the class classifying unit 45, and the prediction calculating block is 

supplied to the predicting unit 82. 

At a step 522, the class classifying unit 45 performs the class 

classification processing operation with respect to the class 

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

state of distribution of each of the pixel l~vels in the block, and then 

judges to which class, this class classifying block belongs. This 

class judging result is supplied as class information to the predictive 

coefficient ROM 81. 

It should be understood that in this embodiment, since the class 

classification processing operation is performed with respect to the 

class classifying block constructed of 5 pixels expressed by 2 bits, 

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

1024 classes ( = (21)&}. 

Then, the process operation is advanced to a step 523', at which 

predictive c«;>efficients corresponding to each class are read. In step 

24:' an adaptive process is executed by predicting unit 82 to 

calculate predictive values. In step 825', the predictive coefficients . . 
for each class are output by predictive coefficient ROM 81, white the 

predictive values are output by predicting unit 82. Step S21 is then 

returned to and the same process is repeated thereafter, for 

example, for each one frame. 

Next, Figure 17 illustrates a structural example of an image 

processing apparatus for executing a learning operation so as to 

obtain the predictive coefficients stored in the predictive coefficient 

ROM 81 shown in Figure 1 6. 

'. 
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To a block making unit for learning 91 and a block making unit 

for teaching 92, image data for a learning purpose (learning image) 

(accordingly, image data before being thinned) is supplied which is 

used to obtain predictive coefficients applicable to any images. 

The learning block making unit for learning 91 extracts, for 

instance, 25 pixels (5 x 5 pixels) of a positional relationship 

indicated by symbol ".•• centered about the noted pixel in Figure 7, 

from the inputted image data, and thereafter supplies a block 

constituted by these 25 pixels as a learning block to a level limiting 

unit 93. The level limiting circuit 93 limits the level of the inputted 

pixel data, and outputs the level~limited pixel data to a class 

classifying unit 94 and a learning data memory 96 .. 

Also, in the block making unit for teaching 92, for example, a 

block constituted by 9 pixels {3 x 3 pixels} centered about the noted 

pixel is produced from the input image data, and then a block 

constituted by these 9 pixels is supplied .as a teacher block to a 

teacher data memory 98. 

It should also be noted that when the learning block constructed 

of, for example, the 25 pixels located in the positional relationship 

indicated by symbol "·" shown in Rgure 7 in the learning block 

making unit for learning 91,. the teacher block of 3 x 3 pixels 

surrounded by a rectangle shown in Figure 7 is produced from the 

block making unit for teaching 92. 

The class classifying unit 93 extracts central 9 pixels (3 x 3 

pixels) from the 25 pixels for constituting the learning block, and 

then executes a class classification with respect to the block made 

of these 9 pixels. The level limiting circuit 93 limits the level of the 

inputted pixel data, and outputs the leveHimited pixel data to a class 

classifying unit 94 and a learning data memory 96. The resulting 
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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 level limiting circuit 93, or the 

teacher block outputted from the block making unit for teaching 92 

is stored at an address (AO) corresponding to the class information 

supplied thereto. 

As a result, assuming now that, for example, the block 

constituted by 5 x 5 pixels shown by symbol .. ·" in Figure 7 is 

stored as the learning block at a certain address of the learning data 

block 96, the block constructed of 3 x 3 pixels indicated in this 

drawing and surrounded by the rectangle is stored as the teacher 

block at the same address as the above.- described address. 

Subsequently, a similar process operation is repeated as to all of 

the prepared learning images, so that the learning block and the 

teacher block are stored at the same addresses in the learning data 

memory 96 and the teacher data memory 98. The teacher block is 

arranged by 9 pixels, in which the predicted values is calculated in 

the local decoder. 22 of Figure 16 by employing the predicted values 

calculating block constituted by 25 corrected data having the same 

positional relationship as that of the 25 plxels for constituting this 

learning block. 

Since a plurality of information is stored at the same addresses in 

the learning data memory 96 and the teacher data memory 98, a 

plurality of learning blocks and a. plurality of teacher blocks can be 

stored at the same addresses. 

When the learning blocks and the teacher blocks as to all of the 

learning images are stored into the learning data memory 96 and the 

teacher data 98, the switch 95 which has selected the terminal "a" 

is changes this terminal into another terminal .. b .. , so that an output 
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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 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, to the calculating unit 99, a set of learning blocks, 

and also a set of teacher blocks of the class corresponding to the 

count value of the counter 97 are supplied. 

Upon receipt of a set of learning blocks and also a set of teacher 

blocks as to a certain class, the calculating unit 99 calcutates a 

predictive coefficient capable of minimizing an error by way of the 

minimum square method by using these block sets. 

tn other words, for instance, assuming now that pixel values of 

pixels for constituting a learning block are X1 X2, X3, ---, and also 

predictive coefficients to be required are w1, w21 w3, -, the 

predictive coefficients w1, w2, w3, ---, must satisfy the following 

formula in order to obtain a pixel va1ue "y" of a certain pixel for 

constituting a teacher block by way of a linear equation of these 

values: 

y = W1X1 + WiX2 + W3X3 + -- + Wo 

As a consequence, the predictive coefficients w11 w2, w3, ---, w0 

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, white these predictive coefficients minimize 

a square error of the predicted values w 1x1 + w2x2 + w3x3 + --- + 
w0 with respect to a true value "y" from both the learning block in 

the same class and the teacher block corresponding thereto. 
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Therefore, 25 x 9 predictive coefficients for each class are 

calculated by carrying out the above process for each class. 

The predictive coefficients with respect to the respective classes, 

which are calculated in the calculating unit 99, are supplied to a 

memory 100. Into the memory 100, the count value is supplied 

from the counter 97 in addition to the predictive coefficients derived 

from the calculating unit 99. As a result, in the memory 100, the 

predictive 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 optimum 25 x 9 predictive coefficients 

. used to predict the 3 x 3 pixels of the block in this class are stored 

at the addresses corresponding to the respective classes in the 

memory 100. 

The predictive coefficients for each class stored in the memory 

100 in the above-described manner are stored in the predictive 

coefficient ROM 81 of Figure 16. In the second embodiment, since 

predictive coefficients for each class are not calculated in the local 

decoder 22' of Figure 16, it is possible to raise processing speed • . 
As indicated in Figure 16, with the configuration of the local 

decoder 22', the receiving apparatus 4 shown in Figure 16 may be 

arranged in such a manner that the post stage of the 

receiving/reproducing apparatus 71 is constituted s1milar to the class 

classification processing circuit 43 of Figure 16. 

Third Embodiment 

In the first embodiment of the invention, the predictive 

coefficient is obtained in the local decoder 22 of Figure 3, and then 

the predicted values is calculated by using this predictive coefficient. 

Alternatively, the respective predictive coefficients need not be 
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calculated, but instead may be omitted from transmission and/or 

recording and then calculated within a receiving apparatus. 

In further detail, a third embodiment of the invention is 

described with reference to the transmitting apparatus of Figure 30, 

the compressing unit of Figure 5, the local decoder of Figure 32, the 

error calculator of Figure 11 and the determining unit of Figure 34. 

The receiving apparatus for use with this third embodiment is 

illustrated in Figure 36. Except as otherwise noted, the compressing 

unit of Figure 5 and the error calculator of Figure 11 operate as 

previously described with respect to the first embodiment of the 

invention. 

With reference now to Figure 30, the transmitting apparatus 

of the third embodiment differs from that of Figure 3 in that the local 

decoder 22" of Figure 28 operates differently from· that of local 

decoder 22 of Figure 3, as further explained below. Furthermore, 

the determining unit 24' of Figure 30 does not output predictive 

coefficients for each class, and therefore, there is no need for a 

multiplexor 25 as in Figures 3 and 28. 

With reference now to Figure 31, the operation of the 

transmitting apparatus of Figure 30 is explained. When the image 

data is supplied to the compressing unit 21, the compressing unit 21 

first compresses this image data, at a step S1, while thinning the 

image data (namely, extracting plural pixels from a large number of 

pixels). At a step S2, levels of the extracted pixel data are limited 

by extracting 2 bits of this pixel data on the MSB side thereof. 

Then, this pixel data is outputted to the local decoder 22" and the 

determining unit 24 without any correction in the beginning. In the 

local decoder 22", at a step S3, the corrected data derived from the 

compressing unit 21 is locally decoded. This corrected data is equal 
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to such a compression data that, as previously explained, the image 

data is simply thinned and also level-controlled in the beginning. 

At the step $3 the predicted values are calculated. The 

predicted values calculated in the local decoder 22" are supplied to 

the error calculator 23. 

In this case, an image constructed of the predicted values 

outputted from the local decoder 22" is identical to the decoded 

image obtained on the side of the receiving apparatus 4 {Figure 1}. 

When the predicted values of the original image data are received 

from the local decoder 22" by the error calculator 23, at a step 54, 

the error calculator 23 calculates the prediction error of the predicted 

values derived from the local decoder 22" with respect to the 

original image data, and supplies this prediction error as the error 

information to the determining unit 24'. When the error information 

is received from the error calculator 23, the determining unit 24' 

judges at a step 55 as to whether or not the corrected data 

outputted from the compressing unit 21 is correcttv. equal to the 

coded result of the original image. 

In other words, at a step S5, for instance, a judgment _is made as 

to whether or not the error information is less than a predetermined 

threshold value 11 e". At the step $6, when it is so judged that the 

error information is not less than the predetermined threshold value 

"e11
, a recognition is made that the corrected data outputted from 

the compressing unit 21 is not equal to the coded data of the 

original image. Then, the process operation is advanced to a step 

56 at which the determining unit 24' controls the compressing unit 

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

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

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

correct the data. The resultant corrected data is outputted to the 
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local decoder 22" and the determining unit 24'. Then, the process 

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

operation will now be repeatedly carried out. 

On the other hand, at the step SS, when it is so judged that the 

error information is less than the predetermined threshold vafue "e", 

a recognition that the corrected data outputted from the 

compressing unit 21 is correctly equal to the coded result of the 

original image data. The determining unit 24 outputs as optimum 

compressed data when the error information less than the 

predetermined threshold value "e". Then, the process is ended. 

As previously explained, since the corrected data produced by 

correcting the compression data, such a condition that the error 

information becomes less than a preselected threshold value "e" is 

used as the coded result of the original image data, it is possible to 

obtain such an image substantially identical to the original image 

data based on this corrected data on the side of the receiving 

apparatus. 

Referring now to Figure 32, a block diagram of the local 

decoder 22" is shown. In contrast to the local decoder 22' of 

Agure 16 (of the second embodiment) the local decoder 22" does 

not output from predictive coefficients ROM 81' predictive 

coefficients for each class. 

With reference now to Figure 33, the operation of the local 

decoder 22" of Figure 32 is explained. First, in the local decoder 

22"' at a step 821, the corrected data derived from the compressing 

unit 21 is processed to make blocks. In other words, in the block 

making unit for crass classification 41, the correction data is 

subdivided into a class classifying block made of 5 pixels centered , 

about the noted corrected data, which will be then supplied to the 

ctass classification adaptive processing circuit 43. fn the block 
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making unit for the predicted value calculation 42, the corrected 

data is subdivided into a predicted values calculating block made of 

5 x 5 pixels centered about the noted corrected data, which will be 

then supplied to the class classification adaptive processing circuit 

43. 

As previously explained, the class classifying block is supplied to 

the class classifying unit 45, and the prediction calculating block is 

supplied to the adaptive processing unit 46. 

At a step 522, the class classifying unit 45 performs the class 

classification processing operation with respect to the class 

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

state of distribution of each of the pixel levels in the block, and then 

judges to which class, this class classifying block belongs. This 

class judging result is supplied as cf ass information to the predictive 

coefficient ROM 81. 

It should be understood that in this embodiment, since the class 

classification processing operation is performed with respect to the 

class classifying block constructed of 5 pixels expressed by 2 bits, 

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

1024 classes(= (22)6). 

Then, th'e process operation is advanced to a step 823', at which 

predictive coefficients corresponding to each class are read. In step 

24' an adaptive process is executed by predicting unit 82 to 

calculate predictive values. In step 825", the predicti_ve values are 

output by predicting unit 82. Step 821 is then returned to and the 

same process is repeated thereafter, for example, for each one 

frame. 

Referring now to Figure 34, the determining unit 24' of the 

third embodiment is explained. In contrast to the determining unit of 

both the first and second embodiments as illustrated in Figure 13, 
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the controller 65' of Figure 34 does not output predicted coefficients 

for each class. Furthermore, the determining unit 24' does not 

include a predictive coefficient memory as shown at 61 of Figure 13. 

With reference to Figure 35, the operation of the determining 

unit 24' of Figure 34 is further explained. As with the determining 

unit of Figure 13, at a first step 541, in the determining unit 24', the 

comparator 64 judges as to whether or not the error information is 

received from the error calculator 23. When the comparator 64 

judges that the error information is not received, the process 

operation is returned to the step $41. On the other hand, when the 

comparator 64 judges that the error information is received, namety 

when the error information is stored in the error information memory 

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

S42, the comparator 64 compares a predetermined threshold value 

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

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

At this step ~42, when it is so judged that the present error 

information is larger than or equal to a predetermined threshold value 

"e", the comparator 64 reads out the preceding error information 

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

comparator 64 compares the precl!ding error information. with the 

present error information so as to judge whether or not-the 

preceding error information is larger than the present error 

information. 

In such a case that the process operation for 1 frame image is 

commenced, and the error information is first supplied, since the 

preceding error information is not stored into the error information 

memory 63, in this case, the process operations defined after the 

step S43 will not be performed in the determining unit 24. The 

controller 65 outputs a control signal for controlling the correcting 
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circuit 32 (Figure 5) in order to output a predetermined initial 

address. 

When it is so judged at the step S43 that the present error 

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

namely, when the compression data is corrected to thereby reduce 

the error information, the process operation is advanced to a step 

544. At this step 544, the controller 65 outputs to .the correcting 

circuit 32, such a control signal for instructing that the correction 

value A is changed in a similar manner to that of the preceding case. 

Then, the process operation is returned to the step 541. To the 

contrary, when it is so judged at the step S4 that the present error 

information is larger than the preceding error information, namely 

when the error information is increased by correcting· the 

compression data, the process operation is advanced to a step $45. 

At this step S45, the controller 65 outputs to the correcting circuit 

32, such a control signal for instructing that the correction value A is 

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

the process operation is returned to the step S41 • 

It should also be noted that when the continuously reduced error 

information is increased at certain timing, the controller 65 outputs 

such a control signal for instructing that the correction value A is 

decreased by, for example, 112, and is changed in a manner 

opposite to that of the previous case. 

Then, since the process operations defined from the step 841 to 

the step S45 are repeated, the error information is decreased. As a 

result, in the case that it is so judged at the step 842 that the 
-

present error information is smaller than a predetermined threshold 

value "e", the process operation is advanced to a step S46. At this 

step S46, the control circuit 64 reads out the corrected data of 1 

frame stored in the corrected data memory 62. Then, the optimum 
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compressed data are supplied to the transmitting/recording device, 

and the process is ended. 

Thereafter, the process operations are again repeated in 

accordance with the flow chart shown in Figure 34, while waiting 

for the supply of the error information about the next frame. 

With reference now to Figure 36, a receiving apparatus 4' for 

use with the third embodiment is explained. In contrast to the 

receiving apparatus of the first and second embodiments (Figure 15), 

since predictive coefficients for each class are not provided to the 

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

72 as in Figure 1 5. Furthermore, since predictive coefficients for 

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

predictive coefficients ROM 78 is utilized to provide predictive 

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

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

that of receiving apparatus 4 of Figure 15. 

It should be understood that the predictive coefficients are not 

stored at the addresses corresponding to the respective classes in 

the pre~ictive coefficient ROM 81' and 78, but average values of the 

pixel values for constituting the teacher blocks may be stored. In 

this case, when the class information is supplied, the pixel value 

corresponding to this class is outputted. Accordingly, in the local 

decoder 22 of Figure 16, neither the block making unit for the 

· predicted values calculation 42, nor the predicting unit 82 is 

provided. 

It should be understood that although the squared summation of 

the errors is employed as the error information in this embodiment, 

other factors such as an absolute value summation of errors and a 

summation of cubed errors may be used as the error information. A 
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decision is made which error information is employed based on, for 

example, the convergence characteristic thereof. 

Also, in this embo_diment, the correcting operation of the 

compression data is repeated until the error information becomes 

less than a preselected threshold value "e". Alternatively, it is also 

possible to make up an upper limit value as to the times of the 

correcting operation for the compression data. That is, in such a 

case that an image is transmitted in real time, the process operation 

for 1 frame must be ended within a predetermined time period. 

There is no definite condition such that the error information is 

converged within such a time period. Therefore, since an upper limit 

value is provided with the times of the correction, when the error 

information is not converged less than the threshold value "e" within 

a predetermined time period, the process operation. for this frame is 

accomplished (at this time, the corrected data is recognized as the 

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

be commenced. 

Furthermore, in this embodiment, the block is constituted by the 

image for 1 frame. Alternatively, the block may be constituted by 

pixels at the same positions over a plurality of time-sequential 

frames. 

Also, in this embodiment, in the compressing unit 21, the image 

is simply thinned, namely, the central pixel in the block made of 3 x 

3 pixets is extracted, and then this is used as the compression data. 

Alternatively, the compressing unit 21 may calculate an average 

value of 9 pixels for constructing the block, and reduces (thins) the 

pixel number thereof by setting this average value as the pixel value 

of the central pixel in the block, so that this reduced data may be 

used as the compression data. 
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Fourth Embodiment 

A fourth embodiment of the invention is now described with 

reference to the transmitting apparatus of Figure 18, the learning 

device for mapping coefficients of Figure 21, the local decoder of 

Figure 23, and the learning device for predictive coefficients of 

Figure 1 7. The receiving apparatus for use with this fourth 

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

the learning device for predictive coefficients of Figure 17 operates 

as previously described with respect to the second embodiment of 

the invention. 

With reference now to Figure 18, the transmitting apparatus 

of the fourth embodiment is explained. 

Image data to be coded is provided to a block making unit 111. 

The block making unit 111 processes the image data to make a class 

classifying block centered about the noted pixel corresponding to the 

unit for classifying this image data into a predetermined class, 

depending upon a nature thereof, and then supplies this class 

classifying block to an ADRC (adaptive dynamic range coding) 

processing unit 112 and a delay unit 115. 

The ADRC processing unit 112 executes the ADRC processing 

operation for the block (class classifying block} derived from the 

block making unit 111, and then supplies a block constructed of the 

resultant ADRC code to a class classifying unit 113. 

In this case, according to the ADRC processing operation, the bit 

number of the pixels for constituting the cf ass classifying block can 

be reduced. 

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

as indicated in Figure 19{A), considering such a block that is 

constructed of 4 pixels aligned on a straight line, both a maximum 

value "MAX" and a minimum value "MIN" of this p~xel value are 
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detected in the ADRC process operation. Then, assuming now that 

DR = MAX - M1N 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 (ADRC code) corresponding to the divided value. Concretely 

stated, for example, in a case where k = 2, as indicated in Figure 

19(8), a judgment is made as to whether or not the divided value 

belongs any one of such ranges obtained by equally dividing the 

dynamic range DR by 4 ( = 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, 

1 OB, or 11 B (symbol "B" represents binary number). Then, on the 

decoding side, the AORC code OOB, 018, 108, or 118 is converted 

into a center value LOO of the lowermost level range, a center value 

L01 of the second 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. 

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

"non-edge matching". As indicated in Figure 19(C), contrary to this 

non-edge matching, there is a so-called improved "non-edge 

matching" corresponding to an ADRC processing operation. That is, 

in this ADRC processing operation, either the ADRC code 008 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 value MAX' 
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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 DR' defined by 

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

It should be noted that a detailed description regarding 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 Applicant. 

As previously explained, the number of classes may be reduced 

by executing the ADRC processing operation such that the 

requantization is performed based on the bit number smaller than the 

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

Returning back to Figure 18, the class classifying unit 113 

executes a class classifying process operation for classifying the 

block outputted from the ADRC processing unit 11 2 into a 

predetermined class, depending upon a nature thereof, and then 

supplies such information for indicating that this block belongs to 

any class as class information to a mapping coefficient memory 114. 

In such a case tha~, for instance, 8 bits or more are allocated to 

each of pixels, the class classifying block is arranged by 9 pixels 

centered about the noted pixel ( = 3x3). When the class 

classification process operation is performed with respect to such a 

class classifying block, this block is classified into such a huge 

number of classes, i.e., (28)8• 

Therefore, according to this embodiment, the ADRC process 

operation is carried out for the class classifying block in the ADRC 

processing unit 112. As a result, the class number is reduced by 

decreasing the bit number of the pixels for constituting the class 

classifying block, and further the class number is also reduced. That 

is, for example, when the ADRC processing operation of 1 bit is 
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carried out in the AORC processing unit 112, the class number is 

reduced from (28) 9 into (2')9, namely to 512. 

It should also be noted that in accordance with this embodiment, 

the class classification processing operation is carried out in the 

class classifying unit 113 based upon the ADRC code outputted 

from the ADRC processing unit 112. This class classification 

processing operation may be performed with respect to such data 

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

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

OCT (discrete cosine conversion}, and Hadamard conversion. 

Again, returning back to Figure 18, as will be discussed later, the 

mapping coefficient memory 114 stores therein the mapping 

coefficients obtained from learning operations (mapping. coefficient 

learning) every class information. While using the class information 

supplied from the class classifying unit 113, the mapping coefficient 

stored at this address is read out from this memory 111 to be 

supplied to a calculating unit 116. 

The delay unit 115 delays the block supplied from the block 

making unit 111 until the mapping coefficient corresponding to the 

class information of this block is read out from the mapping 

coefficient memory 114, and then supplies the delayed block to the 

calculating unit 116. 

The calculating unit 116 performs a predetermined calculation by 

employing the pixel values of the pixels for constructing the block 

supplied from the delay unit 115, and further, the mapping 

coefficient corresponding to the class of this block, which is supplied 

from the mapping coefficient memory 114, so that such coded data 

is calculated, which is obtained by thinning (or reducing) the pixel 

number of this image to code this image. In other words, the 

calculating unit 116 calculates a preselected function value "f" (y1, 
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y 2, ---, 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, y2, ---, 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 pixel value of a center pixel among 

the pixels for constructing the block (class classifying block) 

outputted from the block making unit 111. 

Accordingly, assuming now that the number of pixels for 

constructing the class classifying block outputted from the block 

making unit 111 is equal to N pixels, the calculating unit 116 thins 

the image data by 1 /N, and outputs the 1 /N-thinned data as the 

coded data. 

It should be understood that the coded data outputted from the 

calculating unit 116 is not such data which is produced by selecting 

to output the center pixel of the block arranged by the N pixels, 

namely produced by executing a simple thinning process operation, 

but, as previously described, is equal to the functioh value "f• (y1, 

y2, ---, k1, k2, -) defined by the N pixels for constituting this block. 

Considering it from the different point of view, this function value 

"f" (y1, y 2, ---, k1, k1, --) may b~ such an optimum value. That is, 

the pixel value of the central pixel in the block, which is obtained 

from the simple thinning process operation, is corrected as the 

optimum value capable of obtaining the priginal image data based on 

the pixel values located around this central pixel. Accordingly, the 

data obtained by calculating the mapping coefficient and the pixels 

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

required. 
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Also, the calculation process executed in the calculating unit 1 16 

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

vafues of the respective pixels for constituting the class classifying 

block outputted by the block making unit 111 into the function "f" 

(y1, y 2, ---, k1, k2, ---). Accordingly, the coefficients k1, k2, ---, used 

in such a process operation will be referred to as "mapping 

coefficients". The catcufating circuit 116 supplies the coded data to 

the level limiting unit 11 7. 

The level limiting unit 17 extracts 2-bit data of the MSB side of 

the coded data of 8 bits and supplies the coded data, limited to 2-bit 

data, to the transmitting/recording unit 118. 

The transmitting/recording unit 118 records the correction data 

supplied as the coded data from the level limiting unit 11 7 on the 

recording medium 2, or transmits this correction data via the 

transmission path 3. 

Referring now to a flow chart of Figure 20, the operation of the 

transmitting apparatus of Figure 18 is further explained. 

The image data is supplied in units of, for instance, 1 frame 

(field) to the block making unit 111. In the block making unit 111, 

at a steJ? 561, the image for 1 frame is processed to make the class 

classifying block. That is, for example, as indicated in Figure 7 by 

surrounded by a rectangle, the block making unit 111 subdivides the 

im~ge 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 to the 

delay unit 115. 

tn 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 



------------------

- 67 -

may be made from, for instance, a rectangular, a cross-shape, and 

other arbitrary 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 is 

not arrange~ by the adjoining pixels, but may be alternatively 

arranged by such pixels located apart from each other. It should be 

noted that the shape and the pixel quantity of the class classifying 

block must be made coincident with those during the learning 

operation (mapping coefficient teaming operation, win be discussed 

later). 

At a step 562, upon receipt of the class classifying bf ock from 

the block making unit 111, the ADRC processing unit 112 executes, 

for example, the ADRC process operation of 1 bit with respect to 

this block, so that a block constituted by pixels expressed by 1 bit is 

accordingly made. The class classifying block which has been 

AORC processed is furnished to the class classifying unit 113. 

In the class classifying unit 113, at a step 863, the class 

classifying block derived from the ADRC processing unit 112 is 

classified into a class, and thus the resultant class information is 

supplied as an address to the mapping coefficient memory 114. As 

a consequence, the mapping coefficient corresponding to the class 

information furnished from the class classifying unit 113 is read out 

from the mapping coefficient memory 114, and then is supplied to 

the calculating unit 116. 

On the other hand, in the defay unit 115, the class classifying 

block derived from the block making unit 111 is delayed, and the 

delayed class classifying block is supplied, while waiting for the 

mapping coefficient corresponding to the class information of this 

block is read out from the mapping coefficient memory 114. At a 

step 564, in the calculator 116, the above-described function "f{ ·)" 
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{symbol "·" appearing in this function "f" indicates a set of pixel 

values y1, y21 ---, and mapping coefficients k1, k2, ---) is calculated by 

employing the pixel values of the respective pixels for constituting 

the class classifying block derived from the delay unit 11 5, and also 

the mapping coefficients read out from the mapping coefficient 

memory 114. As a result, it is possible to calculate such correction 

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

constituting the class classifying block. This correction data is 

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

In the level limiting unit 117, at a step 865, the coded data of 8 

bits is supplied as the 2-bit data of the MSB side thereof to the 

transmitting/recording unit 118. In the transmitting/recording unit 

118, at a step S66, the coded data supplied from the level limiting 

unit 117 is recorded on the recording medium 2, or transmitted via 

the .transmission path 3. 

Then~ .the process advanced to a step 867, at which a judgment 

made as to whether or not the process operation for the image data 

for 1 frame is accomplished. At this step S67, when it is so judged 

that the process ·operation for the image data for 1 frame is not yet 

completed, the process operation is returned to. the previous step 

862, at which the process operation defined after the step 862 is 

r~peated for the next class classifying block. To the contrary, when 

it is so judged at the step S67 that the process operation for the 

image data for 1 frame is completed, the process operation is 

returned to the step S61, at which the process operation defined 

after the step 861 is repeated for the next frame. 

Next, Figure 21 illustrates a block diagram of an image 

processing apparatus for executing a learning (mapping coefficient 

learr:1ing) process operation used to calculate the mapping 
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coefficients stored in the mapping coefficient memory 114 shown in 

Figure 18. 

In the memory 121 , the digital image data for training for more 

than 1 frame, which is suitable for the learning process (will be 

referred to as a "learning image .. hereinafter, if necessary) is stored. 

A block making unit 122 reads the image data stored· in the memory 

121 , constitutes a class classifying block identical to that outputted 

from the block making unit 111 show!' in Figure 18, and then 

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

calculating unit 125. 

Either the ADRC processing unit 123 or the class classifying unit 

124 executes a similar process operation to that of the ADRC 

processing unit 112 or the class classifying unit 11 3 shown in Figure 

18. As a result, the class information of the block outputted from 

the block making unit 122 is outputted from the class ctassifying 

unit 1 24. Then, this class information is supplied as an address to 

the mapping coefficient memory 131. 

The calculating unit 125 performs the same calculation as that of 

the calculating unit 116 of Figure 18 by employing the pixels for 

constituting the block supplied from the block makipg unit 122, and 

also the mapping coefficient supplied from the mapping coefficient 

memory 131. Thus, the calculating unit 125 provides compressed 

data to a level limiting unit 126. This level limiting unit 126 limits 

the levels of the pixels of the compressed data and then suppUes or 

126 supplies the resultant correction data (function "f" ( ·)) to the 

local decoder 127. 

Based upon th~ correction data supplied from the level limiting 

circuit 126, the local decoder 127 predicts (calculates} a predicted 

values of an original learning image data (namely, predicted values of 

pixel values of pixels for constructing block outputted from block 
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making unit 1 22), and then supplies the predicted value to an error 

calculator 128. The error calculator 128 reads a pixel value (true 

value) of a learning image corresponding to the predicted values 

supplied from the local decoder 127, calculates (detects) a prediction 

error of the predicted values with respect to the pixel value of this 

learning image, and then supplies this calculated prediction error as 

error information to a determining unit 129. 

The determining unit 1 29 compares the error information 

supplied from the error ca!culator 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 determining unit 129, the mapping coefficient setting unit 130 

sets (changes) a set of mapping coefficients, the number of which is 

identical to the number of classes obtained by the class classifying 

unit 124, and then supplies the changed set of the mapping 

coefficients to a mapping coefficient memory 131. 

The mapping coefficient memory 131 temporarily stores therein 

the mapping coefficient supplied from the mapping coefficient 

setting unit 130. It should be understood that the mapping 

coefficient memory 131 contains storage regions capable of storing 

mapping coefficients (set of mapping coefficients), the number of 

regions equal to the number classes to be classified in the class 

classifying unit 124. In each of the storage regions, when a new 

mapping coefficient is supplied from the mapping coefficient setting 

unit 130, this new mapping coefficient may be stored instead of the · 

previously stored mapping coefficient. 

Also, the mapping coefficient memory 131 reads the mapping 

coefficient stored at the address corresponding to the class 

information supplied from the class classifying unit 124, and then 

supplies the read mapping coefficient to the calculating unit 1 26. 
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Referring now to the flow chart of 22, operation of the learning 

device for mapping coefficients is further explained~ 

First, at a step 871, the mapping coefficient setting unit 1 30 

sets a set of initial values of the mapping coefficients by only the 

number equal to the classes to be classified in the class classifying 

unit 124, and then supplies the set of these initial values to the 

mapping coefficient memory 131 . In this mapping coefficient 

memory 131, the mapping coefficient (initiat value) derived from the 

mapping coefficient setting unit 130 is stored a the address of the 

corresponding class. 

Then, at a step 872, the block making unit 122 processes all of 

the learning images stored in the memory 121 to make blocks 

constituted of 3 x 3 pixels centered about the noted pixel in a similar 

manner to that executed in the block making unit 111 shown in 

Figure 18. Furthermore, the block making unit 1 22 reads out this 

block from the memory 121, and sequentially supplies the read block 

to the ADRC processing unit 123 and the calculating unit 125. 

At a step S73, similar to the process operation by the ADRC 

processing unit 112 of Figure 18, the ADRC processing unit 123 

performs the ADRC processing operation of 1 bit for the block 

outputted from the block making unit 122, and then supplies the 

AORC-processed block to the class classifying unit 124. 

At a step 81 24, in the class classifying unit 124, a decision is 

made of a class of the block supplied from the ADRC processing unit 

123, and this class information is supplied as an address to the 

mapping coefficient memory 131. As a consequence, at a step 875, 

a mapping coefficient is read out from an address of the mapping 

coefficient memory 131 , which corresponds to the class information 

supplied from the class cfassifying unit 124, and then the read 

mapping coefficient is supplied to the calculating unit 126. 
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When the block is received from the btock making unit 1 22, and 

also the mapping coefficient corresponding to the class of this block 

is received from the mapping coefficient memory 131 , the 

calculating unit 125 calculates the above-explained function value 

"f( ·)" by employing this mapping coefficient, and the pixel values of 

the pixels for constituting the block supplied from the block making 

unit 122 at a step 576. This calculation result is furnished to the 

level limiting unit 1 26 as the compressed data obtained by correcting 

the pixel value of the central pixel of the block supplied from the 

block making unit 122. Then, as a consequence, at a step 577 T 2 

bit data from the MSB side is selected from 8 bit data, and the pixel 

data, the 2-bit data of which is bit-limited, is supplied to the local 

decoder 127. 

In other words, for instance, in Figure 7, assuming now that the 

block of 3 x 3 pixels surrounded by the rectangle is outputted from 

the block making unit 122, the calculating unit 125 calculates 

correction data produced by correcting the pixel values of the pixels 

denoted by symbol .. •" in this drawing, and this cor~ection data is 

level-limited by the level limiting unit 126, and thereafter outputs this 

calculated correction data to the local decoder 127. 

As a consequence, in the calculating unit 126, the number of 

pixels for constituting the learning image data is thinned by 1 /9, and 

thus the thinned pixel number is supplied to the local d~coder 127. 

Returning back to Agure 22, the process operation is advanced 

to a step S78, at which a check is made as to whether or not the 

correction data about all of the learning images stored in the memory 

121 have been calculated. When it is so judged at the step S78 that 

the correction data about all of the learning data are not yet 

calculated, the process operation is returned to the previous step 

S73. Then, the process operations defined after the $73 to the step 
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578 are repeated until the correction data about aft of the learning 

images are calculated. 

When it is so judged at the step 578 that the correction data 

about all of the learning images are calculated, namely when such a 

thinned image could be obtained which is produced by thinning all of 

the learning images stored in the memory 121 by 1/9, the process 

operation is advanced to a step 579 at which this 1 /9-thinned image 

is local-decoded in the local decoder 127, so that a predicted values 

of the original learning image data is calculated. It ~hould be 

understood that this 1 /9-thinned image is not equal to such a 

thinned image produced by simply thinning the learning image data 

by 1 /9, but equa1 to another thinned image obtained by calculating 

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

predicted values are supplied to the error calculator 128. 

In this case, the image constituted by the predicted values 

obtained in this local decoder 127 (noting that, as will be explained 

later, the image obtained when error information outputted from 

error calculator 128 becomes smaller than the threshold value e1} ·is 

identical to the decoded image obtained on the side of the receiving 

apparatus 4 (Figure 1). 

In the error calculator 128, the learning image is read out from 

the memory 121 at a step SSO, and then a predicti<>n error of the 

predicted values supplied from the local decoder 127 with respect to 

this read learning image data is calculated. In other words, when 

the pixel value of the learning image data is expressed as "'Yr;", and 

the predicted values thereof outputted from the local decoder 127 is 

expressed as "E[Yi;l ", error dispersion (namely, squared summation 

of error) "Q" indicated by the following formula is calculated in the 

error calculator 128. This error dispersion is supplied as error 

information to the determining unit 1 29. 
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0 = I(Yij-EIY1i]) 2~ where symbol "I" indicates a summation of all 

pixels of the learning images. 

Upon receipt of ttie error information from the error calculator 

128, the determining unit 129 compares this error information with 

the preselected threshold value "e1 ", and judges as to whether or 

not this error information is larger than the threshold value "e1 " at a 

step $81. When it is judged at the step S81 that the error 

information is larger than, or equal to the threshold value "e1 ", 

namely in the case that no recognition is made that the image 

constituted by the predicted values obtained in the local decoder 

127 is equal to the original learning image data, the determining unit 

129 outputs a control signal to the mapping coefficient setting unit 

130. At a step 582, in response to the control signal derived from 

the determining unit 129, the mapping coefficient setting unit 130 

changes the mapping coefficient, and causes this changed mapping 

coefficient to be newly stored into the mapping coefficient memory 

131. 

Then, the process operation is returned to the previous step 573, 

at which the process operations defined after the step S73 are again 

repeated by employing the changed mapping coefficient stored in 

the mapping coefficient memory 131. 

Now, it should be understood that the mapping coefficient may 

be varied at random in the mapping coefficient setting unit 130. 

Alternatively, in such a case that the present error information 

becomes smaller than the preceding .error information, the mapping 

coefficient may be changed in accordance with a trend similar to the 

preceding trend. Also, in the case that the present error information 

becomes larger than the preceding error information, the mapping 

coefficient may be changed in accordance with a trend opposite to 

the previous trend. 
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Furthermore, the mapping coefficient may be changed as to all of 

the classes, or a portion of the classes. When only the mapping 

coefficient 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 a mapping coefficient may be varied. 
. .. . . 

A class capable of giving a strong influence to error information may 

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

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

thereby obtain error information thereof. Thereafter, the mapping 

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

resulting error information is compared with the error information 

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

comparison difference becomes larger than, or equal to a 

predetermined value may be detected as the class capable of giving 

a strong influence to the error information. 

Also, in such a case that a plurality of mapping coefficients such 

as the above·described k1, k2, --- are set as 1 set, only the mapping 

coefficient capable of giving the strong influence to the error 

information among then may be changed. 

Furthermore, in the above case, the mapping efficient are set 

every class. Alternatively, the mapping efficient may be 

independently set with respect to, for instance, each of the blocks, 

or in unit of the adjoining blocks. 

It should be noted that, for example, when the mapping 

coefficient is independently set every block , there are some 

possibilities that plural sets of mapping coefficients are acquired with 

respect to a certain single class (conversely, there are some 

possibilities that a class will occur where a set of mapping 

coefficient could not be obtained). Finally, since the mapping 

coefficient should be determined every class, as explained before, 
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when plural sets of mapping coefficients are· obtained as to a certain 

class, a certain process operation, merge operation or select 

operation is carried out for the plural sets of mapping coefficients, 

so that one set of mapping coefficient must be determined. 

On the other hand, when it is so judged at the step S81 that the 

error information becomes smaller than the threshold value "e1 ", 

namely when a recognition is made that the image constituted by 

the predicted values obtained in the local decoder 127 is identical to 

the original learning image data, the process operation is completed. 

At this time, the mapping coefficients every class, which have 

been stored in the mapping coefficient memory 131, are set into the 

mapping coefficient memory 114 of Figure 18 as the optimum 

mapping coefficients capable of obtaining the correction data by 

which the decoded image (predicted values) recognizable as the 

same image as the original image data can be reproduced. 

As a consequence, since the correction data is produced by 

using such a mapping coefficient, it is possible to. obtain the image 

substantially identical to the original image data on the side of the 

~eceiving apparatus 4 (Figure 1). 

As previously described, in the embodiment of Figure 21, the 

image is s~bdivided into the block constituted by 9 pixels centered 

about the noted pixel (3 x 3 pixels) by the block making unit 122, 

whereas the ADRC processing operation of 1 bits i~ carried out for 

the _image block in the ADRC processing unit 123. As a 

consequence, the number. of classes obtained by the class 

classification by the class classifying unit 124 is equal to 512 

( =(21
)
9
). Accordingly, 512 sets of mapping coefficients are 

obtained. 

Next, Figure 23 iHustrates an example of an arrangement of the 

local decoder 1 27 shown in Figure 21. 
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The correction data derived from the level limiting unit 1 26 of 

Figure 21 is supplied to a block making unit for class classification 

141 and to a block making unit for predicted value calculation 142. 

The block making unit for class classification 141 makes class 

classifying blocks centered about the noted corrected data in unit 

used to classify the corrected data into a preselected class, 

depending upon a nature thereof. 

In other words, for instance, assuming now that in Figure 7, the 

correction data (compression data), (otherwise, pixel) (indicated by 

symbol "·" in Figure 7) located at an i-th position from the upper 

position and at a j-th position from the left position is expressed as 

"Xq", the block making unit 141 for the class classification will 

constitute a class classifying block arranged by 5 pixels in total, 

namely, a pixel "Xit of interest and the following 4 pixels adjacent 

to this pixel of interest at upper, left, right, and lo~er positions: 

Xci·tW ~0•1 ,, XiC;+w Xri.1ii· This class classifying block is supplied to a 

class classifying unit 144. 

It should be understood that the class classifying block obtained 

in the block making unit for class classification 141 of Figure 23 is 

constituted in order to determine the class of the block used to 

calculate the predicted values. At this point, this class classifying 

block is different from the class classifying block produced in the 

block making unit 111 of Figure 18 so as to determine the class of 

the block for calculating the correction data. 

The block making unit for predicted values calculation 142 

processes the correction data to make a predicted values calculating 

block centered about the noted corrected data in unit used to 

calculate the predicted values of the original image .data (namely, in 

this case, leaning image data). In other words, in this embodiment, 

pixel values of 9 pixels ( = 3x3) in the original image data centered 
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around the correction data Xij are expressed by: Yi;(1 ), Yij(2}, Yii(3), 

Yi;(4), Yi;f5), Yi1(6}, Yi1(7}, Yi1(8), Yi;(9). These pixel values may be 

obtained from 25 pixels ( = 5x5) centered around the pixel "Xit. 

These 25 pixels are defined by: x(i·2.Hi·21• xli·21lj·1JI xti·2Jj• x(i·2)(j+1l' 

x(i·2l(j+2)t x{i·1l(j- 2)• Xu-nu-nr Xri-1)jt x(l·1}(j+1lt x(i-1)(j+2)• xi{j·2l• xi(j·W xij• xi(j+1)t 

Xi1;+211 X11+11{j-21• Xa+1u;-w Xn+1>1• X1i+11(j+111 Xrr+rn.1+21• Xo+21u-21• Xu+21u-111 

Xu+21;• X11+21t1+n• Xp+2uJ+21· 

Concretely stated, for instance, in Figure 7, to calculate the 

predicted values of the pixels Y33(1) to Y33(9) in the original image 

data surrounded by a rectangular, the predicted values calculating 

block is constructed by 25 the following pixels {correction data): X 11 , 

X12• X1s• X,4, X1s• X21• X22r X23, X24• X2s• X3,, X32, Xs3, X34, X35, X4,, 

X42, X43, X441 X4s1 Xs1• Xs21 Xs3• X54, Xss· 

The predicted values calculating block obtained in the block 

making unit for predicted value calculation 142 are supplied to a 

predicting unit 146. 

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

number and the shape as to the predicted values calculating block 

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

that the total number of pixels for constituting the predicted values 

calculating block in the local decoder 127 is preferably made larger 

than the total number of pixels for constituting the class classifying 

block. 

Also, when the above-explained block making process is carried 

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

no correspo·nding pixels near the image frame of the image. In this 

case, for example, the process operation may be performed, 

assuming now that the same pixels carried out (similar to process 

operations other than block making), there are no corresponding 

pixels near the image frame of the image. In this case, for example, 
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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 classifying unit 144 classifies the block supplied from 

the block making unit for class classification 141, and then supplies 

the classified result as class information to a predictive coefficient 

ROM 145. The predictive coefficient ROM 145 stores therein 

predictive coefficients for each class, and when the class 

information is received from the class classifying unit 144, a 

predictive coefficient stored at an address corresponding to this 

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

should be noted that the predictive coefficient stored in the 

predictive coefficient ROM 145 are obtained by way of learning 

process operation (predictive coefficient learning, will be discussed 

later). 

The predicting unit 146 calculates (predic~s} a predicted values of 

an original image data (learning image data) by employing the 

predicted values calculation block derived from the block making unit 

for predicted value calculation 142, and also the predictive 

~oefficient read from the predictive coefficient ROM 145. 

Referring now to the flow chart of Figure 24, the operation of the 

local decoder 127 of Figure 23 is further explained. 

First, in the local decoder 127, at. a step S91, the correction data 

derived from the level control unit 126 is sequentially received to be 

processed to make blocks. tn other words, in the block making unit 

for class classification 141, the correction data is subdivided into a 

ctass classifying block made of 5 pixels centered about the noted 

corrected data, which will be then supplied to the class classifying 

unit 144. In the block making unit for predicted values calculation 

142, the correction data is subdivided into a predicted values 
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calculating block made of 5x5 pixels centered about the noted 

corrected data, which will be then supplied to the predicting unit 

146. 

It should also be noted that in the block making. unit for class 

classification 141 and the block making unit for predicted value 

calculation 142, the corresponding class classifying block and the 

corresponding predicted values calculating block are produced. That 

is to say, in block making unit for class classification 141 , for 

instance, when a class classifying block made of 5 pixels centered 

around the correction data X33 of Figure 7 is produced, whereas a 

predicted values calculating block constituted by 5x5 pixels centered 

around the same correction data X33 is produced in the predicted 

values calculating block. 

At a step S~2, the class classifying unit 144 executes the class 

classification processing operation with respect to the class 

classifying block, namely, detects states of distribution of each of 

the levels of the corrected data in the block, to thereby judge as to 

such a class to which this class classifying block belongs. This 

class judgment result is supp~ied as the class information to the 

predictive coefficient ROM 145. 

It should be understood that in this embodiment of Figure 24, 

since the class classification processing operation is performed with 

respect to the class classifying block constructed of 5 pixels where 

1 pixel is expressed by ·2 bits, each of the ctass classifying blocks is 

classified into any one of ·512 classes ( = (22) 6). 

Then, the process operation is advanced to a step S93, at which 

predictive coefficients are read out from the address of the 

predictive coefficient ROM 145, which corresponds to the class 

information supplied from the class classifying unit 144. At a step 

. S94, the predicting unit 146 calculates a predicted ·values E[yJ of a 
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predicted values "y" of the original image data by employing this 

predictive coefficient, and the 25 pixel values for constituting the 

predicted values calculating block supplied from the predicted values 

calculating block in accordance with the following linear equation: 

E[y] = W 1X1 + w2x2 + --- w25x25 + w0 , 

where symbols w,, w2, ---, w0 represent predictive coefficients, and 

symbols x1, x2, --- denote pixel values (correction data) of pixels for 

constructing the predicted values calculating block,· especially 

symbols w 0 , which is an offset coefficient which is added so as to 

express E(y] by 8 bits, because the original 8-bit data "x1 has been 

converted into the 2-bit data. 

Now, in the embodiment of Figure 23, as previously explained, 

the predicted values of the 9 pixels may be calculated from the 25 

pixels for constituting the predicted values calculating block. 

Concretely stated, for example, it is now assumed that class 

information C is outputted from the class classifying unit 144, and 

this class information C is related to a class classifying block 

constituted by 3x3 corrected data X 22, X 23, X 24, X32, X33, X 34, X 42, 

X43, ~,where correction data X33 shown in Figure 7 is centered. 

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

block, a ·predicted values calculating block making unit 142. This 

prediction calculating block is arranged by X 11 , X12, X 13, X 14, X15, 

X211 X221 X2s1 X241 X25, Xa11 X32, X33, X34, Xss, X4,, X421 X43, X44, X45, 

X61 , X52, X63, X641 X65, where correction data X33, is centered. 

Moreover, it is assumed that w1(k) to w 25(k), and w0(k)" are 

stored as a set of predictive coefficients at an address corresponding 

to the class information C in the predictive coefficient ROM 145. 

In. this case, predicted values E[Y 33{ 1) J through E[Y 33(9) 1 of the 

pixel values Y 33( 1) to Y 33{9) of the 3x3 pixels (namely, a portion 

surrounded by a rectangle in Figure 7) in the original image data 
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centered around the correction data X33 are calculated in accordance 

with the following formula: 

E[Y33{k)] = w1{k)X11 + w2(k)X12 + W3(k)X, 3 

+ W4(k)X,4 + W5(k)X15 + W5{k)X21 

+ w 7(k)X22 + w8(k)X23 + w9{k)X24 

+ W10Ck)X25 + W11fk)X31 

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

+ W14(k)X34 + W15{k)X35 

+ W1efk)X41 + W17(k)X42 

+ w 18(k)X43 + W19{k)X44 

+ W2o(k)X45 + W21(k)X51 

+ W22(k)X52 + W23(k)X53 

+ W24(k)X54 + W25{k)Xss + Wo{k) 

When 9 pieces of the predicted values are obtained at the step 

$94 in the above-described manner, the process operation is 

returned to the previous step S91, at which the process operations 

defined from the step 591 to the step S94 are repeated, so that the 

predicted values are calculated in unit of 9 pixels. 

An image processing apparatus for exeC':Jting the learning 

operation (predictive coefficient learning) used to acquire the 

predictive coefficients stored in the predictive coefficient ROM 145 

of Figure 23 is constructed in a similar manner to that of Figure 17. 

Thus explanations thereof are omitted. 

Next, Figure 27. represents a illustrates an embQdiment of a 

receiving apparatus 4" corresponding to the transmitting apparatus 

1 of Figure 18. 

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

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

transmitted via the transmission path 3 is received to be suppfied to 

a decoder 192. 
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The decoder 192 includes a block making unit for class 

classification 193 through a predicting unit 198, wl)ich correspond 

to the class classification block making unit 14 1 through the 

predicting unit 146 employed in the local decoder 127 shown in 

Figure 23. As a result, in the decoder 192, predicted values are 

calculated from correction data, and then an image constituted by 

these predicted values is outputted as a decoded image in a similar 

manner to the operations of the local decoder 127 of Figure 23. 

Predictive coefficients for each class stored in predictive coefficients 

ROM 197 are the same as predictive coefficients used in mapping 

coefficients for the learning process. 

Since the correction data causes the error information to be less 

than a predetermined threshold value,· it is possible to obtain an 

image substantially equal to the original image data in the receiving 

apparatus 4. In these embodiments, although each process is 

carried out for one frame, each process may be carried out for one 

field, for two frames or more than two frames. 

It should be understood that when the normal interpolation is 

carried out by an apparatus for decoding a thinned image by way of 

the interpolation on the reception side, the decoded image may be 

obtained even if the receiving apparatus 4 shown in Figure 27 is not 

used. However, in this alternative case, the image quality 

(resolution) of the resultant decoded ima.ge is deteriorated. 

Although the image for 1 frame has been subdivided to make the 

image block in this embodii:nent, this block may be formed by 

collecting, for instance, pixels located at the same positions in a 

plurality of frames which are time-sequentiaUy continued. 

Also, in this embodiment, as the error information, the square 

summation of the errors is employed. Alternatively, for example, a 

summation of absolute values of the errors, and a summation of 
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cubed errors may be employed as the error information. A decision 

is made which value is employed as the error information, by 

considering the convergence characteristic thereof. 

Fifth Embodiment 

A fifth embodiment of the invention is now described with 

reference to the transmitting apparatus of Figure 18, the learning 

device for mapping coefficients of Figure 25 and the local decoder of 

Figure 23. The receiving apparatus for use with this fifth 

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

the transmitting apparatus of Figure 18, the local decoder of Figure 

23 and the receiving apparatus of Figure 27 operate as previously 

described with respect to the fourth embodiment of the inv~ntion. 

With reference now to Figure 25, the learning device for 

mapping coefficients for use in the fifth embodiment is now 

explained. Figure 25 shows the structure of an image processing 

apparatus for performing a learning (mapping coefficient learning) 

process used to calculate mapping coefficients for storage in the 

mapping coefficient memory 114 of Figure 18. 

It should be noted that according to the image processing 

apparatus of Figure 21, ·even when the function "f"·is expressed by, 

for instance, the linear equation, and further the· non-linear equation, 

and the secondary, or more equations, the optimum predictive 

cc;>efficient may be obtained. To the contrary, in the image 

processing apparatus of Figure 25, only when the function "f" is 

expressed by the linear equation, the optimum predictive coefficient 

may be calculated. 

In other words, the image processing apparatus of Figure 25 may 

be used in the fotf owing case. That is, in Figure 18, when the pixel 

values of the respective pixels for constituting the block made of 3 x 
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3 pixels outputted from the block making unit 111 are set to y 1, y 2, 

---, y9 , and the mapping coefficients outputted from the mapping 

coefficient memory 114 are set to k1, k2, k3, --- , k9, the calculating 

unit 116 calculates the function "f" (y1, y2, ---, k1, k2, ---) in 

accordance with the below-mentioned formula to obtain correction 

data. 

f M = k,y, +k2Y2+ ···+ksY9 

To an optimum correction data calculating unit 160, a learning 

image data suitable for a learning operation is supplied in unit of, for 

instance, 1 frame. The optimum correction data calculating unit 160 

includes a compressing unit 170, a level limiting unit 171, a 

correcting unit 172, a local decoder 173, an error calculating unit 

174, and a determining unit 175. The optimum correction data 

calculating unit 1 60 calculates a pixel value (will be referred to as 

"optimum correction data" hereinafter, if necessary) for constituting 

an optimum image used to predict the ·original image data, being an 

image whose pixel number is reduced, from the learning image . 

entered into this optimum correction data calculating ·unit 160, and 

then supplies this calculated pixel value to a buffer unit 176. 

In other words, the learning image data supplied to the optimum 

correction data calculating unit 160 is supplied to a compressing unit 

170 and an error calculating unit 174. The compre.ssing unit 170 

simply thins (subsamples) the learning image data at the same rate 

as the rate under which the pixels are thinned by the calculating unit 

116 of Figure 18, so that the learning image data is compressed and 

the compressed image data is supplied to a level limiting unit 171. 

That is, in this embodiment, the learning image data is simply 

thinned by 1 /9 (when 9 pixels of 3 x 3 pixels are set as 1 block, 

only a central pixel of this block is extracted). In the level limiting 
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unit 1 71 , after the level of the pixel data is limited, the level-limited 
pixel data is outputted to the correcting unit 172. 

The correcting unit 172 corrects data under control of the 

determining unit 175, and this data is supplied from the level limiting 

unit 171, and simply thinned and compressed, the level of which is 
limited to 2 bits by selecting 2 bits of the MSB side from 8·bit data 
(wilt be referred to as "compression data" hereinafter, if necessary). 
Then, the resultant data corrected in the c~rrecting unit 172 is 

supplied to the local decoder 1 73, and this corrected data will be 
referred to as "correction data" hereinafter, if necessary, since as to 
this data, the pixel value of the central pixel in the block made of 3 x 
3 pixels is corrected in a similar manner to the output from the 

calculating unit 116 of Figure 18. 

Similar to the case of the local decoder 127 of Figure 21, the 

local decoder 173 predicts the original image data {learning image 

data) based on the correction data derived from the correcting unit 
172, and then supplies this predicted values to the error calculator 
174. 

Similar to the case of the error calculator 138 of Figure 21, the 

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

Based on the error information derived from the error calculating 
unit 17 4, the determining unit 175 judges as to whether or not the 
correction data outputted from the correcting unit 172 is properly 
equal to the compressed original image data. Then, when the 
determining unit 175 judges that the correction data outputted from 
the correcting unit 172 is not properly equal to the compression 
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result of the original image data, the determining unit 175 controls 

the correcting unit 172, and further corrects the compression data, 

so that the newly obtained correction data is outputted. Also, when 

the determining unit 175 judges as to whether or npt the correction 

data outputted from the correcting unit 172 is properly equal to the 

compression result of the original image data, the correction data 

supplied from the correcting unit 172 is supplied as optimum 

correction data to a buffer unit 176. 

The buffer unit 176 contains a memory 176A for storing therein 

the optimum correction data supplied from the optimum correction 

data calculating unit 160. Furthermore, the buffer unit 176 reads 

out such an optimum correction data corresponding to the central 

pixel of the block read from a memory 177 A of a block making unit 

177, among the optimum correction data stored in tf:le memory 

176A. It should be noted that when the correction data for 1 frame 

is stored in the memory 176A, the buffer unit 176 outputs to the 
block making unit 177 a control. signal for indicating this data 

storage. 

To the block making unit 177, similar to the optimum correction 

data calculating unit 160, the learning image data is supplied in units 
of 1 frame.· "The block making unit 177 contains a memory 177 A for 
storing therein the learning image data supplied thereto. Upon 

receipt of the control signal sent from the buffer unit 176, the block 

making unit 177 subdivides the learning image data stored in the 
memory 177 A into a block constructed of 3x3 pixels in a similar 

manner that of the block making unit 111 of Figure 18. Then, this 

block is sequentiafly read to be supplied to an ADRC processing unit 
178 and a memory 180. 

When the block is read from the memory 1 77 A contained in the 
block making unit 177, the block making unit 177 supplies a control 
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signal indicative of a position of this block to the buffer unit 176. In 

the buffer unit 176, the block of 3 x 3 pixels read 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 memory 176A. That 

is, as a result, both a certain block constituted by 3x3 pixels and the 

optimum correction data corresponding to this block are supplied at 

the same time to the memory 180. 

The ADRC processing unit 178 and the class classifying unit 179 

are arranged similar to the ADRC processing unit 112 and the class 

classifying unit 113 of Figure 18, respectively. The class 

information about the block derived from the block making unit 177, 

outputted from the class classifying unit 179 is supplied as the 

address to the memory 180. 

The memory 180 stores therein the optimum correction data 

supplied from the buffer unit 176, and the block supplied from the 

block making unit 177 with establishing a correspondence 

relationship at an address corresponding to the class information 

supplied from the class classifying unit 179. Note that in the 

memory 180, a plurality of information can be Stored at one address. 

As a result, plural sets of both the optimum correction data and the 

block corresponding to certain class information can be stored. 

A calculating unit 181 reads out both the 9 pixels y1, y2, ••• , y9 

for constituting the block of 3x3 pixels of the learning image data, 

and the optimum correction data y' corresponding to this block, 

stored in the memory 180. Then, the minimum square method is 

applied to them, so that the mapping coefficients k1, 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 

,, .. 
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class supplied from the calculating unit 1 81 at the address 

corresponding to this class. 

Referring now to the flow chart shown in Figure 26, operation of 

the image processing apparatus of Figure 25 is further explained. 

When the learning image data is inputted, this learning image 

data is stored in the memory 1 77 A of the block making unit 177, 

and supplied to the optimum correction data calculating unit 160. 

At a step 5101, upon receipt of the learning image data the optimum 

correction data calculating unit 160 calculates the optimum 

correction data as to this learning image data. 

The process operation defined at this step $101 is similar to the 

process operation of the flow chart shown in Figure 4. That is, first, 

at a step 51, the compressing unit 170 produces the compression 

data by thinning the learning image by 1 /9. At a step S2, this data 

is limited by the level limiting unit 171, and thereafter the 

level-limited data is firstly outputted via the correcting unit 172 to 

the local decoder 173 without any correction. In the local decoder 

173, at a step $3, a calculation is made of a predicted values of the 

original image data based upon the correction data (as· explained 

above, such compression data produced by simply thinning image 

data in the beginning) supplied from the correcting unit 172 (namely, 

local decoding operation is carried out). These predicted values are 

supplied to the error calculator 17 4. 

When the predicted values of the original image data are received 

from the local decoder 173, the error calculator 174 calculates a 

prediction error of the predicted values derived from' the local 

decoder 173 with respect to the original image data at a step S4, 

and then supplies the calculated prediction error as error information 

to the determining unit 175. Upon receipt of the error information 

from the error calculator 174, the determining unit 175 judges as to 
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whether or not the correction data outputted from the correcting unit 

172 is properly equal to the compression result of the original image 

data based on this error information at a step S5. 

In other words, at the step S5, a check is made as to whether or 

not the error information is less than a predetermined threshold value 

"e". When it is so judged at the step S5 that the error information is 

not less than this predetermined threshold value "e", a recognition is 

made such that the correction data outputted by the correcting unit 

172 is not properly equal to the compression result of the original 

image data. Then, the process operation is advanced to a step S6, 

at which the determining unit 175 controls the correcting unit 172 

to thereby correct the compression data outputted from the level 

control unit 171. The correcting unit 172 varies the correction 

amount {correction value "A") so as to correct the compression data 

under control of the determining unit 175. The resultant correction 

data is outputted to the local decoder 173. Then, the process 

operation is returned to the step 53, ·at which a similar process 

operation is repeated. 

It should be noted that the compression data may be corrected in 

a similar manner to, for example, changing of the mapping 

coefficient as previously explained in Figure 21. 

On the other hand, When it is so judged at the step 56 that the 

error information is less than the predetermined threshold value "e", 

the determlning unit 175 recognizes that the correction data 

outputted by the correcting unit 172 is properly equal to the 

correction resurt of the ori.ginat image data, and causes the 

correcting unit 172 to output the correction data produced when the 

error information less than the predetermined threshold value "e" is 

acquired, as the optimum correction data, to the buffer unit 176. 

Then, this optimum correction data is stored into the memory 176A 
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contained in this buffer unit 176, and the process operation is 

returned. 

As previously described, the correction data obtained by 

correcting the compression data acquired when the error information 

is less than the predetermined threshold value "e" may be stored as 

the optimum correction data into the memory 176A. It should be 

noted that since this optimum correction data causes the error 

information to be less than the predetermined threshold value "e .. , 

when the predicted values is calculated by employing this optimum 

correction data, it is possible to produce the image substantially 

identical to the original image data. 

Referring again to Figure 26, when the buffer unit 176 stores the 

optimum correction data for 1 frame into the memory 176A thereof, 

the buffer unit 176 outputs the control signal to the block making 

unit 1 77. Upon receipt of the control signal derived from the buffer 

unit 176, at a step $102, the block making unit 177 subdivides the 

learning image stored in the memory 177 A into the block 

constructed of 3x3 pixels. Then, the block making unit 177 reads 

out the block of the learning image data stored in the memory 177 A, 

and supplies this read block to the ADRC processing unit 178 and 

the memory 180 •. 

At the same time, when the block is read out from the memory 

177 A, the block making uriit 177 supplies the control signal 

indicative of the position of this block to the buffer unit 176. In . 
response to this control signal, the buffer unit 176 recognizes the 

block of 3x3 pixels read from the memory 177 A, reads out the 

optimum correction data corresponding to the central pixel of this 

block, and then supplies this read optimum correction data to the 

memory 180. 
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Then, the process is advanced to a step S 103, at which the 

block derived from the block making unit 177 is ADRC-processed, 

and. further, this block is ct ass-classified in the class classifying unit 

179. This classification result is supplied as the address to the 

memory 180. 

At a step S104, the memory 180 stores therein the optimum 

correction data supplied from the buffer unit 176, and the block 

(learning data) supplied from the block making unit 177 with having 

the corresponding relationship at the address corresponding to the 

class information supplied from the class classifying unit 179. 

Then, the process operation is advanced to a st.ep S105, at 

which a check is done as to whether or not both the block for 1 

frame and the optimum correction data are stored in the memory 

180. When it is so judged at the step S105 that both the block for 

1 frame and the optimum correction data are not yet stored in the 

memory 180, the next block is read out from the block making unit 

177, and also the optimum correction data corresponding to this 

read block is read from the buffer unit 176. Then, the proc.ess 

operation is returned to the step S103, at which the process 

operations defined after the step S103 are repeated. 

To the contrary, when it is so judged at the step S105 that the 

block for 1 frame and the optimum correction data are stored in the 

memory 180, the process operation is advanced to a step 5106 at 

which a check is done as to whether or not the process operations 

for all of the learning images are completed. At the step S106, it is 

judged that the process operations for all of the learning image data 

are not yet ended, the process operation is returned to the step 

S101, at which the process operations defined after the step S101 

are repeated for the next learning image. 
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On the other hand, when it is judged at the step 5106 that the 

process operations for all of the learning image data are completed, 

the process operation is advanced to a step S 107, at which the 

calculating unit 181 reads both the optimum correction data and the 

block stored in the memory 180 every class, and then establishes 

the normal equation shown in the formula (7) based on these data 

and block. Furthermore, at a step 5108,the calculating unit 181 

solves this normal equation so as to calculate the mapping 

coefficients capable of minimizing the error every class. This 

mapping coefficient is supplied to the memory 1 82 so as to be 

stored therein at a step 5109, and then this process operation is 

ended. 

In the case that the function "f'* is expressed by the linear 

equation, the mapping coefficients stored in the memory 182 in the 

above-described manner are stored into the mappin·g coefficient 

memory 114 of Figure 18, and the optimum correction data can be 

obtained by using this mapping coefficient. 

It should be noted that there are the fotlowing difficulties. That 

is, a sufficient number of normal equations capable of obtaining the 

mapping coeffic;ient could not be obtained. In this case, in the 

calculating unit 116 of Figure 18, such a mapping coefficient is set 

as a default value, namely k, to ka = 1/9, from which for example, . -

an average value of the 9 pixels for constituting the block of 3x3 · 

pixels outputted from the block making unit 111 is outputted. 

While the present invention has been described about the image 

processing apparatus, such image processing apparatus may have 

especially advantages in the following cases that, for example, the 

standardized television signal (NTSC TV signal} is coded, and a 

so-called "high-definition" television signal containing a large amount 

of data is decode. 



-----·--·------···------------------- . -

- 94 -

In summary, the configuration of the first embodiment of the 

invention comprises the transmitting apparatus of Figure 3, the 

compressing unit of Figure 5, the local decoder of Figure 8, the error 

calculator of Figure 11 and the determining unit of Figure 13. The 

receiving apparatus of Figure 15 is utilized with the first 

embodiment. The configuration of the second embodiment of the 

invention comprises the transmitting apparatus of Figure 28, the 

compressing unit of Figure 5, the local decoder of Figure 16, the 

error calculator of Figure 11, the determining unit of Figure 13 and 

the learning device for predictive coefficients of Figure 17. The 

receiving apparatus of Figure 15 is utilized with the second 

embodiment. The configuration of the third embodiment of the 

invention comprises the transmitting apparatus of Figure 30, the 

compressing unit of Figure 5, the local decoder of Figure 32, the 

error calculator of Figure 11 and the determining unit of Figure 34. 

The .receiving apparatus of Figure 36 is utilized with the third 

embodiment. The configuration of the fourth embodiment comprises 

the transmitting apparatus of Figure 18, the learning device for 

mapping coefficients of Figure 21, the local decoder of Figure 23 

and the learning device for predictive coefficients of Figure 17. The 

receiving apparatus <>f Figure 27 is utilized with the fourtf1 

embodiment. The configuration of the fifth embodiment comprises 

the transmitting apparatus of Figure 18, the learning device for 

mapping coefficients of Figure 25 and the local decoder of Figure 

23. The receiving apparatus of Figure 27 is utilized with the fifth 

embodiment. 

Although only certain embodiments have been described in 

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

that many modifications are possible without departing from the 
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teachings hereof. All such modifications are intended to be 

encompassed within the scope of the following claims. 
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1. An apparatus for coding image data having a plurality of 

pixels, comprising: 

means for reducing a number of pixels of original image 

data to generate compressed data; 

means for limiting a level of pixels of the compressed 

data to generate limited compressed data; 

means for correcting the limited compressed data to 

generate corrected data; 

means for predicting the original image data in 

accordance with the corrf:'.cted data and for generating 

predicted data having a plurality of predicted pixels; 

means for catculating, with respect to .the original image 

data, a predictive error of the predicted data; 

means for determining suitability of the corrected data 

as coded data based upon the predicted error; and 

means for outputting the corrected data as codeq data 

of the original image data based upon the determined 

suitability. 

2. The apparatus of claim ·1, wherein the means for 

predicting comprises: 

means for generating class information of the corrected 

data; and 

means for generating the predicted pixels in accordance 

with the class information. 

3. The apparatus of claim' 1, wherein the means- for 

predictl~g, comprises: 
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means for generating predictive coefficients based upon 

the corrected data; and 

means for generating the ·predicted pixels based upon 

the corrected data and the predictive coefficients. 

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

predicting comprises: 

means for generating class information based upon a 

plurality of pixels of the corrected data; 

means for generating predictive coefficients for each 

class based upon the original image data and the corrected 

data; and 

means for generating the plurality of predicted pixels 

based upon the predictive coefficients corresponding to 

information of each class and the corrected data. 

5. · The apparatus of claim 4, wherein the means for 

outputting outputs the coded data with the predictive coefficients 

for each class. 

6. The apparatus of claim 1, wherein the means for 

predicting comprises: 

a memory for storing predictive coefficients for each 

class; 

means for generating class information based upon a 

plurality of pixels of the corrected data; and 

means for reading from the memory the predictive 

coefficients corresponding to the information of each class 

and for generating the predicted pixels based upon the read 

predictive coefficients and the corrected data. 
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7. The apparatus of claim 6, wherein the predictive 

coefficients for each class stored in the memory are generated based 

upon original image data for learning. 

8. The apparatus of claim 7, wherein the means for 

outputting outputs the coded data with the predictive coefficients 

for each class. 

9. The apparatus of cf aim 1, wherein the means for 

correcting comprises: 

a memory for storing correction vatues, wherein the 

means for correcting corrects the compressed data using the 

correction values. 

10. The apparatus of claim 1 , wherein 

the means for determining determines suitability of the 

corrected data by detecting whether the predicted error is less 

than a prescribed threshold value; and 

the means for outputting outputs the corrected data as 

the coded data if the predicted error is less than the 

prescribed threshold value. 

11. An apparatus for decoding coded data generated by 

coding image data, comprising: 

means for receiving the coded data; and 

means for decoding the coded data and generating 

decoded image data, wherein the coded data is generated by 

the steps of: 

reducing a number of pixels of original image data to 

generate compressed data; 
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limiting a level of pixels of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 

predicting the original image data in accordance with 

the corrected data and generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data, a 

predictive error of the predicted data; 

determi'ning suitability of the corrected data as coded 

data based upon the predicted error; 

repeating the step of correcting until the corrected data 

becomes an optimum corrected data; and 

outputting the optimum corrected data as coded data. 

1 2. The apparatus of claim 11, wherein the decoding means 

comprises: 

means for generating class information of the coded 

data; and 

means for producing the decoded image data in 

accordance with the class information. 

13. The apparatus of claim 11, wherein the coded data 

includes predictive coefficients to produce the decoded image data, 

and the means for decoding comprises: 

means for generating the decoded image data based 

upon the predictive coefficients and the coded data. 
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14. The apparatus of claim 11 , wherein the coded data 

includes predictive coefficients for each class to produce the 

decoded image data, and the means for decoding comprises: 

means for generating class information using a plurality 

of pixels of the coded data; 

means for producing the decoded image data using the 

predictive coefficients corresponding to the coded data. 

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

decoding comprises: 

a memory for storing predictive coefficients for each 

class; 

means for generating class information using a plurality 

of pixels of the coded data; and 

means for reading the predictive coefficients 

corresponding to the class information from the memory and 

generating the predicted pixel using the read-predictive 

coefficients and the coded data. 

16. The apparatus of claim 15, wherein the predictive 

coefficients for each class stored in the memory are generated using 

original image data for learning. 

17. A method for coding image data having a pturality of 

pixels, comprising the steps of: 

reducing a number of pixels of original image data to 

generate compressed data; 

limiting a level of pixels of the compressed data to 

generate limited compressed data; 
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correcting the limited compressed data to generate 

corrected data; 

predicting the original image data in accordance with 

the corrected data and generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data of the original image based upon the predicted error; and 

outputting the corrected data as coded data of the 

original image data based upon the determined suitability. 

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

comprises the steps of: 

generating class information of the corrected data; and 

generating the predicted pixels in accordance with' the 

class information. 

19. The method of claim 17, wherein the step of predicting, 

comprises the steps of: 

generating predictive coefficients based upon the 

corrected data; and 

generating the predicted pixels based upon the 

corrected data and the predictive coefficients. 

20. The method of claim 17, wherein the step of predicting 

comprises the steps of: 

generating class information based upon a plurality of 

pixels of the corrected data; 
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generating predictive coefficients for each class based 

upon the original image data and the corrected data; and 

generating the plurality of predicted pixels based upon 

the predictive coefficients corresponding to information of 

each class and the corrected data. 

21. The method of claim 20, further comprising the step of: 

outputting the coded data with the predictive 

coefficients for each class. 

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

comprises the steps of: 

storing predictive coefficients for each· class; 

generating class information based upon a plurality of 

pixels of the corrected data; and 

reading from the memory the predictive coefficients 

corresponding to the information of each class and for 

generating the predicted pixels based upon the read predictive 

coefficients and the corrected data. 

23. The method of claim 22~ wherein stored predictive 

coefficients for each class are generated based upon original image 

data for learning. 

24. The method of claim 23, wherein the coded data is 

outpot with the predictive coefficients for each class. 

25. The method of cf aim 17, wherein the step of correcting 

comprises the step of: 
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storing correction values, wherein the compressed data 

is corrected using the correction values. 

26. The method of claim 17, wherein the step of 

determining suitability comprises the steps of: 

detecting whether the predicted error is less than a 

prescribed threshold value; and 

outputting the corrected data as the coded data if the 

predicted error is less than the prescribed threshold value. 

27. A method for decoding coded data generated by coding 

image data, comprising the steps of: 

receiving the coded data; and 

decoding the coded data and generating decoding 

image data, wherein the coded data is generated by the steps 

of: 

reducing a number of pixels of original image data to 

generate compressed data~ 

limiting a level of pixels of the compressed data to · . 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 

predicting _th~ original image data in accordance with 

the corrected data and for generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data~ a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

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

original image data based upon the determined suitability. 

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

the coded data comprises the steps of: 

generating class information of the coded data; and 

producing the decoded image data in ~ccordance with 

the class information. 

29. The method of claim 27, wherein the coded data 

includes predictive coefficients to produce the decoded image data, 

and the step of decoding the coded data comprises the step of: 

generating the decoded image data based upon the 

predictive coefficients and the coded data. 

30. The method of claim 27, wherein the coded .data 

includes predictive coefficients for each class to produce the 

decoded image data, and the step of decoding the coded data 

comprises the steps of:-

generating class information using a plµrality of pixels 

of the coded data: 

producing the decoded image data using the predictive 

coefficients· corresponding to the coded data. 

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

the coded data comprises the step~ of: 

storing predictive coefficients for each class; 

generating class information using a plurality of 'pixels 

of the coded data; and 
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reading the predictive coefficients corresponding to the 

class information from the memory and generating the 

predicted pixel using the read predictive coefficients and the 

coded data. 

32. The method of claim 31, wherein the stored predictive 

coefficients for each class generated using original image data for 

learning. 

33. An apparatus for coding image data having a plurality of 

pixets, comprising: 

a subsampling circuit for reducing a number of pixels of 

original image data to generate compressed data; 

a limiting circuit for limiting a level of pixels of the 

compressed data to generate limited compressed data; 

a correcting circuit for correcting the limited 

compressed data to generate corrected data; 

a predicting circuit for predicting the original image data 

in accordance with the corrected data and for generating 

predicted data having a plurality of predicted pixels; 

a ~lculator for calculating, with respect to the original 

image data, a predictive error of the predicted data; 

a determining circuit for determining suitability of the 

corrected data as coded data based upon the predicted error; 

and 

an output circuit for outputting the corrected data as 

coded data of the original image data based upon the 

determined suitability. 
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34. The apparatus of claim 33, wherein the predicting 

circuit comprises: 

a circuit for generating class information of the 

corrected data; and 

a circuit for generating the predicted pixets in 

accordance with the class information. 

35. The apparatus of claim 33, wherein the predicting 

circuit, comprises: 

a circuit for generating predictive coefficients based 

upon the corrected data; and 

a circuit for generating the predicted pixels based upon 

the corrected data and the predictive coefficients. 

36. The apparatus of claim 33, wherein the predicting 

circuit comprises: 

a circuit for generating class information based upon a 

plurality of pixels of the corrected data; 

a circuit for generating predictive coefficients for each 

class based upon the original image data and the corrected 

data; and 

a circuit for generating the plura1ity of· predicted pixels 

based upon the predictive coefficients corresponding to 

information of each class and the corrected data. 

37. The apparatus of claim 36, wherein output circuit 

. outputs the coded data with the predictive coefficients for each 

class. 
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38. The apparatus of claim 33, wherein the predicting 

circuit comprises: 

a memory for storing predictive coefficients for each 

class; 

a circuit for generating class information based upon a 

plurality of pixels of the corrected data; and 

a circuit for reading from the memory the predictive 

coefficients corresponding to the information of each class 

and for generating the predicted pixels based upon the read 

predictive coefficients and the corrected data. 

39. The apparatus of claim 38, wherein the predictive 

coefficients for each class stored in the memory are generated based 

upon original image data for learning. 

40. The apparatus of claim 39, wherein the output circuit 

outputs the coded data with the predictive coefficients for each 

class. 

41. The apparatus of claim 33, wherein the correcting 

circuit comprises: 

a memory for storing correction values, wherein the 

correcting circuit corrects the compressed data using the 

correction values. 

42. The apparatus of claim 33, wherein 

the determining circuit determines suitability of the 

corrected data by detecting whether the predicted error is less 

than a prescribed threshold value; and 
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the output circuit outputs the corrected data as the 

coded data if the predicted error is less than the prescribed 

threshold value. 

43. An apparatus for decoding coded data generated by · 

coding image data# comprising: 

a circuit for receiving the coded data; and 

a decoder for decoding the coded data and generating 

decoding image data, wherein the coded data is generated by 

the steps of: 

reducing a number of pixels of original image data to 

generate compressed data; 

limiting a level of pixels of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 

predicting the original image data in accordance with 

the corrected data and for generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data based upon. the predicted error; and 

outputting the corrected data as coded data of the 

original image data based upon the determined suitability. 

44. The apparatus of claim 43, wherein the decoder 

comprises: 

a circuit for generating class information of the coded 

data; and 
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a circuit for producing the decoded image data in 

accordance with the class information. 

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

includes predictive coefficients to produce the decoded image data, 

and the decoder comprises: 

a circuit for generating the decoded image data based 

upon the predictive coefficients and the coded data. 

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

includes predictive coefficients for each class to produce the 

decoded image data, and the decoder comprises: 

a circuit for generating class information using a 

plurality of pixels of the coded data; 

a circuit for producing the decoded image data using 

the predictive coefficients corresponding to the coded data. 

47. The ·apparatus of claim 43, wherein the decoder 

comprises: 

a memory for storing predictive coefficients for each 

class; 

a circuit for generating class information using a 

plurality of pixels of the coded data; and 

a circuit for reading the predictive coefficients 

corresponding to the class information from the memory and 

generating the predicted pixel using the read·predictive 

coefficients and the coded data. 
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48. The apparatus of claim 4 7, wherein the predictive 

coefficients for each class stored in the memory are generated using 

original image data for learning. 

49. · A method for transmitting image data having a plurality 

of pixels, comprising the steps of: 

reducing a number of pixels of original image data to 

generate compressed data; 

limiting a level of pixels of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 

predicting the original image data in accordance with 

the corrected data and for generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data based upon the predicted error; 

outputting the corrected dat~ as coded data of the 

original image data based upon the determined suitability; and 

· transmitting the outputted corrected data. 

50. The method of claim 49, wherein the step of predicting 

comprises the steps of: 

generating class information of the corrected data; and 

generating the predicted pixels in accordance with the 

class information. 
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51. The method of claim 49, wherein the step of predicting, 

comprises the steps of: 

generating predictive coefficients based upon the 

corrected data; and 

generating the predicted pixels based upon the 

corrected data and the predictive coefficients. 

52. The method of claim 49, wherein the step of predicting 

comprises the steps of: 

generating class information based upon a plurality of 

pixels of the corrected data; 

generating predictive coefficients for each class based 

upon the original image data and the corrected data; and 

generating the plurality of predicted pixels based upon 

the predictive coefficients corresponding to information of 

each class and the corrected data. 

53. The method of claim 52, further comprising the step of: 

outputting the coded data with the predictive 

coefficients for each class. 

54.. The method of claim 49, wherein the step of predicting 

comprises the steps of: 

storing predictive coefficients for each class; 

generating class information based upon a plurality of 

pixels of the corrected data~ and 

reading from the memory the predictive coefficients 

corresponding to the information of each class and for 

generating the predicted pixels based upon the read predictive 

coefficients and the corrected data. 
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55. The method of claim 54, wherein stored predictive 

coefficients for each class are generated based upon original image 

data for learning. 

56. The method of claim 55, wherein the coded data is 

output with the predictive coefficients for each class. 

57. The method of claim 49, wherein the step of correcting 

comprises the step of: 

storing correction values, wherein the compressed data 

is corrected using the correction values. 

58. The method of claim 49, wherein the !$tep of 

determining suitability comprises the steps of: 

detecting whether the predicted error is less than a 

prescribed threshold value; and 

outputting the corrected data as the coded data if the 
-

predicted error is less than the prescribed threshold value. 

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

of: 

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

limiting a level of pixels of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 
corrected data; 
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predicting the original image data in accordance with 

the corrected data and for generating predicted data having a 

plurality of predicted pixels; 

calculating, with respect to the original image data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data based upon the predicted error; 

outputting the corrected data as coded data of the 

original image data based upon the determined suitability; and 

recording the coded data on the recording medium. 

61. The recording medium of claim 60, wherein the step of 

predicting comprises the steps of: 

generating class information of the corrected data; and 

generating the predicted pixels in accordance with the 

class information. 

62. The recording medium of claim 60, wherein the step of 

predicting, comprises the steps of: 

generating predictive coefficients based upon the 

corrected data; and 

generating the predicted pixels based upon the 

corrected data and tbe predictive coefficients. 

63. The recording medium of claim 60, wherein the step of 

predicting comprises the steps of: 

generating class information based upon a plurality of 

pixels of the corrected data; 

generating predictive coefficients for each class based 

upon the original image data and the corrected data; and 
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generating the plurality of predicted pixels based upon 

the predictive coefficients corresponding to information of 

each class and the corrected data. 

64. The recording medium of claim 60, further comprising 

the step of: 

outputting the coded data with the predictive 

coefficients for each class. 

65. The recording medium of claim 60, wherein the step of 

predicting comprises the steps of: 

storing predictive coefficients for each class; 

generating class information based upon a· plurality of 

pixels of the corrected data; and 

reading from the memory the predictive coefficients 

corresponding to the information of each class and for 

generating the predicted pixels based ·Upon the read predictive 

coefficients and the corrected data. 

66. The recording medium of claim 65, wherein stored 

predictive coefficients for each class· are generated based upon 

original image data for learning. 

67. The recording medium of claim 66, wherein the coded 

data is output with the predictive coefficients for each class. 

68. The recording medium of claim 60, wherein the step of 

correcting comprises the step of: 

storing correction values, wherein the compressed data 

is corrected using the correction values. 
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69. The recording medium of claim 60, wherein the step of 

determining suitability comprises the steps of: 

detecting whether the predicted error is less than a 

prescribed threshold value; and 

outputting the corrected data as the coded data if the 

predicted error is less than the prescribed threshold value. 

70. A method for coding data having a plurality of samples, 

comprising the steps of: 

reducing a number of samples of original d~ta to 

generate compressed data; 

limiting a level of samples of the compressed data to 

generate limited compressed data; 

corr:ecting the limited compressed data to generate 

corrected data; 

predicting the original data in. accordance with the 

corrected data and generating predicted data having a plurality 

of predicted samples; 

·calculating, with respect to the original data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data of ·the original data based upon the predicted error; and 

outputting the corrected data as coded data of the 

original data based upon the determined suit~bitity. 

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

comprises the steps of: 

generating class information of the corrected data; and 

generating the predicted samples in accordance with 

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

comprises the steps of: 

generating predictive coefficients based upon the 

corrected data; and 

generating the predicted samples based upon the 

corrected data and the predictive coefficients. 

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

comprises the steps of: . 

generating class information based upon a plurality of 

samples of the corrected data; 

generating predictive coefficients for each cf ass based 

upon the original data and the corrected data; and 

generating the plurality of predicted samples based 

upon the predictive coefficients corresponding to information 

of each class and the corrected data. 

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

outputting the coded data with the predictive 

coefficients for each class. 

75. The method of claim 70, wh~rein the step of predicting 

comprises the steps of: 

storing predictive coefficients for each class; 

generating class information based upon a plurality of 

samples of the corrected data; and 

reading from the memory the predictive coefficients 

corresponding to the information of each class and for 

generating the predicted samples based upon the read 

predictive coefficients and the corrected data. 
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76. The method of claim 75, wherein stored predictive 

coefficients for each class are generated based upon original data for 

learning. 

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

output with the predictive coefficients for each class. 

78. The method of claim 70, wherein the step of correcting 

comprises the step of: 

storing correction values, wherein the compressed data 

is corrected using the correction values. 

79. The method of claim 70, wherein the step of 

determining suitability comprises the steps of: 

detecting whether the predicted error is less than a 

prescribed threshold value; and 

outputting the corrected data as the coded data if the 

predicted error is 1ess than the prescribed threshold value. 

80. A method for decoding .coded data generated by .coding 

data, comprising the steps of: 

receiving the coded data; and 

decoding the coded data and generating decoding data, 

wherein the coded data is generated by the steps of: 

limiting a level of samples of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 
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predicting the original data in accordance with the 

corrected data and for generating predicted data having a 

plurality of predicted samples; 

calculating, with respect to the original data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data based upon the predicted error; and . 
outputting the corrected data as coded. d~ta of the 

original data based upon the determined suitability. 

81. The method of claim 80, wherein the step of decoding 

the coded data comprises the steps of: 

generating class information of the coded data; and 

producing the decoded data in accordance with the 

class information. 

82. The method of claim 80, wherein the CQded data 

includes predictive coefficients to produce the decoded data, and the · 

step of decoding the coded data comprises the step of: 

generating the decoded data bas~d upon the predictive 

coefficients and the coded data. 

83. The method of claim 80, wherein the coded data 

includes predictive coefficients for each class to produce the 

decoded data, and the step of decoding the coded data comprises 

the steps of: 

generating class information using a plurality of samples 

of. the coded data; 

producing the decoded data using the predictive 

coefficients corresponding to the coded data. 
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84. The method of claim 80, wherein the step of decoding 

the coded data comprises the steps of: 

storing predictive coefficients for each class; 

generating class information using a plurality of samples 

of the coded data; and 

reading the predictive coefficients corresponding to the 

class information from the memory and generating the 

predicted sample using the read predictive coefficients and the 

coded data. 

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

coefficients for each class generated using original data for learning. 

86. An apparatus for coding data having a plurality of 

samples, comprising: 

a subsampling circuit for reducing a number of samples 

of original data to generate compressed data; 

a limiting circuit for limiting a level of samples of the 

compressed data to generate limited compressed data; 

a correcting circuit for correcting the limited 

compressed data to generate corrected data; 

a prediqting circuit for predicting the original data in 

accordance with the corrected data and for generating 

predicted data having a plurality of predicted samples; 

a calculator for calculating, with respect to the original 

data, a predictive error of the predicted data; 

a determining circuit for determining Sl;litability of the 

corrected data as coded data based upon the predicted error; 

and 
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an output circuit for outputting the corrected data as 

coded data of the original data based upon the determined 

suitability. 

87. The apparatus of claim 86, wherein the predicting 

circuit comprises: 

a circuit for generating class information of the 

corrected data; and 

a circuit for generating the predicted samples in 

accordance with the class information. 

88. The apparatus of claim 86, wherein the predicting 

circuit, comprises: 

a circuit for generating predictive coefficients based 

upon the corrected data; and 

a circuit for generating the predicted samples based 

upon the corrected data and the predictive coefficients. 

89. The apparatus of claim 86, wherein the predicting 

circuit comprises: 

a circuit for generating class information based upon a 

plurality of samples of the corrected data; 

a circuit for generating predictive coefficients for each 

class based upon the original data and the corrected data; and 

a circuit for generating the plurality of predicted 

samples based upon the predictive coefficients corresponding 

to information of each cf ass and the corrected data. 
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90. The apparatus of claim 89, wherein output circuit 

outputs the coded data with the predictive coefficients for each 

class. 

91. The apparatus of claim 86, wherein the predicting 

circuit comprises: 

a memory for storing predictive coefficients for each 

class; 

a circuit for generating class informati6n based upon a 
plurality of samples of the corrected data; and 

a circuit for reading from the memory the predictive 

coefficients corresponding to the information of each class 

and for generating the predicted samples based upon the read 

predictive coefficients and the corrected data. 

92. The apparatus ~f claim 91, wherein the predictive 

coeffici~nts for each class stored in the memory are generated based 

upon original data for learning. 

93. The apparatus of claim 92, wherein the output circuit 
outputs the coded data with the predictive coefficients for each 

.class. 

94. The apparatus of claim 86, wherein the correcting 

circuit comprises: 

a memory for storing correction values, wherein the 

correcting circuit corrects the compressed data using the 

correction values. 

95. The apparatus of claim 86, wherein 
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the determining circuit determines suitability of the 

corrected data by detecting whether the predicted error is less 

than a prescribed threshold value; and 

the output circuit outpµts the corrected data as the 

coded data if the predicted error is less than the prescribed 

threshold vatue. 

96. An apparatus for decoding coded data generated by 

coding data, comprising: 

a circuit for receiving the coded data; and 

a decoder for decoding the coded data and generating 

decoding data, wherein the coded data is generated by the 

steps of: 

reducing a number of samples of original data to 

generate compressed data; 

correcting the compressed ~ata to generate corrected 

data; 

predicting the original data in accordance with the 

corrected data and for generating predicted data having a 

plurality of predicted samples; 

calculating, with respect to the original data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

data based upon the predicted error; and 

outputting the corrected data as coded data of the 

original data based upon the determined suitabi~ity. 

97. The apparatus of claim 96, wherein the decoder 

comprises: 
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a .circuit for generating class information of the coded 

data; and 

a circuit for producing the decoded data in accordance 

with the class information. 

98. The apparatus of claim 96, wherein the coded data 

includes predictive coefficients to produce the decoded data, and the 

decoder comprises: 

a circuit for generating the decoded data based upon 

the predictive coefficients and the coded data. 

99. The apparatus of claim 96, wherein the coded data 

includes predictive coefficients for each class to produce the 

decoded data, and the decoder comprises: 

a circuit for generating class information using a 

plurality of samples of the coded data; 

a circuit for producing the decoded data using the 

predictive coefficients corresponding to the coded data. 

100. The apparatus of claim 96, wherein the decoder 

comprises: 

a memory for storing predictive coefficients for each 

class; 

a circuit for generating class information using a 

plurality of samples of the coded data; and 

a circuit for reading the predictive coefficients 

corresponding to the class information from the memory and 

generating the predicted sample using the read predictive 

coefficients and the coded data. 
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101. The apparatus of claim 100, wherein the predictive 

coefficients for each class stored in the memory are generated using 

original data for fearning. 

102. An apparatus for coding image data having a plurality of 

pixels, comprising: 

means for extracting a pturality of pixels of the image 

data and generating class information CC?rresponding to 

characteristics of the extracted plurality of pixels; 

means for storing mapping coefficients for each class; 

means for reading mapping coefficients for each class; 

means for reading mapping coefficients corresponding 

to the class information and for producing corrected data 

using the image data and the read mapping coefficients; and 

means for producing coded data by limiting a level of 

pixels of the corrected data. 

103. The apparatus of claim 102, wherein means for 

producing corrected data produces the corrected data ~here a 

number of pixels for tJ'le image data is reduced, by using the image 

data and the read mapping coefficients. 

104. The apparatus of claim 103, wherein the means for 

producing corrected data comprises: 

means for extracting a plurality of pixels from the image 

data; and 

means for producing the coded data where a number of 

pixels for the image data is reduced, by calculating the 

extracted plurality of pixels and the read mapping coefficients. 
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105. The· apparatus of claim 103, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

106. The apparatus of claim 103, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, using the coded data and the original 

image data, is minimized. 

107. The apparatus of claim 103, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, predicted using the coded data and 

the original image data, is tess than prescribed threshold 

values. 

108. The apparatus of claim 103, further comprising: 

means for generating mapping coefficients for each 

class by 

extracting a plurality of pixels of the original image data 

for learning and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

limiting a level of pixels of the corrected data and 

generating limited corrected data; 

predicting the original image data for learning in 

accordance with the limited corrected data and generating 

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

original image data for learning with respect to the original 

image data for learning; 

updating mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum 

mapping coefficients; and 

determining the optimum mapping coefficients. 

109. The apparatus of claim 103, further comprising: 

means for generating mapping coefficients for each 

class by 

generating compressed data by reducing the number of 

pixels of original image data for learning; 

limiting a level of pixels of the compressed data and 

generating limited compressed data; 

correcting the limited compressed data and generated 

corrected data; 

predicting the original data in accordance with the 

corrected data and generating predicted data having a plurality 

of predicted pixels; 

calculating predictive error of the predicted data with 

respect to the original image data for learning; 

repeating the step of correcting until the corrected data 

is optimum corrected data; and 

generating optimum mapping coefficients for each class 

using the original image data for learning and the optimum 

corrected data. 

110. An apparatus for decoding coded data. generated by 

coding image data, comprising: 
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means for receiving the coded data; and 

means for decoding the coded data to produce decoded 

image data, said coded data generated by the steps of: 

extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each ~lass; 

reading mapping coefficients for each class; 

reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 

data and the read mapping coefficients; and 

producing coded data by limiting a level of pixels of the 

corrected data. 

111. The apparatus of claim 110, wherein the corrected data 

is data where a number of pixels of the image data is reduced by 

using the image data and the read mapping coefficients. 

112. The apparatus of claim 111, wherein the decoding 

means comprises: 

a memory for storing predicted coefficients for each 

. class used to generate the mapping coefficients for each 

class; 

means for extracting a pluratify of pixels of the coded 

data and generating class information corresponding to the 

extracted plurality of pixels; and 

means for reading predicted coefficients corresponding 

to the class information and producing decoded image data 

using the coded data and the read predicted coefficients. 
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113. The apparatus of claim 111, wherein 

the predicted coefficients for each class are generated 

using original image data for learning. 

114. The apparatus of claim 111, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

115. The apparatus of claim 111 wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of the 

original image data for learning, predicted using the 

coded data and the original image data, is minimized. 

116. The apparatus of claim 111, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of the original 

image data for learning, predicted using the coded data and 

the original image data, is less than prescribed threshold 

values • . 

117. A method for coding image data having a plurality of 

pixels, comprising the steps of: 

extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each class; 

reading mapping coefficients for each class; 
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reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 
data and the read mapping coefficients; and · 

producing coded data by limiting a level qf pixels of the 

corrected data. 

1 18. The method of claim 1 17, wherein the step of 

producing corrected data produces the corrected data where a 

number of pixels for the image data is reduced, by using the image 
data and the read mapping coefficients. 

1 19. The method of claim 118, wherein the step of 

producing corrected data comprises the steps of: 

extracting a plurality of pixels from the image data; and 

producing the coded data ~here a number of pixels for 

the image data is reduced, by calculating the extracted 

plurality of pixels and the read mapping coefficients. 

120. The method of claim· 11 ·8, wherein 

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

121. The method of claim 118, wherein 

the mapping coefficients for each class are g"enerated 

so that predicted error between predicted data of original 

image data for learning, using the coded data and the original 
image data, is minimized. 

122. The method of claim 118, wherein 
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the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, predicted using the coded data and 

the original image data, is less than prescribed threshold 

values. 

123. The method of claim 118, wherein the step of 

generating mapping coefficients for each class comprises the steps 

of: 

of: 

extracting a plurality of pixels of the original image data 

for learning and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

limiting a level of pixels of the corrected data and 

generating limited corrected data; 

predicting the original image data for learning in . . 

accordance with the limited corrected data and generating 

predicted data having a pluratity of predicted pixels; 

generating predicted error of the predicted data of the 

original image d.ata for learning with respect to the original 

image data for learning; .. 
updating mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum 

mapping coefficients; and 

determining the optimum mapping coefficients. 

124. The method of claim 11 e, further comprising the steps 

generating mapping coefficients for each class by 

generating compressed data by reducing the number of 
pixels of original image data for learning; 
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limiting a level of pixels of the compressed data and 

generating limited compressed data; 

correcting the limited compressed data and generated 

corrected data; 

predicting the original data in accordance with the 

corrected data and generating predicted data having a plurality 

of predicted pixels; 

calculating predictive error of the predicted data with 

respect to the original image data for learning; 

repeating the step of correcting until the corrected data 

is optimum corrected data; and 

generating optimum mapping coefficients for each class 

using the original image data for learning and the optimum 

corrected data. 

125. A method for decoding coded data generated by coding 

image data, comprising the steps of: 

receiving the coded data; and 

decoding the coded data to produce decoded image 

data, said coded data generated by the steps of: 

extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each class; 

reading mapping coefficients for each class; 

reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 

data and the read mapping coefficients; and 

producing coded data by limiting a level of pixels of the 

corrected data. 
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126. The method of claim 125, wherein the corrected data is 

data where a number of pixels of the image data is.reduced by using 

the image data and the read mapping coefficients. 

127. The method of claim 126, wherein the step of decoding 

comprises the steps of: 

storing predicted coefficients for each class used to 

generate the mapping coefficients for each class; 

extracting a plurality of pixels of the coded data and 

generating class information corresponding to the extracted 

plurality of pixels; and 

reading predicted coefficients corresponding to the 

class information and producing decoded image data using the 

coded data and the read predicted coefficients. 

128. The method of claim 126, wherein 

the predicted coefficients for each class are generated 

using original image data for learning. 

129. The method of claim 126, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

130. The method of claim 126 wherein 

the mapping coefficients for each c1ass are 

generated so that predicted error between predicted 

data of the original image data for learning, predi_cted 

using the coded data and the original image data, is 

minimized. 
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131. The method of claim 126, wherein 

the mapping coefficients for each class are 

generated so that predicted error between predicted 

data of the original image data for learning, predicted 

using the coded data and the original image data, is less 

than prescribed threshold values. 

132. A method for transmitting image data having a plurality 

of pixels, comprising the steps of: 

extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each class; 

reading mapping coefficients for each class; 

reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 

data and the read mapping coefficients; 

producing coded data by limiting a level of pixels of the 

corrected data; and 

transmitting the coded data. 

133. The method of claim 132, wherein the step of 

producing corrected data produces the corrected data where a 

number of pixels for the image data is reduced, by using the image 

data and the read mapping coefficients. 

134. The method of claim 133, wherein the step of 

pro~ucing corrected data comprises the steps of: 

extracting a plurality of pixels from the image data; and 
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producing the coded data where a number of pixels for 

the image data is reduced, by calculating the extracted 

plurality of pixels and the read mapping coefficients. 

135. The method of claim 133, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

136. The method of claim 133, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for teaming, using the coded data and the original 

image data, is minimized. 

137. The method of claim 133, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, predicted using the coded data and 

the original image data, is less than prescribed threshold 

values. 

138. The method of claim 133, wherein the step of 

generating mapping coefficients for each class comprises the steps 

of: 

extracting a plurality of pixels of the original image data 

for learning and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

limiting a level of pixels of the corrected data and 

generating limited corrected data; 
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predicting the original image data for learning in 

accordance with the limited corrected data and generating 

predicted data having a plurality of predicted pixels; 

generating predicted error of the predicted data of the 

original image data for learning with respect to the original 

image data for learning; 

updating mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum 

mapping coefficients; and 

determining the optimum mapping coefficients. 

139. The method of claim 133, further comprising the steps 

generating mapping coefficients for each class by 

generating compressed data by reducing the number of 

pixels of original image data for learning; 

limiting a level of pixels of the compressed data and 

generating limited compressed data; 

correcting the limited compressed data and generated 

corrected data; 

predicting the original data in accordance with the 

corrected data and generating predicted data having a plurality 

of predicted pixels; 

calculating predictive error of the predicted data with 

respect to the original image data for learning; 

repeating the step of correcting until the corrected data 

is optimum corrected data; and 

generating optimum mapping coefficients for each class 

using the original image data for learning and the optimum 

corrected data. 
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140. A recording medium having an encoded digital signal 

recorded thereon, the recording medium being prepared by the steps 

of: 

extracting a plurality of pixels of the image data and 

generating class information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each class; 

reading mapping coefficients for each class; 

reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 

data and the read mapping coefficients; · 

producing coded data by limiting a level of pixels of the 

corrected data; and 

recording the coded data on the recording medium. 

141. The recording medium of claim 140, wherein the step 

of producing corrected data produces the corrected data where a 

number of pixels for the image data is reduced, by using the image 

.data and the read mapping coefficients. 

142. The recording medium of claim 141, wherein the step 

of producing corrected data comprises the steps of: 

extracting a plurality of pixels from the image data; and 

producing the coded data where a number of pixels for 

the image data is reduced, by calcufating the extracted 

plurality of pixels and the read mapping coefficients. 

143. The recording medium of claim 141, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 
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144. The recording medium of clalm 14 1 , wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, using the coded data and the original 

image data, is minimized. 

145. The recording medium of claim 141, wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image di:lta for learning, predicted using the coded data and 

the original image data, is less than prescribed threshold 

values. 

146. The recording medium of claim 141, wherein the step 

of generating mapping coefficients for each class comprises the 

steps of: 

extracting a plurality of pixels of the original image data 

for learning and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

limiting a level of pixels of the corrected data and 

generating limited corrected data; 

predicting the original ·image data for learning in 

accordance with the limited corrected data and generating 

predicted data having a plurality of predicted pi?Cels; 

generating predicted error of the predicted data of the 

original image data for learning with respect to t~e original 

image data for reaming; 

updating mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum 

mapping coefficients; and 
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determining the optimum mapping coefficients. 

14 7. The recording medium of claim 141, further comprising 

the steps of: 

generating mapping coefficients for each class by 

generating compressed data by reducing the number of 

pixels of original image data for teaming; 

limiting a level of pixels of the compressed data and 

generating limited compressed data; 

correcting the limited compressed data and generated 

corrected data; 

predicting the original data in accordance with the 

corrected data and generating predicted data having a plurality 

of predicted pixels; 

calculating predictive error of the predicted data with 

respect to the original image data for learning; 

repeating the step of correcting until the corrected data 

is optimum corrected data; and 

generating optimum mapping coefficients for each class 

using the original image data for learning and the optimum 

corrected data. 

148. An apparatus for coding image data having a plurality of 

pixels, comprising: 

a subsampling circuit for extracting a plurality of pixels 

of the image data and generating class information 

corresponding to characteristics of the extracted plurafity of 

pixels; 

a memory storing mapping coefficients for each class; 

a circuit for reading mapping coefficients for each class; 
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a circuit for reading mapping coefficients corresponding 

to the class information and for producing corrected data 

using the image data and the read mapping coefficients; and 

a limiting circuit for producing coded data by limiting a 

level of pixels of the corrected data. 

149. The apparatus of claim 148, wherein the circuit for 

producing corrected data produces the corrected data where a 

number of pixels for the image data is reduced, by using the image 

data and the read mapping coefficients. 

150. The apparatus of claim 149, wherein the circuit for 

producing corrected data comprises: 

a circuit for extracting a plurality of pixels from the 

image data; and 

a circuit for producing the coded data where a number 

of pixels for the image data is reduced, by calculating the 

extracted plurality of pixels and the read mapping coefficients. 

151. The apparatus of claim 149, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

152. The apparatus of claim 149, wherein 

the mapping coefficients for each class are generated 

so that predicted error .between predicted data of original 

image data for learning, using the coded data and the original 

image data, is minimized. 

1 53. The apparatus of claim 149, wherein 
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the mapping coefficients for each class are generated 

so that predicted error between predicted data of original 

image data for learning, predicted using the coded data and 

the original image data, is less than prescri~~d threshold 

values. 

154. The apparatus of claim 149, further comprising: 

a circuit for generating mapping coefficients for each 

class by 

extracting a plurality of pixels of the original image data 

for teaming and generating class information corresponding to 

characteristics of the extracted plurality of pixels; 

limiting a level of pixels of the corrected data and 

generating limited corrected data; 

predicting the original image data for learning in 

accordance with the 1imited corrected data and generating 

predicted data having a plurality of predicted. pixels; 

generating predicted error of the predicted data of the 

original image data for learning with respect to the original 

image data for learning; 

updating mapping coefficients in accordance with the 

predicted error until the mapping coefficients are optimum 

mapping coefficients; and 

determining the optimum mapping coefficients. 

155. The apparatus of claim 149, further comprising: 

means for generating mapping coefficients for each 

class by 

generating compressed data by reducing the number of 

pixels of original image data for learning; 
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limiting a level of pixels of the compressed data and 

generating limited compressed data; 

correcting the limited compressed data and generated 

corrected data; 

predicting the original data in accordance with the 

corrected data and generating predicted data having a plurality 

of predicted pixels; 

calculating predictive error of the predicted data with 

respect to the original image data for learning; 

repeating the step of correcting until the corrected data 

is optimum corrected data; and 

generating optimum mapping coefficients for each class 

using the original image data for learning and the optimum 

corrected data. 

156. An apparatus for decoding coded data generated by 

coding image data, comprising: 

a circuit for receiving the coded data; and 

a decoder for decoding the coded data to produce 

decoded image data, said coded data generated by the steps 

of: 

extracting a plurality of pixels of the image data and 

g_enerating crass information corresponding to characteristics 

of the extracted plurality of pixels; 

storing mapping coefficients for each class; 

reading mapping coefficients for each class; 

reading mapping coefficients corresponding to the class 

information and for producing corrected data using the image 

data and the read mapping coefficients; and 
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producing coded data by limiting a level of pixels of the 

corrected data. 

157. The apparatus of claim 156, wherein the corrected data 

is data where a number of pixels of the image data is reduced by 

using the image data and the read mapping coefficients. 

158. The apparatus of claim 157, wherein the decoding 

means comprises: 

a memory for storing predicted coefficients for each 

class used to generate the mapping coefficients for each 

class; 

means for extracting a plurality of pixels of the coded 

data and generating class information corresponding to the 

extracted plurality of pixels; and 

means for reading predicted coefficients corresponding 

to the class information and producing decoded image data 

using the coded data and the read predicted coefficients. 

169. The apparatus of claim 157, wherein 

the predicted coefficients for each class are generated 

using original image data for learning. 

160. The apparatus of claim 157, wherein 

the mapping coefficients for each class are generated 

using original image data for learning. 

161. The apparatus.of claim 157 wherein 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of the 
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original image data for learning, predicted using the 

coded data and the original image data, is minimized. 

162. The apparatus of claim 157, wherein · 

the mapping coefficients for each class are generated 

so that predicted error between predicted data of the original 

image data for learning, predicted using the coded data and 

the original image data, is Jess than prescribed threshold 

values. 

163. A method of transmitting coded image data, comprising 

the steps of: 

receiving the coded image data; and 

transmitting the coded image data, 

wherein the coded image data is produced·by the 

following steps: 

reducing a number of pixels of original' image data to 

generate compressed data; 

limiting a level of pixels of the compressed data to 

generate limited compressed data; 

correcting the limited compressed data to generate 

corrected data; 

predicting the original image data in accordance with 

the corrected data and for generating predicted data having a 

plurality of predicted pixels; 

caJcutating, with respect to the original image data, a 

predictive error of the predicted data; 

determining suitability of the corrected data as coded 

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

original image data based upon the determined suitability. 

164. The method of claim 163, wherein the step of 

predicting comprises the steps of: 

generating class information of the corrected data; and 

generating the predicted pixels in accordance with the 

class information. 

165. The method of claim 163, wherein the step of 

predicting, comprises the steps of: 

generating predictive coefficients based upon the 

corrected data; and 

generating the predicted pixels based upon the 

corrected data and the predictive coefficients. 

166. The method of claim 163, wherein the step of 

predicting comprises the steps of: 

of: 

generating class information based upon a plurality of 

pixels of the corrected data; . 
generating predictive coefficients for each class based 

upon the original image data -and the corrected data; and 

generating the plurality of predicted pixels based upon 

the predictive coefficients corresponding to information of 

each class and the corrected data. 

167. The method of claim 166, further comprising the step 

outputting the coded data with the predictive 

coefficients for each class. 
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168. The method of claim 1 63, wherein the step of 

predicting comprises the steps of: 

storing predictive coefficients for each class; 

generating class information based upon a plurality of 

pixels of the corrected data; and 

reading from the memory the predictive coefficients 

corresponding to the information of each class and for 

generating the predicted pixels based upon the read predictive 

coefficients and the corrected data. 

169. The method of claim 168, wherein stored predictive 

coefficients for each class are generated based upon original image 

data for learning. 

170. The method of claim 169, wherein the coded data is 

output with the predictive coefficients for each class. 

171. The method of claim 163, wherein the step of 

correcting comprises the step of: 

storing c.orrection values, wherein the compressed ·data 

is corrected using the correction vaJues. 

172. The method of cfaim 163, wherein the step of 

determining suitability comprises the steps of: 

detecting whether the predicted error is less than a 

prescribed threshold value; and 

outputting the corrected data as the coded data if the 

predicted error is less than the prescribed threshold value. 


