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DATA PROCESSING DEVICE AND METHOD, 
RECORDING MEDIUM, AND PROGRAM 

TECHNICAL FIELD 

0001. This invention relates to a data processing device 
and method, a recording medium, and a program, and par 
ticularly to a data processing device and method, a recording 
medium, and a program which enable provision of images of 
various image qualities. 

BACKGROUND ART 

0002 Recently, provision of chargeable program broad 
casting services such as cable television broadcast and digital 
satellite broadcast has become popular in Japan, too. 
0003. In the chargeable program broadcasting services, in 
general, accounting is carried out in accordance with avail 
able programs or in accordance with actually viewed pro 
grams. If the quality of images as programs can be changed in 
accordance with the viewing fee paid by users, better services 
can be provided. 

DISCLOSURE OF THE INVENTION 

0004. In view of the foregoing status of the art, it is an 
object of the present invention to enable provision of images 
of various qualities. 
0005. A data processing device according to the present 
invention comprises improvement information generating 
means for generating improvement information for improv 
ing the quality of data and embedding means for embedding 
the improvement information into the data. 
0006. The improvement information generating means 
may generate a prediction coefficient used for predicting a 
prediction value of quality-improved data obtained by 
improving the quality of the data, as the improvement infor 
mation. 
0007. The improvement information generating means 
may generate the prediction coefficient for each predeter 
mined class. 
0008. The improvement information generating means 
may comprise class tap constructing means for constructing a 
class tap used for finding the class of target teacher data of 
teacher data to be a teacher, by using learner data to be a 
learner, classifying means for carrying out classification for 
finding the class of the target teacher data on the basis of the 
class tap, prediction tap constructing means for constructing 
a prediction tap used together with the prediction coefficient 
for predicting the target teacher data, by using the learner 
data; and prediction coefficient operation means for finding 
the prediction coefficient for each class by using the teacher 
data and the prediction tap. 
0009. The improvement information generating means 
may generate a plurality of types of improvement informa 
tion. 
0010. The improvement information generating means 
may generate prediction coefficients for different number of 
classes as the plurality of types of improvement information. 
0011. The improvement information generating means 
may generate a plurality of types of prediction coefficients 
found by using learner data or teacher data of different quali 
ties, as the plurality of types of improvement information. 
0012. The improvement information generating means 
may generate at least the prediction coefficient and informa 
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tion for carrying out linear interpolation, as the plurality of 
types of improvement information. 
0013 The improvement information generating means 
may generate a plurality of types of prediction coefficients 
foundby using class taps or prediction taps of different struc 
tures, as the plurality of types of improvement information. 
0014. The improvement information generating means 
may generate a plurality of types of prediction coefficients 
found by carrying out classification by different methods, as 
the plurality of types of improvement information. 
0015 The improvement information generating means 
may generate, as the improvement information, a class code 
expressing the class of the data, used for predicting the pre 
diction value of the quality-improved data obtained by 
improving the quality of the data. 
0016. The improvement information generating means 
may comprise prediction tap constructing means for con 
structing a prediction tap used for predicting target teacher 
data of teacher data to be a teacher, by using learner data to be 
a learner; prediction coefficient storage means for storing a 
prediction coefficient for each class code found by learning, 
predictive operation means for finding a prediction value of 
the target teacher data by using the prediction tap and the 
prediction coefficient, and class code detecting means for 
detecting the class code of a prediction coefficient that mini 
mizes the prediction value of the target teacher data. The 
improvement information generating means may output the 
class code detected by the class code detecting means, as the 
improvement information. 
0017. The improvement information generating means 
may comprise class tap constructing means for generating a 
class tap used for finding the class of target teacher data of 
teacher data to be a teacher, by using the teacher data, and 
classifying means for carrying out classification for finding 
the class of the target teacher data on the basis of the class tap. 
The improvement information generating means may output 
a class code corresponding to the class found by the classifi 
cation means, as the improvement information. 
0018. The embedding means may embed the improve 
ment information into the data so that the data and the 
improvement information can be restored, by using the bias 
of energy held by the data. 
0019. The embedding means may embed the improve 
ment information into the data by carrying out spectrum 
spreading. 
0020. The embedding means may embed the improve 
ment information into the data by changing one or more bits 
of the data to the improvement information. 
0021. The data may be image data and the improvement 
information may be information for improving the image 
quality of the image data. 
0022. A data processing method according to the present 
invention comprises an improvement information generating 
step of generating improvement information for improving 
the quality of data and an embedding step of embedding the 
improvement information into the data. 
0023. A recording medium according to the present inven 
tion has a program recorded thereon, the program comprising 
an improvement information generating step of generating 
improvement information for improving the quality of data 
and an embedding step of embedding the improvement infor 
mation into the data. 
0024. A program according to the present invention com 
prises an improvement information generating step of gener 
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ating improvement information for improving the quality of 
data and an embedding step of embedding the improvement 
information into the data. 
0025. A data processing device according to the present 
invention comprises extracting means for extracting improve 
ment information from embedded data and improving means 
for improving the quality of data by using the improvement 
information. 
0026. The improvement information may be a prediction 
coefficient used for predicting a prediction value of quality 
improved data obtained by improving the quality of the data. 
In this case, the improving means may find the prediction 
value of the quality-improved data by using the data and the 
prediction coefficient. 
0027. The improvement information may be a prediction 
coefficient found for each predetermined class. In this case, 
the improving means may find the prediction value of the 
quality-improved data by using the data and the prediction 
coefficient for each class. 
0028. The improving means may comprise class tap con 
structing means for constructing a class tap used for finding 
the class of target quality-improved data, which is targeted 
quality-improved data, by using the data; classifying means 
for carrying out classification for finding the class of the target 
quality-improved data on the basis of the class tap, prediction 
tap constructing means for constructing a prediction tap used 
together with a prediction coefficient for predicting the target 
quality-improved data, by using the data; and predicting 
means for finding a prediction value of the target quality 
improved data by using the prediction coefficient of the class 
of the target quality-improved data and the prediction tap. 
0029. The improvement information may be a class code 
expressing the class of a prediction coefficient for each pre 
determined class used for predicting a prediction value of 
quality-improved data obtained by improving the quality of 
data. In this case, the improving means may find the predic 
tion value of the quality-improved data by using the data and 
the prediction coefficient corresponding to the class code. 
0030 The improving means may comprise: prediction tap 
constructing means for constructing a prediction tap used 
together with a prediction coefficient for predicting target 
quality-improved data, which is targeted quality-improved 
data, by using the data; and predicting means for finding a 
prediction value of the target quality-improved data by using 
the prediction coefficient corresponding to the class code as 
the improvement information and the prediction tap. 
0031. A plurality of types of improvement information 
may be embedded in the embedded data. 
0032. Prediction coefficients for different numbers of 
classes may be embedded in the embedded data as the plu 
rality of types of improvement information. 
0033. The prediction coefficient may be generated by 
using learner data to be a learner and teacher data to be a 
teacher. In this case, a plurality of types of prediction coeffi 
cients found by using learner data or teacher data of different 
qualities may be embedded in the embedded data as the 
plurality of types of improvement information. 
0034. At least the prediction coefficient and information 
for carrying out linear interpolation may be embedded in the 
embedded data as the plurality of types of improvement infor 
mation. 
0035. A plurality of types of prediction coefficients found 
by using class taps or prediction taps of different structures 
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may be embedded in the embedded data as the plurality of 
types of improvement information. 
0036) A plurality of types of prediction coefficients found 
by carrying out classification by different methods may be 
embedded in the embedded data as the plurality of types of 
improvement information. 
0037. The data processing device may further comprise 
improvement information selecting means for selecting 
improvement information used for improving the quality of 
the data, from the plurality of types of improvement informa 
tion. 
0038. The extracting means may extract the improvement 
information from the embedded data by using the bias of 
energy held by the data. 
0039. The extracting means may extract the improvement 
information from the embedded data by carrying out inverse 
spectrum spreading. 
0040. The extracting means may extract one or more bits 
of the embedded data as the improvement information. 
0041. The data may be image data and the improvement 
information may be information for improving the image 
quality of the image data. 
0042. A data processing method according to the present 
invention comprises an extracting step of extracting improve 
ment information from embedded data and an improving step 
of improving the quality of data by using the improvement 
information. 
0043. A recording medium according to the present inven 
tion has a program recorded thereon, the program compris 
ing: an extracting step of extracting improvement information 
from embedded data; and an improving step of improving the 
quality of data by using the improvement information. 
0044. A program according to the present invention com 
prises an extracting step of extracting improvement informa 
tion from embedded data and an improving step of improving 
the quality of data by using the improvement information. 
0045. A data processing device according to the present 
invention comprises improvement information generating 
means for generating a plurality of types of improvement 
information for improving the quality of data and transmit 
ting means for transmitting the data and one or more types of 
improvement information. 
0046. The data processing device according to the present 
invention may further comprise improvement information 
selecting means for selecting improvement information to be 
transmitted together with the data, from the plurality of types 
of improvement information. 
0047. The improvement information selecting means may 
select the improvement information in response to a request 
from a receiving device which receives the data. 
0048. The data processing device according to the present 
invention may further comprise accounting means for carry 
ing out accounting in accordance with the improvement infor 
mation selected by the improvement information selecting 
CaS. 

0049. The improvement information generating means 
may generate at least a prediction coefficient used for predict 
ing a prediction value of quality-improved data obtained by 
improving the quality of the data, as the improvement infor 
mation. 
0050. The improvement information generating means 
may generate a prediction coefficient for each predetermined 
class. 



US 2008/0240599 A1 

0051. The improvement information generating means 
may comprise class tap constructing means for constructing a 
class tap used for finding the class of target teacher data of 
teacher data to be a teacher, by using learner data to be a 
learner, classifying means for carrying out classification for 
finding the class of the target teacher data on the basis of the 
class tap, prediction tap constructing means for constructing 
a prediction tap used together with a prediction coefficient for 
predicting the target teacher data, by using the learner data; 
and prediction coefficient operation means for finding a pre 
diction coefficient for each class by using the teacher data and 
the prediction tap. 
0052. The improvement information generating means 
may generate prediction coefficients for different numbers of 
classes as the plurality of types of improvement information. 
0053. The improvement information generating means 
may generate a plurality of types of prediction coefficients 
found by using learner data or teacher data of different quali 
ties, as the plurality of types of improvement information. 
0054 The improvement information generating means 
may generate at least the prediction coefficient and informa 
tion for carrying out linear interpolation, as the plurality of 
types of improvement information. 
0055. The improvement information generating means 
may generate a plurality of types of prediction coefficients 
found by using class taps or prediction taps of different struc 
tures, as the plurality of types of improvement information. 
0056. The improvement information generating means 
may generate a plurality of types of prediction coefficients 
found by carrying out classification by different methods, as 
the plurality of types of improvement information. 
0057 The transmitting means may embed the improve 
ment information into the data so that the data and the 
improvement information can be restored, by using the bias 
of energy held by the data, and may transmit the data and one 
or more types of improvement information. 
0058. The transmitting means may embed the improve 
ment information into the data by carrying out spectrum 
spreading and transmit the data and one or more types of 
improvement information. 
0059. The transmitting means may embed the improve 
ment information into the data by changing one or more bits 
of the data to the improvement information and transmit the 
data and one or more types of improvement information. 
0060. The transmitting means may transmit the data and 

all the plurality of types of improvement information. 
0061 The data may be image data and the improvement 
information may be information for improving the image 
quality of the image data. 
0062. A data processing method according to the present 
invention comprises an improvement information generating 
step of generating a plurality of types of improvement infor 
mation for improving the quality of data and a transmitting 
step of transmitting the data and one or more types of 
improvement information. 
0063 A recording medium according to the present inven 
tion has a program recorded thereon, the program comprising 
an improvement information generating step of generating a 
plurality of types of improvement information for improving 
the quality of data and a transmitting step of transmitting the 
data and one or more types of improvement information. 
0064. A program according to the present invention com 
prises an improvement information generating step of gener 
ating a plurality of types of improvement information for 
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improving the quality of data and a transmitting step of trans 
mitting the data and one or more types of improvement infor 
mation. 
0065. A data processing device according to the present 
invention comprises receiving means for receiving data and 
one or more types of improvement information improving 
means for improving the quality of the data by using one of 
the one or more types of improvement information, and 
accounting means for carrying out accounting in accordance 
with the improvement information used for improving the 
quality of the data. 
0066. The receiving means may receive a plurality of 
types of improvement information. In this case, the data pro 
cessing device according to the present invention may further 
comprise improvement information selecting means for 
selecting improvement information used for improving the 
quality of the data, from the plurality of types of improvement 
information. 
0067. The improvement information selecting means may 
select the improvement information in response to a request 
from a user. 
0068. The data processing device according to the present 
invention may further comprise requesting means for request 
ing a transmitting device which transmit the data and one or 
more types of improvement information, for the improve 
ment information used for improving the quality of the data. 
In this case, the receiving means may receive the improve 
ment information transmitted from the transmitting device in 
response to the request of the requesting means. 
0069. The improvement information may be a prediction 
coefficient used for predicting a prediction value of quality 
improved data obtained by improving the quality of the data. 
In this case, the improving means may find the prediction 
value of the quality-improved data by using the data and the 
prediction coefficient. 
0070 The improvement information may be a prediction 
coefficient found for each predetermined class. In this case, 
the improving means may find the prediction value of the 
quality-improved data by using the data and the prediction 
coefficient for each class. 
0071. The improving means may comprise class tap con 
structing means for constructing a class tap used for finding 
the class of target quality-improved data, which is targeted 
quality-improved data, by using the data, classifying means 
for carrying out classification for finding the class of the target 
quality-improved data on the basis of the class tap, prediction 
tap constructing means for constructing a prediction tap used 
together with a prediction coefficient for predicting the target 
quality-improved data, by using the data, and predicting 
means for finding the prediction value of the target quality 
improved data by using the prediction coefficient of the class 
of the target quality-improved data and the prediction tap. 
0072 The receiving means may receive a plurality of 
types of improvement information. 
0073. The receiving means may receive prediction coeffi 
cients for different numbers of classes as the plurality of types 
of improvement information. 
0074 The prediction coefficient may be generated by 
using learner data to be a learner and teacher data to be a 
teacher. In this case, the receiving means may receive a plu 
rality of types of prediction coefficients found by using 
learner data or teacher data of different qualities, as the plu 
rality of types of improvement information. 
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0075. The receiving means may receive at least the pre 
diction coefficient and information for carrying out linear 
interpolation, as the plurality of types of improvement infor 
mation. 
0076. The receiving means may receive a plurality of 
types of prediction coefficients found by using class taps or 
prediction taps of different structures, as the plurality of types 
of improvement information. 
0077. The receiving means may receive a plurality of 
types of prediction coefficients found by carrying out classi 
fication by different methods, as the plurality of types of 
improvement information. 
0078. The receiving means may receive embedded data 
obtained by embedding one or more types of improvement 
information into the data. In this case, the data processing 
device may further comprise extracting means for extracting 
the improvement information from the embedded data. 
007.9 The extracting means may extract the improvement 
information from the embedded data by using the bias of 
energy held by the data. 
0080. The extracting means may extract the improvement 
information from the embedded data by carrying out inverse 
spectrum spreading. 
0081. The extracting means may extract one or more bits 
of the embedded data as the improvement information. 
0082. The data may be image data and the improvement 
information may be information for improving the image 
quality of the image data. 
0.083. A data processing method according to the present 
invention comprises a receiving step of receiving data and one 
or more types of improvement information, an improving 
step of improving the quality of the data by using one of the 
one or more types of improvement information and an 
accounting step of carrying out accounting in accordance 
with the improvement information used for improving the 
quality of the data. 
0084. A recording medium according to the present inven 
tion has a program recorded thereon, the program comprising 
a receiving step of receiving data and one or more types of 
improvement information, an improving step of improving 
the quality of the data by using one of the one or more types 
of improvement information, and an accounting step of car 
rying out accounting in accordance with the improvement 
information used for improving the quality of the data. 
0085. A program according to the present invention com 
prises a receiving step of receiving data and one or more types 
of improvement information, an improving step of improving 
the quality of the data by using one of the one or more types 
of improvement information, and an accounting step of car 
rying out accounting in accordance with the improvement 
information used for improving the quality of the data. 
I0086. In the data processing device and method, the 
recording medium and the program according to the present 
invention, improvement information for improving the qual 
ity of data is generated and the improvement information is 
embedded into the data. 
0087. In the data processing device and method, the 
recording medium and the program according to the present 
invention, improvement information is extracted from 
embedded data and the quality of data is improved by using 
the improvement information. 
0088. In the data processing device and method, the 
recording medium and the program according to the present 
invention, a plurality of types of improvement information for 
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improving the quality of data are generated, and the data and 
one or more types of improvement information are transmit 
ted. 
I0089. In the data processing device and method, the 
recording medium and the program according to the present 
invention, data and one or more types of improvement infor 
mation are received and the quality of the data is improved by 
using one of the one or more types of improvement informa 
tion, while accounting is carried out in accordance with the 
improvement information used for improving the quality of 
the data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0090 FIG. 1 shows an exemplary structure of an embodi 
ment of a broadcasting system to which the present invention 
is applied. 
0091 FIG. 2 is a block diagram showing an exemplary 
structure of a transmitting device 1. 
0092 FIG. 3 is a flowchart for explaining the processing 
by the transmitting device 1. 
0093 FIG. 4 is a block diagram showing an exemplary 
structure of a receiving device 3. 
0094 FIG. 5 is a flowchart for explaining the processing 
by the receiving device 3. 
0.095 FIG. 6 is a block diagram showing a first exemplary 
structure of an improvement information generating unit 11. 
0096 FIG. 7 shows the structure of a prediction tap (class 
tap). 
I0097 FIGS. 8A to 8D show the corresponding relations 
between a system selecting signal and an improvement sys 
tem. 

0.098 FIG. 9 is a flowchart for explaining the processing 
by the improvement information generating unit 11 of FIG. 6. 
0099 FIG. 10 is a block diagram showing a second exem 
plary structure of the improvement information generating 
unit 11. 
0100 FIG. 11 is a flowchart for explaining the processing 
by the improvement information generating unit 11 of FIG. 
10. 
0101 FIG. 12 is a block diagram showing a first exem 
plary structure of a quality improving unit 24. 
0102 FIG. 13 is a flowchart for explaining the processing 
by the quality improving unit 24 of FIG. 12. 
0103 FIG. 14 is a block diagram showing a third exem 
plary structure of the improvement information generating 
unit 11. 
0104 FIG. 15 is a flowchart for explaining the processing 
by the improvement information generating unit 11 of FIG. 
14. 
0105 FIG. 16 is a block diagram showing a first exem 
plary structure of a learning device for finding a prediction 
coefficient. 
0106 FIG. 17 is a block diagram showing a second exem 
plary structure of the quality improving unit 24. 
0107 FIG. 18 is a flowchart for explaining the processing 
by the quality improving unit 24 of FIG. 17. 
0.108 FIG. 19 is a block diagram showing a fourth exem 
plary structure of the improvement information generating 
unit 11. 
0109 FIG. 20 is a flowchart for explaining the processing 
by the improvement information generating unit 11 of FIG. 
19. 
0110 FIG. 21 is a block diagram showing a third exem 
plary structure of the quality improving unit 24. 
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0111 FIG.22 is a block diagram showing a second exem 
plary structure of the learning device for finding a prediction 
coefficient. 
0112 FIG. 23 is a block diagram showing an exemplary 
structure of an integrating unit 12. 
0113 FIG. 24 is a flowchart for explaining the processing 
by the integrating unit 12 of FIG. 23. 
0114 FIGS. 25A to 25K illustrate the switching of image 
arrays. 
0115 FIG. 26 is a block diagram showing an exemplary 
structure of an extracting unit 22. 
0116 FIG. 27 is a flowchart for explaining the processing 
by the extracting unit 22 of FIG. 26. 
0117 FIG. 28 is a block diagram showing another exem 
plary structure of the integrating unit 12. 
0118 FIG. 29 is a block diagram showing another exem 
plary structure of the extracting unit 22. 
0119 FIG. 30 is a block diagram showing an exemplary 
structure of an embodiment of a computer to which the 
present invention is applied. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0120 FIG. 1 shows an exemplary structure of an embodi 
ment of a digital satellite broadcasting system to which the 
present invention is applied. (A system is a logical set of a 
plurality of devices, irrespective of whether the devices are 
within the same casing or not.) 
0121 A transmitting device 1 transmits satellite broadcast 
waves as radio waves corresponding to program broadcast 
from an antenna (parabolic antenna) 1A to a satellite 2. The 
satellite (communication satellite or broadcasting satellite) 2 
receives the satellite broadcast waves from the transmitting 
device 1, then performs amplification and other necessary 
processing on the satellite broadcast waves, and sends out the 
resultant satellite broadcast waves. 
0122 The satellite broadcast waves sent out from the sat 
ellite 2 are received by an antenna (parabolic antenna) 3A of 
a receiving device 3. 
0123. The transmitting device 1 and the receiving device 3 
can communicate with each other via a network 4 which 
enables bidirectional communication Such as a public net 
work, the Internet, a CATV (cable television) network or a 
radio communication network. Between the transmitting 
device 1 and the receiving device 3, the processing for 
accounting such as transmission/reception of accounting 
information is carried out via the network 4. 
0.124. In the embodiment of FIG. 1, only one receiving 
device 3 is shown in order to simplify the description. How 
ever, it is possible to provide a plurality of receiving devices 
having the same structure as the receiving device 3. 
0.125 FIG. 2 shows an exemplary structure of the trans 
mitting device 1 of FIG. 1. 
0126 Image data broadcast as a program (hereinafter Suit 
ably referred to as broadcast image data) or image data having 
the same contents as the broadcast image data and having 
higher image quality (hereinafter referred to as image data of 
high image quality) is inputted to an improvement informa 
tion generating unit 11. The improvement information gen 
erating unit 11 generates improvement information for 
improving the image quality of the broadcast image data in 
the receiving device 3. 
0127 Specifically, a system selecting signal for selecting 
an improvement system for improving the image quality of 
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the broadcast image data is also Supplied to the improvement 
information generating unit 11. The improvement informa 
tion generating unit 11 generates one or more types of 
improvement information in accordance with the system 
selecting signal Supplied thereto. The improvement informa 
tion generated by the improvement information generating 
unit 11 is Supplied to an integrating unit 12. 
I0128. To the integrating unit 12, the improvement infor 
mation is Supplied from the improvement information gener 
ating unit 11 and the broadcast image data is also supplied. 
The integrating unit 12 integrates the broadcast image data 
with the improvement information to generate an integrated 
signal and Supplies the integrated signal to a transmitting unit 
13. 

0129. As a technique for integrating the broadcast image 
data with the improvement information, it is possible to use 
embedded coding, which will be described later, as well as 
time-division multiplexing and frequency multiplexing. It is 
also possible to transmit the broadcast image data and the 
improvement information as separate programs without inte 
grating them. 
0.130. The transmitting unit 13 performs modulation, 
amplification and other necessary processing on the inte 
grated signal outputted from the integrating unit 12, and Sup 
plies the resultant integrated signal to the antenna 1A. 
I0131) An accounting unit 14 communicates with the 
receiving device 3 via a communication interface 15 and the 
network 4, thereby carrying out accounting for the provision 
of programs to the receiving device 3. 
(0132. The communication interface 15 carries out com 
munication control via the network 4. 

0133. The program transmission processing carried out by 
the transmitting device 1 of FIG. 2 will now be described with 
reference to the flowchart of FIG. 3. 

I0134) First, at step S1, the improvement information gen 
erating unit 11 generates one or more types of improvement 
information for improving the image quality of broadcast 
image data in accordance with a system selecting signal Sup 
plied thereto, and Supplies the improvement information to 
the integrating unit 12. The unit of broadcast image data for 
which improvement information is generated (hereinafter 
Suitably referred to as improvement information generation 
unit) may be, for example, one frame, one program or the like. 
0.135 When the improvement information is supplied 
from the improvement information generating unit 11, the 
integrating unit 12 at step S2 integrates the broadcast image 
data with the improvement information to generate an inte 
grated signal and Supplies the integrated signal to the trans 
mitting unit 13. At step S3, the transmitting unit 13 performs 
modulation, amplification and other necessary processing on 
the integrated signal outputted from the integrating unit 12 
and Supplies the resultant integrated signal to the antenna 1A. 
Thus, the integrated signal is sent out as a satellite broadcast 
wave from the antenna 1A. 

0.136 Then, the processing returns to step S1 and the same 
processing is repeated. 
0.137 FIG. 4 shows an exemplary structure of the receiv 
ing device 3 of FIG. 1. 
0.138 Satellite broadcast waves broadcast via the satellite 
2 are received by the antenna 3A and the received signals are 
Supplied to a receiving unit 21. The receiving unit 21 per 
forms amplification, demodulation and other necessary pro 
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cessing on the received signals from the antenna 3A to obtain 
an integrated signal and Supplies the integrated signal to an 
extracting unit 22. 
0.139. The extracting unit 22 extracts broadcast image data 
and one or more types of improvement information from the 
integrated signal from the receiving unit 21. The extracting 
unit 22 Supplies the broadcast image data to a quality improv 
ing unit 24 and Supplies the one or more types of improve 
ment information to a selecting unit 23. 
0140. The selecting unit 23 selects a type of improvement 
information corresponding to an image quality level signal 
from an accounting unit 27, of the one or more types of 
improvement information from the extracting unit 22, and 
Supplies a system selecting signal for selecting an improve 
ment system for improving the image quality by the selected 
improvement information, together with the selected 
improvement information, to the quality improving unit 24. 
0141. The quality improving unit 24 performs the process 
ing of the system indicated by the system selecting signal, on 
the broadcast image data Supplied from the extracting unit 22, 
using the improvement information Supplied from the select 
ing unit 23. The quality improving unit 24 thus obtains image 
data of improved image quality and Supplies the image data to 
a display unit 25. The display unit 25 is constituted by, for 
example, a CRT (cathode ray tube), a liquid crystal panel, or 
a DMD (dynamic mirror device), and displays an image cor 
responding to the image data Supplied from the quality 
improving unit 24. 
0142. An operating unit 26 is operated by a user when the 
user selects the image quality of an image to be displayed on 
the display unit 25. An operation signal corresponding to the 
operation is supplied to the accounting unit 27. 
0143. On the basis of the operation signal from the oper 
ating unit 26, the accounting unit 27 carries out accounting for 
the image quality selected by the user. That is, the accounting 
unit 27 identifies the image quality requested by the user on 
the basis of the operation signal from the operating unit 26 
and Supplies an image quality level signal indicating the 
degree of the image quality to the selecting unit 23. Thus, the 
selecting unit 23 selects improvement information Suitable 
for obtaining the image quality requested by user. The 
accounting unit 27 also transmits the image quality level 
signal to the transmitting device 1 via a communication inter 
face 28 and the network 4. 

0144. The image quality level signal thus transmitted from 
the accounting unit 27 to the transmitting device 1 is received 
by the accounting unit 14 via the communication interface 15 
in the transmitting device 1 (FIG. 2). The accounting unit 14 
carries out accounting to the user of the receiving device 3 in 
accordance with the image quality level signal. Specifically, 
for example, the accounting unit 14 calculates the viewing fee 
for each user, and transmits an accounting signal including at 
least the account number of the transmitting device 1, the 
account number of the user and the accumulated viewing fee, 
to an accounting center (bank center), not shown, via the 
communication interface 15 and the network 4. On receiving 
the accounting signal, the accounting center carries out settle 
ment processing to draw an amount corresponding to the 
viewing fee from the account of the user and to deposit the 
amount to the account of the transmitting device 1. 
0145 The communication interface 28 carries out com 
munication control via the network 4. 
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0146 The program reception processing carried out by the 
receiving device 3 of FIG. 4 will now be described with 
reference to the flowchart of FIG. 5. 
0147 A received signal, outputted by the antenna 3A hav 
ing received a satellite broadcast wave, is Supplied to the 
receiving unit 21. At step S11, the receiving unit 21 receives 
the received signal and converts it to an integrated signal. The 
integrated signal is Supplied to the extracting unit 22. 
0.148. At step S12, the extracting unit 22 extracts broadcast 
image data and one or more types of improvement informa 
tion from the integrated signal from the receiving unit 21. The 
broadcast image data is Supplied to the quality improving unit 
24 and the one or more types of improvement information is 
Supplied to the selecting unit 23. 
0149. At step S13, the selecting unit 23 selects a type of 
improvement information corresponding to an image quality 
level signal from the accounting unit 27, of the one or more 
types of improvement information from the extracting unit 
22, and Supplies a system selecting signal indicating an 
improvement system for improving the image quality by the 
selected improvement information, together with the selected 
improvement information, to the quality improving unit 24. 
0150. At step S14, the quality improving unit 24 performs 
the processing of the system indicated by the system selecting 
signal, on the broadcast image data Supplied from the extract 
ing unit 22, using the improvement information Supplied 
from the selecting unit 23. The quality improving unit 24 thus 
obtains image data of improved image quality and Supplies 
the image data to the display unit 25 to display the image data. 
Then, the processing returns to step S11 and the same pro 
cessing is repeated. 
0151. In the above-described reception processing, the 
image quality level signal outputted by the accounting unit 27 
corresponds to the image quality requested by the user by 
operating the operating unit 26. Therefore, the display unit 25 
displays an image of the image quality requested by the user. 
0152. As a technique for improving the image quality of 
image data, for example, classification adaptive processing 
can be used, which is proposed in the Japanese Publication of 
Unexamined Patent Application No. H8-51622 by the present 
Applicant. 
0153. The classification adaptive processing includes 
classification processing and adaptive processing. The clas 
sification processing classifies data on the basis of the char 
acteristics thereof so as to perform adaptive processing for 
each class. The adaptive processing is the following tech 
nique. 
0154 That is, in the adaptive processing, for example, by 
using a linear combination of a pixel constituting an SD 
(standard definition) image having a standard resolution or a 
low resolution (hereinafter suitably referred to as an SD pixel) 
with a predetermined prediction coefficient, a prediction 
value of a pixel of an HD (high definition) image obtained by 
improving the resolution of the SD image is found, thus 
providing the image obtained by improving the resolution of 
the SD image. 
0155 Specifically, for example, it is now assumed that a 
certain HD image is teacher data and that an SD image having 
its image quality Such as resolution deteriorated by reducing 
the number of pixels of the HD image is learner data. It is 
assumed that a prediction value Ely of a pixel value y of a 
pixel constituting the HD image (hereinafter suitably referred 
to as an HD pixel) is to be found by a linear combination 
model prescribed by a linear combination of a set of pixel 
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values X1,X2,... of several SD pixels (pixels constituting the 
SD image) with predetermined prediction coefficients w1, 
w2. . . . . In this case, the prediction value Ely can be 
expressed by the following equation. 

0156 If a matrix W made up of a set of prediction coeffi 
cients wi, a matrix X made up of a set of learner data Xi, and 
a matrix Y made up of prediction values Ely are defined as 
follows, in order to generalize the equation (1), 

Will V12 W 

Wil W2 W 

w Ey. 

Wy ELy) 

the following observational equation is set up. 
XW =Y (2) 

In this case, the component Xij of the matrix X means the j-th 
learner data of the i-th set of learner data (a set of learner data 
used for predicting the i-th teacher data), and the component 
w of the matrix W means a prediction coefficient used for 
calculating a product with the j-th learner data of the set of 
learner data. Moreover, since yi represents the i-th teacher 
data, Eyi represents a prediction value of the i-th teacher 
data. In the equation (1), y on the left side represents the 
component yi of the matrix Y without having the suffix i, and 
X1,X2,... on the right side represent the components xi of the 
matrix X without having the suffix i. 
0157. It is now assumed that a prediction value Ely close 

to the pixel value y of the HD pixel is to be found by applying 
a minimum square method to the observational equation (2). 
In this case, if a matrixY made up of a set of true pixel values 
y of the HD pixels to be teacher data and a matrix E made up 
of a set of residualse of the prediction value Ely with respect 
to the pixel valuesy of the HD pixels are defined as follows, 

e y 

et y 

the following residual equation is set up from the equation (2). 
X’= YE (3) 

0158. In this case, the prediction coefficient wifor finding 
the prediction value Ely close to the pixel value V of the HD 
pixel can be found by minimizing the following square error. 

2 
e; 
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0159. Therefore, if the above-described square error dif 
ferentiated by the prediction coefficient wiis 0, the prediction 
coefficient wi satisfying the following equation is an opti 
mum value for finding the prediction value Ely close to the 
pixel value y of the HD pixel. 

4 e i + e... ... + et = 0(j = 1,2,..., J) (4) 

0160 Thus, first, differentiating the equation (3) by the 
prediction coefficient wi provides the following equation. 

de; de; de; (5) 
aw Wil, aw F Wia . . . . aw = xij (i = 1, 2. . . . . I) 

0.161 From the equations (4) and (5), the following equa 
tion (6) is obtained. 

(6) 
X. ei xi = 0, X. e; x2 = 0, ... , X, ei Xij = 0 

(0162 Moreover, in consideration of the relation of the 
learner data Xi, the prediction coefficient wi, the teacher data 
yi and the residual ei in the residual equation (3), the follow 
ing normal equation can be obtained from the equation (6). 

(7) 

3. risk -- 3. risks -- ... -- 

(), is k-1},y) 
3. Wi2-Will -- 3. ses -- ... -- 
i=l 

3. Wi2-Wii 3. sy 
3. Wii Vil -- 3. sis -- ... -- 
i=1 

3. WiiWii 3. so 
0163. By preparing a predetermined number of sets of 
learner data Xi and teacher data yi, the equations constituting 
the normal equation (7) of the same number as the number J 
of prediction coefficients wito be found can be set up. There 
fore, the optimum prediction coefficient wi can be found by 
Solving the equation (7). (However, to solve the equation (7). 
the matrix made up of the coefficients according to the pre 
diction coefficient Wimust be regular.) In solving the equation 
(7), it is possible to adopt, for example, a Sweep method 
(Gauss-Jordan elimination method, etc.). 
0164. As described above, in the adaptive processing, the 
optimum prediction coefficient wiis found and the prediction 
value Ey of the pixel value y of the HD pixel is found in 
accordance with the equation (1) Using the prediction coef 
ficient wi. 
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0.165. The adaptive processing differs from simple inter 
polation processing in that a component not included in the 
SD image but included in the HD image is reproduced. As far 
as the equation (1) is concerned, the adaptive processing is the 
same as the interpolation processing using a so-called inter 
polation filter. In the adaptive processing, since the prediction 
coefficient w equivalent to the tap coefficient of the interpo 
lation filter is found by so-called learning with the teacher 
data y, the component included in the HD image can be 
reproduced. Therefore, it can be said that the adaptive pro 
cessing has an image creation (resolution creation) effect. 
0166 In the above description, the adaptive processing is 
used in the case of improving the resolution. However, the 
number of pixels may be unchanged before and after the 
adaptive processing, and the adaptive processing can also be 
for finding a prediction value of an image from which noise 
and blur have been removed. In this case, the adaptive pro 
cessing enables improvement in the image quality Such as 
removal of noise and blur. 
0167 FIG. 6 shows an exemplary structure of the 
improvement information generating unit 11 of FIG. 2 in the 
case where a prediction coefficient is to be found as improve 
ment information by the above-described classification adap 
tive processing. 
0.168. In the embodiment of FIG. 6, there exists image data 
of high image quality having the same contents as broadcast 
image data. This image data of high image quality is Supplied 
to the improvement information generating unit 11 as teacher 
data for learning the prediction coefficient. 
0169. The image data of high image quality as teacher data 

is Supplied, for example, by each frame, to a frame memory 
31. The frame memory 31 sequentially stores the teacher data 
supplied thereto. 
0170 A down converter 32 reads out the teacher data 
stored in the frame memory 31, for example, by each frame, 
and performs LPF (low pass filter) filtering and decimation, 
thereby generating image data having basically the same 
image quality as the broadcast image data, that is, image data 
of lower image quality, as learner data for learning the pre 
diction coefficient. The down converter 32 then supplies the 
image data of lower quality to a frame memory 33. 
0171 The frame memory 33 sequentially stores the image 
data of lower image quality as the learner data outputted from 
the down converter 32, for example, by each frame. 
0172 A prediction tap constructing circuit 34 sequentially 
uses pixels (hereinafter suitably referred to as teacher pixels) 
constituting an image as the teacher data (hereinafter Suitably 
referred to as a teacher image) stored in the frame memory 31, 
as target pixels, and reads out several pixels (hereinafter Suit 
ably referred to as learner pixels) of the learner data situated 
at positions that are spatially or temporally close to the posi 
tion of an image as the learner data (hereinafter Suitably 
referred to as a learner image) corresponding to the position 
of the target pixel, from the frame memory 33 in accordance 
with a control signal from a control circuit 40. The prediction 
tap constructing circuit 34 thus constitutes a prediction tap 
used for multiplication with the prediction coefficient. 
0173 Specifically, for example, if the learner image is 
obtained by decimating the pixels of the teacher image to 4, 
the prediction tap constructing circuit 34 uses, as a prediction 
tap, four learner pixels a, b, c, d, which are spatially close to 
the position of the learner image corresponding to the posi 
tion of the target pixel, in accordance with a control signal 
from the control circuit 40, as shown in FIG. 7. The prediction 
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tap constructing circuit 34 also uses, as a prediction tap, nine 
learner pixels a, b, c, d, e, f, g, h, i, which are spatially close to 
the position of the learner image corresponding to the posi 
tion of the target pixel, in accordance with another control 
signal from the control circuit 40. 
0.174 Basically, the prediction accuracy of the teacher 
pixels is higher and an image of high image quality (or a 
prediction coefficient for obtaining an image of high image 
quality) is obtained when the nine learner pixels are used as a 
prediction tap than when the four learner pixels a to d are 
used. 
0.175. The prediction tap (similar to a class tap, which will 
be described later) can be constituted by pixels forming a 
cross, a rhombus or an arbitrary shape as well as pixels form 
ing a rectangle as shown in FIG. 7. The prediction tap can also 
be constituted by every other pixels instead of adjacent pixels. 
0176 Referring again to FIG. 6, the prediction tap con 
structed by the prediction tap constructing circuit 34 is Sup 
plied to a normal equation adder 37. 
0177. A class tap constructing circuit 35 reads out the 
learner pixels used for classifying the target pixel into one of 
several classes, from the frame memory 33. Specifically, the 
class tap constructing circuit 35 reads out several learner 
pixels situated at positions spatially or temporally close to the 
position of the learner image corresponding to the position of 
the target pixel from the frame memory 33 in accordance with 
a control signal from the control circuit 40, and Supplies these 
learner pixels as a class tap used for classification to a clas 
sifying circuit 36. 
0.178 The prediction tap and the class tap may be consti 
tuted by the same learner pixels and may also be constituted 
by different learner pixels. 
0179 The classifying circuit 36 classifies the target pixel 
using a method conforming to the control signal from the 
control circuit 40 on the basis of the class tap from the class 
tap constructing circuit 35, and Supplies a class code corre 
sponding to the class of the target pixel obtained as a result of 
classification to the normal equation adder 37. 
0180. As a method for classification, for example, a 
method using a threshold value or a method using ADRC 
(adaptive dynamic range coding) may be employed. 
0181. In the method using a threshold value, the pixel 
values of the learner pixels constituting the class tap are 
binarized depending on whether or not the pixel values are 
greater than a predetermined threshold value (or equal 
to/greater than the threshold value), and the class of the target 
pixel is determined in accordance with the result of binariza 
tion. 
0182. In the method using ADRC, the learner pixels con 
stituting the class tap are ADRC-processed and the class of 
the target pixel is determined in accordance with an ADRC 
code obtained as a result of ADRC processing. 
0183 In K-bit ADRC, for example, a maximum value 
MAX and a minimum value MIN of the pixel values of the 
learner pixels constituting the class tap are detected and 
DR-MAX-MIN is used as a local dynamic range of the class 
tap. On the basis of the dynamic range DR, the learner pixels 
constituting the class tap are re-quantized to K bits. That is, 
the minimum value MIN is subtracted from the pixel values of 
the pixels constituting the class tap and the Subtraction value 
is divided (quantized) by DR/2K. Therefore, for example, 
when the class tap is one-bit ADRC-processed, the pixel value 
of each learner pixel constituting the class tap is caused to be 
one bit. In this case, a bit string Such that the pixel values each 
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being one bit of the respective pixels constituting the class 
tap, obtained as described above, are arrayed in a predeter 
mined order, is outputted as an ADRC code. 
0184 Therefore, according to ADRC, when the class tap is 
constituted by N learner pixels and the result of K-bit ADRC 
processing of the class tap is caused to be a class code, the 
target pixel is classified into one of (2N)K classes. 
0185. The normal equation adder 37 reads out the teacher 
pixel as the target pixel from the frame memory 31 and carries 
out addition with respect to the prediction tap (that is, learner 
pixels constituting the prediction tap) and the target pixel 
(teacher pixel). 
0186 Specifically, the normal equation adder 37 carries 
out arithmetic operation equivalent to the multiplication 
(Xinxxim) of the learner pixels, which are multipliers of pre 
diction coefficient, and the summation (X) on the left side of 
the normal equation (7) using the prediction tap (learner 
pixels), for each class corresponding to the class code Sup 
plied from the classifying circuit 36. 
0187 Moreover, the normal equation adder 37 carries out 
arithmetic operation equivalent to the multiplication (Xinxyi) 
of the learner pixels and the target pixel (teacher pixel) and the 
Summation (X) on the right side of the normal equation (7) 
using the prediction tap (learner pixels) and the target pixel 
(teacher pixel), for each class corresponding to the class code 
supplied from the classifying circuit 36. 
0188 The normal equation adder 37 carries out the above 
described addition with respect to all the teacher pixels stored 
in the frame memory 31 as target pixels. Thus, the normal 
equation expressed by the equation (7) is set up for each class. 
On the basis of the normal equation, improvement informa 
tion is generated for each predetermined number of teacher 
pixels. 
0189 A prediction coefficient determining circuit 38 
Solves the normal equation generated for each class by the 
normal equation adder 37, thus finding a prediction coeffi 
cient for each class. The prediction coefficient determining 
circuit 38 supplies the prediction coefficients to addresses 
corresponding to the respective class in a memory 39. The 
memory 39 stores the prediction coefficients supplied from 
the prediction coefficient determining circuit 38 as improve 
ment information, and when necessary, Supplies the predic 
tion coefficients to the integrating unit 12 (FIG. 2). 
0190. In some cases, a class is generated for which a 
necessary number of normal equations for finding the predic 
tion coefficient cannot be obtained by the normal equation 
adder 37. As for such a class, the prediction coefficient deter 
mining circuit 38 outputs a default prediction coefficient (for 
example, a prediction coefficient found in advance by using a 
relatively large number of teacher images). 
0191 The control circuit 40 is supplied with a system 
selecting signal (FIG. 2) for selecting an improvement system 
for improving the image quality of the broadcast image data. 
In accordance with the improvement system indicated by the 
system selecting signal, the control circuit 40 controls the 
prediction tap constructing circuit 34, the class tap construct 
ing circuit 35 and the classifying circuit 36 so that necessary 
improvement information for improving the image quality of 
the broadcast image data is generated. 
0.192 In the present embodiment, the amount (viewing 
fee) charged by the accounting unit 14 is varied in accordance 
with the improvement system (improvement information 
used for the improvement system) used by the receiving 
device 3. 
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0193 The charged amount (viewing fee) can be set in 
accordance with, for example, whether or not to use classifi 
cation processing as the improvement system. For example, 
the charged amount can be varied among three cases, that is, 
the case where linear interpolation is used as the improvement 
system, the case where only adaptive processing is used as the 
improvement system, and the case where classification adap 
tive processing is used as the improvement system, as shown 
in FIG. 8A. 
0194 The case where only adaptive processing is used is 
the case where only adaptive processing is carried out without 
carrying out classification. Therefore, it is the case where 
there is only one class (mono-class) in classification adaptive 
processing. 
0.195. In the case where linear interpolation is used as the 
improvement system, since no prediction coefficient is nec 
essary, the improvement information generating unit 11 does 
not carry out particular processing and outputs the informa 
tion that linear interpolation is designated, as the improve 
ment information. 
0196. The charged amount can also be set in accordance 
with the number of classes in classification adaptive process 
ing used as the improvement system. For example, the 
charged amount can be varied among three cases, that is, the 
case where linear interpolation is used as the improvement 
system, the case where classification adaptive processing 
with a small number of classes is used as the improvement 
system, and the case where classification adaptive processing 
with a large number of classes is used as the improvement 
system, as shown in FIG. 8B. 
0197) The charged amount can also be set in accordance 
with the image quality of the learner image or the teacher 
image used for generating prediction coefficients in classifi 
cation adaptive processing used as the improvement system. 
For example, if the image quality of the teacher image is good, 
a prediction coefficient of high performance that can largely 
improve the image quality of the broadcast image data is 
provided. On the contrary, if the image quality of the teacher 
image is not very good, a prediction coefficient of low per 
formance that can only slightly improve the image quality of 
the broadcast image data is provided. Thus, the charged 
amount can be varied among three cases, that is, the case 
where linear interpolation is used as the improvement system, 
the case where classification adaptive processing with a pre 
diction coefficient of low performance is used as the improve 
ment system, and the case where classification adaptive pro 
cessing with a prediction coefficient of high performance is 
used as the improvement system, as shown in FIG. 8C. 
0198 The charged amount can also be set in accordance 
with the class tap or the prediction tap constructed in classi 
fication adaptive processing as the improvement system. That 
is, since the image quality of the resultant image varies as 
described above depending on the manner of constructing the 
class tap or the prediction tap (the shape of the tap, the number 
of pixels constituting the tap, and construction of the tap by 
pixels in either the spatial direction or the temporal direction 
or in both directions), the charged amount can be varied in 
accordance with the manner of construction. 
0199 Moreover, the charged amount can also be set in 
accordance with the classification method in classification 
adaptive processing used as the improvement system. The 
charged amount can be varied among three cases, that is, the 
case where linear interpolation is used as the improvement 
system, the case where adaptive processing using classifica 
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tion by the above-described threshold value is used as the 
improvement system, and the case where adaptive processing 
using classification by ADRC processing is used as the 
improvement system, as shown in FIG. 8D. 
0200. The improvement system and the system selecting 
signal can be associated with each other, for example, as 
shown in FIGS. 8A to 8D, and the control circuit 40 outputs a 
control signal for carrying out designation so that the 
improvement information used for the improvement system 
corresponding to the system selecting Supplied thereto is 
obtained, to the prediction tap constructing circuit 34, the 
class tap constructing circuit 35 and the classifying circuit 36. 
As the improvement system, a combination of a plurality of 
systems of the above-described improvement systems can 
also be employed. 
0201 The improvement information generation process 
ing for generating improvement information, carried out by 
the improvement information generating unit 11 of FIG. 6, 
will now be described with reference to the flowchart of FIG. 
9. 
0202 First, at step S21, a teacher image corresponding to 
a unit of improvement information generation is stored in the 
frame memory 31. Then, at step S22, the control circuit 40 
Supplies a control signal for carrying out designation so that 
improvement information used for an improvement system 
corresponding to a system selecting signal Supplied thereto is 
obtained, to the prediction tap constructing circuit 34, the 
class tap constructing circuit 35 and the classifying circuit 36. 
Thus, the prediction tap constructing circuit 34, the class tap 
constructing circuit 35 and the classifying circuit 36 are set to 
carry out the processing to obtain a prediction coefficient as 
the improvement information used for the improvement sys 
tem in accordance with the control signal. 
0203 The system selecting signal supplied to the control 
circuit 40 includes information indicating a plurality of 
improvement systems. The control circuit 40 sequentially 
outputs a control signal corresponding to the plurality of 
improvement systems every time the processing of step S22 is 
carried out. 
0204 If the control signal outputted from the control cir 
cuit 40 indicates linear interpolation, information that linear 
interpolation is designated is stored into the memory 39 as the 
improvement information. The processing of steps S23 to 
S28 is skipped and the processing goes to step S29. 
0205. After the processing of step S22, the processing 
goes to step S23 and the down converter 32 performs LPF 
(low pass filter) filtering or decimation of the teacher image 
stored in the frame memory 31, when necessary, thus gener 
ating an image of the same image quality as the broadcast 
image data, as a learner image. The learner image is Supplied 
to and stored in the frame memory 33. 
0206. The learner image can also be an image of image 
quality different from that of the broadcast image data. In 
Such a case, a control signal to that effect is Supplied from the 
control circuit 40 to the down converter 32 and the down 
converter 32 generates a learner image of image quality con 
forming to the control signal from the control circuit 40. 
0207. Then, at step S24, a teacher pixel that has not yet 
been a target pixel, of the teacher pixels stored in the frame 
memory 31, is used as a target pixel, and the prediction tap 
constructing circuit 34 constructs a prediction tap for the 
target pixel of the structure conforming to the control signal 
from the control circuit 40, by using the learner pixel stored in 
the frame memory 33. Moreover, at step S24, the class tap 
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constructing circuit 35 constructs a class tap for the target 
pixel of the structure conforming to the control signal from 
the control circuit 40, by using the learner pixel stored in the 
frame memory 33. Then, the prediction tap is supplied to the 
normal equation adder 37 and the class tap is Supplied to the 
classifying circuit 36. 
0208. At step S25, the classifying circuit 36 classifies the 
target pixel by the method conforming to the control signal 
from the control circuit 40 on the basis of the class tap from 
the class tap constructing circuit 35, and Supplies a class code 
corresponding to a class obtained as a result of classification 
to the normal equation adder 37. Then, the processing goes to 
step S26. 
0209. At step S26, the normal equation adder 37 reads out 
the teacher pixel as the target pixel from the frame memory 31 
and carries out addition as described above with respect to the 
prediction tap (learner pixels constituting the prediction tap) 
and the target pixel (teacher pixel). 
0210. Then, at step S27, the control circuit 40 discrimi 
nates whether or not addition has been carried out using all the 
teacher pixels of the unit of improvement information gen 
eration stored in the frame memory 31 as target pixels. If it is 
determined that addition has not yet been carried out using all 
the teacher pixels as target pixels, the processing returns to 
step S24. In this case, one of the teacher pixels that have not 
yet been target pixels is used as a new target pixel and the 
processing of steps S24 to S27 is repeated. 
0211. If it is determined by the control circuit 40 at step 
S27 that addition has been carried out using all the teacher 
pixels of the unit of improvement information generation as 
target pixels, that is, if the normal equation for each class is 
obtained by the normal equation adder 37, the processing 
goes to step S28 and the prediction coefficient determining 
circuit 38 solves each of the normal equations generated for 
the respective classes, thus finds prediction coefficients for 
the respective classes, and Supplies the prediction coefficients 
to addresses corresponding to the respective classes in the 
memory39. The memory 39 stores the prediction coefficients 
Supplied from the prediction coefficient determining circuit 
38 as improvement information. 
0212. The memory 39 has a plurality of banks and there 
fore can store a plurality of types of improvement information 
simultaneously. 
0213. After that, the processing goes to step S29 and the 
control circuit 40 discriminates whether or not improvement 
information has been obtained for all of the plurality of 
improvement systems included in the system selecting signal 
supplied thereto. 
0214. If it is determined at step S29 that one or some of the 
plurality of types of improvement information used for the 
plurality of improvement systems included in the system 
selecting signal have not yet been obtained, the processing 
returns to step S22 and the control circuit 40 outputs a control 
signal corresponding to the improvement system for which 
improvement information has not yet been obtained. Then, 
the processing similar to the above-described processing is 
repeated. 
0215. On the other hand, if it is determined at step S29 that 
improvement information has been obtained for all of the 
plurality of improvement systems included in the system 
selecting signal, that is, if the plurality of types of improve 
ment information used for the plurality of improvement sys 
tems included in the system selecting signal are stored in the 
memory 39, the processing goes to step S30. The plurality of 
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types of improvement information are read out from the 
memory 39 and are supplied to the integrating unit 12 (FIG. 
2). Then, the processing ends. 
0216. The improvement information generation process 
ing of FIG. 9 is repeated every time the teacher image for a 
unit of improvement information generation is Supplied to the 
frame memory 31. 
0217. In the embodiment of FIG. 6, it is assumed that there 
exists image data of high image quality having the same 
contents as broadcast image data. However, in a certain, there 
is no such image data of high image quality (for example, in 
the case where the original image is directly used as broadcast 
image data.) In such a case, since no teacher images exist, the 
improvement information generating unit 11 of FIG. 6 cannot 
generate a prediction coefficient as improvement informa 
tion. 
0218. Thus, FIG. 10 shows another exemplary structure of 
the improvement information generating unit 11 capable of 
generating a prediction coefficient as improvement informa 
tion without using image data of high image quality to be a 
teacher image when the transmitting device 1 sends out an 
image of the same size as an original image. In FIG. 10. 
portions corresponding to those in FIG. 6 are denoted by the 
same numerals and will not be described further in detail. 
Specifically, the improvement information generating unit 11 
of FIG. 10 is constituted similarly to the improvement infor 
mation generating unit 11 of FIG. 6, except that the down 
converter 32 is not provided and that a frame memory 41, a 
characteristic quantity estimating circuit 42, a provisional 
teacher data generating circuit 43 and a provisional learner 
data generating circuit 44 are newly provided. 
0219. In the improvement information generating unit 11 
of FIG. 10, since no true teacher image exists, a provisional 
teacher image having a relation with broadcast image data as 
a learner image similar to the relation between a true teacher 
image and the broadcast image data as a learner image, and a 
provisional learner image (hereinafter suitably referred to as 
a provisional teacher image and a provisional learner image, 
respectively) are generated from the broadcast image data, 
and a prediction coefficient as improvement information is 
generated by using the provisional teacher image and the 
provisional learner image. 
0220. The broadcast image data is supplied to the frame 
memory 41, and the frame memory 41 stores the broadcast 
image data Supplied thereto, by each unit of improvement 
information generation. 
0221) The characteristic quantity estimating circuit 42 
finds the characteristic quantity of the broadcast image data 
stored in the frame memory 41 and Supplies the characteristic 
quantity to the provisional teacher data generating circuit 43 
and the provisional learner data generating circuit 44. 
0222. As the characteristic quantity of the broadcast image 
data, for example, an auto-correlation coefficient in the hori 
Zontal direction or in the vertical direction, a histogram of 
pixel values, or a histogram of differential values of adjacent 
pixels (histogram of activity) can be used. 
0223) The provisional teacher data generating circuit 43 
estimates the characteristic quantity (hereinafter Suitably 
referred to as estimated teacher characteristic quantity) of the 
original teacher image (true teacher image) with respect to the 
broadcast image data on the basis of the characteristic quan 
tity of the broadcast image data from the characteristic quan 
tity estimating circuit 42. Moreover, the provisional teacher 
data generating circuit 43 performs LPF filtering and decima 
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tion on the broadcast image data stored in the frame memory 
41, thus generating an image having the same characteristic 
quantity as the estimated teacher characteristic quantity. The 
provisional teacher data generating circuit 43 Supplies the 
generated image as a provisional teacher image to the frame 
memory 31 and the provisional learner data generating circuit 
44. 
0224. The provisional learner data generating circuit 44 
performs LPF filtering on the provisional teacher image Sup 
plied from the provisional teacher data generating circuit 43. 
thus generating an image having the same characteristic 
quantity as the characteristic quantity of the broadcast image 
data, which is the original learner image, Supplied from the 
characteristic quantity estimating circuit 42. The provisional 
learner data generating circuit 44 Supplies the generated 
image as a provisional learner image to the frame memory 33. 
0225. The improvement information generation process 
ing for generating improvement information, carried out by 
the improvement information generating unit 11 of FIG. 10, 
will now be described with reference to the flowchart of FIG. 
11. 

0226 First, when broadcast image data is supplied to and 
stored in the frame memory 41, the characteristic quantity 
estimating circuit 42 at step S41 extracts the characteristic 
quantity of the broadcast image data stored in the frame 
memory 41 and Supplies the characteristic quantity to the 
provisional teacher data generating circuit 43 and the provi 
sional learner data generating circuit 44. 
0227. When the characteristic quantity of the broadcast 
image data is Supplied from the characteristic quantity esti 
mating circuit 42, the provisional teacher data generating 
circuit 43 at step S42 estimates the characteristic quantity of 
an original teacher image (estimated teacher characteristic 
quantity) with respect to the broadcast image data on the basis 
of the characteristic quantity of the broadcast image data. 
Then, the processing goes to step S43. At step S43, the pro 
visional teacher data generating circuit 43 sets the LPF filter 
characteristics and the decimation width (decimation rate) for 
obtaining an image having the same characteristic quantity as 
the estimated teacher characteristic quantity from the broad 
cast image data, on the basis of the estimated teacher charac 
teristic quantity. Then, the processing goes to step S44. 
0228. At step S44, the provisional teacher data generating 
circuit 43 decimates the broadcast image data stored in the 
frame memory 41 by using the preset decimation width and 
then performs LPF filtering with the preset filter characteris 
tics on the decimated image, thus generating a provisional 
teacher image. 
0229. The purpose of decimating the broadcast image data 
at step S44 is to obtain an image having a high space fre 
quency and an acute shape of auto-correlation as a provisional 
teacher image because an image of high image quality has an 
acute shape of auto-correlation in comparison with an image 
of lower image quality with the same size. 
0230. After the processing of step S44, the processing 
goes to step S45. The provisional teacher data generating 
circuit 43 finds the characteristic quantity of the provisional 
teacher image generated at step S44 and discriminated 
whether or not the characteristic quantity is approximate to 
the estimated teacher characteristic quantity. If it is deter 
mined at step S45 that the characteristic quantity of the pro 
visional teacher image is not approximate to the estimated 
teacher characteristic quantity, the processing goes to step 
S46 and the provisional teacher data generating circuit 43 
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changes the set value of the filter characteristics of the LPF 
filtering or the decimationwidth for the broadcast image data. 
The processing then returns to step S44. Thus, the generation 
of the provisional teacher image will be redone. 
0231. On the other hand, if it is determined at step S45 that 
the characteristic quantity of the provisional teacher image is 
approximate to the estimated teacher characteristic quantity, 
the provisional teacher image is Supplied to and stored in the 
frame memory 31 and is also supplied toe the provisional 
learner data generating circuit 44. The processing then goes to 
step S47. 
0232. At step S47, the provisional learner data generating 
circuit 44 sets the filter characteristics of the LPF filtering 
performed on the provisional teacher image Supplied from the 
provisional teacher data generating circuit 43 and the pro 
cessing goes to step S48. 
0233. At step S48, the provisional learner data generating 
circuit 44 performs LPF filtering with the preset filter char 
acteristics on the provisional teacher image, thus generating a 
provisional learner image. 
0234. Then, at step S49, the provisional learner data gen 
erating circuit 44 finds the characteristic quantity of the pro 
visional learner image generated at step S48 and discrimi 
nates whether or not the characteristic quantity is 
approximate to the characteristic quantity of the broadcast 
image data Supplied from the characteristic quantity estimat 
ing circuit 42. If it is determined at step S49 that the charac 
teristic quantity of the provisional learner image is not 
approximate to the characteristic quantity of the broadcast 
image data, the processing goes to step S50 and the provi 
sional learner data generating circuit 44 changes the set value 
of the filter characteristics of the LPF filtering performed on 
the provisional teacher image. The processing then returns to 
step S48. Thus, the generation of the provisional learner 
image will be redone. 
0235. On the other hand, if it is determined at step S49 that 
the characteristic quantity of the provisional learner-image is 
approximate to the characteristic quantity of the broadcast 
image data, the provisional learner image is Supplied to and 
stored in the frame memory 33 and the processing goes to step 
SS1. 

0236. At steps S51 to S58, the processing similar to the 
processing of steps S22, S24 to S3.0 of FIG. 9 is carried out 
using the provisional teacher image stored in the frame 
memory 31 as the original teacher image and using the pro 
visional learner image stored in the frame memory 33 as the 
original learner image. Thus, a plurality of types of improve 
ment information are generated and stored in the memory 39. 
The plurality of types of improvement information are read 
out from the memory 39 and are supplied to the integrating 
unit 12 (FIG. 2). Then, the processing ends. In the embodi 
ment of FIG. 11, since the teacher image and the learner 
image have the same size, the constructed class tap and pre 
diction tap are different from those shown in FIG.7. However, 
the embodiment of FIG. 11 is similar to the embodiment of 
FIG. 9 in that the class tap and the prediction tap are con 
structed from a plurality of pixels of the learner image situ 
ated around the position of a target pixel in the teacher image. 
0237. The improvement information generation process 
ing of FIG. 11, similar to the case of FIG.9, is repeated every 
time broadcast image-data for a unit of improvement infor 
mation generation is Supplied to the frame memory 41. 
0238 FIG. 12 shows an exemplary structure of the quality 
improving unit 24 of the receiving device 3 (FIG. 4) in the 
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case where the improvement information generating unit 11 
of the transmitting device 1 (FIG.2) is constituted as shown in 
FIG. 6 or FIG 10. 

0239 A frame memory 51 is supplied with the broadcast 
image data outputted from the extracting unit 22 (FIG. 4). The 
frame memory 51 stores the broadcast image data by each 
unit of improvement information generation. 
0240 A prediction tap constructing circuit 52 carries out 
the processing similar to that of the prediction tap construct 
ing circuit 34 of FIG. 6 in accordance with a control signal 
from a control circuit 57. Thus, the prediction tap construct 
ing circuit 52 constructs a prediction tap by using the broad 
cast image data stored in the frame memory 51 and Supplies 
the prediction tap to a predictive operation circuit 56. 
0241. A class tap constructing circuit 53 carries out the 
processing similar to that of the class tap constructing circuit 
35 of FIG. 6 in accordance with a control signal from the 
control circuit 57. Thus, the class tap constructing circuit 53 
constructs a class tap by using the broadcast image data stored 
in the frame memory 51 and Supplies the class tap to a clas 
sifying circuit 54. 
0242. The classifying circuit 54 carries out the processing 
similar to that of the classifying circuit 36 of FIG. 6 in accor 
dance with a control signal from the control circuit 57. Thus, 
the classifying circuit 54 Supplies a class code as a result of 
classification using the class tap from the class tap construct 
ing circuit 53, as an address to a memory 55. 
0243 The memory 55 stores the prediction coefficient as 
improvement information supplied from the selecting unit 23 
(FIG. 4). Moreover, the memory 55 reads out the prediction 
coefficient stored at the address corresponding to the class 
code from the classifying circuit 54 and Supplies the read-out 
prediction coefficient to the predictive operation circuit 56. 
0244. The predictive operation circuit 56 carries outlinear 
predictive operation (product-Sum operation) expressed by 
the equation (1) using the prediction tap Supplied from the 
prediction tap constructing circuit 52 and the prediction coef 
ficient supplied from the memory 55, and outputs a resultant 
pixel value as a prediction value of the image of high image 
quality (teacher image) obtained by improving the image 
quality of the broadcast image data. 
0245. The control circuit 57 is supplied with the system 
selecting signal outputted from the selecting unit 23 (FIG. 4). 
On the basis of the system selecting signal, the control circuit 
57 outputs control signals similar to those in the case of the 
control circuit 40 of FIG. 6, to the prediction tap constructing 
circuit 52, the class tap constructing circuit 53 and the clas 
sifying circuit 54. 
0246 The system selecting signal supplied from the 
selecting unit 23 to the control circuit 57 includes only one 
piece of information corresponding to the image quality level 
signal outputted from the accounting unit 27 (FIG. 4) in 
response to a request from the user, of the information indi 
cating a plurality of improvement systems included in the 
system selecting signal Supplied to the control circuit 40 of 
FIG. 6. Therefore, the control circuit 57 controls the predic 
tion tap constructing circuit 52, the class tap constructing 
circuit 53 and the classifying circuit 54 so as to provide an 
image of the image quality requested by the user. 
0247 The quality improvement processing for improving 
the image quality of a broadcast image, carried out by the 
quality improving unit 24 of FIG. 12, will now be described 
with reference to the flowchart of FIG. 13. 
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0248. In the receiving device 3 (FIG. 4), when broadcast 
image data of each unit of improvement information genera 
tion is Supplied from the extracting unit 22 to the quality 
improving unit 24, one type (one set) of improvement infor 
mation selected from a plurality of improvement information 
on the basis of the image quality level signal is Supplied from 
the selecting unit 23 to the quality improving unit 24, together 
with the system selecting signal indicating the improvement 
system for improving the image quality by using the improve 
ment information. 
0249. At step S61, the broadcast image data supplied from 
the extracting unit 22 is stored into the frame memory 51 by 
each unit of improvement information generation. Also at 
step S61, the improvement information supplied from the 
selecting unit 23 is stored into the memory 55. Moreover, at 
step S61, the control circuit 57 is supplied with the system 
selecting signal from the selecting unit 23 and Supplies con 
trol signals for designating the improvement of the image 
quality of the broadcast image data by the improvement sys 
tem corresponding to the system selecting signal, to the pre 
diction tap constructing circuit 52, the class tap constructing 
circuit 53 and the classifying circuit 54. Thus, the prediction 
tap constructing circuit 52, the class tap constructing circuit 
53 and the classifying circuit 54 are set to carry out the 
processing in accordance with the improvement system indi 
cated by the control signals from the control circuit 57. 
0250 In the present embodiment, the improvement infor 
mation stored in the memory 55 is a prediction coefficient 
except for the case where the system selecting signal Supplied 
to the control circuit 57 indicates linear interpolation. 
0251. If the system selecting signal supplied to the control 
circuit 57 indicates linear interpolation, the control circuit 57 
Supplies a control signal designating linear interpolation of 
the broadcast image data stored in the frame memory 51, to 
the predictive operation circuit 56. In this case, the predictive 
operation circuit 56 reads out the broadcast image data stored 
in the frame memory 51 via the prediction tap constructing 
circuit 52, then carries out linear interpolation, and outputs 
the resultant broadcast image data. In this case, the processing 
of step S62 and the Subsequent steps is not carried out. 
0252. After the processing of step S61, the processing 
goes to step S62. Of the pixels constituting an image of high 
image quality obtained by improving the broadcast image 
data stored in the frame memory 51, one of the pixels that 
have not yet been target pixels is used as a target pixel, and the 
prediction tap constructing circuit 52 constructs a prediction 
tap for the target pixel, of a structure conforming to the 
control signal from the control circuit 57, by using the pixels 
of the broadcast image data stored in the frame memory 51. 
Moreover, at step S62, the class tap constructing circuit 53 
constructs a class tap for the target pixel, of a structure con 
forming to the control signal from the control circuit 57, by 
using the pixels of the broadcast image data stored in the 
frame memory 51. The prediction tap is supplied to the pre 
dictive operation circuit 56 and the class tap is supplied to the 
classifying circuit 54. 
0253) At step S63, the classifying circuit 54 classifies the 
target pixel by a method conforming to the control signal 
from the control circuit 57, using the class tap from the class 
tap constructing circuit 53, and Supplies a class code corre 
sponding to a resultant class as an address to the memory 55. 
Then, the processing goes to step S64. 
0254. At step S64, the memory 55 reads out the prediction 
coefficient stored at the address indicated by the class code 
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from the classifying circuit 54, of the prediction coefficients 
as improvement information stored at step S61, and Supplies 
the read-out prediction coefficient to the predictive operation 
circuit 56. 
(0255. At step S65, the predictive operation circuit 56 car 
ries outlinear predictive operation expressed by the equation 
(1) using the prediction tap Supplied from the prediction tap 
constructing circuit 52 and the prediction coefficient supplied 
from the memory 55, and temporarily stores a resultant pixel 
value as a prediction value of the target pixel. 
(0256 Then, at step S66, the control circuit 57 discrimi 
nates whether or not prediction values have been found for all 
the pixels constituting the frame of the image of high image 
quality corresponding to the frame of the broadcast image 
data stored in the frame memory 51, as target pixels. If it is 
determined at step S66 that prediction values have not yet 
been found for all the pixels constituting the frame of the 
image of high image quality as target pixels, the processing 
returns to step S62. Of the pixels constituting the frame of the 
image of high image quality, pixels that have not yet been 
target pixels are newly used as target pixels, and similar 
processing is repeated. 
(0257. On the other hand, if it is determined at step S66 that 
prediction values have been found for all the pixels constitut 
ing the frame of the image of high image quality as target 
pixels, the processing goes to step S67 and the predictive 
operation circuit 56 sequentially outputs an image of high 
image quality made up of the already found prediction values 
to the display unit 25 (FIG. 4). Then, the processing ends. 
0258. The quality improvement processing of FIG. 13 is 
repeated every time broadcast image data for a unit of 
improvement information generation is Supplied to the frame 
memory 51. 
0259. As described above, a plurality of types of improve 
ment information are transmitted from the transmitting 
device 1, and in the receiving device 3, improvement infor 
mation corresponding to the image quality meeting the 
request from the user is selected from the plurality of 
improvement information and the image quality is improved 
by using the selected improvement information. Therefore, 
an image of the image quality meeting the request of the user 
can be provided and more detailed accounting can be carried 
out in accordance with the image quality of the image pro 
vided for the user. 
0260. In the above-described case, a plurality of types of 
improvement information area transmitted from the transmit 
ting device 1, and in the receiving device 3, improvement 
information corresponding to the image quality meeting the 
request from the user is selected from the plurality of 
improvement information. However, it is also possible that 
the transmitting device 1 accepts the request by the user from 
the receiving device 3 in advance and transmits only the 
improvement information corresponding to the image quality 
meeting the request, to the receiving device 3. In this case, 
only the improvement information corresponding to the 
image quality meeting the request from the user is included in 
an integrated signal by the integrating unit 12 under the con 
trol of the accounting unit 14, as indicated by a dotted line in 
FIG 2. 

0261. In the above-described case, a plurality of types of 
prediction coefficients are information designating linear 
interpolation are transmitted as a plurality of types of 
improvement information. However, it is also possible to 
store predetermined prediction coefficients in the memory 55 
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of the receiving device 3 instead of transmitting the plurality 
of types of prediction coefficients from the transmitting 
device 1, and to transmit information about which of the 
plurality of types of prediction coefficients stored in the 
memory 55 is to be used, as the plurality of types of improve 
ment information. 
0262. In the above-described case, classification adaptive 
processing and linear interpolation are used as the improve 
ment systems. However, other processing can also be 
employed as the improvement systems. 
0263 Moreover, in the above-described case, the 
improvement information generating unit 11 generates a pre 
diction coefficient as improvement information and the qual 
ity improving unit 24 carries out classification adaptive pro 
cessing with the prediction coefficient, thus improving the 
image quality of the image. However, it is also possible that 
the improvement information generating unit 11 finds, as 
improvement information, a class code of an appropriate 
prediction coefficient to be used for predicting a target pixel, 
and that the quality improving unit 24 carries out adaptive 
processing with the prediction coefficient of the class code, 
thus improving the image quality of the image. 
0264. Specifically, prediction coefficients for respective 
classes, obtained by learning in advance, are stored in the 
improvement information generating unit 11 and the quality 
improving unit 24. Then, the improvement information gen 
erating unit 11 carries out adaptive processing with the pre 
diction coefficient of each class stored in advance, thus find 
ing a prediction value of the image of high image quality. The 
improvement information generating unit 11 finds, as 
improvement information, a class code of the prediction coef 
ficient at the time when a prediction value closest to the true 
value is obtained for each pixel. Meanwhile, the quality 
improving unit 24 finds a prediction value of the image of 
high image quality by using a prediction coefficient corre 
sponding to the class code as the improvement information, 
of the prediction coefficient stored in advance, and thus 
obtains an image of improved image quality. In this case, the 
receiving device 3 can obtain an image of the same image 
quality as in the transmitting device 1 (improvement infor 
mation generating unit 11). 
0265. In this case, the improvement information generat 
ing unit 11 and the quality improving unit 24 do not carry out 
classification as described above. That is, the improvement 
information generating unit 11 finds a class code of an appro 
priate prediction coefficient for finding a prediction value, for 
example, by carrying out adaptive processing (predictive 
operation) with the prediction coefficients of all the classes, 
and the quality improving unit 24 uses such a class code as 
improvement information and improves the quality of the 
image by carrying out adaptive processing with a prediction 
coefficient of the class code. Therefore, neither the improve 
ment information generating unit 11 nor the quality improv 
ing unit 24 needs to carry out classification. 
0266 FIG. 14 shows an exemplary structure of the 
improvement information generating unit 11 for finding, as 
improvement information, a class code of an appropriate 
prediction coefficient used for predicting a target pixel. In 
FIG. 14, portions corresponding to those in FIG. 6 are 
denoted by the same numerals and will not be described 
further in detail. 
0267 Prediction coefficients of respective classes found 
by learning in a learning device (FIG. 16), which will be 
described later, are stored in a memory 101. The memory 101, 
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which is controlled by the control circuit 40, sequentially 
reads out the prediction coefficients of the respective classes 
and Supplies the read-out prediction coefficients to a predic 
tive operation circuit 102. 
0268. The predictive operation circuit 102 is supplied with 
a prediction tap from the prediction tap constructing circuit 
34, as well as with the prediction coefficients from the 
memory 101. The predictive operation circuit 102, similarly 
to the predictive operation circuit 56, carries out linear pre 
dictive operation (product-Sum operation) expressed by the 
equation (1) using the prediction tap Supplied from the pre 
diction tap constructing circuit 34 and the prediction coeffi 
cients supplied from the memory 101. However, with respect 
to one prediction tap, the predictive operation circuit 102 
carries out linear predictive operation with each of the pre 
diction coefficients of the respective classes sequentially Sup 
plied from the memory 101, thus finding a prediction value of 
a teacher pixel. Therefore, for each teacher pixel, the predic 
tive operation circuit 102 finds prediction values of the same 
number as the total number of classes. 

0269. The prediction values found by the predictive opera 
tion circuit 102 are supplied to a comparing circuit 103. The 
comparing circuit 103 is also supplied with a teacher image 
from the frame memory 31. The comparing circuit 103 com 
pares each of the teacher pixels constituting the teacher image 
supplied from the frame memory 31 with each of the predic 
tion values found from the predictive coefficients of the 
respective classes, for the teacher pixels, supplied from the 
predictive operation circuit 102, thus finding a prediction 
error. The comparing circuit 103 supplies the prediction error 
to a detecting circuit 104. 
0270. The detecting circuit 104 detects a prediction value 
of a teacher pixel which minimizes the prediction error Sup 
plied from the comparing circuit 103. Moreover, the detecting 
circuit 104 detects a class code indicating the class of the 
prediction coefficient at the time when that prediction value is 
obtained, and the detecting circuit 104 outputs the class code 
as improvement information. 
0271 The improvement information generation process 
ing for generating improvement information, carried out by 
the improvement information generating unit 11 of FIG. 14, 
will now be described with reference to the flowchart of FIG. 
15. 

0272 First, at step S111, a teacher image corresponding to 
a unit of improvement information generation is stored in the 
frame memory 31. Then, at step S112, the control circuit 40 
Supplies a control signal for carrying out designation so as to 
obtain improvement information used for an improvement 
system corresponding to the system selecting signal Supplied 
thereto, to the prediction tap constructing circuit 34. Thus, the 
prediction tap constructing circuit 34 is set to carry out the 
processing so as to obtain a class code as the improvement 
information used for the improvement system conforming to 
the control signal. 
0273. The system selecting signal supplied to the control 
circuit 40 includes information indicating a plurality of 
improvement systems. The control circuit 40 sequentially 
outputs a control signal corresponding to the plurality of 
improvement systems every time the processing of step S112 
is carried out. 

0274. If the control signal outputted from the control cir 
cuit 40 indicates linear interpolation, information that linear 
interpolation is designated is stored into the memory 39 as the 
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improvement information. The processing of steps S113 to 
S122 is skipped and the processing goes to step S123. 
0275. After the processing of step S112, the processing 
goes to step S113 and the down converter 32 performs LPF 
(low pass filter) filtering or decimation of the teacher image 
stored in the frame memory 31, when necessary, thus gener 
ating an image of the same image quality as the broadcast 
image data, as a learner image. The learner image is Supplied 
to and stored in the frame memory 33. 
(0276. In the embodiment of FIG. 15, too, similarly to the 
embodiment of FIG.9, the learner image can also be an image 
of image quality different from that of the broadcast image 
data. In such a case, a control signal to that effect is Supplied 
from the control circuit 40 to the down converter 32 and the 
down converter 32 generates a learner image of image quality 
conforming to the control signal from the control circuit 40. 
0277. Then, at step S114, a teacher pixel that has not yet 
been a target pixel, of the teacher pixels stored in the frame 
memory 31, is used as a target pixel, and the prediction tap 
constructing circuit 34 constructs a prediction tap for the 
target pixel of the structure conforming to the control signal 
from the control circuit 40, by using the learner pixel stored in 
the frame memory 33. The prediction tap is supplied to the 
predictive operation circuit 102. 
(0278 After that, at step S115, the control circuit 40 sets a 
variable i for counting classes at 0 as an initial value and the 
processing goes to step S116. At step S116, the control circuit 
40 supplies the variable i as an address to the memory 101. 
Thus, at step S116, a prediction coefficient corresponding to 
a class code iii is read out from the memory 101 and is 
supplied to the predictive operation circuit 102. 
(0279. At step S117, the predictive operation circuit 102 
carries outlinear predictive operation expressed by the equa 
tion (1) using the prediction tap Supplied from the prediction 
tap constructing circuit 34 and the prediction coefficient Sup 
plied from the memory 101, and supplies a resultant pixel 
value to the comparing circuit 103 as a prediction value of the 
target pixel. 
0280 At step S118, the comparing circuit 103 reads out 
the pixel value of the target pixel from the frame memory 31 
and compares it with the prediction value from the predictive 
operation circuit 102, thus finding a prediction error of the 
prediction value. Moreover, at step S118, the comparing cir 
cuit 103 supplies the prediction error to the detecting circuit 
104 and the processing goes to step S119. 
0281 At step S119, the control circuit 40 increments the 
variable i by one and the processing goes to step S120. At step 
S120, the control circuit 40 discriminates whether or not the 
variable i is less than N, which is the total number of classes. 
If it is determined that the variable i is less than N, the 
processing returns to step S116 and similar processing is 
repeated. 
0282) If it is determined at step S120 that the variable i is 
not less than N, that is, if the prediction error of the prediction 
value is found by using the prediction coefficients corre 
sponding to all the classes with respect to the target pixel, the 
processing goes to step S121. The detecting circuit 104 
detects the class of a prediction coefficient which minimizes 
the prediction error with respect to the target pixel and stores 
a class code corresponding to that class as improvement infor 
mation. 

0283. Then, at step S123, the control circuit 40 discrimi 
nates whether or not improvement information has been 
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obtained for all of the plurality of improvement systems 
included in the system selecting signal Supplied thereto. 
0284. If it is determined at step S123 that one or some of 
the plurality of types of improvement information used for the 
plurality of improvement systems included in the system 
selecting signal have not yet been obtained, the processing 
returns to step S112 and the control circuit 40 outputs a 
control signal corresponding to the improvement system for 
which improvement information has not yet been obtained. 
Then, the processing similar to the above-described process 
ing is repeated. 
(0285. On the other hand, if it is determined at step S123 
that improvement information has been obtained for all of the 
plurality of improvement systems included in the system 
selecting signal, that is, if the plurality of types of improve 
ment information used for the plurality of improvement sys 
tems included in the system selecting signal are stored in the 
detecting circuit 104, the processing goes to step S124. The 
plurality of types of improvement information are read out 
from the detecting circuit 104 and are supplied to the inte 
grating unit 12 (FIG. 2). Then, the processing ends. 
0286 The improvement information generation process 
ing of FIG. 15, similar to the improvement information gen 
eration processing of FIG. 9, is repeated every time the 
teacher image for a unit of improvement information genera 
tion (for example, a teacher image of one frame) is Supplied to 
the frame memory 31. 
0287 FIG.16 shows an exemplary structure of an embodi 
ment of a learning device for finding a prediction coefficient 
for each class stored in the memory 101 of FIG. 14. 
0288. In the embodiment of FIG.16, a frame memory 111, 
a down converter 112, a frame memory 113, a prediction tap 
constructing circuit 114, a class tap constructing circuit 115, 
a classifying circuit 116, a normal equation adder 117, a 
prediction coefficient determining circuit 118 and a memory 
119 are constituted similarly to the frame memory 31, the 
down converter 32, the frame memory 33, the prediction tap 
constructing circuit 34, the class tap constructing circuit 35. 
the classifying circuit 36, the normal equation adder 37, the 
prediction coefficient determining circuit 38 and the memory 
39 of the improvement information generating unit 11 shown 
in FIG. 6, respectively. 
0289. Therefore, in the learning device of FIG. 16, a pre 
diction coefficient for each class is found basically by carry 
ing out the processing similar to the processing in the 
improvement information generating unit 11 of FIG. 6. In the 
memory 101 of FIG. 14, the prediction coefficient for each 
class found by learning in advance in the learning device of 
FIG. 16 is stored. 
0290. In the embodiment of FIG. 16, it is possible to 
change the tap structure and the classification method by 
controlling the down converter 112, the prediction tap con 
structing circuit 114, the class tap constructing circuit 115 and 
the classifying circuit 116 and thus find a plurality of types of 
prediction coefficients. 
0291 FIG. 17 shows an exemplary structure of the quality 
improving unit 24 of the receiving device 3 (FIG. 4) in the 
case where the improvement information generating unit 11 
is constituted as shown in FIG. 14. In FIG. 17, portions 
corresponding to those in FIG. 12 are denoted by the same 
numerals and will not be described further in detail. 

0292. A class code storage unit 121 stores a class code as 
improvement information. In this example, a class code for 
each pixel of an image of high image quality obtained by 
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improving the image quality of the broadcast image data is 
transmitted as improvement information from the transmit 
ting device 1. The class code as improvement information is 
supplied from the selecting unit 23 of the receiving device 3 
(FIG. 4) to the quality improving unit 24 (FIG. 17), and the 
class code storage unit 121 stores the class code as improve 
ment information. Under the control of the control circuit 57, 
the class code storage unit 121 Supplies the stored class code 
as an address to a memory 122. 
0293. The memory 122 stores the prediction coefficient 
for each class found in the learning device of FIG. 16. The 
memory 122 reads out a prediction coefficient corresponding 
to the class code provided as an address from the class code 
storage unit 121, and Supplies the prediction coefficient to the 
predictive operation circuit 56. 
0294 The quality improvement processing for improving 
the image quality of a broadcast image, carried out by the 
quality improving unit 24 of FIG. 17, will now be described 
with reference to the flowchart of FIG. 18. 
0295). In the receiving device 3 (FIG. 4), when broadcast 
image data of each unit of improvement information genera 
tion is Supplied from the extracting unit 22 to the quality 
improving unit 24, one type (one set) of improvement infor 
mation selected from a plurality of improvement information 
on the basis of the image quality level signal is Supplied from 
the selecting unit 23 to the quality improving unit 24, together 
with the system selecting signal indicating the improvement 
system for improving the image quality by using the improve 
ment information. 
0296. At step S131, the broadcast image data supplied 
from the extracting unit 22 is stored into the frame memory 51 
by each unit of improvement information generation. Also at 
step S131, the improvement information supplied from the 
selecting unit 23 is stored into the memory 121. Moreover, at 
step S131, the control circuit 57 is supplied with the system 
selecting signal from the selecting unit 23 and Supplies a 
control signal for designating the improvement of the image 
quality of the broadcast image data by the improvement sys 
tem corresponding to the system selecting signal, to the pre 
diction tap constructing circuit 52. Thus, the prediction tap 
constructing circuit 52 is set to carry out the processing in 
accordance with the improvement system indicated by the 
control signal from the control circuit 57. 
0297. In the present embodiment, the improvement infor 
mation stored in the memory 122 is a class code except for the 
case where the system selecting signal Supplied to the control 
circuit 57 indicates linear interpolation. 
0298 If the system selecting signal supplied to the control 
circuit 57 indicates linear interpolation, the control circuit 57 
Supplies a control signal designating linear interpolation of 
the broadcast image data stored in the frame memory 51, to 
the predictive operation circuit 56. In this case, the predictive 
operation circuit 56 reads out the broadcast image data stored 
in the frame memory 51 via the prediction tap constructing 
circuit 52, then carries out linear interpolation, and outputs 
the resultant broadcast image data. In this case, the processing 
of step S132 and the subsequent steps is not carried out. 
0299. After the processing of step S131, the processing 
goes to step S132. Of the pixels constituting an image of high 
image quality obtained by improving the broadcast image 
data stored in the frame memory 51, one of the pixels that 
have not yet been target pixels is used as a target pixel, and the 
prediction tap constructing circuit 52 constructs a prediction 
tap for the target pixel, of a structure conforming to the 
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control signal from the control circuit 57, by using the pixels 
of the broadcast image data stored in the frame memory 51. 
The prediction tap is supplied to the predictive operation 
circuit 56. 
(0300. Then, at step S133, the control circuit 57 controls 
the class code storage unit 121 to read out the class code as the 
improvement information for the target pixel. Thus, the class 
code as the improvement information for the target pixel is 
read out from the class code storage unit 121 and is Supplied 
to the memory 122. 
0301 At step S134, the memory 122 reads out the predic 
tion coefficient stored at the address indicated by the class 
code from the class code storage unit 121 and Supplies the 
read-out prediction coefficient to the predictive operation 
circuit 56. 
(0302 At step S135, the predictive operation circuit 56 
carries outlinear predictive operation expressed by the equa 
tion (1) using the prediction tap Supplied from the prediction 
tap constructing circuit 52 and the prediction coefficient Sup 
plied from the memory 55, and temporarily stores a resultant 
pixel value as a prediction value of the target pixel. 
(0303. Then, at step S136, the control circuit 57 discrimi 
nates whether or not prediction values have been found for all 
the pixels constituting the frame of the image of high image 
quality corresponding to the frame of the broadcast image 
data stored in the frame memory 51, as target pixels. If it is 
determined at step S136 that prediction values have not yet 
been found for all the pixels constituting the frame of the 
image of high image quality as target pixels, the processing 
returns to step S132. Of the pixels constituting the frame of 
the image of high image quality, pixels that have not yet been 
target pixels are newly used as target pixels, and similar 
processing is repeated. 
(0304. On the other hand, if it is determined at step S136 
that prediction values have been found for all the pixels con 
stituting the frame of the image of high image quality as target 
pixels, the processing goes to step S137 and the predictive 
operation circuit 56 sequentially outputs an image of high 
image quality made up of the already found prediction values 
to the display unit 25 (FIG. 4). Then, the processing ends. 
0305 The quality improvement processing of FIG. 18 is 
repeated every time broadcast image data for a unit of 
improvement information generation is Supplied to the frame 
memory 51. 
(0306. In the embodiments of FIGS. 14 and 17, the predic 
tion coefficients commonly stored in the memory 101 of FIG. 
14 and the memory 122 of FIG. 17 are obtained by construct 
ing and classifying a class tap using an SD image in the 
learning device of FIG. 16. However, the prediction coeffi 
cients commonly stored in the memories 101 and 122 can also 
be obtained by constructing and classifying a class tap using 
an HD image instead of an SD image. In this case, the 
improvement information generating unit 11 can obtain a 
class code as improvement information without finding the 
prediction value of the target pixel by using the prediction 
coefficient of each class as described above. That is, in this 
case, the improvement information generating unit 11 may 
construct and classify a class tap using an HD image for each 
pixel constituting the HD image and may use the resultant 
class code as improvement information. 
(0307 Thus, FIG. 19 shows an exemplary structure of the 
improvement information generating unit 11 for finding a 
class code as improvement information by constructing and 
classifying a class tap from an HD image (teacher image). In 
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FIG. 19, portions corresponding to those in FIG. 6 are 
denoted by the same numerals and will not be described 
further in detail. Specifically, the improvement information 
generating unit 11 of FIG. 19 is constituted similarly to the 
improvement information generating unit 11 of FIG. 6. 
except that the down converter 32, the frame memory 33, the 
prediction tap constructing circuit 34, the normal equation 
adder 37 and the prediction coefficient determining circuit 38 
are not provided. 
0308 The improvement information generation process 
ing for generating improvement information, carried out by 
the improvement information generating unit 11 of FIG. 19. 
will now be described with reference to the flowchart of FIG. 
20. 
0309 First, at step S141, a teacher image corresponding to 
a unit of improvement information generation is stored in the 
frame memory 31. Then, at step S142, the control circuit 40 
Supplies a control signal for carrying out designation so that 
improvement information used for an improvement system 
corresponding to a system selecting signal Supplied thereto is 
obtained, to the class tap constructing circuit 35 and the 
classifying circuit 36. Thus, the class tap constructing circuit 
35 and the classifying circuit 36 are set to carry out the 
processing to obtain a class code as the improvement infor 
mation used for the improvement system in accordance with 
the control signal. 
0310. The system selecting signal supplied to the control 
circuit 40 includes information indicating a plurality of 
improvement systems, similarly to the above-described case. 
The control circuit 40 sequentially outputs a control signal 
corresponding to the plurality of improvement systems every 
time the processing of step S142 is carried out. 
0311. If the control signal outputted from the control cir 
cuit 40 indicates linear interpolation, information that linear 
interpolation is designated is stored into the memory 39 as the 
improvement information. The processing of steps S143 to 
S145 is skipped and the processing goes to step S146. 
0312. After the processing of step S142, the processing 
goes to step S143. A teacher pixel that has not yet been a target 
pixel, of the teacher pixels stored in the frame memory 31, is 
used as a target pixel, and the class tap constructing circuit 35 
constructs a class tap for the target pixel of the structure 
conforming to the control signal from the control circuit 40, 
by using the teacher pixel stored in the frame memory 31. The 
class tap is Supplied to the classifying circuit 36. 
0313 At step S144, the classifying circuit 36 classifies the 
target pixel by the method conforming to the control signal 
from the control circuit 40 on the basis of the class tap from 
the class tap constructing circuit 35, and Supplies and stores a 
class code corresponding to a class obtained as a result of 
classification into the memory 39. Then, the processing goes 
to step S145. 
0314. At step S145, the control circuit 40 discriminates 
whether or not classification has been carried out using all the 
teacher pixels of the unit of improvement information gen 
eration stored in the frame memory 31 as target pixels. If it is 
determined that classification has not yet been carried out 
using all the teacher pixels as target pixels, the processing 
returns to step S143. In this case, one of the teacher pixels that 
have not yet been target pixels is used as a new target pixel and 
the processing of steps S144 and S145 is repeated. 
0315. If it is determined by the control circuit 40 at step 
S145 that classification has been carried out using all the 
teacher pixels of the unit of improvement information gen 
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eration as target pixels, the processing goes to step S146 and 
the control circuit 40 discriminates whether or not improve 
ment information has been obtained for all of the plurality of 
improvement systems included in the system selecting signal 
supplied thereto. 
0316. If it is determined at step S146 that one or some of 
the plurality of types of improvement information used for the 
plurality of improvement systems included in the system 
selecting signal have not yet been obtained, the processing 
returns to step S142 and the control circuit 40 outputs a 
control signal corresponding to the improvement system for 
which improvement information has not yet been obtained. 
Then, the processing similar to the above-described process 
ing is repeated. 
0317. On the other hand, if it is determined at step S146 
that the class code as improvement information has been 
obtained for all of the plurality of improvement systems 
included in the system selecting signal, that is, if the class 
codes as the plurality of types of improvement information 
used for the plurality of improvement systems included in the 
system selecting signal are stored in the memory 39, the 
processing goes to step S147. The plurality of types of 
improvement information are read out from the memory 39 
and are supplied to the integrating unit 12 (FIG. 2). Then, the 
processing ends. 
0318. The improvement information generation process 
ing of FIG. 20, too, is repeated every time the teacher image 
for a unit of improvement information generation is Supplied 
to the frame memory 31. 
0319 FIG. 21 shows an exemplary structure of the quality 
improving unit 24 of the receiving device 3 (FIG. 4) in the 
case where the improvement information generating unit 11 
is constituted as shown in FIG. 19. In FIG. 21, portions 
corresponding to those in FIG. 17 are denoted by the same 
numerals and will not be described further in detail. That is, 
the quality improving unit 24 is constituted similarly to the 
quality improving unit 24 of FIG. 17 except that a memory 
131 is provided in place of the memory 122. 
0320 In the embodiment of FIG. 17, a prediction coeffi 
cient for each class obtained by carrying out learning in which 
classification is carried out using a class tap made up of 
learner pixels in the learning device of FIG. 16 is stored in the 
memory 122. In the embodiment of FIG. 21, however, a 
prediction coefficient for each class obtained by carrying out 
learning in which classification is carried out using a class tap 
made up of teacher pixels is stored in the memory 131. 
0321 FIG.22 shows an exemplary structure of an embodi 
ment of the learning device for carrying out learning in which 
classification is carried out using a class tap made up of 
teacher pixels. In FIG. 22, portions corresponding to those in 
FIG. 16 are denoted by the same numerals and will not be 
described further in detail. That is, basically, the learning 
device of FIG. 22 is constituted similarly to the learning 
device of FIG. 16. 
0322. In the learning device of FIG. 22, the class tap con 
structing circuit 115 constructs a class tap using a teacher 
image stored in the frame memory 111, instead of a learner 
image stored in the frame memory 113. The class tap con 
structing circuit 115 constructs the same class tap as the class 
tap constructed by the class tap constructing circuit 35 of the 
improvement information generating unit 11 of FIG. 19. 
0323. As described above, the image quality can be 
improved in response to the request from the user also in the 
case where a class code is used as improvement information. 
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Therefore, in this case, too, an image of the image quality 
meeting the request of the user can be provided and more 
detailed accounting can be carried out in accordance with the 
image quality of the image provided for the user. 
0324. In the case where a class code is used as improve 
ment information, as described above, it is possible to cope 
with the absence of image data of high image quality having 
the same contents as broadcast image data, similarly to the 
case where a prediction coefficient is used as improvement 
information. 
0325 Broadcast image data and improvement information 
can be integrated to forman integrated signal, for example, by 
time-division multiplexing or frequency multiplexing, as 
described above. An integrated signal can also be formed by 
embedding improvement information into broadcast image 
data. 
0326. Thus, an embedding method for embedding 
improvement information into broadcast image data, and a 
decoding method for decoding the improvement information 
embedded by the embedding method, will now be described. 
0327. In general, what is called information has the bias 
(universality) of energy (entropy). This bias is recognized as 
information (valuable information). For example, an image 
obtained by shooting a certain scene is recognized as it is by 
a person because the image (pixel values of pixels constitut 
ing the image) has the bias of energy corresponding that 
scene. An image having no bias of energy is only noise or the 
like and is useless as information. 
0328. Therefore, even in the case where the original bias of 
energy proper to valuable information is broken by manipu 
lating the information in a certain way, the original informa 
tion can be restored from the manipulated information by 
restoring the original bias of energy from the broken bias of 
energy. That is, manipulation result data obtained by manipu 
lating the information can be decoded to the original valuable 
information by using the original bias of energy proper to that 
information. 
0329. The energy (bias of energy) proper to the informa 
tion can be expressed, for example, by correlativity. 
0330. The correlatively of information means the correla 
tion (for example, auto-correlation and distance between one 
constituent element and another constituent element) 
between constituent elements of the information (for 
example, in the case of an image, pixels and lines constituting 
the image). The correlatively of an image can be expressed, 
for example, by the correlation between lines of the image. As 
a correlation value expressing the correlation, the square sum 
of differences of corresponding pixel values in two lines can 
be used. (In this case, a smaller correlation value indicates 
larger correlation between lines, and a larger correlation value 
indicates smaller correlation between lines.) 
0331 Specifically, with respect to an image, the correla 
tion between the top line (first line) and another line is gen 
erally larger when the distance between the first line and 
another line is shorter, and the correlation is smaller when the 
distance between the first line and another line is longer. 
Therefore, the bias of correlation exists such that the corre 
lation is larger for a line closer to the first line and that the 
correlation is smaller for a line farther from the first line. 
0332. It is now considered that the operation to switch the 
pixel values of the M-th line, which is relatively close to the 
first line, and the N-th line, which is relatively far from the 
first line, is carried out (1<M-N), and the correlation between 
the first line and the other lines is calculated with respect to 
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the image after the switching. The correlation between the 
first line and the M-th line (N-th line before the switching), 
which is closer to the first line, becomes Small, and the cor 
relation between the first line and the N-th line (M-th line 
before the switching), which is farther from the first line, 
becomes larger. 
0333. Thus, in the image after the switching, the bias of 
correlativity such that the correlation is larger for a line closer 
to the first line and that the correlation is smaller for a line 
farther from the first line is broken. However, with respect to 
an image, the bias of correlativity can be restored from the 
broken bias of correlativity by generally using the bias of 
correlativity such that the correlation is larger for a line closer 
to the first line and that the correlation is smaller for a line 
farther from the first line. That is, the bias of correlativity in 
the image after the Switching, Such that the correlation with 
the M-th line, which is closer to the first line, is small and that 
the correlation with the N-th line, which is farther from the 
first line, is large, is obviously unnatural (abnormal). The 
M-th line and the N-th line should be switched. By switching 
the M-th line and the N-th line in the image after the switch 
ing, the image having the original bias of correlativity, that is, 
the original image can be restored. 
0334. In this case, the lines of the image to be shifted or 
Switched are determined in accordance with improvement 
information, and the improvement information is embedded 
into the image by Such shifting and Switching of the. By 
Switching the lines to the original positions using the corre 
lation in the image having the improvement information 
embedded therein, that is, the image in which the lines are 
Switched, and by thus restoring the original image, the image 
and the improvement information are decoded. That is, by 
detecting the shifted lines and the switched lines when restor 
ing the original image, the improvement information is 
decoded. 
0335) Similarly to the decoding by using the bias of energy 
of an image as described above, in the case where improve 
ment information is embedded in an image, the image having 
the improvement information embedded therein can be 
decoded to the original image and improvement information 
without having an overhead for decoding, by using the bias of 
energy proper to the original image. 
0336 An image obtained by embedding improvement 
information into an image (hereinafter Suitably referred to as 
an embedded image) is a different image from the original 
image and is not an image that can be recognized as valuable 
information by a person. Therefore, encryption of the original 
image can be realized without having an overhead. 
0337 FIG. 23 shows an exemplary structure of the inte 
grating unit 12 of FIG.2, which generates an integrated signal 
by embedding improvement information into broadcast 
image data as described above. 
0338 A frame memory 61 stores the broadcast image data, 
for example, by each frame. The frame memory 61 is consti 
tuted by a plurality of banks and can simultaneously carry out 
storage of the broadcast image data Supplied thereto, Switch 
ing of columns as will be described later, and reading of data 
from the frame memory 61, by switching the banks. 
0339 A swap information generating unit 62 is supplied 
with improvement information from the improvement infor 
mation generating unit 11 (FIG. 2) and generates Swap infor 
mation indicating how the positions of respective columns of 
one frame of image (broadcast image data) stored in the frame 
memory 61 should be switched, on the basis of the improve 
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ment information. Specifically, in the case where one frame of 
image stored in the frame memory 61 is constituted by pixels 
in Mrows and N columns, when the n-th column (n-th column 
from left) of the image is to be switched to the n'-th column, 
the Swap information generating unit 62 generates Swap 
information which associates n with n' (n and n' are integers 
not smaller than 1 and not larger than N.) 
0340. In the case where the number of columns in one 
frame of image is N, there are N' patterns ( expressing fac 
torial) of Switching methods if all the columns are used as 
targets of Switching. Therefore, in this case, it is possible 
embed log2(N) bits of improvement information into one 
frame at the maximum. 
0341 The swap information generated by the swap infor 
mation generating unit 62 is Supplied to a Swapping unit 63. 
The swapping unit 63 switches the positions of the respective 
columns in one frame of image stored in the frame memory 61 
in accordance with the Swap information Supplied from the 
Swap information generating unit 62. Thus, the improvement 
information is embedded into the broadcast image data stored 
in the frame memory 61. 
0342. The embedding processing carried out by the inte 
grating unit 12 of FIG. 23 will now be described with refer 
ence to the flowchart of FIG. 24. 
0343. The broadcast image data is supplied to the frame 
memory 61 and the broadcast image data is sequentially 
stored in the frame memory 61. 
0344. At step S71, the swap information generating unit 
62 is supplied with improvement information of a data quality 
that can be embedded in one frame of image (broadcast image 
data), from the improvement information generating unit 11. 
For example, if the number of columns in one frame of broad 
cast image data is Nandall the columns are used as targets of 
switching, as described above, log2(N) bits of improvement 
information at the maximum can be embedded and therefore 
improvement information of such a number of bits (or less) is 
Supplied. 
0345 Then, at step S72, the swap information generating 
unit 62 generates Swap information on the basis of the 
improvement information supplied at step S71. Specifically, 
the Swap information generating unit 62 generates Swap 
information indicating which columns should be switched 
with the second to N-th columns except for the first column, 
of the first to N-th columns in the frame as a target of embed 
ding processing (hereinafter Suitably referred to as a process 
ing target frame) stored in the frame memory 61, on the basis 
of the improvement information. This Swap information is 
Supplied to the Swapping unit 63. 
0346 When the swap information is supplied to the swap 
ping unit 63 from the Swap information generating unit 62, 
the processing goes to step S73 and the Swapping unit 63 
Switches the positions of the respective columns in the pro 
cessing target frame stored in the frame memory 61, in accor 
dance with the Swap information. Thus, the improvement 
information is embedded in the processing target frame and 
the broadcast image data (embedded image) having the 
improvement information thus embedded therein is read out 
from the frame memory 61 and Supplied to the transmitting 
unit 13 (FIG. 2) as an integrated signal. 
0347 The switching of the position of the respective col 
umns in the frame can be carries out by changing the storage 
positions of the image data (pixels constituting the image 
data) in the frame memory 61. However, the frame in which 
the positions of the columns are Switched may be read out 
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from the frame memory 61 by controlling the address when 
reading out the frame from the frame memory 61. 
0348. In the present embodiment, the swap information 
includes the information indicating which columns should be 
switched with the second to N-th columns, as described 
above, but does not include which column should be switched 
with the first column. Therefore, the swapping unit 63 carries 
out the switching of the second to N-th columns but does not 
carry out the switching of the first column. The reason for this 
will be described later. 
0349. On completion of the switching of all the second to 
N-th columns in the processing target frame, the processing 
goes to step S74 and whether or not a frame of broadcast 
image data that has not yet been a processing target frame is 
stored in the frame memory 61 is discriminated. If it is deter 
mined that Such a frame is stored, the processing returns to 
step S71 and similar processing is repeated by using the frame 
that has not yet been a target processing frame, as a new 
processing target frame. 
0350. If it is determined at step S74 that no frame that has 
not yet been a processing target frame is stored in the frame 
memory 61, the embedding processing ends. 
0351. In accordance with the embedding processing as 
described above, one frame of image (in this case, broadcast 
image data) is caused to be an integrated signal as the follow 
ing embedded image. 
0352 Specifically, it is now assumed that improvement 
information corresponds to a processing target frame having 
N columns (as shown in FIG. 25A) such that the second 
column is to be switched to the sixth column (FIG. 25B), the 
third column is to be switched to the ninth column (FIG. 25C), 
the fourth column is to be switched to the seventh column 
(FIG. 25D), the fifth column is to be switched to the third 
column (FIG. 25A), the sixth column is to be switched to the 
eighth column (FIG. 25F) the seventh column is to be 
switched to the fourth column (FIG. 25G), the eighth column 
is to be switched to the fifth column (FIG. 25H), the ninth 
column is to be switched to the second column (FIG. 25I), .. 
., and the N-th column is to be switched to the N-th column. 
Then, Swap information indicating Such Switching is gener 
ated by the Swap information generating unit 62. The Swap 
ping unit 63 Switches the second column to the sixth column, 
the third column to the ninth column, the fourth column to the 
seventh column, the fifth column to the third column, the sixth 
column to the eighth column, the seventh column to the fourth 
column, the eighth column to the fifth column, the ninth 
column to the second column, ..., and the N-th column to the 
N-th column in a frame as shown in FIG. 25.J., in accordance 
with the above-described swap information. As a result, the 
image of FIG. 25J is caused to be an embedded image as 
shown in FIG. 25K. 
0353. In this manner, in the case where improvement 
information is embedded in the respective columns by 
Switching the positions of pixels of the respective columns as 
a set of one or more pixels constituting an image stored in the 
frame memory 61 in accordance with the improvement infor 
mation, the original image can be decoded by carrying out 
reverse Switching, and what Switching is carried out becomes 
the improvement information. Therefore, the improvement 
information can be embedded into the image while minimiz 
ing deterioration in the image quality of the image and with 
out increasing the data quantity. 
0354. In an image in which the positions of the columns 
are Switched, which is an image having the improvement 
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information embedded therein, the respective columns can be 
Switched to the original positions without having an over 
head, by using the correlativity of the image, that is, the 
correlation with the columns situated at correct positions as in 
the original image. Moreover, the improvement information 
can be decoded in accordance with the Switching method. 
Therefore, basically, the deterioration in the image quality 
due to the embedding of the improvement information does 
not occur in a resultant decoded image (reproduced image). 
0355. If there is no column situated at a correct position in 
the embedded image, it is difficult to decode the image and the 
improvement information by using the correlativity of the 
image as described above. Thus, Switching of the first column 
in each frame is not carried out in the embedding processing 
of FIG. 24. 

0356. However, it is also possible to carry out embedding, 
using all the columns including the first column as targets of 
Switching. In this case, at least one or more original positions 
of the columns after the Switching are included as an overhead 
in an integrated signal as an embedded image. Thus, it is 
easily made possible to decode the image and the improve 
ment information. 

0357 Improvement information can also be embedded 
into an image by sequentially Switching the columns, or can 
also be embedded into an image by Switching all the columns 
at a time. That is, improvement information can be embedded 
into an image by repeating such an operation to Switch one 
column on the basis of the improvement information and then 
switch the next column on the basis of the next improvement 
information. Alternatively, improvement information can be 
embedded into an image by determining the Switching pattern 
of all the columns on the basis of the improvement informa 
tion and carrying out such Switching at a time. 
0358 FIG. 26 shows an exemplary structure of the extract 
ing unit 22 of the receiving device 3 (FIG. 4) in the case where 
the integrating unit 12 of the transmitting device 1 (FIG. 2) is 
constituted as shown in FIG. 23. 

0359 A frame memory 71 is constituted similarly to the 
frame memory 61 of FIG. 23 and sequentially stores an 
embedded image as an integrated signal outputted from the 
receiving unit 21 (FIG. 4), for example, by each frame. 
0360. A swapping unit 72 calculates the correlation 
between the latest column that has already been switched to 
the original position and another column (that has not yet 
been returned to the original position) in a frame as a process 
ing target (processing target frame) of the embedded image 
stored in the frame memory 71. On the basis of the correla 
tion, the Swapping unit 72 restores the original position of the 
column (or decodes the position of the column) by Switching 
the position of the column that has not yet been returned to the 
original position in the processing target frame. Moreover, the 
Swapping unit 72 Supplies Swap information indicating how 
the respective columns in the frame have been switched, to a 
swap information converting unit 73. 
0361. The swap information converting unit 73 decodes 
improvement information embedded in the embedded image 
on the basis of the Swap information from the Swapping unit 
72, that is, the corresponding relation between the position 
before switching and the position after switching of the 
respective columns in the processing target frame. 
0362. The decoding processing for decoding an embedded 
image to extract original broadcast image data and improve 
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ment information, carried out by the extracting unit 22 of FIG. 
26, will now be described with reference to the flowchart of 
FIG. 27. 
0363 The frame memory 71 sequentially stores an 
embedded image (coded data) Supplied thereto, for example, 
by each frame. 
0364. At step S81, the swapping unit 72 sets an initial 
value of for example, 1, for a variable n for counting the 
number of columns in the frame. The processing goes to step 
S82 and the swapping unit 72 discriminates whether or not the 
variable n is equal to or less than N-1, which is obtained by 
subtracting 1 from the number of columns N in the frame. 
0365. If it is determined at step S82 that the variable n is 
equal to or less than N-1, the processing goes to step S83. The 
Swapping unit 72 reads out the pixels (pixel array) of the n-th 
column from the processing target frame stored in the frame 
memory 71 and generates a vector (hereinafter suitably 
referred to as a column vector) Vn by arranging the respective 
pixels (pixel values thereof) of the n-th column as its ele 
ments. In this embodiment, since the frame is made up of 
pixels of M columns as described above, the column vector Vn 
(similar to a column vector vk, which will be described later) 
is an M-dimensional vector. 
0366. After that, at step S84, the swapping unit 72 sets an 
initial value of n+1 for a variable k for counting the columns 
situated on the right side from the n-th column. Th processing 
goes to step S85 and the swapping unit 72 reads out the pixels 
of the k-th column and generates a column vector Vk having 
the pixels of the k-th column as its elements. Then, the pro 
cessing goes to step S86. 
0367. At step S86, the swapping unit 72 finds the correla 
tion between the n-th column and the k-th column by using 
the column vectors Vn and vk. 
0368 Specifically, the swapping unit 72 calculates the 
distance d (nk) between the column vectors Vn and vk in 
accordance with the following equation. 

d(n, k) =wn - vk (8) 

In this equation, X expresses the Summation in which m is 
changed from 1 to M. A(i,j) expresses a pixel (pixel value) of 
the i-throw and the j-th column in the processing target frame. 
0369. Then, the swapping unit 72 finds the reciprocal 1/d 
(n.k) of the distance d(nk) between the column vectors Vn 
and vk, as the correlation (correlation value expressing the 
correlation) between the n-th column and the k-th column. 
0370. After the correlation between the n-th column and 
the k-th column is calculated, the processing goes to step S87 
and it is discriminated whether or not the variable k is equal to 
or less than N-1 obtained by subtracting 1 from N, which is 
the number of columns in the frame. If it is determined at step 
S87 that the variable k is equal to or less than N-1, the 
processing goes to step S88 and the variable k is incremented 
by one. Then, the processing returns to step S85 and the 
processing of steps S85 to S88 is repeated until it is deter 
mined at step S87 that the variable k is not equal to or less than 
N-1. Thus, the correlation between the n-th column and each 
of the columns of the embedded image situated on the right 
side from the n-th column is found. 
0371. After that, if it is determined at step S87 that the 
variable k is not equal to or less than N-1, the processing goes 
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to step S89 and the swapping unit 72 finds k which maximizes 
the correlation with the n-th column. At step S90, where k 
which maximizes the correlation with the n-th column is 
expressed by K, the Swapping unit 72 carries out Swapping of 
the (n+1)th column and the K-th column in the processing 
target frame stored in the frame memory 71, that is, switches 
the K-th column to the (n+1)th column, which is rightward 
adjacent to the n-th column. 
0372. Then, at step S91, the variable n is incremented by 
one. The processing returns to step S82 and the processing of 
steps S82 to S91 is repeated until it is determined at step S82 
that the variable n is not equal to or less than N-1. 
0373. In this embodiment, since the first column of the 
embedded image remains to be the first column of the original 
image, when the variable n is the initial value of 1, a column 
of the embedded image having the largest correlation with the 
first column is Switched to the second column, which is right 
ward adjacent to the first column. The column having the 
largest correlation with the first column is basically the sec 
ond column of the original image because of the correlativity 
of the image. Therefore, in this case, the second column of the 
original image Switched to another column of the embedded 
image is returned (decoded) to the original position by the 
embedding processing. 
0374. When the variable n becomes 2, a column having the 
largest correlation with the second column switched to the 
original position in the above-described manner is Switched 
to the third column, which is rightward adjacent to the second 
column. The column having the largest correlation with the 
second column is basically the third column of the original 
image because of the correlativity of the image, similarly to 
the above-described case. Therefore, in this case, the third 
column of the original image Switched to another column of 
the embedded image is returned to the original position by the 
embedding processing. 
0375 Similarly, the embedded image stored in the frame 
memory 71 is decoded to the original image (broadcast image 
data). 
0376. If it is determined at step S82 that the variable n is 
not equal to or less than N-1, that is, if all the second to N-th 
columns constituting the embedded image are returned to the 
original positions by using the correlativity of the image and 
the embedded image stored in the frame memory 71 is thus 
decoded to the original image (broadcast image data), the 
processing goes to step S92 and the decoded image is read out 
from the frame memory 71. Moreover, at step S92, the swap 
ping unit 72 outputs Swap information indicating the way of 
switching the second to N-th columns of the embedded image 
when decoding the embedded image to the original image, to 
the swap information converting unit 73. On the basis of the 
Swap information from the Swapping unit 72, the Swap infor 
mation converting unit 73 decodes and outputs the improve 
ment information embedded in the embedded image. 
0377. After that, the processing goes to step S93 and it is 
discriminated whether or not a frame of the embedded image 
that has not yet been a processing target is stored in the frame 
memory 71. If it is determined that such a frame is stored, the 
processing returns to step S81. The frame of the embedded 
image that has not yet been a processing target is used as a 
new processing target and similar processing is repeated. 
0378 If it is determined at step S93 that no frame of the 
embedded image that has not yet been a processing target is 
stored in the frame memory 71, the decoding processingends. 
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0379. In this manner, the embedded image, which is an 
image having improvement information embedded therein, is 
decoded to the original image and the improvement informa 
tion by using the correlativity of the image. Thus, the embed 
ded image can be decoded to the original image and the 
improvement information without having an overhead. 
Therefore, basically, the deterioration in the image quality 
due to the embedding of the improvement information does 
not occur in the decoded image. 
0380. In the decoding processing of FIG. 27, the correla 
tion between the latest first column which has already been 
decoded (for example, in the case of n=1, the first column 
which has not been switched at the time of embedding) and a 
column which has not yet been decoded is found, and a 
column to be switched to the position rightward adjacent to 
the already decoded latest column is detected on the basis of 
the correlation. However, it is also possible to calculate the 
correlation between a plurality of columns which have 
already been decoded and a column which has not yet been 
decoded and thus detect a column to be switched to the 
already decoded latest column. 
0381. In the above-described case, the improvement infor 
mation is embedded into the broadcast image data by Switch 
ing the columns. However, the embedding can also be carried 
out by Switching the rows, by Switching the positions of pixel 
arrays situated at the same position, of a predetermined num 
ber of frames arrayed in the temporal direction, or by switch 
ing both the columns and the rows. 
0382 Moreover, the embedding can also be carried out by 
manipulating the pixel values on the basis of the improvement 
information or by rotating the horizontal lines or the like on 
the basis of the improvement information, instead of switch 
ing the columns or the like. In any of these cases, the original 
information can be restored by using the bias of energy. 
0383. The embedding method in which the original infor 
mation can restored by using the bias of energy as described 
above is described in detail, for example, in the Japanese 
Patent Application No. H10-200093, Japanese Patent Appli 
cation No. H10-222951, Japanese Patent Application No. 
H10-333700, Japanese Patent Application No. 11-129919, 
Japanese Patent Application No. H11-160529, Japanese 
Patent Application No. H11-160530, Japanese Patent Appli 
cation No. H11-284-198 (priority-claimed application based 
on the Japanese Patent Application No. 10-285310), Japanese 
Patent Application No. H11-284199 (priority-claimed appli 
cation based on the Japanese Patent Application No. 
10-285309), and Japanese Patent Application No. 
H11-284200 (priority-claimed application based on the Japa 
nese Patent Application No. 10-285308) by the present appli 
cant. The method described in these applications can be 
employed in the integrating unit 12 and the extracting unit 22. 
0384 As another embedding method for embedding 
improvement information into broadcast image data, spec 
trum spreading can also be employed. 
0385 FIG. 28 shows an exemplary structure of the inte 
grating unit 12 of the transmitting device 1 (FIG.2) in the case 
where improvement information is to be embedded into 
broadcast image data by using spectrum spreading. 
0386 Improvement information outputted from the 
improvement information generating unit 11 (FIG. 2) is Sup 
plied to a spread spectrum signal generating circuit 81. The 
spread spectrum signal generating circuit 81 sequentially 
generates, for example, a PN (pseudo random noise) code 
string of an M period sequence at predetermined timing. 
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Then, the spread spectrum signal generating circuit 81 carries 
out spectrum spreading of the improvement information by 
the PN codestring, thus obtains a spread spectrum signal, and 
Supplies the spread spectrum signal to an adder 82. 
0387. The adder 82 is supplied with the broadcast image 
data as well as the spread spectrum signal from the spread 
spectrum signal generating circuit 81. The adder 82 Superim 
poses the spread spectrum signal on the broadcast image data, 
thus obtains an integrated signal Such that the improvement 
information is embedded in the broadcast image data, and 
outputs the integrated signal to the transmitting unit 13 (FIG. 
2). 
0388. The broadcast image data and the spread spectrum 
signal can also be D/A (digital to analog) converted and then 
supplied to the adder 82. 
0389 FIG.29 shows an exemplary structure of the extract 
ing unit 22 of the receiving device 3 (FIG. 4) in the case where 
the integrating unit 12 of the transmitting device 1 (FIG. 2) is 
constituted as shown in FIG. 28. 
0390 An integrated signal outputted from the receiving 
unit 21 (FIG. 4) is Supplied to an inverse spectrum spreading 
circuit 91 and a decoding circuit 92. 
0391 The inverse spectrum spreading circuit 91 generates 
a PN code string similar to the PN code string generated by 
the spread spectrum signal generating circuit 81 of FIG. 28 
and carries out inverse spectrum spreading of the integrated 
signal on the basis of the PN code string, thus decoding 
improvement information. The decoded improvement infor 
mation is supplied to the selecting unit 23 (FIG. 4). 
0392 Moreover, the inverse spectrum spreading circuit 91 
Supplies the generated PN code string to the decoding circuit 
92. 

0393. On the basis of the PN code string from the inverse 
spectrum spreading circuit 91, the decoding circuit 92 
removes a spread spectrum signal Superimposed on the inte 
grated signal, thus decoding broadcast image data. The 
decoded broadcast image data is Supplied to the quality 
improving unit 24 (FIG. 4). 
0394. In FIG. 29, the extracting unit 22 can be constituted 
without providing the decoding circuit 92. In Such a case, 
broadcast image data having a spectrum spread signal Super 
imposed thereon is Supplied to the quality improving unit 24. 
0395. The embedding method in which the original infor 
mation can be restored by using the bias of energy and the 
embedding method using spectrum spreading are described 
above. For embedding improvement information into broad 
cast image data, it is also possible to use a conventional 
watermark. 
0396 Specifically, improvement information can be 
embedded into broadcast image data, for example, by chang 
ing (Switching) lower one bit or two bits of pixels constituting 
the broadcast image data. 
0397. The above-described series of processing can be 
carried out by hardware or by software. In the case where the 
series of processing is to be carried out by Software, a program 
constituting the Software is installed in a general-purpose 
computer or the like. 
0398 FIG.30 shows an exemplary structure of an embodi 
ment of a computer in which a program for executing the 
above-described series of processing is stalled. 
0399. The program can be stored in advance on a hard disk 
205 and a ROM 203 as built-in recording media in the com 
puter. 
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0400 Alternatively, the program can be temporarily or 
permanently stored (recorded) on a removable recording 
medium 211 such as a floppy disk, a CD-ROM (compact disc 
read only memory), an MO (magneto-optical) disc, a DVD 
(digital versatile disc), a magnetic disk, or a semiconductor 
memory. The removable recording medium 211 can be pro 
vided as so-called package software. 
04.01 The program can be installed into the computer 
from the removable recording medium 211 as described 
above, and can also be transferred to the computer by radio 
communication from a download site via an artificial satellite 
for digital satellite broadcast, or transferred to the computer 
by wired communication via a network such as LAN (local 
area network) or the Internet. In the computer, a communica 
tion unit 208 can receive the transferred program and install 
the program onto the built-in hard disk 205. 
0402. The computer has a built-in CPU (central process 
ing unit) 202. An input/output interface 210 is connected to 
the CPU 202 via a bus 201. When a command is entered via 
the input/output interface 210 as a user operates an input unit 
207 made up of a keyboard, a mouse and so on, the CPU 202 
executes the program stored in the ROM (read only memory) 
203 in accordance with the command. Alternatively, the CPU 
202 loads to the RAM 204 the program stored on the hard disk 
205, the program transferred from the satellite or the network, 
received by the communication unit 208 and installed on the 
hard disk 205, or the program read out from the removable 
recording medium 211 loaded on a drive 209 and installed on 
the hard disk 205, and then executes the program. Thus, the 
CPU 202 carries out the processing in accordance with the 
above-described flowcharts or the processing in accordance 
with the structures of the above-described block diagrams. 
The CPU 202 outputs the result of processing from an output 
unit 206 made up of an LCD (liquid crystal display), a speaker 
and so on, or transmits the result of processing from the 
communication unit 208, or records the result of processing 
onto the hard disk 205, via the input/output interface 210, 
when necessary. 
0403. In this specification, the processing step of describ 
ing the program for causing the computer to execute various 
types of processing is not necessarily the time-series process 
ing in the order described in the flowcharts and includes the 
processing executed in parallel or individually (for example, 
parallel processing or processing by object). 
04.04 The program may be processed by one computer or 
may be processed in distributed processing by a plurality of 
computers. The program may also be transferred to a remote 
computer and executed thereby. 
04.05 Although image data is used in the above-described 
embodiments, the present invention can also be applied to 
audio data and the like. 
04.06 Moreover, though an embedded image is provided 
via a satellite link in the above-described embodiments, the 
embedded image can also be provided via ground waves or 
various types of transmission media Such as the Internet and 
CATV, or can be recorded on various types of recording 
media Such as an optical disc, a magneto-optical disc, a mag 
netic tap and a semiconductor memory. 

INDUSTRIAL APPLICABILITY 

0407. With the data processing device and method, the 
recording medium and the program according to the present 
invention, improvement information for improving the qual 
ity of data is generated and the improvement information is 
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embedded into the data. Therefore, it is possible to provide, 
for example, data having improvement information embed 
ded therein, data having improvement information extracted 
therefrom, and data with its quality improved by improve 
ment information. 
0408. With the data processing device and method, the 
recording medium and the program according to the present 
invention, improvement information is extracted from 
embedded data and the quality of data is improved by using 
the improvement information. Therefore, it is possible to 
receive the provision of high-quality data. 
04.09. With the data processing device and method, the 
recording medium and the program according to the present 
invention, a plurality of types of improvement information for 
improving the quality of data are generated, and the data and 
one or more types of improvement information are transmit 
ted. Therefore, it is possible to provide data of a plurality of 
qualities. 
0410 Moreover, with the data processing device and 
method, the recording medium and the program according to 
the present invention, data and one or more types of improve 
ment information are Supplied, and the quality of the data is 
improved by using the one or more types of improvement 
information while accounting is carried out in accordance 
with the improvement information used for improving the 
quality of the data. Therefore, it is possible to receive the 
provision of data of the quality corresponding to the amount 
paid. 

1-60. (canceled) 
61. A data processing device for receiving and processing 

data and one or more types of improvement information for 
improving the quality of the data, the device comprising: 

receiving means for receiving the data and the one or more 
types of improvement information; 

improving means for improving the quality of the data by 
using one of the one or more types of improvement 
information; and 

accounting means for carrying out accounting in accor 
dance with the improvement information used for 
improving the quality of the data. 

62. The data processing device as claimed in claim 61, 
wherein the receiving means receives a plurality of types of 
improvement information, the data processing device further 
comprising improvement information selecting means for 
selecting improvement information used for improving the 
quality of the data, from the plurality of types of improvement 
information. 

63. The data processing device as claimed in claim 62, 
wherein the improvement information selecting means 
selects the improvement information in response to a request 
from a user. 

64. The data processing device as claimed in claim 61, 
further comprising requesting means for requesting a trans 
mitting device which transmits the data and one or more types 
of improvement information, for the improvement informa 
tion used for improving the quality of the data, 

wherein the receiving means receives the improvement 
information transmitted from the transmitting device in 
response to the request of the requesting means. 

65. The data processing device as claimed in claim 61, 
wherein the improvement information is a prediction coeffi 
cient used for predicting a prediction value of quality-im 
proved data obtained by improving the quality of the data, and 
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the improving means finds the prediction value of the quality 
improved data by using the data and the prediction coeffi 
cient. 

66. The data processing device as claimed in claim 65, 
wherein the improvement information is a prediction coeffi 
cient found for each predetermined class, and the improving 
means finds the prediction value of the quality-improved data 
by using the data and the prediction coefficient for each class. 

67. The data processing device as claimed in claim 66, 
wherein the improving means comprises: 

class tap constructing means for constructing a class tap 
used for finding the class of target quality-improved 
data, which is targeted quality-improved data, by using 
the data; 

classifying means for carrying out classification for finding 
the class of the target quality-improved data on the basis 
of the class tap: 

prediction tap constructing means for constructing a pre 
diction tap used together with a prediction coefficient for 
predicting the target quality-improved data, by using the 
data; and 

predicting means for finding the prediction value of the 
target quality-improved data by using the prediction 
coefficient of the class of the target quality-improved 
data and the prediction tap. 

68. The data processing device as claimed in claim 67, 
wherein the receiving means receives a plurality of types of 
improvement information. 

69. The data processing device as claimed in claim 68, 
wherein the receiving means receives prediction coefficients 
for different numbers of classes as the plurality of types of 
improvement information. 

70. The data processing device as claimed in claim 68, 
wherein the prediction coefficient is generated by using 
learner data to be a learner and teacher data to be a teacher, 
and the receiving means receives a plurality of types of pre 
diction coefficients found by using learner data or teacher 
data of different qualities, as the plurality of types of improve 
ment information. 

71. The data processing device as claimed in claim 68, 
wherein the receiving means receives at least the prediction 
coefficient and information for carrying outlinear interpola 
tion, as the plurality of types of improvement information. 

72. The data processing device as claimed in claim 68, 
wherein the receiving means receives a plurality of types of 
prediction coefficients foundby using class taps or prediction 
taps of different structures, as the plurality of types of 
improvement information. 

73. The data processing device as claimed in claim 68, 
wherein the receiving means receives a plurality of types of 
prediction coefficients found by carrying out classification by 
different methods, as the plurality of types of improvement 
information. 

74. The data processing device as claimed in claim 61, 
wherein the receiving means receives embedded data 
obtained by embedding one or more types of improvement 
information into the data, the data processing device further 
comprising extracting means for extracting the improvement 
information from the embedded data. 

75. The data processing device as claimed in claim 74, 
wherein the extracting means extracts the improvement infor 
mation from the embedded data by using the bias of energy 
held by the data. 
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76. The data processing device as claimed in claim 74, 
wherein the extracting means extracts the improvement infor 
mation from the embedded data by carrying out inverse spec 
trum spreading. 

77. The data processing device as claimed in claim 74, 
wherein the extracting means extracts one or more bits of the 
embedded data as the improvement information. 

78. The data processing device as claimed in claim 61, 
wherein the data is image data and the improvement informa 
tion is information for improving the image quality of the 
image data. 

79. A data processing method for receiving and processing 
data and one or more types of improvement information for 
improving quality of the data, the method comprising: 

a receiving step of receiving the data and the one or more 
types of improvement information; 

an improving step of improving the quality of the data by 
using one of the one or more types of improvement 
information; and 

an accounting step of carrying out accounting in accor 
dance with the improvement information used for 
improving the quality of the data. 

80. A recording medium having recorded thereon a pro 
gram to be executed by a computer for receiving and process 
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ing data and one or more types of improvement information 
for improving quality of the data, the program comprising: 

a receiving step of receiving the data and the one or more 
types of improvement information; 

an improving step of improving the quality of the data by 
using one of the one or more types of improvement 
information; and 

an accounting step of carrying out accounting in accor 
dance with the improvement information used for 
improving the quality of the data. 

81. A program to be executed by a computer for receiving 
and processing data and one or more types of improvement 
information for improving the quality of the data, the program 
comprising: 

a receiving step of receiving the data and the one or more 
types of improvement information; 

an improving step of improving the quality of the data by 
using one of the one or more types of improvement 
information; and 

an accounting step of carrying out accounting in accor 
dance with the improvement information used for 
improving the quality of the data. 

c c c c c 


