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Fleld of the Invention The present invention relates to i nmage MUfcqny,
processi ng apparatuses and nethods, and in particular, to an i mge
processi ng apparatus and net hod adapted for, e.g., converting a
standard-definition image into a high- definition imge. 2. Description
of the Related Art In the case where a standard-definition or |ow
definition inmage (hereinafter referred to as an "SD inmage") 1is converted
into a high-definition image (hereinafter jreferred to as an "HD i mage"),

or an image is enlarged, a general "interpolation filter" or the like is
used to interpolate (conpensate) the levels of m ssing pixels. Usi ng

t he interpolation fllter to i nter olate the cannot restore
conmponents (hi gh- freque cﬁ&ﬁ§k§ﬁ 4é§?§¥ ﬁi@gﬁgfﬁﬁ%h are not

i ncluded in the

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image processing
apparatuses and methods, and in particular, to an image
processing apparatus and method adapted for, e.g.,
converting a standard-definition image into a high-
definition image.
2. Description of the Related Art

In the case where a standard-definition of low-
definition image (hereinafter referred to as an "“SD image")
is converted into ‘a high-definition image (hereinafter -
referred to as an "HD image"), or an image is enlarged, a
general “interpolation filter" or the like is used to

_interpolate_(compensate) the levels of missing pixéls.

Using the interpblation filter to interpolate the
pixels however cannot restore components (high-frequency
components) of the HD image, which are not included in the
SD image. Thus, a high-definition image cannot be obtained.

Accordingly, the bresent inventor has already proposed
an image converting apparatus for converting an SD image
into an HD image including high-frequency components which

are not included in the SD image.



SD i mage. Thus, a high-definition i mage cannot be obtai ned.

Accordingly, the present inventor has already proposed an imge converting
apparatus for converting an SD image into an HD i nage including

hi gh-frequency conponents which are not included in the SD i mage.

- 2- The i mage converting apparatus uses |linear coupling of an SD
I mge and prediction coefficients to perform adaptive processing for
finding the predicted values of pixels in an HD inmage, whereby

hi gh-frequency conponents not included in 2the SD i mage can be restored.
It is assuned that the predicted val ue E[y] of pixel level y on a pixel
(hereinafter referred to as a "HD pixel ") included in the HD i mage is
found using a first-order |inear__coup
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equation. processing for finding the predicted values of pixels in an
HD image, whereby high-frequency components not included in
the SD image can be restored.

It is assumed that the predicted value E[y] of pixel
level y on a pixel (hereinafter referred to as a "HD pixel")
inclueed in the HD image is found using a first-order linear
coupling model defined by linear coupling of the levels
(hereinafter referred to as “learning data") x1, x2 ... of a
plurality of SD pixels, and predetermined prediction
coefficients wl, w2 ... . In this case, predicted value Ely]
can be expressed by the following eqdation.

Ely] = wX, + WX, + ...

(1)

Accordingly, for generalization, when matrix W composed
of a set of prediction-coefficients w, matrix X composed of
a set of learhing data, and matrix Y' composed of a set of
predicted values E[y] are defined as follows:

(X, X5 --. X,

X, Xy ... X




E[y] = Werr]x[err] + werr]x[err] +..

(D) Accordingly, for generalization, when matrix Wconposed of a set
of prediction coefficients w, matrix X conposed of a set of |earning data,
and matrix Y conposed of a set of predicted values E[y] are defined as

fol | ows: [err] - 3- t he
foll ow ng observation equati on hol ds. XW=Y
(2) Next, | east squares are applied to the observation equation in

order to find predicted value E[y] close tp - pixel level y of the HD i mge.
In this case, when matrix Y

the following observation equation holds.

XW=Y"'

(2)

Next, least squares are applied to the observation
equation in order to find predicted value E[y] close to
pixel level y of the HD image. In this case, when matrix Y
composed of a set of true pixel levels y of the HD pixels as
teaching data, and matrix E composed of a set of residuals e
of predicted values E[y] corresponding to HD pixel levels y

are defined as follows:

e, Y

e y
E=|%] v-|¥

Cn Y

the following equation holds from equations (2).
W =Y + E

(3)
In this case, prediction coefficient w, for finding E[y]
close to HD-image pixel level y can be found by minimizing

the following square error:

Therefore, the above square error is differentiated to



conposed of a set of true pixel levels y of the HD pixels as teaching
data, and matrix E conposed of a set of residuals e of predicted val ues
E[ yJF corresponding to HD pixel levels y are defined as follows: [err]

the follow ng equation holds from equations (2). XW=Y + E

(3) In this case, prediction coefficient wWerr] for finding Ey]
close to HD-i mage pixel level y can be found by mnimzing the follow ng
square error: J[err] Therefore, the above square error is
differentiated to - 4 - -4- be zero, in other

words, prediction coefficient werr], which satisfies the follow ng
equation, is an optinmal. value for

be zero, in other words, prediction coefficient w,, which
satisfies the following equation, is an optimal value for

finding predicted value E{y] close to HD-image pixel level y.

e, 21 1o, 2, e = g (1=1,2 n)
1 2 R = T lelaeen

aw, aw, ow,

(4)
Initially, by using prediction coefficient w, to

differentiate equation (3), the following equations hold.

de, - x de, _ de,
= Ayye = Xjgseeos
ow

=x,, (1i=1,2,...,m
aw, e ( )

(5).
From equations (4) and (5), equations (6) are obtained.
-'...m-- . m =
Eeix11 = 0, e X, = 0,...Ze,.xi,l =0
=l
(6)
In addition, in view of the relationship among learning

data x, a set of prediction coefficients w, residuals e, the

following normal equations can be obtained from eguations”®

(6).



findi ng predicted value E[y] close to HD-i nmage pixel |evel y. [err]

(4) Initially, by using prediction coefficient werr] to differentiate
equdtion (3), the follow ng equations hold. [err]

(5) From equations (4) and (5), equations (6) are obtai ned. [err]

(6) In.-addition, in view of the relationship anong |earning data x, a

set of prediction coefficients w, residuals e, the follow ng nornmal
equations can be obtained fromequations (6).
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The number of the normal equations as equations (7)
that can be formed is identical to the number of sets of
prediction coefficients w to be found. Thus, by solving
equations (7), sets of optimal coefficients w can be found.
(To solve equations (7), it is required in equations (7)
that a matrix composed of coefficients as to sets of
.prediction coefficients w Se nonsingular) For éolving
equations (7)., fof example, sweeping (Gauss-Jordan
elimination) etc. can be applied.

Finding sets of optimal prediction coefficients w in
the above manner and using the found sets of prediction
coefficients w in equation (1) to find predicted values E[y]
close to HD-image pixel levels y is adaptive processing.
Adaptive processing differs from interpolation in that ‘
components included in the HD image which are not included
in the SD image are reproduced. In other words, from only

equations (1), it is found that the adaptive processing is

identical to interpolation with a general "interpolation



- 5- - [err]

(7) The nunber of the normal equations as equations (7) that can be
formed is identical to the nunber of sets of prediction coefficients wto
be found. Thus, by solving equations (7), sets of optimal coefficients w
can be found. (To solve equations (7), it is required in equations (7)
that a matrix conposed of coefficients as to sets of prediction
coefficients w be nonsingular) For solving equations (7), for exanple,
sweepi ng (Gauss-Jordan elimnation) etc. gan be appli ed. Fi ndi ng sets
of optimal prediction coefficients win the above manner and using the
found sets of prediction coefficients win equation (1) to find predicted
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Processing 1 fjjter are found by learning with teaching data y. the
components included in the HD image can be reproduced. 1In
other words, a high-definition image can be easily obtained.
From this fact, it may be said that the adaptive proeessing
has the function of creating an image (definition).

Fig. 12 shows a block diagram of an image converting
apparatus for using the above-described adaptive processing
to convert an SD image into an HD image.

An SD image is supplied to a classification unit 201
and an adaptive processing unit 204. The classification
unit 201 includes a class-tap generating circuit 202 and a
‘classification circuit 203, and classifies HD pixels (HD
pixels being referred to)(hereinafter referred to as’
"reference pixels"), as to which predicted values are found,
into predetermined classes based on the properties of SD-
image pixels eorrespdnding to the reference pixels.

In other words, in the class-tap generating circuit 202,
SD pixels corresponding to the reference pixels, which are
used to classify the reference pixels (hereinafter referred
to as "class-taps"), for example, a plurality of SD pixels
having predetermined positional relationships with respect
to the reference pixels are extracted from the SD image

supplied to the classification unit 201, and they are



identical to interpolation with a general "interpolation

- 6- filter". However, since sets of prediction coefficients w
corresponding to tap coefficients of the interpolation filter are found by
| earning with teaching data y, the conponents included in the HD i mage can
be reproduced. In other words, a high-definition inmage can be easily
obtained. Fromthis fact, it may be said that the adaptive processing has

the function of creating an image (definition). Fig. 12 shows a bl ock
di agram of an image converting apparatus faor using the above-descri bed
adaptive processing to convert an SD imge into an HD i nage. An SD

image is supplied to a classification unit 201 and an adaptiye processing
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from the class-tap generating circuit 202, and supplies a
pre-assigned value to the pattern as a reference pixel class
to the adaptive processing unit 204.
Specifically, by way of example, it is assumed that the
HD imgge is composed of pixels (HD pixels) indicated by
symbols x in Fig._13, and the SD image is composed of pixels
(SD pixels) indicated by symbols O in Fig. 13. 1In Fig. 13,
the SD image has half the number of horizontal or vertical
pixels as the HD image. In Fig. 13 (similarly to Fig. 14 to
- Fig. 16 described below), the SD pixel (indicated by O in
Fig. 13) at tﬁe (i+1)-th position from the left and the
(j+1)-th position from the top is denoted by X, ,, and
similarly, the HD pixel (indicated by x in Fig. 13) at the.
(i*+1)-th position from the left and the (j'+1l)-th position
from the top is denoted by Y, 4. In this case, the position
of SD pixel X, ; and the position of HD pixel Y, ,; are the
same.
Here, if it is assumed that one SD pixel, for example.,
HD pixel Y, , positioned identically to X, ,, is a reference
pixel, the class-tap generating circuit 202 extracts and
uses as the class tap of the reference pixel (HD pixel) Y, ..

for example, 3 x 3 (horizontal x vertical) SD pixels X,,. X,,.



In other words, in the class-tap generating circuit 202, SD pixels
corresponding to the reference pixels, which are wused to classify the

ref erence pixels (hereinafter referred to as "class-taps"), for exanple, a
plurality of SD pixels having predeterm ned positional relationships with
respect to the reference pixels are extracted fromthe SD i mage supplied
to the classification unit 201, and they are

-7- supplied to the classification circuit 203. The «classification
circuit 203 detects the pattern (pixel-level - distribution) of SD pixel

| evel s constituting the class-taps fromthe class-tap generating circuit
202, and supplies a pre-assigned value to the pattern as a reference pi xel
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) PP p051t10ned 1dentlcally to HD pixel Y, ,.

In the case where, for example, HD pixel Y, , on the
right of HD pixel Y, , positioned identically to X,, is used
as a reference pixel, the class-tap generating circuit 202
extracts SD pixels corresponding to HD pixel ¥, ,, for
example, nine SD pixels, surrounded by the dotted line in
Fig. 14, including SD pixel X, , in place of SD pixel X, , in
the class tap formed when HD pixel Y, , is used as a
reference pixel, and the nine SD pixels are used as the
class tap of the reference pixel (HD pixel) Y, ,.

In the case where, for example, HD pixel Y, , adjacent to
HD pixel Y, , positioned identically to X,, is used as a
reference pixel, the class-tap generating circuit 202
extracts SD pixels corresponding to HD pixel Y, ., for
example, nine SD pixéls, surrounded by the dotted line in
Fig. 15, including SD pixel X, , in place of SD pixel X,, in
the class tap formed when HD pixel Y, , is used as a
reference pixel, and the nine SD pixels are used as the -«
class tap of reference pixel (HD pixel) Y, ;.

In the_case where, for example, HD pixel Y, , adjacent
below to obliquely right HD pixel Y,, is used as a reference

pixel, the class-tap generating circuit 202 extracts SD



Fig. 16 described below), the SD pixel (indicated by Oin Fig. 13) at the
(i+1)-th position fromthe |left and the (j+1)-th position fromthe top is
dendted by X err], and sinmilarly, the HD pixel (indicated by x in Fig. 13)
at the (i'+1)-th position fromthe left and the (j'+1)-th position from
the top is denoted by Y[err]. In this case, the position of SD pixel
X[err] and the position of HD pixel Y[err] are the sane. Here, if it
i s assuned that one SD pixel, for exanple, HD pixel Y[err] positioned
identically to Xerr] is a reference pixed,-the class-tap generating
circuit 202 extracts and uses as the class tap of the reference pixel (HD
pi xel) Y[err], for exanple, 3 x 3 (horizontal x vertical) SD pixels X err]
X err] . . . - 8- [ er.s
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X[err] is usgen HD pixel Y,, is used as a reference pixel, and the nine
SD pixels are used as the class tap of the reference pixel
(HD pixel) Y, ;.

The classification circuit 203 detects the pattern of
the nine SD pixels (pixel levels) as a class tap, and
outputs a value corresponding to the pattern as a reference
pixel class.

This class is supplied to thg address terminal (AD) of
a coefficient read only memory (ROM) 207 in the adaptive
processing unit 204.

In general, eight bits or the like are assigned to one
pixel included in an image. If eight bits are assigned to
one SD pixel, the number of pixel level patterns in only the
square class tap composed of 3 x 3 pixels shown in Fig. 13
is as extremeiy largé as (2°)°, so that rapid post-processing
cannot be performed;

Accordingly, before classification is performed, the
pre-processing of the class tap is performed using, for
example, adaptive dynamic range coding (ADRC) for reducing
the number of bits of SD'pixels constituting the class tap.

According to ADRC, a pixel having a maximum level

(hereinafter referred to as a "maximum pixel®) and a pixel



as a réeference pixel, the class-tap generating circuit 202 extracts SD

pi xel s corresponding to HD pixel Y54, for exanple, nine SD pixels,
surrounded by the dotted line in Fig. 14, including SD pixel Xerr] in

pl ace of SD pixel Xerr] in the class tap formed when HD pi xel Y[err] is
used as a  reference pixel, and the nine SD pixels are used as the class
tap of the reference pixel (HD pixel) Y[err]. In the case where, for
exanple, HD pixel Y[err] adjacent to HD pixel Y[err] positioned
identically to Xerr] is used as a referamce pixel, the class-tap
generating circuit 202 extracts SD pixels corresponding to HD pixel Y[err]
for exanple, nine SD pixels, surrounded by the dotted line in Fig. 15,
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9- between the maximum plxel level MAX and the minimum pixel
level MIN is computed, and the DR is used as a local dynamic
range of the class tap. Base on the dynamic range DR, each
pixel level of the class fap is requantized to K bits, which
is 1e$s than the number of the originally assigned bits. In
other words, the minimum pixel level MIN is subtracted from
the respective pixel levels of the class tap, and the
subtracted values are divided by DR/2F.

As a result, each pixel level of the class tap can be
expressed by K bits. Accordingly., when K = 1, tﬁe number of
patterns of the nine SD pixel levels is (2')°. Compared with
the case where ADRC is not performed, the number of the
patterns can be extremely reduced.

In addition, the adaptive proceséing unit 204 includes
a prediction-fap genérating circuit 205, a prediction
computation circuit 206, and the coefficient ROM 207, and
performs adaptive processing.

The predicted-tap generating circuit 205 extracts frem
an SD image supplied to the adaptive processing unit 204 a
plurality of SD pixels having a predetermined positional
relationship with respect to a reference pixel, which are

used in the prediction computation circuit 206 to find a



pi xel s corresponding to HD pixel Y[err], for exanple, nine SD pixels,
surround by the dotted line in Fig. 16, including SD pixel X err] in place
of SD pixel X/ err] in the class tap forned when HD pixel Y[err] is used as
a reference pixel, and the nine SD pixels are used as the class tap of the
reference pixel (HD pixel) Y[err]. The classification circuit 203
detects the pattern of the nine SD pixels (pixel levels) as a class tap,
and outputs a value corresponding to the pattern as a reference pixel

cl ass. This class is supplied to thanddress termnal (AD) of a
coefficient read only nenory (ROM 207 in the adaptive processing unit
204. I n general, eight bits or the like are assigned to one pixel
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Accordlng to ADRC, a pixel haV|ng a maxi num |l evel (hereinafter referred to

as a "maxi myB piskeorme\d thepipsidiction tap generation circuit 205
extracts SD pixels that may have high correlation with, e.qg.,
HD pixel Y,,, for example, 5 x 5 SD pixels (in the area
defined by the solid line in Fig. 13) having SD pixel X,, as
the center, which is positioned identically to the reference
pixel Y, ,, and the SD pixels are used as the prediction tap
of the reference pixel (HD pixel) Y, .-

In the case where, for example, HD pixel Y;,, is used as
a reference pixel, the prediction-tep generating circuit 205
extracts 25 SD pixels surrounded by the solid line in Fig.
14 which include SD pixel X, , in place of SD pixel X,, in the
prediction tap formed when HD pixel Y, , is used as a
reference pixel, and the 25 SD pixels are used as the class
tap of the reference'pixel (HD pixel) X, ,-
In the case where, for example, HD pixel Y, is used as

a reference pixel, the prediction-tap generating -circuit 205
extracts 25 SD pixels surrounded by the solid line in Fige.
15 which include SD pixel X, ; in place of SD pixel X,, in the
prediction tap formed when HD pixel Y, is esed as a

reference pixel, and the 25 SD pixels are used as the class

tap of the reference pixel (HD pixel) Y, ;.



- 10 - having a mninum |l evel (hereinafter referred to as a "m ninm
pi xel ") are detected fromthe nine SD pixels constituting the class tap.
The“difference DR (= MAX - MN) between the maxi mnum pi xel |evel MAX and
the m ninum pixel level MNis conputed, and the DR is used as a | ocal
dynami c range of the class tap. Base on the dynam c range DR, each pixel
| evel of the class tap is requantized to K bits, which 1is less than the
nunber of the originally assigned bits. In other words, the m nimum pi xel
| evel M N is subtracted from the respectipge-pi xel |levels of the class tap,

and the subtracted val ues are divided by DR/ 2K As a result, each

pi xel level of the class tap can be expressed by K bits Accordingly when
K =1, the numnber of attern of the nine S Iev

(2[err])[err]. CopdrR TRTH YRHEL ¢ Nisisin 3 ?Jﬁ?ﬁ rsfd'Frrélﬁedtﬁé

e o O cRPhHELF BERePr B BTRALCEPINTERD renant IS Dk, 40,
205, a predig&hggcts 25 SD pixels surrounded by the solid line in Fig.
16 which include SD pixel X;, in place of SD pixel X,, in the
class tap formed when HD pixel Y, , is used as a reference
pixel, and the 25 SD pixels are used as the class tap of the
reference pixel (HD pixel) Y, ;.

In addition, the prediction taps from the prediction-
tap generating circuit 205, and the sets of prediction
coefficients from the coefficient ROM 207 are supplied to
the prediction computation circﬁit 206.

The coefficient ROM 207 holds the sets of prediction
coefficients found by performing learning beforehand for
classes. When being supplied with a class from the
classification circuit 203, it reads a prediction
coefficient stored in the address corresponding to the class;
and supplies the read coefficient to the prediction
computation circuit 206.

In this manner, the prediction computation circuitI206
is supplied with the prediction tap corresponding to a
reference pixel and a set of prediction coefficients as te
the reference pixel class. The prediction computation
circuit 206 implements the computation shown in equation (1)
using prediction coefficients w, w,, ... from the coefficient

ROM 207 and (SD pixels constituting) prediction taps Xx,,



conputdtion circuit 206, and the coefficient ROM 207, and perforns
adapti ve processing. The predicted-tap generating circuit 205
extracts from an SD i mage supplied to the adaptive processing unit 204 a
plurality of SD pixels having a predeterm ned positional relationship with
respect to a reference pixel, which are wused in the prediction conputation

circuit 206 to find a predi cted val ue of the reference
pi xel , and supplies themas a prediction tap to the prediction conputation
circuit 206. Specifically, in the-case-where, HD pixel Y[err] is used

as a reference pixel, and a class tap as described using Fig. 13 is
formed, the prediction tap generation circuit 205 extracts SD pixels that
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The foregoing processing is performed with all HD
pixels used as reference pixels, whereby an SD image is
converted into an HD image. The class-tap genérating
circuit 202 and the prediction-tap generating éircuit 205
use an identical HD pixel in processing.

Fig. 17 shows a block diagram of a learning apparatus
that performs learning for computing sets of prediction
coefficients for classes which are stored in the coefficient
ROM 207 in Fig. 17.

An HD image to be teaching data j in learning is
supplied to a decimation circuit 211 and a teaching data
extraéting circuit 146. In the decimation circuit 211, the
HD image is reduced by decimating the number of its pixels,
whereby an SD image is formed. In other words, the
decimation circuit 211 reduces the numbers of horizontal and
vertical pixels of the HD image to form the SD image. The
SD image is supplied to a classification unit 212 and a
prediction-tap generating circuit 145. .

The classification unit 212 or the prediction-tap
generating circuit 145 performs processing identical to that
in the classification unit 201 or the prediction-tap

generating circuit 205, whereby outputting the class or



In the case where, for exanple, HD pixel Y[err] is used as a reference

pi xel , the prediction-tap generating circuit 205 extracts 25 SD pi xels
surrounded by the solid line in Fig. 14 which include SD pixel Xerr] in
pl ace of SD pixel X err] in the prediction tap forned when HD pixel Y[err]
Is used as a reference pixel, and the 25 SD pi xels are used as the class
tap of the reference pixel (HD pixel) Y[err]. In the case where, for
exanple, HD pixel Y[err] is used as a reference pixel, the prediction-tap
generating circuit 205 extracts 25 SD piAdl s surrounded by the solid line
in Fig. 15 which include SD pixel X err] in place of SD pixel X20 in the
prediction tap formed when HD pixel Y[err] is used as a reference pixel,
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pi xel X[err] in the «class tap fornmed when pi xel err] 1s used as a

reference memory 148, and the prediction tap output from the
prediction-tap generating circuit 145 is supplied to the
prediction tap memory 147. The classification unit 212 and
the prediction-tap generating circuit 145 use an identical
HD pixel as a reference pixel.

In the prediction tap memory 147, the prediction tap
supplied from the prediction-tap generating circuit 145 is
stored at the address corresponding to the class supplied
from the classification unit 212.

In addition, the teaching data extracting circuit 146
extracts HD pixels that are used as reference pixels in the
prediction-tap generating circuit 145 from the supplied HD
image, and supplies them as teaching data to the teaching
data memory 148.

In the téaching'data memoxry 148, the teaching data
supplied from the téaching data extracting circuit 146 are
stored at the address corresponding to the class supplied
from the classification circuit 146. Ps

The foregoing processing is performed while the HD
pixels of a;l HD images prepared beforehand for learning are
being successively used as reference pixels.

As a result, at an identical address of the teaching



pi xel , "and the 25 SD pixels are used as the class tap of the reference

pi xel (HD pixel) Y[err]. In addition, the prediction taps fromthe
prediction- tap generating circuit 205, and the sets of prediction
coefficients fromthe coefficient ROM 207 are supplied to the prediction
conputation circuit 206. The coefficient ROM 207 holds the sets of
prediction coefficients found by perform ng | earning beforehand for

cl asses. Wien being supplied with a class fromthe <classification circuit
203, it reads a prediction coefficient-st6red in the address correspondi ng
to the class, and supplies the read coefficient.to the prediction
conputation circuit 206. In this manner, the prediction conputation

onput . 206. _
ef orence i SaraciERarECr il S B ChFERELLEDy | BT éfﬁééf‘)ff'[*ﬁ'% :?e
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conputation s i nequafl ng prediction coe
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X11
to 16 are stored as teaching data y or learning data x.

The prediction tap memory 147 and the teaching data
memory 148 hold a plurality of information data at one
identical address, whereby, at the identical address, a
plurality of learning data x and teaching data y which are
classified into one identicallclass can be stored.

Subsequently, the arithmetic circuit 149 reads from the
prediction tap memory 147 or the teaching data memory 148,
HD pixels as'a prediction tap or a teaching data, stored in
the identical address, and uses them to compute sets of
prediction coefficients for minimizing the error between the
predicted data and the teaching data by least squares. In
other words, in the arithmetic circuit 149, the
normalization equations (7) hold for each class. By solving
these, sets of-prediétion coefficients are found.

In the above ménner, the sets of prediction
coefficients for each class, found by the arithmetic circuit
149, are stored at an address corresponding to each class.in
the coefficient ROM 207 in Fig. 12.

In the above-described learning, there may a case where
a class in which normalization equations needed for sets of

prediction coefficients are not obtained. Concerning such a



- 13 -° Xerr] ... fromthe prediction-tap generating circuit 6, whereby
the predicted value E[y] of the reference pixel (HD pixel) 1is found, and
it iI"'s output as an HD pi xel |evel. The foregoing processing is
performed with all HD pixels used as reference pixels, whereby an SD i nage
Is converted into an HD i mage. The class-tap generating circuit 202 and
the prediction-tap generating circuit 205 wuse an identical HD pixel in

processi ng. Fig. 17 shows a bl ock diagram of a |earning apparatus
that perfornms |earning for conputing sets i@ prediction coefficients for
cl asses which are stored in the coefficient ROM 207 in Fig. 17. An HD

Il mge to be teaching data y in learning is supplied to a decinmation

Cirouit 211, HRES A BOENEIamPLor o AOLEA Oy PHSA AL PR ORETARABRE SoP TPE e
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classification unit 512 an a prediction-tap generating circuit 145.
The cl assi fi cldfFiciRnits212 or the prediction-tap generating circuit 145
performs processing identical to that in the classification unit 201 or

the prediction-tagccording to adaptive processing, an HD image including
high-frequehcy components which are not included in the
original SD image can be obtained. By performing
classification for reference pixels, and using prediction
coefficients in accordance with the obtained classes to
perform adaptive processing, adaptive processing suitable
for the reference pixels can be performed.

In addition, in the above-described image processing
apparatus (Fig. 12) and learning apparatus (Fig. 17), a
class tap consists of SD pixels having a positional
relationship (described in Figs. 13 to 16) with respect to a
reference pixel, regardless of image characteristics.

Iq other words, the class tap consists of nine SD
pixels close fo the feference pixel as described in Figs. 13
to 16.

In addition, an image can be divided into regions
composed of pixels having approximafe brightness levels, =
colors, and so forth: namely, a region in which a
predetermined object is displayed, and regions having
predetermined colors and patterns. Acéordingly, by

performing the above-described classification for a region



generating circuit 205, whereby outputting the class or

14 - prediction tap of the reference pixel. The class output fromthe
classification unit 212 is supplied to the address termnals (AD) of a
prediction tap nmenory 147 and a data nenory 148, and the prediction tap
output fromthe prediction-tap generating circuit 145 is supplied to the
prediction tap nenory 147. The classification unit 212 and the

predi ction-tap generating circuit 145 use an identical HD pixel as a
reference pixel. In the prediction-tap prenory 147, the prediction tap
supplied fromthe prediction-tap generating circuit 145 is stored at the
address corresponding to the class supplied fromthe classification unit

22 oo | DAPEERLARD GMUE DERGA T EhE FHAGEC HA- A e H S hCtS
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menory 148, phepigafhingngd8t&dre classified into one identical class.

However, by performing classification for such a
portion so that, for example, SD pixels away from the
reference pixels are included in the class tap, reference
pixels classified into an identical class may be classified
into different classes. In other words, by forming a class
tap with SD pi&els in a broader range, the reference pixels
may be classified into classes adapted for the reference
pixels.

If reference pixels can be classified into classes
suitable for the reference pixels as described above,
adaptive processing more suitable for the reference pixels
can be performed, and the quality of the resultant HD image

can be increased.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to_provide an image processing apparatus and method that
enables image quality improvement by solving the above-
described problems.

To this end, according to an aspect of the present
invention, the foregoing object has been achieved through

provision of an image processing apparatus for performing



supplied fromthe teaching data extracting circuit 146 are stored at the
address corresponding to the class supplied fromthe classification

circuit 146. The foregoing processing is perforned while the HD

pi xel s of all HD inages prepared beforehand for |earning are being
successively used as reference pixels. As a result, at an identical
address of the teaching - 15 - dat a

menory 148 or the prediction tap nenory 14, HD pixels in the class
corresponding to the address, or SD pixel &8 positioned so that the
prediction tap described in Figs. 13 to 16 are stored as teaching data y
or learning data x. The prediction tap nenory 147 and the teaching

dat a nermryp%%eaghﬁgafeh:uahh&ﬁﬁoa FREQEMpinhgB B9t AsdhgOhesebdRlt ifdhe
address, whereby, at the identical address, a plurality of |earning data x

and t eachi nghd¥iagy aveinah1arenubagsoli paxensotnan tHENFieat ¢hage &ad he
st or ed. Subsequently, the arithnmetic circuit 149 reads fromthe

predi ction tapir@mimnageédhaoinghe smadllefrgndabernefopyxéds, thah phxel s as a
prediction tap or a teaching data, stored in
‘second image, the image processing apparatus including: a
receiving unit for receiving the first image; and a
classification unit for classifying reference pixels, which
are pixels of the first image being referred to, into
predetermined classes in accordance with properties of
pixels of the second or third image corresponding to the
reference pixels.

According to another aspect of the present invention,
fhe foregoing object has been achieved through provision of
an image processing method for performing processing for
finding a first image by using a second image having a
smaller number of pixels than the first image and a third
image having a smaller number of pixels than the second
image, the image processing method including the steps of:
receiving the first image: and classifying reference pixels,
which are pixels of the first image being referred to, into
predetermined classes in accordance with properties of
pixels of the second or third image corresponding to the -
reference pixels.

According to an image processing apparatus and image
processing method of the present invention, reference pixels

as pixels of a first image being referred to are classified



the idéentical address, and uses themto conpute sets of prediction
coefficients for mnimzing the error between the predicted data and the
teaching data by | east squares. In other words, in the arithnetic circuit
149, the nornmalization equations (7) hold for each class. By solving
these, sets of prediction coefficients are found. In the above
manner, the sets of prediction coefficients for each class, found by the
arithnmetic circuit 149, are stored at an address corresponding to each
class in the coefficient ROM 207 in Fig. 1B2.- In the above-descri bed
| earning, there may a case where a class in which normalization equations
needed for sets of prediction coefficients are not obtai ned. Concerning

such a into edeF?rmined classes ccaréénée W *ﬁséroégftfééngfe’

sets of predlctlo coefricients etc. o talne y esta

nor”a|'Zat'OQeESHQtan§h1£€9§ﬁgb€5§1x815056§§3§poﬁ&fn§5€§ B%e S fePénce
default prediction coefficients. According to adaptive processing, an
HD image incpugeng. hiralisfrenseperegenBenpike1uhesh Béec1@ssiftéadededn the

more suitable classes.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing one embodiment of an
image processing apparatus to which the present invention is
applied.

Fig. 2 is a block diagram showing a storage unit for
generating first to third hierarchical SD images.

Fig. 3 is a drawing showing the structure of one first
hierarchical SD image.

Fig. 4 is a block diagram showing a first functional
example of the storage unit shown in Fig. 2.

Fig. 5 is a block diagram showing a second functional
example of the storage unit shown in Fig. 2.

Fig. 6 is a block diagram showing a third functional
example of the storége unit shown in Fig. 2.

Fig. 7 is a block diagram showing each first structure
of the hierarchical classification circuits 104a to 1044. -

Fig. 8 is a drawing illustrating a class tap generated
by the class-tap generating circuit 113 in Fig. 7.

Fig. 9 is a block diagram showing each structure of the

adaptive processing circuits 105a to 1054 in Fig. 1.



original SD image can be obtained. By performing classification for
reference pixels, and using prediction coefficients in accordance with the
obt dai ned cl asses to perform adaptive processing, adaptive processing
suitable for the reference pixels can be perforned. In addition, in

t he above-descri bed i mage processing apparatus (Fig. 12) and |earning
apparatus (Fig. 17), a class tap consists of SD pixels having a positional
rel ationship (described in Figs. 13 to 16) with respect to a reference

pi xel , regardl ess of image characteristrc20 - In other words, the class
tap consists of nine SD pixels close to the reference pixel as described
in Figs. 13 to 16. In addition, an inmage can be divided into regions

conposed of pixelg hawy ROX] At ' %5 | S, X rs, and so
forth: nanely, aFfJ' gi \gryq%rfa\%zldé)f?dgp d%ragé!éédg:s'rﬂrl\ ne ggéj%ecilét sies%% ?lspl ayed, and

regi ons havi 8gruPt QLS &F RS th £OLOF Sh A0 RISt coLSH Lt tPVi04a
perform ng the above-described classification for a region
- 17 - to 104d in Fig. 1.

Fig. 10 is a block diagram showing one embodiment of a
learning apparatus for performing learning concerning
prediction coefficients to be stored in the coefficient ROM
123 in Fig. 9.

Eig. 12 is a block diégram showing one example of a
conventional image converter.

Fig. 13 is a drawing illustrating the formation of a
claés tap and a prediction tap.

Fig. 14 is a drawing illustrating tpe formation of a
class tqp and a prediction tap.

Fig. 15 is a drawing illustrating the formation of a
class tap and a prediction tap.

Fig. 16 is a drawing illustrating the formation of a
class tap and a prediction tap.

Fig. 17 is a block diagram showing one example of a
learning apparatus for performing learning concerning
prediction coefficients to be stored in the coefficient ROM

207 in Fig. 12. -

DESCRIPTION_OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be described

below.



differént fromothers in the inmage, there may be a case in which al
reference pixels in, e.g., a portion having al nost no pixel change are
classified into one identical class. However, by perform ng
classification for such a portion so that, for exanple, SD pixels away
fromthe reference pixels are included in the class tap, reference pixels
classified into an identical class may be classified into different

classes. In other words, by forming a class tap with SD pixels in a
broader range, the reference pixels nmay be elassified into classes adapted
for the reference pixels. I f reference pixels can be classified into

classes suitable for the reference pixels as descri bed above, adaptive

processing more wid At Sils % ISIEAMRGDOIES AR B RREEATRT, and

the quality of the *’esultant can I NnCr éas OF THE

INVENTION - 5 ACSORS A9l Whidlh 15e aﬁk@?é@@tirﬁfeﬁﬂ'forprn‘?éedﬁpbiiré\@.nt ion to

provi de an i nage processing apparatius and nethod that enables | nage
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end, according to an aspect of the present invention, the foregoing-object
has been achoevenl imégedh(sdESvd Satd BHiPd inlBgss PIRLSty oL Afamt us for

perform ng
numbers of pixels, whereby generating an HD image (first
image) (whose image definition is also high) having a number
of pixels which is more than that of the SD images.

Specifically, in a first hierarchical memory 101, a
second hierarchical memory 102 and a third hierarchical
memory 103, first to third hierarchical SD images are
. respectively stored. Compared with the first hierarchical
SD image, the second hierarchical SD image has a smaller
number of pixels than the first hierarchical SD image, and
the third hierarchical SD image has a smaller number of
pixels than the second hierarchical SD image.

The first hierarchical SD image stored in the first
hierarchical memory 101, the second hierarchical SD image
stored in the second hierarchical memory 102, and the third
hierarchical SD image stored in the third hierarchical
memory 103 are each supplied to a multihierarchical
classification unit 104. The first hierarchical SD image-
stored in the first hierarchical memory 101 is also supplied
to an adaptive processing unit 105.

The multihierarchical classification unit 104 includes

multihierarchical classification circuits 104a to 1044, and



- 18 - 7 processing for finding a first inmge by using a second inmage
having a small er nunber of pixels than the first image and a third inage
having a smal |l er nunber of pixels than the second inage, the inmage
processi ng apparatus including: a receiving unit for receiving the first

I mage; and a classification unit for classifying reference pixels, which
are pixels of the first inmage being referred to, into predeterm ned

cl asses in accordance with properties of pixels of the second or third

i mage corresponding to the reference prx2Rs- Accordi ng to anot her
aspect of the present invention, the foregoing object has been achieved

t hrough provision of an inage processing nethod for perform ng processing

for 11ndingpdrfbinl hipomidratiifed) SOFA BB RV £ chflIder nunber

of pixels than irst Tmage and a th I mage having a s er number

of pixels thafadderfeLrNGh) | FRICardond ﬁQ%é%@%i?Fél@%&éEd%”g the

steps of: receiving the first image; and classifying reference pi s,
which are pigeégioted NPaindst o oY ddipt BFSBEsbdsind)! QusiHEAaisddn ned

cl asses in accordance with properties of
which correspond to the reference pixels among pixels
constituting the respective first to third hierarchicél
images from the first hierarchical memory 101, the second
hierarchical memory 102 and the third hierarchical memory
103.

In this embodiment, an HD iﬁage having, for example, a
number of pixels which is a double of the number of
horizontal and vertical pixels of the first hierarchical SD
image is generated. In this case, as described above with
reference to Fig. 13 to Fig. 16, for one SD pixel (first
hierarchical SD pikel, here), it is necessary to generate a
total of four HD pixels, namely, one HD pixel positioned
identically to the one SD pixel and three HD pixels
adjacently positioned on the right, lower side, and
diagonally right lower side of the one HD pixel. In other
words, four HD pixeis need to be generated for one first
hierarchical SD pixel. Accordingly, in order to perform
simultaneous classification (multihierarchical -
classification) of the four HD pixels, the multihierarchical
classification unit 104 consists of four multihierarchical
classification circuits 104a to 104d.

The results obtained by classifying the four reference



pi xel s 'of the second or third i mage corresponding to the reference pixels.
According to an i nage processing apparatus and i mage processing nethod of
t he present invention, reference pixels as pixels of a first inmage being
referred to are classified - 19 -
into predeterm ned classes in accordance with properties of second or
third i mage pi xels corresponding to the reference pixels. Thus, the

ref erence pixels can be classified into nore suitable classes. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1-ig3a-block di agram show ng one
enbodi mrent of an image processing apparatus to which the present invention
Is applied. Fig. 2 is.a block diagram show ng a storage unit for

generating fiislyLo km,@dtﬁge@;g;ﬁf%al.s&iggﬂgﬁ?l%ﬁ%%g%eioé éf,ﬁ%ﬂgw ng

showi ng the ructure of one “hrerarchrc is a
bl ock di agragpghowbngodali 48t 54PFii€dto the adaptive processing unit

105. The adaptive processing unit 105 also consists of four
adaptive processing circuits 105a to 1054, for the same
reason for which the multihierarchical classification unit
104 consists of the four multihierarchical claésification
circuits 104a to 104d. The respective multihierarchical
class;fication circuits 104a to 1044 perform adaptive
processes corresponding to the classification results from
the multihierarchical classification circuits 104a to 104d,
whereby finding predicted values for the four reference
pixels. The predicted values found by the adaptive
processing circuits 105a to 1054 are supplied and stored in
an HD image memory 106.

Similarly to the multihierarchical classification unit
104 and the adaptive ﬁrocessing unif 105, the HD image
memory 106 consists ‘of four memories 106a to 106d. In the
memories 106a to 106d, the predicted values supplied from
the adaptive proceséing units 105a to 1054 are respectively
stored. |

Here, for an HD pixel positioned ideﬁtically to one -~
first hierarchical SD pixel, the multihierarchical
classification circuit 104a or the adaptive processing
circuit 105a performs multihierarchical classification or

adaptive processing., and the predicted value obtained is



exanpl € of the storage unit shown in Fig. 2. Fig. 5 is a block diagram
showﬁng a second functional exanple of the storage unit shown in Fig. 2.
Fig. 6 is a block diagramshowing a third functional exanple of the

storage unit shown in Fig. 2. Fig. 7 is a block diagramshow ng each
first structure of the hierarchical classification circuits 104a to 104d.
Fig. 8is adrawing illustrating a class tap generated by the class-tap
generating circuit 113 in Fig. 7. Fig. 9 is a block diagram show ng
each structure of the adaptive processingacircuits 105a to 105d in Fig. 1.
- 20 - Fig. 10 is a block di agram showi ng each second structure of
the hierarchical classification circuits 104a to 104d in Fig. 1. Fig.

perf or mi ng. IR RG L ORI ot SRR ot 10 Sl e e ¢ B8 e n”the
g;’:‘;r;: gi g][‘t aaf@écéx%?’u} bdifeiched on tHS ritht S BdPHidd LM Show ng one
diagonally right lower side of an HD pixel positioned
identically to the first hierarchical SD pixel, the
multihierarchical classification circuit 104b and the
adaptive processing circuit 105b, the multihierarchical
classification circuit 104c and the adaptive processing
circuit 105c, or the multihierarchical classification
circuit.104d and the adaptive processing circuit 1054
perform processing. The predicted values obtained are
stored in memories 106b to 1064d.

Next, before describing the details of the
multihierarchical classification unit 104 and the adaptive
‘processing unit 15, a technique for genérating the first to
third hierarchical SD images, which are respectively stored
in the first hierarchical memory 101, the second
hierarchical memory 102 and the third hierarchical memory
103, will be described.

Fig. 2 shows a block diagram of a storage unit for
generating first to third hierarchical SD images.

This storage unit includes, for example, one-chip -
complementary metal oxide semiconductors (CMOS), and
performs three hierarchical encodings in which an input SD

image is used as a first hierarchical SD image, and a second

hierarchical SD image having a smaller number of pixels than



conventional image converter. Fig. 13 is a drawing illustrating the
formation of a class tap and a prediction tap. Fig. 14 is a draw ng
illustrating the formation of a class tap and a prediction tap. Fi g.
15 is adrawing illustrating the formation of a class tap and a prediction
tap. Fig. 16 is a drawing illustrating the formation of a class tap
and a prediction tap. Fig. 17 is a bl ock diagram show ng one exanpl e
of a learning apparatus for perform ng | earning concerning prediction
coefficients to be stored in the coefficiest -ROM 207 in Fig. 12.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ments of the present
i nvention will be descri bed bel ow. -
21 - Fij . . one di t.o n_ J e, .pro sin a atus to
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image having a smaller number of pixels than the second
hierarchical SD image are generated.

Specifically, horizontal addresses or wvertical
addresses as the addresses corresponding to the horizontal
or vertical positions of SD pixels constituting an image to
be input to the storage unit are supplied to an address
supply circuit 1.

In this embodiment, an image (digital image data)
having 512 pixels in its horizontal direction and 512 lines
in its vertical direction as shown in Fig. 3 is input as a
first hierarchical SD image. Thus, the horizontal addresses
and the vertical addresses are each expressed using nine (=
log,512) bits.

In addition, in this embodiment, as described above,
the HD image having a number of pixels which is double that
the horizontal and vertical pixeis of the first hierarchical
image is genefated. Thus, one HD image is composed of 1024
x 1024 pixels.

The address supply circuit 1 processes the input
horizontal and vertical addresses as required, and supplies
them to a first hierarchical memory 2, a second hierarchical
memory 3 anq a third hierarchical memory 4. In addition to
the horizontal addresses and the vertical addresses, a clock

(not shown in Fig. 4 to Fig. 6 described below), a



Thi s i mage processing apparatus processes a plurality of SD images (second
and third i mages) having different nunbers of pixels, whereby generating
an HD image (first image)(whose inage definition is also high) having a
nunber of pixels which is nore than that of the SD i mages.

Specifically, in a first hierarchical nenory 101, a second hierarchical
menory 102 and a third hierarchical nenory 103, first to third

hi erarchi cal SD i mages are respectively stored. Conpared with the first

hi erarchical SD image, the second hierarzéhi<€al SD inmage has a snaller
nunber of pixels than the first hierarchical SD inmage, and the third

hi erarchical SD i mage has a smaller nunber of pixels than the second

hi er ar chi cal ' e, The fi.rst, hi r.chi . [ red in the
first hier efre(?f%/é‘;egiq-‘r%n%/y)l ,gr}%le' f@@o%%&?ﬁ?&?@é ﬁ%% 3 (%e stored in
t he second Kd r:GIy -ﬁﬁ’e[”‘%[%:fe Ll Tsd 4hi erarghi cal. I mage
stored in thme"&{zﬂilr ﬁ'laéerarphl ca %ne%&&gl]%é&gir‘%%édh é‘?)’[ﬁ% g%lltn?ja .

mul ti hi er ar ey el rodil ASS iWfi G diidk,13he HiRIdddsS lsdppAkAIahickale 3P | mage
stored in the first hierarchical nmenory 101 is also supplied to an _

adaptive Pr%ﬁgﬂii& WHd adifresses tbaHB!Ifiidytemalerhireticlanenidrgatd ,on
unit 104 includes nmultihierarchical classification circuits 104a to. 104d,
and the second hierarchical memory 3 and the third hierarchical
memory 4. The address supply circuit 1 processes the
supplied horizontal addresses and vertical addresses in
accordance with the R/W signal and the hierafchical flag.
The address supply circuit 1 supplies a predetermined
control signal to a read-modify-write circuit (RMW) 5 if
necessary.

The R/W signal controls the reading of image data from
the storage unit or the writing of image data to the storage
unit. The hierarchical flag is, for example, a 2-bit flag
to control the reading of any one of the first to third
hierarchical SD images when images stored in the storage
unit are read. The image data are simultaneously written in,
for example, the first hierarchical memory 2,.the second
hierarchical memory 3 and the third hierarchical memory 4,
so that the hierarchical flag is ignored (has no meaning)
when the R/W signal represents writing. In addition, '
reading from the first hierarchical memory 2, the second
hierarchical memory 3 and the third hierarchical memory 4 is
respectively performed, so that the hierarchical flag is

valid only when reading is performed. However, reading from



- 22 -7 performs nultihierarchical classification (as a type of
classification) of reference.pixels as HD pi xels based on predicted val ues
found by adaptive processing, using those which correspond to the
reference pixels anong pixels constituting the respective first to third
hi erarchical images fromthe first hierarchical nenory 101, the second
hi erarchical nmenory 102 and the third hierarchical nenory 103. I n
this enbodi ment, an HD i mage having, for exanple, a nunber of pixels which
is a doubl e of the nunber of horizontal- gy wvertical pixels of the first
hi erarchical SD image is generated. In this case, as described above wth
reference to Fig. 13 to Fig. 16, for one SD pixel (first hierarchical SD
pi xel, here), it i s necessary to generate % tal _of four HD pixels,
namel y, one ﬁBepﬁ%EFtp§§FFF5ﬁ8&c 'd@ﬁWPEXI?y °t RECRE gbeﬁnghlﬁﬁi three
HD pi xel s adj acent Ly si.tion n, L igﬁ I r._sige n di agonal |l y
right | ower E%EéggfEtﬁggoﬁéeHﬁsgfgeP;Q%ﬁgg é?l %%ﬁ §§ goSPﬁH epixels need
to be generabgfh@andlfishly PoreBifiel CNifaknD Bakel . AECRIErAGLKIRE O der
to perform sSirnultaneous classSitication (nultihierarchica

flag does not need to be used.

The first hierarchical memory 2 stores the image data
supplied from the RMW circuit 5 at an address designated by
the address supply circuit 1, and reads and outputs the
image data stored at the address to the RMW circuit 5. The
first hierarchical memory 2 can hold the first hierarchical
SD image, namely, image data to be input to the storage unit.
The first hierarchical memory 2 can hold at least one first
hierarchical SD image, namely, 512 x 512 pixel image data,
as shown in Fig. 2. A memory cell included in the first
hierarchical memory 2 has a data length identical to the
number of bits assigned to pixels constituting the first
hierarchical SD image. In other words, when pixels
constituting the first hierarchical SD image are expressed
by, for exampie, eight bits, the memory cell included in the
first hierarchical memory 2 has at least a data length of
eight bits.

The second hierarchical memory 3 stores image data -«
supplied from the RMW circuit 5 at an address designated by
the address supply circuit 1, and reads and outputs the
image data stored at the address to the RMW circuit 5. The

second hierarchical memory 3 can hold the second SD image.



cl assification) of the four HD pixels, the nultihierarchical

classification unit 104 consists of four nmultihierarchical classification
circuits 104a to 104d. The results obtai ned by classifying the four
reference 23 - pi xel s, fromthe
mul ti hierarchical classification circuits 104a to 104d, are supplied to

t he adaptive processing unit 105. The adaptive processing unit 105 al so
consists of four adaptive processing circuits 105a to 105d, for the sane
reason for which the nultihierarchical el &8si-fication unit 104 consists of
the four nmultihierarchical classification circuits 104a to 104d. The
respective nmultihierarchical <classification circuits 104a to 104d perform

adaptive Proaeenes efbbashond) “Ehéosﬁﬁeof'géﬁi:fkﬁa&'fn(ﬂﬁ]ere e 0 the

mul ti hierarchical classification circuits 104a to 104d |nd|ng

predi ct ed vabeeﬁléai)t)hsaﬁaaénfeﬁfﬁsﬂgemem&éa idhener edkgt ed val ues found
by the adaptive processing circuits 105a to 105d are supplied and stored

in an HD i nageraesRi¥alOsp imageSigi haedyaso. fbﬁ 8khihplé e GhENsESbna

classification unit
hierarchical pixel. The second hierarchical memory 3 can
hold a second hierarchical SD image which includes such a
pixel. The second hierarchical memory 3 has a storage
capacity in which at least one second hierarchical SD image
can bg stored. In other words, here, one second
hierarchical pixel is forméd from the 2 x 2 first
hierarchical pixels. Thus, the second hierarchical SD image
consists of 256 x 256 (= 512/2 x 512/2) pixels. Accordingly,
the second hierarchical memory 2 can hold the second
hierarchical SD image, which has such a number of pixels. A
memory cell included in the second hierarchical memory. 3 has
a data length that makes it possible to store at least the
pixels constituting the second hierarchical SD image withéut
overflow. In other words, since a first hierarchical pixel.
is expressed By eighﬁ bits in this embodiment, a second
hierarchical pixel as the sum of four pixels having the
eight bits is expressed by ten (= log,(2° + 2° + 2% + 2°%))
bits. Accordingly, the memory cell included in the second
hierarchical memory 3 has a data length of at least ten bits.

The third hierarchical memory 4 stores image data

supplied from the RMW circuit 5 at an address designated by

the address supply circuit 1, and reads and outputs the



104 and the adaptive processing unit 105, the HD image nmenory 106 consists
of four nenories 106a to 106d. In the nenories 106a to 106d, the predicted
val ues supplied from the adaptive processing units 105a to 105d are
respectively stored. Here, for an HD pixel positioned identically to
one first hierarchical SD pixel, the multihierarchical classification
circuit 104a or the adaptive processing circuit 105a perforns

mul ti hi erarchical classification or adaptive processing, and the predicted
val ue obtained is - 29 - - 24 - stored in
the menory 106a. In addition, for HD pixels adjacently positioned on the
right, |lower side and diagonally right |ower side of an HD pi xel
positioned jidentically to the first hierarchic SD..ni.xel . the

it hi e ar cHiar SRSl iPEdErah bt AREESESEE e M SEhretE 1 octhg i ng
circurt 105by,ipe SHLLLDLELGLEhERbry Ch A5SA TMGRLT B CLELH tn d04C AL
adaptive processing Cclrcul C, O he nmul tThi érarchical classiircation

circuit 104dggnflnd e, adapt £ fs PERGEE ShdPt Ol £1£8 fodPOEh x 2) adjacent

pixels included in the second hierarchical SD image, in

other words, the sum of 4 x 4 pixels included in the first
hierarchical SD image is used as one third hierarchical
pixel. The third hierarchical memory 4 is designed so that
the third hierarchical SD image, which includes such pixels,
can be stored. The third hierarchical memory 4 has a
storage capacity that makes it possible to store at least
one third hierarchical SD image. Here, one third
hierarchical pixel is formed from the 2 x 2 second
hierarchical pixels. Thus, the second hierarchical SD image
consists of 128 x 128 (= 256/2 x 256/2) pixels. Accordingly,
the third hierarchical memory 4 is designed so that the
third hierarchical SD image having such a number of pixels
can be at least stored. The memory cell included in the
third hierarchical mémory 4 has a data length that makes it
possible to store tﬁe pixels constituting the third
hierarchical SD image can be at least stored without
overflow. In other words, in this embodiment, a second =~
hierarchical pixel is expressed by ten bits as deécribed
above. Thus, a third hierarchical pixel as the sum of four
pixels having the ten bits is expressed by twelve (= log,(2'

+ 2 + 2'° 4+ 2'%)) bits. Therefore, the memory cell included



perform processing. The predicted val ues obtained are stored in nenories
106b to 106d. Next, before describing the details of the

mul ti hi erarchical classification unit 104 and the adaptive processing unit
15, a technique for generating the first to third hierarchical SD inmages,
which are respectively stored in the first hierarchical nmenory 101, the
second hierarchical nenory 102 and the third hierarchical nenory 103,
wi || be descri bed. Fig. 2 shows a bl ock diagramof a storage unit for
generating first to third hierarchical SD3DPmages. This storage unit

I ncl udes, for exanple, one-chip conplenentary netal oxide sem conductors
(CMOS), and perforns three hierarchical encodings in which an input SD

[Tege | S uSenagnd third MEEHANLA] mihorPIf ndlhf BELANG dUL archical

SD i mage having a sma er of pi

- 25 - therdh§th HfetRéthéogitsD i mage and a third hierarchical SD inmage
having a smal |l er nunber of pixels than the second hierarchical SD inmage

are gener at ed. The clock is supplied to the first hierarchical memory
2, the second hierarchical memory 3, and the third
hierarchical memory 4, and data are read or written so as to
be synchronized with the supplied clock.

The RMW circuit 5 writes the image data supplied to the
storage unit as a first hierarchical SD image in the first
hierarchical memory 2. The RMW circuit 5 performs computing
a second hierarchical SD image from the first hierarchical
SD image, and writes it in the second hierarchical memory 3.
The RMW circuit 5 also performs computing a third
hierarchical SD image from the first hierarchical SD image
(or second hierarchical SD image), and writes it in the
third hierarchical memory 4. The RMW circuit 5 reads and
outputs the respective image data stored in the first
hierarchical memory 2, the second hierarchical memory 3 and
the third hierarchical memory 4.' The clock, the R/W signal,
the hierarchical fldg, the control signal output by the
address supply circuit 1 are supplied to the RMW circuit 5,
and the RMW circuit 5 performs various processes based on «
the R/W signal, the hierarchical flag, and the control
signal while being synchronized with the clock.

Next, its operation will be described with reference to

Fig. 3 to Fig. S.



Specifically, horizontal addresses or vertical addresses as the addresses
corresponding to the horizontal or vertical positions of SD pixels
constituting an image to be input to the storage unit are supplied to an
address supply circuit 1. In this enbodiment, an inmage (digital

| mage data) having 512 pixels in its horizontal direction and 512 |lines
inits vertical direction as shown in Fig. 3 is input as a first

hi erarchi cal SD i mage. Thus, the horizontal addresses and the verti cal
addresses are each expressed using nine-(31 1og[err]512) [err]bits.

In addition, in this enbodi mrent, as described above, the HD inmage having a
nunber of pixels which is double that the horizontal and vertical pixels

of the first hierlf'gr@i%eg ﬂ ﬂ%: AL -Qlli%d) D4 e, s
conposed of 1024 x 1024 atxe sg' FQ?T & ‘addr ess sprF?g?iPdH?% s

processes t hgsdumad tlﬁ'&fi@xwtﬁhaéé‘%d&éié@b@@i‘?%@@lﬁ?i%@éﬂﬂ r&fh @

supplies themto a first hierarchical memory 2, a second hierarchical
nmemory 3 andiragdi datdi wieh (EaEiRl p1REDT dxpPredsed@dsy té Oghtt Ditdeahori zont al

addresses and the vertical addresses, a clock (not shown in Fig. 4 to Fig.
6 described deppdedsas the first hierarchical SD image to the storage
unit. In addition, the image data are supplied as a result
of generally called "progressive scanning".

Among pixels constituting the first hierarchical SD
image, the top leftest pixel is expressed as h(0,0), and
similarly, a pixel that is the (x+1)-th from the left and
the (y+1l)-th from the top is expressed as h(x,y). Since the
first hierarchical SD image consists of 512 x 512 pixels as
described above, x and y each take an integer.between 0 to
511 (= 2°-1).

When it is assumed that there are variables s and t
which take an integer between 0 and 255(= 2°/2-1), a pixel
included in the second hierarchical SD image is the sum of 2
x 2 adjacent first hierarchical pixels, h(2s,2t), h{(2s+l,2t),
h(2s,2t+1), and h(25¥1,2t+1). The sum is expreésed as
m(s,t). Accordinglj, the equation

m(s,t)=h(2s,2t)+h(2s+1,2t)+h(2s,2t+1)+h(2s+1,2t+1)

(8)
holds.

In addi;ion, when it is assumed that there are

variables m and n which take an integer between 0 and 127(=

2’/4-1), a pixel included in the third hierarchical SD image



-26 - ~ read/wite (RRW signal, and a hierarchical flag are supplied to
the address supply circuit 1. Wiile being synchronized with the clock, the
address supply circuit 1 supplies the addresses to the first hierarchical
menory 2, the second hierarchical nenory 3 and the third hierarchica
menory 4. The address supply circuit 1 processes the supplied horizontal
addresses and vertical addresses in accordance with the RFWsignal and the
hi erarchical flag. - The address supply circuit 1 supplies a predeterm ned
control signal to a read-nodify-wite cirddit (RWY 5 if necessary.

The R'Wsignal controls the reading of image data from the storage unit or
the witing of image data to the storage wunit. The hierarchical flag is,

for exanple, i@ 2nbi sukl 88 2t Qoé'&m;]%eﬁﬁesé@@ﬁ&ﬂgi@faféhﬁc%lﬁ PixdNe, first
to third hierarchical SD inages en images stored in the storage unit

are read. Tha(bmppe)dahe2ase, shyyl taneously witten in, for exanple, the
first hierarchical nmenory 2, the second hierarchical nermory 3 and the
third hi erarmb2onanatiorgnd, m(2m+Lh2an+1he hierarchical flag is ignored (has
no nmeani ng) when the RFWsignal represents witing. |In addition, reading
fromthe firin dtbedrwbirdal hheosym20ft hexsécadjacent first hierarchical
pixels,
h(4m,4n), h(4m+1,4n), h(4m+2,4ﬁ). h(4m+3,4n),
h(4m,4n+1), h(4m+l,4n+l1l), h(4m+2,4n+1), h(4m+3,4n+1),
h(4m, 4n+2), h(4m+1,4n+2), h(4m+2,4n+2), h(4m+3,4n+2),
h(4m,4n+3), h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3).
This is expressed as q(m,n).- Accordingly, the equation
g(m,n)=m(2m,2n)+m(2m+1,2n)+m(2m, 2n+1)+m(2m+1, 2n+1)
=h(4m,4n)+h(4m+1l,4n)+h(4m+2,4n)+h(4m+3,4n)
+h(4m,4n+1)+h(4m+1,4n+1)+h(4m+2,4n+1)+h(4m+3,4n+1)
+h(4m,4n+2)+h(4m+1,4n+2)+h(4m+2,4n+2)+h(4m+3,4n+2)
+h{(4m,4n+3)+h(4m+1,4n+3)+h(4m+2,4n+3)+h(4m+3,4n+3)
(9)
holds.

In any cases where data are written and read,
combinations (HA,VA} of horizontal addresses HA and vertical
addresses VA are supplied to the address supply circuit 1 in
the order (corresponding to progressive scans) of -

(0,0), (1,0), ..., (511,0),

(0,1), (1,1), ..., (511,1),



hi er ar chi cal menory 3 and the third hierarchical nenﬁry 4 is respectively
perfornmed, so that the hierarchical flag is valid only when reading is
per formed. However, reading from -

27 - the first hierarchical nmenory 2, the second hierarchical mnenory 3
and the third hierarchical nenory 4 can be sinultaneously perfornmed. In
this case, the hierarchical flag does not need to be used. The first

hi erarchi cal nenory 2 stores the image data supplied fromthe RMNcircuit
5 at an address designated by the addres$3supply circuit 1, and reads and
outputs the inmage data stored at the address to the RMNcircuit 5. The
first hierarchical nenory 2 can hold the first hierarchical SD inage,
nanmely, image data to be input to the storage unit. The first hierarchical
menory 2 can hold at |east one first hierarchical SD inmage, nanely, 512 x

512 pixel imggerdeya, (sas,shown in Eby1, 811, WHRLY Sehéhioslzfed itk he

first hierarchical nenory 2 has a data length identical to the nunber of

bi ts assi gnedh&ocpbxkl.s constituting the first

. The respective bits of one horizontal address HA, which

has nine bits, are expressed as hal, haé, ..., ha8 (ha8 is
the most significant bit), with the least significant bit
expressed as ha0. Similarly, the respective bits of one
vertigal address VA, which has nine bits, aré expressed as
val, vaz2, .;., va8 (va8 is the most significant bit), with
the least significant bit expressed as va0.

In addition, when the image data are written in the
storage unit, the first hierarchical SD image, which has
been progressively scanned, is supplied to the RMW circuit 5
in synchronization with the clock, and in accordance with
this, the horizontal addresses HA and the vertical addresses
- VA are supplied to the address supply circuit 1 as described
above.

In this éase, the first hierarchical memory 2 is
accessed in the following manner.

As shown in Fig. 4, whén writing is performed (in the
case where the R/W signal represents writing), the addrgss
supply circuit 1 supplies supplied horizontal addresses HA
and vertica; addresses VA to the address terminals (ADh,

ADv) of the first hierarchical memory 2, without changing

them. The RMW circuit 5 writes the supplied first



hi erarchical SD image. In other words, when pixels constituting the first
hierarchical SD inmage are expressed by, for exanple, eight bits, the
menmory cell included in the first hierarchical nmenory 2 has at |east a
data length of eight bits. The second hierarchical nmenory 3 stores

I mage data supplied fromthe RMNcircuit 5 at an address designated by
the address supply circuit 1, and reads and outputs the inmage data stored
at the address to the RMWcircuit 5. The . second hierarchical nenory 3 can
hol d the second SD i mage. : - 34 - - 28 -

In this enbodinent, the sumof four (2 x 2 (horizontal x vertical))

adj acent pixels included in the first hierarchical SD image i s used as,

for exanpl e, h@gga§gﬁ9ﬁgl gbe g% éf# éﬁl ﬁ sgggg%%hig&g.gpich menory

3 can hold a secon |erarc S suc a plxel

The second hms&aeg%eﬂwg EYS§0¢31€1‘§ @fs{:ﬂéaﬁfrsﬁaﬂf&fucﬁfcm'xﬁ Sy | gast
one second hi erarchi cal i mge can be stored. In other words er one
second hieraeshgsatedi ¢! the heriBontaPnaddfedsss HAT484 the Vertlcal

addresses VA. The same processing is successively performed,

whereby one fiist hierarchical SD image, which consists of

512 x 512 pixels, is stored ih the first hierarchical memory

2. Thereby, in the first hierarchical memory 2, at

addre;ses:

(0.0), (r,0), ..., (511,0),

(0,1)., (1,1), ..., (511,1),

(511,0), (511,1), ..., and (511,511),

the first hierarchical pixels (pixel levels):

h(0,0), h(1,0), ..., h(511,0),

h(0,1), h(1,1), ..., h(511,1),

h(511,0), h(511,1), ..., and h(511,511)

are stored, réspecti#ely.

When reading is.performed (in the case where the R/W
signal represents reading), if the hierarchical flag
represents the first hierarchical level, the address supplky
circuit 1 similarly supplies supplied horizontal addresses
HA and vertical addresses VA to the address terminals of the
first hierarchical memory 2, without changing them. The RMW

circuit 5 reads the first hierarchical SD image data stored



hi erarchical pixels. Thus, the second hierarchical SD image consists of
256 x 256 (= 512/2 x 512/2) pixels. Accordingly, the second hierarchical
menory 2 can hold the second hierarchical SD imge, which has such a
nunber of pixels. A nenory cell included in the second hierarchical nenory
3 has a data length that makes it possible to store at |east the pixels
constituting the second hierarchical SD inmage without overflow In other
words, since a first hierarchical pixel is expressed by eight bits in this
enbodi nent, a second hierarchical pixel 3 +he sum of four pixels having
the eight bits is expressed by ten (= log[err](2[err] + 2[err] + 2[err] +
2[err])) bits. Accordingly, the nmenory cell included in the second

hi hi cal ngi .en _hi t.s.

tLiG:S_rﬁi Iefgrac [ ca({ 3{“néé“rmr '%lgtaéofdeés&{%%ee de’i)?ta éh%ﬁ%%llﬁg nftyra1 (:)Lfn d}ﬁi_é: eﬁlﬁ%%e
cireuit 5 atnﬁrhx?&'%lf‘éSvéieEi'cﬂﬂata‘%fhﬂysséﬁQlA%d%%%h%U%%Hé ‘Exfo%ﬂé'f?i%g gid
reads and out puts the - - I mag

data stored @jcddissAfie ettt RMYeriditlidned £iHat Hlilkidad-dnii@=ar & cal

nmenory 4 can hold the third hierarchical SDinmge. In this enbodinment, the
four (2 x 2)imdjeéGsdtkposed of 512 x 512 pixels is read from the first

e

hierarchical memory 2. Thereby, the first hierarchical SD
image, which has been progressively scanned, is output.

Next, access to the second hierarchical memory 3 will
be described.

When writing is performed, as shown in Fig. 5, the
address supply circuit 1 supplies to the address terminals
of the second hierarchical memory 3, for example, part of
supplied horizontal addresses HA, namely, upper bits hal to
ha8 excluding the least significant bit ha0, and part of
vertical addresses VA, namely, upper bits val to va8 -
excluding the least significant bit va0. The address supply
circuit 1 also outputs the least significant bit haO of the
horizontal address HA and the least significant bit val0 of
the vertical address VA as a control §ignal to the RMW
circuit 5.

Accordingly, at a time in which four (2 x 2) first
hierarchical pixels h(2s,2t), h(2s+1l,2t), h(2s,2t+1l), and «
h(2s+1,2t+1) as denoted by D1 in Fig. 3 are supplied to the
RMW circuit.s, the address supply circuit 1 always oufputs
to the second hierarchical memory 3, a signal for

designating an identical address (s.t) in the second



pi xel s included in the second hierarchical SD image, in other words, the
sumof 4 x 4 pixels included in the first hierarchical SD inmage is used as
one'third hierarchical pixel. The third hierarchical menory 4 is designed
so that the third hierarchical SD image, which includes such pixels, can
be stored. The third hierarchical nenory 4 has a storage capacity that
makes it possible to store at least one third hierarchical SD imge. Here,
one third hierarchical pixel is fornmed fromthe 2 x 2 second hierarchical
pi xel s. Thus, the second hierarchical Sb 36mge consists of 128 x 128 (=
256/ 2 x 256/ 2) pixels. Accordingly, the third hierarchical nenory 4 is
desi gned so that the third hi erarchi cal SD i mage having such a nunber of

pi xel s can ypg.af éﬁﬁg% 3lhe menory cell included in the third
hi er ar chi cal nenﬂ?y as a ta Tength that makes it possible to store

the pixels CO”StHhU&hQQRMWec&Etht B'ekﬁbcghﬁﬁhléa FFRge RABrRechichgast
stored without overflow. In other words, in this enbodi nent, a second

hi erarchi calspigd sa£eerias siethdty ﬁcerarblatﬁuaﬁqeiﬁsﬁnnﬁetd 133bove Thus, a
third hierarchical pixel as the sumof four pixels having the ten bits is

expressed byaddetien (to |tig] aidd2[teiredarchidiadr ISD Hinger data,2[teer output S.
Therefore, the nenory cell included

of a switch 12 is supplied to the arithmetic unit 13, and
the arithmetic unit 13 finds and outputs the sum of them to
a wfiting unit 14.

The switch 12 is designed to select either a terminal
12a or 12b in accordance with the output of a NOR gate 15.
The output of the reading unit 11 or zero is supplied to the
terminal 12a or 12b. The least significant bit ha0d of the
horizontal address HA and the least significant bit va0 of
the vertical address VA are supplied from the address supply
circuit 1 to the NOR gate 15. Accordingly, its output is
set at level H in only a time where, among the 2 x 2 first
hierarqhical pixels h(2s,2t), h(2s+1,2t), h(2s,2t+1l), and
h(2s+1,2t+1), the top left pixel h(2s,2t) is supplied to the
arithmetic unit 13, and is set at level L in other cases.

In the switch 12, the terminal 12a or 12b is selected
when the output of the NOR gate 15 is at level L or level H.

The reading unit 11 reads data (stored data) storéd ak
addresses corresponding to a signal output from thé address
supply circuit 1.

Accordingly, at a time in which, among the 2 x 2 first

hierarchical pixels h(2s,2t), h(2s+1,2t), h(2s,2t+l), and



- 30 - inthe third hierarchical menory 4 has at least a data |ength of
twel ve bits. The clock is supplied to the first hierarchical nenory
2, the second hierarchical nenory 3, and the third hierarchical nenory 4,
and data are read or witten so as to be synchronized with the supplied
cl ock. The RMWcircuit 5 wites the inage data supplied to the
storage unit as a first hierarchical SDimge in the first hierarchical
menory 2. The RMWcircuit 5 perfornms conputing a second hierarchical SD
imge fromthe first hierarchical SD inrad&, -and wites it in the second
hi erarchical nmenory 3. The RMWNcircuit 5 also perforns conputing a third
hi erarchical SD image fromthe first hierarchical SD inage (or second

hi erarchi caly 831 1B8€) 1) anghdrd§S1dft | Pikde n ¥ rsk Ni &L Zé'%}%ﬁ?éd e 4

The RMWcirculit 5 reads an outputs the respective 1 mag a stored 1'n

the first hiefefkdtLd! ufBAOLY, 2thd eSOl €A G4 IR Qatas and the

third hierarchical nenory 4. The clock, the RRWsignal, the hierarchical
flag, the cogtenédsagntthe Cad@bésHy(se) Dl df1es Sssettid Yh G Faatiiidarr €

supplied to the RMWWcircuit 5 and the RMWNVcircuit 5 perforns various
processes basedooyn 3} handy SMppDies , it heo hilss aredtmiosdl fl12g, and thies cardd 0l
Both the least significant bit ha0 of the horizontal address
HA and the least significant bit va0 of the ve:tical address
VA are zexro. Thus, the output of the NOR gate 15 is at
level H, and the terminal 12b is selected in the switch 12.

As a result, zero is supplied to the arithmetic unit 13
via the switch_lz. | _

The arithmetic unit 13 adds the zero and the first
hierarchical pixel h(2s,2t), and supplies the sum
(0+h(2s,2t)) to the writing unit 14. The writing unit 14
writes the output of the arithmetic unit 13 at the address
corresponding to the signal output by the address supply
circuit 1, namely, the address (s,t) in the second
hierarchical memory 3.

Next, at a time in which, among the 2 x 2 first
hierarchical pixels'h(2s,2t), h(2s+1,2t), h(2s,2t+1), and
h(2s+1,2t+1), the top left pixel h(2s,2t) is supplied to the
arithmetic unit 13, the reading unit 11 reads data .
(0+h(2s,2t) here) stored at the address (s.t) in the second
hierarchical memory 3, and supplies it to the terminal 12a.

In addition, in this case, the least significant bit

ha0 of the horizontal address HA is one, and the least



signal ‘while being synchronized with the cl ock. Next, its operation
will be described with reference to Fig. 3to Fig. 5.

- 31 - Here, as shown in the above-described Fig. 3, it is assuned
that one inage consists of 512 x 512 pixels and the inage data with each
pi xel expressed by eight bits are supplied as the first hierarchical SD

I mge to the storage wunit. In addition, the imge data are supplied as a
result of generally called "progressive scanning". Anong pi xel s
constituting the first hierarchical SD - P#ge, the top leftest pixel is
expressed as h(Q, 0O, and simlarly, a pixel that is the (x+1)-th fromthe
|l eft and the (y+l)-th fromthe top is expressed as h(x,y). Since the

first hierarghighdleicbnkM™ge ¢a8Sbe! snaf vé%%léaﬁlaaatéég Svﬁsls d§é£§>' bed

above, x and y each take an integer between O to 1 (= 2[err]
Wen it is agpugedthBabutbateodr QhéaNDRbe%eSlsnﬂst atV\'iﬂéGQltﬁkeaﬁH théeger
bet ween 0 and 255(— 2[err[/2-1), a pixel included in the second

hi erarchi cal tebmifage12a tiBeselgcebd2in the switch 12.

As a result, the data (stored data)(0+h(2s,2t) here)
read by the reading unit 11 are supplied to the arithmetic
unit 13.

The arithmetic unit 13 adds the data supplied via the
switch 13 and the first hierarchical pixel (0 + h(2s,2t) +
h(2s+1,2t)), and supplies the sum to the writing unit 14.
The writing unit 14 writes the output of the arithmetic unit
13 at the address corresponding to the signal output by the
address supply circuit 1, namely, the address (s,t) in the
second hierarchical memory 3.

Subsequently, the supply of image data from the first
hierarchical top to (2t+l)-th line is started. When, among
the 2 x 2 first hierarchical pixels. h(2s,2t), h(2s+l,2t),
h(2s,2t+1), and h(2s+1,2t+1), the bottom left pixel
h(2s,2t+1) is supplied to the arithmetic unit 13, the
reading unit 11 similarly reads data (0 + h(2s.,2t) +
h(2s+1,2t)) stored at the address (s,t) in the second
hierarchical memory 3, and supplies it to the terminal 12a.

In this case, the least significant bit ha0 of the
horizontal address HA is zero, and the least significant bit
of the vertical address VA is one. Thus, the output of the

NOR gate 15 is at level L, and the terminal 12a is selected



x 2 adjacent first hierarchical pixels, h(2s,2t), h(2s+1,2t), h(2s,2t+1),
and h(2s+1,2t+1). The sumis expressed as n(s,t). Accordingly, the
equati on m(s, t)=h(2s, 2t) +h(2s+1, 2t ) +h(2s, 2t +1) +h(2s+1, 2t +1)

(8) hol ds. In addition, when it is assuned that there are variables
m and n which take an integer between 0 and 127(= 2[err]/4-1), a pixel

I ncluded in the third hierarchical SD inage

- 32 - is the sumof 2 x 2 adjacent second hierarchical pixels,

m 2m 2n), m2m+l, 2n), m2m 2n+1), and #(29+d, 2n+1), in other words, the
sumof 4 x 4 adjacent first hierarchical pixels, h(4m4n), h(4mtl, 4n),
h(4m+2, 4n), h(4m+3,4n), h(4m 4n+1), h(4ml, 4n+1), h(4m+2, 4n+1),

h(4mt3, 4n+1)., 4 +2) . N(4mtl, 4n+2), h(4m+2, 4n+2), h(4mt3, 4n+2),

h(4m 4n+3), “A{ 4%"1{%%’32’? Yram2, an+3) . and h(4m+3, 4n+3) .

As a result, the data (stored data) (0 + h(2s,2t) +
h(2s+1,2t)) read by the reading unit 11 are supplied to the
arithmetic unit 13 via the switch 12.

The arithmetic unit 13 adds the data supplied via the
switch 12 and the first hierarchical pixel h(2s,2t+1l), and
supplies the sum (0 + h(2s,2t) + h(2s+1,2t) + h{(2s,2t+1)) to
the writing unit 14. The writing unit 14 writes the output
of the arithmetic unit 13 at the address corresponding to
the signal output by the address supply circuit 1, namely,
the address (s,t) in the second hierarchical memory 3.

Next, when, among the 2 x 2 first hierarchical pixels
h(2s,2t), h(2s+1,2t), h(2s,2t+1) and h(és+l,2t+1), the pixel
h(2s+1,2t+1) on the right of the bottom left pixel
h(2s,2t+1) is supplied to the arithmetic unit 13, the
reading unit 11 reads data (0 + h(2s,2t) + h(2s+l1,2t) +
h(2s,2t+1) here) stored at the address (s,t) in the second
hierarchical memory 3, and supplies it to the terminal 1l2a.

In this case, bbth the least significant bit ha0 of the
horizontal address HA and the least significant bit va0~of
the vertical address VA are one. Thus, the'output of the -
NOR gate 15 is at level L, and the terminal 1l2a is selected
in the switch 12.

As a result, the data (stored data) (0 + h(2s,2t) +

h(2s+1,2t) + h(2s,2t+1)) read by the reading unit 11 via the



This is expressed as gq(mn). Accordingly, the equation

q(m_n) =m(2m 2n) +n( 2m+1, 2n) +n( 2m 2n+1) +m( 2mr1, 2n+1)

=h(4m 4n) +h(4m+1, 4n) +h(4m+2, 4n) +h(4m+3, 4n)

+h(4m 4n+1) +h(4m+1, 4n+1) +h(4m+2, 4n+1) +h(4m+3, 4n+1)

+h(4m 4n+2) +h(4m+l, 4n+2) +h(4m+2, 4n+2) +h(4m+3, 4n+2)

+h(4m 4n+3) +h(4mt+1, 4n+3) +h(4m+2, 4n+3) +h(4m+3, 4n+3)

(9) holds. In any cases where data are witten and read,

conbi nati ons (HA VA) of horizontal addresges HA and vertical addresses VA
are supplied to the address supply circuit 1 in the order (correspondi ng

to progressive scans) of (0,1, (1,0), ..., (511,0), (0,1), (1,1),
.-+ (511, 1) gyircn 12 lied to the arithmetit gnit 13, (511,0),
(511,1), ..?Yl(gll,SlffF ﬁﬁp elgyncﬁronfzfﬁé mﬁ?hlcthelclock. The

respective bits @he0a; BRAEELB! @hifddseagaslnehasta S@SpIHEE Pid Sthér €

expressed as hal, ha2, ..., ha8 (ha8 is
switch 12 and the first hierarchical pixel h(2s,2t+l1l), and
supplies the sum (0 + h(2s,2t) + h(2s+1,2t) + h(2s,2t+1l)) to
the writing unit 14. The writing unit 14 writes the output
of the arithmetic uﬁit 13 at the address corresponding to
the signal output by the address supply circuit 1, namely,
the address (s.t) in the second hierarchical memory 3.

Therefore, at the address (s.t) in the second
hierarchical memory 3, a sum expressed as the numerical
expression h(2s,2t) + h(2s+1,2t) + h(2s,2t+1l) + h{(2s+1,2t+1),
namely, the second hierarchical pixel (pixel level) m(s,t)
shown as the above-described equation (8) is finally stored.

In the above-described manner, in the second
hierarchical memory 3, second hierarchical SD images, with
one image composed of 256 x 256 pixels, are stored.

As described above, the first hierarchical SD image
data are written at the address (HA,VA) of the first
hierarchical memory 2 designated by the horizontal address
HA and the vertical address VA, and from the address of the
second hierarchical memory designated by parts of the -
horizontal address HA and the vertical address VA, hal to
ha8 and val to va8, the stored data are read. Processing

for adding the stored data and the first hierarchical SD

image data is performed, and the sum is written at an



the nost significant bit), with the least significant bit expressed as
haO, Simlarly, the respective bits of one vertical address VA, .which has
nine bits, are expressed as val, va2, ..., va8 (va8 is the nost
significant bit), with the least significant bit expressed as vaO In
addi tion, when the inmage data are witten in the storage unit, the first

hi erarchi cal SD i mage, which has been progressively scanned, is supplied
to the RMWcircuit 5 in synchronization with the clock, and in accordance
with this, the horizontal addresses HA-a##l the vertical addresses VA are
supplied to the address supply circuit 1 as described above. In this
case, the first hierarchical nenory 2 is accessed in the follow ng manner.

As shown in Eigreds 3P ¥Eh Ly g@ofgaf@éf@g?ﬁ Lddifeq Casthatiie W R W

signal represents witing), the address supply circuit 1 ‘suppli’€s supplied

(o, ") S THEET mRLNREAL OO e B AR IS D e
RMV circuit Seddhd egiéberchiopal esb finidéde data can be generated and
stored. In other words, the second SD image data can be
obtained in real time.

Next, the reading of the second hierarchical SD image
from the second hieraréhical memoxry 3 will be described.

When reading is performed, if the hierarchical flag
represents the second hierarchical level, the address supply
circuit 1 similarly supplies the upper eight bits hal to ha8
or val to va8 of the supplied horizontal address HA or
vertical address VA to the address terminals of the second
hierarchical memory 2, and outputs the least significant bit
ha0 or va0 as a control signal to the RMW circuit 5.

In addition, in the RMW circuit 5, the hierarchical
flag, the R/W signal and the output of the NOR gate 15 are
supplied to the reading unit 11. When the R/W signal
represents reéding, and the hierarchical flag'represents the
second hierarchical'level. the reading unit 11 reads and
outputs second hierarchical SD image data stored at an
address corresponding to the signal oﬁtput by the address«
supply circuit 1 while the output of the NOR gate 15 is
beigg at level H.

From the above descriptions, in the case where the set

of the horizontal address HA and the vertical address VA is



- 34 -7 hierarchical SD inmage data (SD pixels (pixel levels)) in nenory
cells (not shown) of the first hierarchical nmenory 2, designated by the
hori zontal addresses HA and the vertical addresses VA. The sane processing
I s successively perforned, whereby one first hierarchical SD inmage, which
consists of 512 x 512 pixels, is stored in the first hierarchical nenory
2. Thereby, in the first hierarchical ‘nenory 2, at addresses: (0,0),

(1,0), ..., (511,0), (511,0), (511,1), ..., and (511,511), the first
hi erarchi cal pixels (pixel levels): h(6,8% -h(1,0), ..., h(511,0),

h(0,1), h(1,1), ..,h(511,1), h(511,0), h(511,1), ..., and h(511, 511)

are stored, respectively. When reading is perfornmed (in the case where

the RIW signat, s€pr esgai s, 2€Rdi (89, 2441 f heoh @ chiGal) 1130 e JGPIRRRN S
the first hierarchical level, the address supply circuit 1 simlarly

suppl i es supghéd ashrilOrddrdsd @Sl £SO SoutPubome i AaBUNLEGHINA to the
address termnals of the first hierarchical nenory 2, wthout changi ng
them The RM¥rcuit 1. Accordingly, the simple reading of data from an
address of the second hierarchical memory 3 corresponding to
the signal output by the address supply. circuit 1 causes the
reading of identical data four times.
Accordingly, only when the set of the horizontal
addregs HA and the vertical address VA is, for example,
(2s,2t) among (2s,2t), (2s+1,2t), (2s,2t+l), and (2s+1,2t+l),
in otherlwords, only when the output of the NOR gate 15 is
at level H, the reading unit 11 reads second hierarchical
pixel (pixel level) m(s,t) at address (s.,t) of the second
hierarchical memory 3.
The second hierarchical SD image data read by the
reading unit 11 are supplied to the switch 16. The switch
16 is turned on only when the R/W signal represents reading,
and is turned off in other éases. In the present case,
since the_swifch 16 is turned on, the second hierarchical SD
image data read by the reading unit 11 are output via the
switch 16. |
In the above manner, from the second hierarchical .
memory 3, one stored second hierarchical SD image composed
of 256 x 256 pixels is read. Accordingly. in other words, a
second hierarchical SD image which has been progressively

scanned is output.



circuit 5 reads the first hierarchical SD | mage data stored

- 35 - at the nenory cells designated by the horizontal addresses HA and
the vertical addresses VA, and the sane processing is successively
performed, whereby one first hierarchical SD imge conposed of 512 x 512
pixels is read fromthe first hierarchical nmenory 2. Thereby, the first

hi erarchical SD inage, which has been progressively scanned, is output.
Next, access to the second hierarchical nenory 3 will be descri bed.

When witing is perfornmed, as shown in H@&3 5 the address supply circuit
1 supplies to the address termnals of the second hierarchical nmenory 3,
for exanple, part of supplied horizontal addresses HA, nanely, upper bits

hal to ha8 excluQifg thEecLE8SEoSERE £h AR LA #Eé? of ., vertdcal
addr esses VA, nanely,'upp%r %itg val to va8 ek% u .?é?% %§§é§ﬁi witd Be
significant Bekcya®eglhe address supply circuit 1 also outputs the |east

significant bit haO of the horizontal address HA and the | east significant
bit vaO of the vehitLall@gdtrsSaddréss asePply obisd@igl 1 tsugdei EWart

of supplied horizontal address HA, namely, upper seven bits
ha2 to ha8 excluding lower two bits ha0 and hal, and part of
vertical address VA, namely, upper seven bits va2 to va8
excluding lower two 5its va0 and val, to the address
terminals of the third hierarchical memory 4. The address
supply circuit 1 also outputs upper two bits ha0 and hal of
horizontal address HA and lower two bits va0 and val of
vertical address VA as control signals to the RMW circuit 5.

Accordingly, at a time in which 16 (4 x-4) first
hierarqhical pixels, for ekample, h(4m,4n), h(4m+l,4n}),
h(4m+2,4n), h(4m+3,4n), h(4m,4n+1), h(4m+l,4n+1),
h(4m+2,4n+1), h{(4m+3,4n+1), h(4m,4n+2), h(4m+1l,4n+2),
h(4m+2,4n+2), h(4m+3,4n+2), h(4m,4n+3), h(4m+l,4n+3),
h(4m+2,4n+3), and h(4m+3,4n+3), as denoted by D2 in Fig. 3,
are supplied to an RMW circuit 5, the address supply circuit
1 always outputs siQnals for designating identical address
(m,n) of the third hierarchical memory 4.

In the RMW circuit 5, supplied first hierarchical SD -
image data are input to an arithmetic unit 23. 1In addition
to the first hierarchical SD image data, the output of a
switch 22 is supplied to the arithmetic unit 23. The

arithmetic unit 23 adds them and supplies it to a writing



circuit 5. Accordingly, at a time in which four (2 x 2) first

hi ecarchi cal pixels h(2s,2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1, 2t+1) as
denoted by D1 in Fig. 3 are supplied to the RMWNcircuit 5, the address
supply circuit 1 always outputs to the second hierarchical nmenory 3, a
signal for designating an identical address (s,t) in the second

- 36 - hi erarchi cal nenory 3. In the RMWcircuit 5, the supplied
first hierarchical SD imge data is input to an arithnetic unit 13. In
addition to the first hierarchical SD irragé data, the output of a switch
12 is supplied to the arithnmetic unit 13, and the arithnmetic unit 13 finds
and outputs the sumof themto a witing unit 14, The switch 12 is
designed to ggl€ciacither a termnal 12a or 12b in accordance with the
output of a NOR gate 15. The output of the reading unit 11 or zero is

supplied to the e @wiltdh ¥2,128.thEre teddShadl 22l bganbpbiils haO of the

selected in accordance with the output of a NOR gate 25.
The output of a reading unit 21 or zero is subplied to the
terminal 22a or 22b. Lower two bits ha0 and hal of
horizontal address HA and lower two bits va0 and val of
vertical address VA are supplied from the address supply
circuit 1 to the NOR gate 25. Accordingly, its output is at
level H at only a time where, among 4 Q 4 first hierarchical
pixels h(4m,4n), h(4m+l,4n), h(4m+2,4n), h(4m+3,4n),
h{(4m,4n+1), h(4m+l,4n+1), h(4m+2,4n+1l), h(4m+3,4n+1),
h(4m,4n+2), h(4m+1,4n+2), h(4m+2,4n+2), h(4m+3,4n+2),
h(4m,4n+3), h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3),
the top leftest pixel h(4m, 4n) is supplied to the
arithmetic unit 23, while it is at level L in other cases.

The switch 22 is designed so that the terminal 22a or
22b is selected when the output of the NOR gate 25 is at
level L or H.'

The reading unit 21 is designed so as to read data
stored (stored data) at an address corresponding to the
signals output by the address supply circuit 1. -

Accordingly, at a time in which first hierarchical
pixel h(4m,4n) is supplied to the arithmetic unit 23, the
reading unit 21 reads data stored at address (m,n) of the

third hierarchical memory 4, and supplies it to the terminal



hori zontal address HA and the | east significant bit vaO of the vertical
address VA are supplied fromthe address supply <circuit 1 to the NOR gate
15. Accordingly, its output is set at level Hin only a tine where, anong
the 2 x 2 first hierarchical pixels h(2s,2t), h(2s+1,.2t), h(2s,2t+1), and
h(2s+1,2t+1), the top left pixel h(2s,2t) is supplied to the arithnetic

unit 13, and is set at level L in other cases. In the swtch 12, the
termnal 12a or 12b is selected when the output of the NOR gate 15 is at
| evel L or |evel H The readi ng unit 4Bl -reads data (stored data)
stored at addresses corresponding to a signal output fromthe address
supply circuit 1. Accordingly, at a tine in which, anong the 2 x 2
first hieragehicaknpp S S h + ) ( 2 )

37 - h(2s+1, 2t+1)th$%ec?§§ |§??e§|§§§ %%gé 3?? %éds%%% of Prizoncal

ari thmetic uadgtiréss Hheahgadowerutivb bitseade &ha ¢alaorstereflcat the
address (s,t) in the second hierarchical nenory 3, and supplies it to the

termnal 12aaddmesbi VAcase, alBozbrbhe fthast shg@nbhtpastobi thdaforfgibte
hori zontal address
25 is at level H, and the terminal 22b is selected in the
switch 22.

As a result, zero is supplied to the arithmetic unit 23
via the switch 22.

The arithmetic unit 23 adds the zero and first
hierarchical pixel h(4m,4n), and supplies the sum (0 +
h(4ﬁ,4n)) to the writing unit 24. The writing unit 24
writes the output of the arithmetic unit 23 at an address
corresponding to the signals output by the address supply
circuit 1, namely, address (m,n) of the third hierarchical
memory 4.

Next, at a time in which pixel h(4m+1l,4n) on the
adjacent right of first hierarchical pixel h(4m,4n) is
supplied to the arithmetic unit 23, the reading unit 21
reads data (0'+ h(4m;4n) here) stored at address (m,n) of
the third hierarchiéal memory 4, and supplies it to the
terminal 22a.

In addition, in this case, both lower two bits ha0 and
hal of horizontal address HA are one or zero, and both lower
two bits va0 and val of vertical address VA are zero. Thus,

the output of the NOR gate 25 is at level L, and the

terminal 22a is selected in the switch 22.



HA and the | east significant bit vaO of the vertical address VA are zero.
Thus, the output of the NOR gate 15 is at level H and the termnal 12b is
selected in the switch 12. As a result, zero is supplied to the
arithmetic unit 13 via the switch 12. The arithmetic unit 13 adds the
zero and the first hierarchical pixel h(2s,2t), and supplies the sum
(O+th(2s,2t)) to the witing unit 14. The witing unit 14 wites the output
of the arithnetic unit 13 at the address corresponding to the signal
out put by the address supply circuit 1; ofanely, the address (s,t) in the
second hierarchical nmenory 3. Next, at a tinme in which, anong the 2 x
2 first hierarchical pixels h(2s,2t), h(2s+1,2t), h(2s,2t+1), and
h(2s+1, 2t +1), theg_taqp pi xel, - , ' higd t e ri iC

A reebury e Bbgh: T5kofh, BYBRY (B K AhHEenT hEFE) | C

unit 13, the reading unit I1 reads

address (s, thedd ﬁyﬁ;hseed ifY |ACHCAr YL 12a @ tﬁ‘ép%%i.ﬁzglg%:ti%?t the

term nal 12a n additiron, 1n this case, tThe least sign
haO of the RHiZzay atiaddHELESwitH 2 0ne, and the | east
- 38 - -

The arithmetic unit 23 adds the data supplied via the
switch 22 and first hierarchical pixel h(4m+l,4n), and
supplies the éum-(o + h(4m,4n) + h(4m+l,4n)) to the writing
unit 24. The writing unit 24 writes the output of the
arithmetic unit 23 at an address corresponding to the
signals output by the address supply circuit 1, namely,.
address (m,n) of the third hierarchical memory 4.

Next, at a time in which pixel h(4m+2,4n) on the
adjacent right of first hierarchical pixel h(4m+l,4n) is
supplied to the arithmetic unit 23, the reading unit 21
similarly reads data (0 + h{(4m,4n) + h(4m+l,4n)) stored at
address {(m,n) of the third hierarchical memory 4, and
supplies it to the terminal 22a.

In this case, each of lower two bits ha0 or hal of
horizontal address HA is one or zero, and both lower two
bits va0 and val of vertical address VA are zero. Thus, the
output of the NOR gate 25 is at level L, and the terminal
22a is selected in the switch 22. -

As a result, the data (stored data)(0 + h(4m,4n) +
h(4m+1,4n) nere) read by the reading unit 21 are supplied to
the arithmetic unit 23 via the switch 22.

The arithmetic unit 23 adds the data supplied via the



significant bit va0 of the vertical address VA is zero. Thus, the output
of the NOR gate 15 is at level L, and the termnal 12a is selected in the
switch 12. As a result, the data (stored data)(O+h(2s,2t) here) read
by the reading unit 11 are supplied to the arithmetic wunit 13. The
arithmetic unit 13 adds the data supplied via the switch 13 and the first
hi erarchi cal pixel (O + h(2s,2t) + h(2s+1,2t)), and supplies the sumto
the witing unit 14. The witing unit 14 wites the output of the
arithnmetic unit 13 at the address correspdnding to the signal output by
the address supply circuit 1, nanely, the address (s,t) in the second

hi erarchi cal nenory 3. Subsequently, the supply of imge data fromthe

first  hier 540 P4l the 2 X
2 first hi e?év?%'%?lga ﬁpigr;((gofsi 1&1&%*&1%%%%11%2%1 ﬂ%&ﬁw%ﬁl‘) and
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arithnetic unit 13, the reading unit 11 simlarly reads data (O + h(Zs 2t)

+ h(2s+1, 2t }heSkpitingt uhhe 24dr epse (Writing diet SBEaneh tds eftos cduembt
menory 3, and supplies it to the term nal 12a. In this case, the |east

significant 6ftthaeCapithhetidounzon2alatda esddiéss scaoareaspamtlindgetd etisd
significant bit of the vertical address VA is one. Thus, the output of the
NOR gate 15 signalsegutptut bydthéecaddressadupply i cinediltled namely,
address (m,n) of the third hierarchical memory 4.
Subsequently, at a time in which first hierarchical .
pixels h(4m+3,4n), h(4m,4n+1), h(4m+1l,4n+l1l), h(4m+2,4n+l),
h(4m+3,4n+1), h(4m,4n+2), h(4m+1l,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3), h(4m+l,4n+3), h(4m+2,4n+3), and
h(4m+3,4n+3) are supplied to the arithmetic unit 23,
processing similar to the above-described cases is performed
in any case, whereby, at address (m,n) of the third
hierarchical memory 4, third hierarchical pixels (pixel
levels) g(m,n) represented by equation (9) is finally stored.
In the foregoing manner, third hierarchical SD images
in which one image consists of 128 x 128 pixels are stored
in the third hierarchical memory 4. .
Therefore, at fhe same time as the first hierarchical
SD image data are stored, the second hierarchical SD image
data and the third hierarchical SD image data can be -
generated and stored. In other words, the second and third
hierarchical SD image data can be obtained.

Next, the reading of a third hierarchical SD image from

the third hierarchical memory 4 will be described.



- 39 - in the swtch 12. As a result, the data (stored data) (O +
h(2s,2t) + h(2s+1,2t)) read by the reading unit 11 are supplied to the
arithnmetic unit 13 via the switch 12. The arithmetic unit 13 adds the
data supplied via the switch 12 and the first hierarchical pixel
h(2s,2t+1), and supplies the sum (0 + h(2s,2t) + h(2s+1,2t) + h(2s,2t+1))
to the witing unit 14. The witing unit 14 wites the output of the .
arithnmetic unit 13 at the address corresponding to the signal output by
the address supply circuit 1, nanely, theggaddress (s,t) in the second

hi erarchi cal - menory 3. Next, when, anong the 2 x 2 first hierarchical
pi xel s h(2s,2t), h(2s+1,2t), h(2s,2t+1) and h(2s+1, 2t+1), the pixel

(25, 20H) " on et gl ALl B0 GO et Pl X8 (R Bkl s ounpl e

to the arithnmetic unit eadi*ng “uni feads data
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hi er ar chi cal ry 3, and supplies it to the termnal 1

case, both thprdepsty Sigppiicaniphit S&RPTbitE ha2 to has or va2 to vas

of supplied horizontal address HA or vertical address VA to
the address terminals of the third hierarchical memory 4,
and also outputs lower two bits hal and hal or va0 and val
of each as control éignais to the RMW circuit 5.

In the RMW circuit 5, the hierarchical flag, the R/W
signal and the output of the NOR gate 25 are supplied to the
reading unit 21. In the case where the R/W signal
represents reading, and the hierarchical flag represents the
third hierarchical level, the reading unit 21 reads and
outputs third hierarchical SD image data stored at an
address corresponding to the signals output by the address
supply circuit while the output of the NOR gate 25 is being
at level H.

From the above description, in cases where the set of
horizontal address HA and vertical address VA is h(4m,4n);
h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+l), h(4m+l,4n+1),
h{(4m+2,4n+1), h(4m+3,4n+1l), h(4m,4n+2), h(4m+l,4n+2),
h(4m+2,4n+2), h(4m+3,4n+2), h(4m,4n+3), h(4m+1,4n+3), s
h(4m+2,4n+3), and h(4m+3,4n+3), in any case, identical
address (m,n) is output from the address supply circuit 1.
Thus, the simple reading of data at an address of the third

hierarchical memory 4 corresponding to the signals output by



hori zontal address HA and the | east significant bit va0 of the vertical
address VA are one. Thus, the output of the NOR gate 15 is at level L, and

the termnal 12a is selected in the switch 12. As a result, the data
(stored data) (0 + h(2s,2t) + h(2s+1,2t) + h(2s,2t+1)) read by the reading
unit 11 via the - 40 - switch 12
are supplied to the arithmetic unit 13. The arithnmetic unit 13 adds

the data supplied via the switch 12 and the first hierarchical pixel
h(2s, 2t +1), and supplies the sum (0 + h(£%,2t) + h(2s+1,2t) + h(2s,2t+1))
to the witing unit 14. The witing unit 14 wites the output of the
arithnetic unit 13 at the address corresponding to the signal output by

hi or ar chi cal SHenigrese Sdoory MiRgee £ SRt 3% whddidd 4SRN, |
hi er ar chi cal sun1expressed as t he nunerical expression
h(2s, 2t) + ?%Eﬁgizné& é%KZS 2t +1) + h(2s+1,2t+1), nanely, the second
hi erarchical pi XQlcdoQ'di‘ﬁlgller%hbn@( the) caSBewWn ias thiae Akevendsecihkedet
equation (8) is finally stored
of horizontal address HA and vertical address VA is, for
example, (4m,4n), in other words, only when the output of
the NOR gate 25 is at level H, the reading unit 21 reads
third hierarchical pixel (pixel level) m(m,ﬁ) at address
(m,n) of the third hierarchical memory 4.

The third hierarchical SD image data read by the
reading unit 21 are supplied to the switch 26. The switch
26 is turned on only when the R/W signal represents reading,
and is turned off in other cases. In the present case,
since the switch 26 is turned on, the third hierarchical SD
image data read by the reading unit 21 are output via the
switch 26.

In the above-described manner, from the third
hierarchical memory 4, one 128 x 128 pixel third
hierarchical SD imagé stored is read. In other words,
thereby, a third hierarchical SD image which has been
progressively scanned is output.

The reading of second hierarchical SD image data from-
the second hierarchical memory 3 can be performed by not
only the abqve-described manner but also giving lower eight

bits ha0 to ha7 of horizontal address HA and lower eight

bits va0 to va7 of vertical address VA as an address of the



In the above-descri bed manner, in the second hierarchical nenory 3, second
hi erarchical SD inmages, with one inmage conposed of 256 x 256 pixels, are
st or ed. As descri bed above, the first hierarchical SD inmage data are
witten at the address (HA VA) of the first hierarchical nenory 2
designated by the horizontal address HA and the vertical address VA, and
fromthe address of the second hierarchical nenory designated by parts of
the horizontal address HA and the vertical address VA, hal to ha8 and val
to va8, the stored data are read. Processispg- for adding the stored data
and the first hierarchical SD inage data is performed, and the sumis
witten at an - 41 - address at

whi ch the stored tored. The t, hierarchi
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performed by giving lower seven bits ha0 to haé of

horizontal address HA and lower seven bits va0 to va6 of
vertical address VA as an address of the third hierarchical
memory 4 from the third hierarchical memory 4.

In the first hierarchical memory 101, the second
hierarchical memory 102, or the thifd hierarchical. memory
103, in Fig. 1, the first to third hierarchical SD images,
stored in the first hierarchical memory 2, the second
hierarchical memofy 3 or the third hierarchical memory 4, in
Fig. 2, are stored in the above-described manner.
Accordingly, the first hierarchical memory 101, the second
hierarchical memory 102, or the third hierarchical memory
103, in Fig. 1, has a structure identical to the first
hierarchical memory 2, the second hierarchical memory 3 or
the third hierarchical memory 4, in Fig. 2.

Next, Fig. 7 shows a block diagram of the
multihierarchical classification unit 104 (each of
multihierarchical classification circuits 104a to 104d)..-

The first to third hierarchical SD images, stored in
the first hierarchical memory 101, the second hierarchical
memory 102, or the third hierarchical memory 103, are

supplied to a selection circuit 112. In addition, the first



Wien reading is perforned, if the hierarchical flag represents the second
hi erarchical level, the address supply circuit 1 simlarly supplies the
upper eight bits hal to ha8 or val to va8 of the supplied horizontal
address HA or vertical address VA to the address term nals of the second
hi erarchi cal nmenory 2, and outputs the least significant bit haO or vaO as
a control signal to the RMWcircuit 5. In addition, in the RMNcircuit
5, the hierarchical flag, the RRWsignal and the output of the NOR gate 15
are supplied to the reading unit 11. Wegithe RRWsignal represents

readi ng, and the hierarchical flag represents the second hierarchical

| evel , the reading unit 11 reads and outputs second hierarchical SD imge
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example, SD pixels close to a reference pixel in a first or
second hierarchical SD image to detect their activity, and
detects the detected result to thé selection circuit 112.
The selection circuit 112 selects any one of the first to
third hierarchical SD images, based on the activities from
the activity detection circuits 111, and 111,, and supplies
it to the class-tap generating circuit 113. The selection
circuit 112 outputs to a combining circuit 115, for example,
a 2-bit selection signal representing thé selected one of
the first to tﬁird hierarchical levels. The class-tap
generating circuit 113 uses the image from the selection
circuit 112 to generate a class tap for classifying
reference pixels, and supplies it to a classification
circuit 114. The classification circuit 114 uses the class
tap from the élass-tép generating circuit 113 to perform
classification, and supplies the classified result to the
combining circuit 115. The combining circuit 115 combines
the selection signal from the selection circuit 112 and a-+
class as the classified result from the classification
circuit 114 to form one value, and supplies it as a final

classification result on a reference pixel to the adaptive

processing unit 105 (Fig. 1).



the sane address (s,t) is output fromthe address supply circuit 1.
Accordingly, the sinple reading of data froman address of the second

hi erarchi cal nenory 3 corresponding to the signal output by the address
supply, circuit 1 causes the reading of identical data four tines.
Accordingly, only when the set of the horizontal address HA and the
vertical address VA is, for exanple, (2s,2t) anong (2s,2t), (2s+1, 2t),
(2s,2t+1), and (2s+1,2t+1), in other words, only when the output of the
NOR gate 15 is at level H the reading_ugyt_11 reads second hierarchical
pi xel (pixel level) n(s,t) at address (s,t) of the second hierarchical
menory 3. The second hierarchical SD inmage data read by the reading
unit 11 are supplied to the switch 16. The switch 16 is turned on only
when the R W si gh@Xt.edhes aperatdom w1l ded descrdbeéd of f in ot her cases.
In the present case, . si.nce the switch 16 is turned on, the second

hi erarchical SD iMdg@idat-a ifedreppatityitdadetgatdion Firgvdtodddut©%ia the
switch 16. I n_the _abqve . manner, fromthe second hierarchical _ nenory
3, one storehlgﬁcgﬁﬁghﬁ AV diic 8FO8BY ﬁgﬁerggﬁ§8§88 Pifedsdny thEe EArRE s i s
a0 eaoCOl b deold RIGH IR SR & SEEQNGSIFALSEA! SD T mmge vhich

has been progressive scanned 1's outh
In other words, the activity detection circuit 111,

detects, for example, activity in a 3 x 3 pixel area having
a pixel positioned identically to one reference pixel, among
pixels constituting the first hierarchical SD image. The
activity detection circuit 111, also detects, for example,
activity in a 3 x 3 pixel area having a pixel positioned
identically to one reference pixel, among pixels
constituting the second hierarchical SD image.

Here, the second hierarchical SD image has half the
number of horizontal and vertical pixels as the first
hierarchical SD image. Thus, in reference to the first
hierarchical SD image, the activity detection circuit 111,
detects. activity in a broader area than the activity
detection ciréuit llip

The detection of activity in the 3 x 3 pixel area
having the first and second hierarchical SD pixels
positioned identically to the reference pixel, namely, a- =<
square area corresponding to the class tap described using
Fig. 13, as described above, is performed in, .e.g.., the
multihierarchical classification circuit 104a, and in the

other multihierarchical classification circuits 104b to 1044,



- 43 -
descri bed.

Next, access to the third hierarchical nenory 4 wll be
Initially, the address supply circuit 1 supplies part

supplied horizontal address HA, nanely, upper seven bits ha2 to ha8
excluding lower two bits haO0 and hal, and part of vertical address VA,
nanely, upper seven bits va2 to va8 excluding lower two bits va0 and val,
to the address termnals of the third hierarchical nmenory 4. The address
supply circuit 1 also outputs upper two bits haO0 and hal of horizontal
address HA and lower two bits va0 and val sg@f - vertical address VA as

control signals to the RMNcircuit 5. Accordingly, at a tinme in which

16 (4 x 4) first hierarchical pixels, for exanple, h(4m4n), h(4mtl, 4n)

h(4m+2, 4n),

h(4m:3, 4n), . h(4m 4n+1), h(4ml, 4n+1), .. h(4m-2, 4n+1)
h( 4m#3, 4n+1)?éﬁ¥§m%%z}r}(w”%?#%%%ﬁ%ﬂ(ﬁ; : 4‘?4‘#%&?(%&2&33 n+2)

h(4m 4n+3),
in Fig. 3,
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are supprli circ supply circuit
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third hierarchica

by the activity detection circuit 111, of 111, is supplied to
the selection circuit 112. In the selection circuit 112,
any one of the first to third hierarchical SD images is
selected, based on the activity from the activity detection
circuits 111, or 111,.

In other words, the selection circuit 112 determines
whether or not the activity on the first hierarchical image
is greater than predetermined threshold value €. If the
activity on the first hierarchical image is greater than

predetermined threshold value g, the selection circuit 112

‘selects and supplies the first hierarchical image to the

class-tap generating circuit 113.

If the activity on the first higrarchicai image is not
greater than predetermined threshold value g, the selection
circuit 112 déterminés whether or not the acti#ity on the
second hierarchical-image is greater than predetermined

threshold value €. If the activity on the second

‘hierarchical image is greater than predetermined threshold -

value g, the selection circuit 112 selects and supplies the
second hierarchical image to the class-tap generating
circuit 113.

If the activity on the second hierarchical image is not

of

1



In the RMWcircuit 5, supplied first hierarchical SD inmage data are input
to an arithnetic unit 23. In addition to the first hierarchical SD i mge
data, the output of a switch 22 is supplied to the arithnmetic unit 23. The
arithmetic unit 23 adds them and supplies it to a witing

- 44 - unit 24. In the swtch 22, either termnal 22a or 22b is

sel ected in accordance with the output of a NOR gate 25. The output of a
reading unit 21 or zero is supplied to the termnal 22a or 22b. Lower two
bits haO and hal of horizontal address_H§gqand |ower two bits vaO and val
of wvertical address VA are supplied fromthe address supply <circuit 1 to
the NOR gate 25. Accordingly, its output is at level Hat only a tine
where, anong 4 x 4 first hierarchical i xels h(4m 4n), h(4mtl, 4n), .
h(4m2, 4n), FFAFEST 4HRan Hfﬂﬂ?ﬁ?ﬁfi}?eﬂ(gmiﬁ, ﬁ%é)?a%‘eénﬁvz,%)ﬁelectlon

n(am ans) . GRETALIATE SerpbitAnd e Llte (Hhe i ERe ARG ot oo
pi xel h(4m ﬁﬂ&ggstéugﬂéigfaLQ-EQS generating circuit 113.

The selection circuit 112 also supplies a selection
signal repreSenting_the selected hierarchical level to the
combining circuit 115.

The class-tap generating circuit 113 uses the
hierarchical image supplied from the selection circuit 112
to generate (form) a class tap.

In other words, in the case where the first
hierarchical SD image is selected by the selection circuit
112, namely, in the case where, among SD pixels included in
the first hierarchical SD image, denoted by R1 in Fig. 8, an
activity in a 3 x 3 pixel area having as the center an SD
pixel positioned identically to one reference pixel is
greater than threshold value ¢, the class-tap generating
circuit 113 treats the 3 x 3 first hierarchical SD pixels as
a class tap, énd supélies it to the classification circuit
114. 1In Fig. 8, syﬁbols O represent first hierarchical SD
pixels, and x represent HD pixels.

In the case where the second hierarchical SD image is
selected by the selection circuit 112, namely, when it is
assumed that the first hierarchical SD image is used as a
reference, in the case where, among SD pixels included in

the second hierarchical SD image (image having half the



arithnmetic unit 23, while it is at level L in other cases. The switch
22 s designed so that the termnal 22a or 22b is selected when the out put
of the NOR gate 25 is at level L or H. The reading unit 21 is
designed so as to read data stored (stored data) at an address
corresponding to the signals output by the address supply circuit 1.
Accordingly, at a tine in which first hierarchical pixel h(4m4n) is
supplied to the arithnetic unit 23, the reading unit 21 reads data stored
at address (mm) of the third hierarchicakgnenory 4, and supplies it to the
term nal - 45 - 22a. In this case,
| ower two bits haO and hal of horizontal address HA and |ower two bits vaO
and val of vertical _address VA are_all zero. Thus, the output of the NOR

gate 25 is RPN T NOBhEORIRL (3G FRFTIoR iR A% Il fiRSt switch 22,

As aresult FSardRi AP fndSe | MaSlo Ly R Y. 6.2 dn"adthvity 2%
in a 3 x 3 pixel area having as the center an SD pixel
positioned identically to the reference pixel is greater
than threshold value ¢, the class-tap generating circuit.113
treats the 3 'x 3 first hierarchical SD pixels aé a class tap,
and supplies it to the classification circuit 114.
Therefore, in this case, with the first hierarchical SD
image used as a reference, a class tap is formed from nine
second hierarchical SD pixels in an area which is
horizontally and vertically four times the area in the case
where the first hierarchical SD image is selected.

in the case where the third hierarchical SD image is

selected by the selection'circuit 112, when it is assumed
that the first hierarchical SD image is used as a reference,
-among SD pixels included in the third hierarchical SD image
(image having quarter the number of horizontal and vertical
pixels as the.first ﬁierarchical SD image), denoted by R3 in
Fig. 8, 3 x 3 pixelé having as the center an SD pixel
positioned ideﬁtically to the reference pixel are treated as
a class tap and supplied to the classification circuit 114
by the class-tap generating circuit 113. Therefore, in this
case, when it is assumed that the first hierarchical SD

image is used as a reference, a class tap is formed from

nine third hierarchical SD pixels in an area which is



The arithmetic unit 23 adds the zero and first hierarchical pixel
h(4m 4n), and supplies the sum (O + h(4m4n)) to the witing unit 24. The
witing unit 24 wites the output of the arithnmetic unit 23 at an address
corresponding to the signals output by the address supply circuit 1,
nanely, address (mm) of the third hierarchical nenory 4. Next, at a
time in which pixel h(4m+l,4n) on the adjacent right of first hierarchical
pi xel h(4m4n) is supplied to the arithnetic unit 23, the reading unit 21
reads data (O + h(4m 4n) here) stored at ggdress (mn) of the third
hi erarchi cal nmenory 4, and supplies it to the termnal 22a. In
addition, in this case, both lower two bits haO and hal of horizontal
address HA are one or_zero,_and both |ower two bits va0 and val of
vertical addi¥skzaptally ARG VerRkcallnl & fiRas gihe retolydihe Bases at
level L, and . the termpnal,L 22a is selected in the switch 22.

whete, 1 F{E5t it
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The above-described class-tap formation in the 3 x 3
pixel areas having first to third SD pixels positioned
identically to the reference pixel, namely, in the SD pixels
having the positional relationship described with Fig. 13,
is performed in, for example, the multihierarchical
classification circuit 104a, and in the other
multihierarchical classification circuits 104b to 104d,
class taps based on pixels having the positional
relationships described with Fig. 14 to Fig. 16 are
respectively formed.

Similarly to the dase in the classification circuit 203
in Fig. 12, the ¢lassification circuit 114 uses the class
tap from the class-tap generating circuit 113 to classify
the reference pixels. The classified results are supplied
to the combining circuit 115. The combining circuit 115
adds as upper.bits tﬁe selection signal from the selection
circuit 112 to a vaiue as the classified result from the
classification circuit 114, and supplies to the adaptive
proceésing unit 5, the sum as a final class (value -
representing a class) based on the reference pixel.

As-described above, with the first hierarchical SD

- image used as a reference, images at hierarchical levels

corresponding to areas in which activity has certain



read by the reading unit 21 are supplied to the arithnetic wunit 23 via the
switch 22. The arithnmetic unit 23 adds the data supplied via the
swtch 22 and first hierarchical pixel h(4m+l,4n), and supplies the sum (0
+ h(4m 4n) + h(4m+l,4n)) to the witing unit 24. The witing unit 24
wites the output of the arithnetic unit 23 at an address corresponding to
the signals output by the address supply circuit 1, nanely, address (mn)
of the third hierarchical nenory 4. Next, at a tinme in which pixel
h(4m+2, 4n) on the adjacent right of firsgyhierarchical pixel h(4mtl, 4n) is
supplied to the arithnetic unit 23, the reading unit 21 simlarly reads
data (O + h(4m 4n) + h(4mtl, 4n)) stored at address (mn) of the third

hi hi cal 4, d | i it to the t 1 nal  22a. In thi
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the data supplied viat
As described above, the activities of the first and

second hierarchical images are detected. However, in
addition to them, detection of the activities of the second
and third hierarchical images can be performed. In this
case, when, the third hierarchical activity is smaller than,
for example, predetermined threshold value g, class taps may
be formed using the third hierarchical image. In the case
where the third hierarchical activity is equal to
predetermined threshold value &' or greater and the second
hierarchical activity is less than predetermined threshold
value ¢, class taps may be formed using the second
hierarchical image. In addition, in the case where the
second hierarchical activity is equal tb predetermined &' or
greater, clasé taps ﬁay be formed using the first
hierarchical image..

Next, Fig. 9 shows a block diagram of the adaptive
processing unit 105 (each of adaptive processing circuits+
105a to 105d4) in Fig. 1

A prediction-tap generating circuit 121, a prediction
arithmetic circuit 122, or a coefficient ROM 123 is similar

in structure to the predictibn—tap generating circuit 205,



- 47 - switch 22 and first hierarchical pixel h(4m+2,4n), and .supplies
the.sum (O + h(4m 4n) + h(4mtl, 4n) + h(4mt2,4n)) to the witing unit 24.
The.writing unit 24 wites the output of the arithnmetic unit 23 at an
address corresponding to the signals output by the address supply circuit
1, nanely, address (mm) of the third hierarchical nenory 4.

Subsequently, at a time in which first hierarchical pixels h(4mt3, 4n),
h(4m 4n+1), h(4m+l, 4n+1), h(4m+2, 4n+l), h(4m+3, 4n+l), h(4m 4n+2),

h(4mtl, 4n+2), h(4m+2, 4n+2), h(4m+3, 4n+2) ggh(4m 4n+3), h(4mtl, 4n+3),
h(4m+2, 4n+3), and h(4m+3, 4n+3) are supplied to the arithmetic unit 23,
processing simlar to the above-descri bed cases is performed in any case,

whereby, at address_(m of the third hierarchical nenor thlrd
hi er ar chi cal lfﬁ’x%?%d’(‘fa? a*’em%’}i‘d(qﬂ%‘} 2 enthy ‘?RF%@L%‘(

finally stor e foregoi ng manner, third hierarchical SD |nages
I n which one 8%& é%H%Tsig of 128 x 128 plxels are stored in the third
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data and thefiPéfChi%f%f%ﬁf%&fiméﬁbffﬁﬂﬁld@%ﬁgPaf)Pea plurality of SD
pixels having a predetermined positional relationship with
respect to one reference pixel, which are used.in the
prediction arithmetic circuit 122 to find a predicted value
based on the one reference pixel, are extracted and supplied
as a prediction tap to the prediction arithmetic circuit 122
by the prediction-tap generating circuit 121.

Specifically, here, for example, prediction taps as
described with Fig. 13 to Fig. 16 are formed (in each
prediction-tap generating circuit 121 of the adaptive
processing circuits 105a to 1054) and supplied to the
prediction arithmetic circuit 122.

In addition, not only the prediction tap from the
prediction-tap generating circuit 121 but also a set of
prediction coéfficieﬁts from the coefficient ROM 123 are
supplied to the prediction arithmetic circuit 122.

The coefficient ROM 123 holds for classes, the sets of
prediction coefficients found by predetermined learning, and
its address términal (AD) is supplied with a reference pixel
class from the multihierarchical classification unit 104
(Fig. 1). On being supplied with classes from the

multihierarchical classification unit 104, the coefficient



generated and stored. In other words, the second and third hierarchical SD

| mge data can be obtai ned. Next, the reading of a third hierarchical
SD image from the third hierarchical nenory 4 will be descri bed.
- 48 - When the reading is perforned, if the hierarchical flag

represents the third hierarchical level, the address supply circuit 1
suppl i es upper seven bits ha2 to ha8 or va2 to va8 of supplied horizontal
address HA or vertical address VA to the address termnals of the third

hi erarchi cal nenory 4, and al so out puts §ower two bits hal and hal or vaO
and val of each as control signals to the RMNcircuit 5. In the RWV
circuit 5, the hierarchical flag, the RRW signal and the output of the NOR

danal  reprRib Rl mase, drediF el AiSsGent? FETeroAtosaREesRe  thi rd
i or ar ohi calcus Sroncind Tk dlassts | SR8 L BA Bhoh o0 s (e
signal s out gt A5 a9 Ese £iSHRAIRGGIY G4t While-the output of the NOR
gate 25 i s being

In this manner, the prediction taps corresponding to
the reference pixels and the prediction coefficients on the
reference pixel classes are supplied to the prediction
arithmetic circuit 122. The prediction arithmetic circuit
122 uSes prediction coefficients w, w,, ... from the
coefficient ROM 123 and (SD pixels constituting) prediction
taps x1, x2, ... from the prediction-tap generating circuit
6 to carry out operations shown By equation (1), whereby
finding prédicted values E[y] based on reference pixels (HD
pixels), and outputs them as pixel levels on HD pixels.

As described above, from the multihierarchical
classification unit 104, classes more suitable for reference
pixels are supplied. Accordingly, by performing the
foregoing adaptive processing in accordance with the classes,
image quality.on the.resultant HD image can be improved. .

Next, Fig. 10 shows another block diagram of the
multihierarchical classification unit 104 (each of the
multihierarchical classification circuits 104a to 104d) in
Fig. 1.

The first to third hierarchical image data stored in

_the first hierarchical memory 101, the second hierarchical

memory 102, or the third hierarchical memory 103, are each



at level H From t he above description, in cases where the set of

horizontal address HA and vertical address VA is h(4m4n), h(4mtl, 4n),

h(4mt2, 4n), h(4m+3, 4n), h(4m 4n+1l), h(4m+l, 4n+l), h(4m+2, 4n+1),

h(4m+3, 4n+1), h(4m 4n+2), h(4m+l, 4n+2), h(4mt2, 4n+2), h(4mt3, 4n+2),

h(4m 4n+3), h(4m+l, 4n+3), h(4mt2,4n+3), and h(4m+3, 4n+3), in any case,

I dentical address (mn) is output fromthe address supply circuit 1.

Thus, the sinple reading of data at an address of the third hierarchical

menory 4 corresponding to the signals outpgyt_by

- 49 - the address supply circuit 1 causes the reading of identical data

16 tinmes. Accordingly, anong the cases, in the case where the set of

hori zontal address HA and vertical address VA is, for _exanple, (4m4n), in

ot her wor ds,SRPIi&H e (PSRN tRR IS HelNOTIEREES 13,at0| &384- H, the

reading unit 21 reads third hierarchical pixel (pixel |evel ‘mn) at

address (mn) ofiH-aHY F%i HoF &FTRLGre ey case in thge ﬁg%dtap

hi erar chi cal _SD i ge dat a [£2
generating circui

dl.lljg JI.IlP E‘]E‘ig. 7. the class-tap generating
circuits 131, to 131, use the first to third hierarchical
images to generate (form) class taps for classifying
reference pixels, and respectively supply them.to
classification circuits 132, to 132,. Similarly to, for
example, the case in the classification circuit 114 in Fig.
7. the classification circuits 132, to 132, use the class
taps from the class-tap generating circuits 131, to 131, to
classify the reference pixels, and supply each of them to a
combining circuit 133. The combining circuit 133 combines
the respective classes from the classification circuits 132,
to 132,, and supplies the combination result as a final class
for the reference pixels to the adaptive processing unit 105
(Fig. 1). |

In the multihierarchical classification unit 104 (each
of the multihierarchical classification circuits 104a to
1044), the class-tap generating circuits 131, to 131, use the
first to third hierardhical images to form the class taps,
respectively. ' -

Specifically, wheﬁ, for example, the first to third
hierarchical images are selected in the selection circuit
112, the class-tap generating circuits 131, to 131,

respectively form class taps similar to the class taps



reading unit 21 are supplied to the switch 26. The switch 26 is turned on
only when the RFRWsignal represents reading, and is turned off in other
cases. In the present case, since the switch 26 is turned on, the third

hi erarchical SD imge data read by the reading unit 21 are output via the
switch 26. In the above-descri bed manner, fromthe third

hi erarchical nmenory 4, one 128 x 128 pixel third hierarchical SD i mge
stored is read. In other words, thereby, a third hierarchical SD inmge

whi ch has been progressively scanned is gytput. The readi ng of second
hi erarchical SD image data from the second hierarchical nmenmory 3 can be
performed by not only the above-descri bed manner but al so giving | ower

eight bits haO to ha7 of horizontal address HA and |ower eight bits vaO
to va7 of ver@FRed bEdhe cAgssitap apharadding qifeuit 113 in the same

i ar s oo T A LT b I Aeee ot gBages | M e

third hieraré{gégﬂtgggﬂ%g&é%éﬁﬂ%{g% the first to third hierarchical
images are respectively supplied to the classifiéation
circuits 132, to 132,.

The classification circuits 132, to 132, use the class
taps from the class-tap generating circuits 131, to 131, to
perform classification, and supply to the combining circuit
133, the ﬁhree resultant classes based on the reference
pixel (classification results having used class taps formed
from each of the first to third images).

The combining circuit 133 combines the classes from the
classification circuits 132, to 132, to form one. 1In other
words, the combining circuit 133 uses values representing
classes from classification circuits 132, to 132, as upper
bits, intermediate bits and lower bits to form one bit
string. The value is supplied as a final class based on the
reference pixél to tﬁe adaptive processing unit 105.

As described abbve, the first to tﬁird hierarchical SD
images are used to perform classification, and the
classification results are combined to form a final -
classification result based on the reference pixel, in other
words, classification is performed equivalently using not
only SD pixels around a reference pixel but also SD pixels

at a distance from the reference pixel, so that the



performed by giving | ower seven bits haO to ha6é of horizontal address HA

and.l ower seven bits va0 to va6 of vertical address VA as an address of

the third hierarchical nmenory 4 fromthe third hierarchical nenory 4.

In the first hierarchical nenory 101, the second hierarchical nenory 102,

or the third hierarchical nenory 103, in Fig. 1, the first to third

hi erarchical SD inmages, stored in the first hierarchical nmenory 2, the

second hierarchical nenory 3 or the third hierarchical nenory 4, in Fig.

2, are stored in the above-described manngk. - Accordingly, the first

hi erarchi cal nmenory 101, the second hierarchical nmenory 102, or the third

hi erarchi cal nenory 103 in Fig. 1 has a structure identical to the first
t he_secon
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In Fig. 8, by also using, for example, all the SD
pixels in the area denoted by R3 to perform classification,
it is expected that effects similar to the above-described
case are obtained. In this case, the number of the first
hierarchical SD pixels in the area R3 is large, which
excessively increases the processing load.

In other words, for example, in the embodiment in Fig.
7. a class tap formed by the class-tap generating circuit
113 consists of nine SD pixels, similarly to the case in the
class-tap generating circuit 202 in Fig. 12, and a 2-bit
selection signal is added to a classification result having
used the class tap. Thus, simply,'classification into one
of a numbef of classes in proportion to 2%(= 2° x 2?) is
performed. ' .

In addition, in the embodiment in Fig. 10, the class-
tap generating circuits 131, to 131, respectively form three
class taps each composed of nine SD pixels, similar to the
case in the class-tap generating circuit 202 in Fig. 12, and
after the class taps are used to perform classification, the
three classification results are combined. Thus, simply.

classification into one of a number of classes in proportion



¥

- 51 - or second hierarchical SD inmage is supplied to also an activity
selection circuit 111[err] or 11llferr]. The activity selection circuit
111[err] or 1l11[err] uses, for exanple, SD pixels close to a reference
pixel in a first or second hierarchical SD inmage to detect their activity,
and detects the detected result to the selection circuit 112. The
selection circuit 112 selects any one of the first to third hierarchical
SD i mages, based on the activities from the activity detection circuits
111[err] and 111[err], and supplies it t@sthe class-tap generating circuit
113. The selection <circuit 112 outputs to a conbining circuit 115, for
exanple, a 2-bit selection signal representing the selected one of the

first to third higrarghical leyels. The class-tap generating circuit 113
uses the i ma&@ frdm 2he* sel &cti bntsS PEEERTME42 to generate a class tap for
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a number of classes in proportion to an extremely large

number, 2**°, needs to be performed. Accordingly, in this

case the processing load is extremely large.

Next, Fig. 11 shows a block diagram of a learning
apparatus that performs learning for computing prediction
coefficients for classes to be stored in the coefficient ROM
123 in Fig. 9. 1In the figure, components corresponding to
those in Fig. 17 are denoted by identical reference pumerals.

An HD image to be teaching data y in learning‘is
supplied to a decimation circuit 141, and the teaching data
extracting circuit 146. The decimation circuit 141, uses a
manner similar to, for example, the storage unit in Fig. 2
(similarly to the generating of the second hierarchical SD
image from thé first-hierarchical SD image in the storage
unit in Fig. 2), whereby forming a first hierarchical SD
image having half the number of horizontal or vertical
pixels as the HD image. The first hierarchical SD image is
supplied to a decimation circuit 141,, a multihierarchical
classification unit 144 and a predicted-tap generating

circuit 145.

Also the decimation circuit 141, forms a second



circuit 114 to formone value, and supplies it as a final classification
result on a reference pixel to the adaptive processing unit 105 (Fig. 1).
- 52 - Next, the operation will be descri bed. Initially, in the
activity detection circuit 111[err] or 1112, each activity around the
reference pixel in the first or second hierarchical SD inmage is detected.
In other words, the activity detection circuit 111[err] detects, for
exanple, activity in a 3 x 3 pixel area having a pixel positioned
identically to one reference pixel, anonggqpixels constituting the first

hi erarchi cal SD i mage. The activity detection circuit 1112 al so detects,
for exanple, activity in a 3 x 3 pixel area having a pixel positioned

dont ool 1Y A LoPReah SLET A5y hat o BIRIT AL, ORI SLIT RS eE0TS,

e e Tt Of POLt£od] % fOf VEL 448! £ HLIE! b Fnd ¥, "Hthrad P ! SO
decimation circuit 141%. The second hierarchical SD image is
supplied tq a decimation circuit 141, and a multihierarchical
classification unit 144. Also the decimation circuit 141,
forms a third hierarchical SD image having half the number
of horizontal or vertical pixels as the second hierarchical
SD image, similarly to decimation circuit 141,. The third
hierarchical SD image is supplied to the multihierarchical
classification unit 144.

The multihierarchical classification unit 144 has a
structure ‘as same as the multihierarchical classification
unit 104 shown in Fig. 7 or Fig. 10, and uses the first to
third hierarchical images, which are supplied, to perform
the above-described classification (multihierarchical
classification). Classes as the classification results are
supplied to the address terminals (AD) of a prediction tap
memory 147 and a teaéhing_data memory 148.

The predictiothap generation circuit 145 performs
processing similar to that by the prediction-tap generating
circuit 121 in Fig. 9, whereby using the first hierarchical
SD image from the decimation circuit 141, to form a
prediction tap for finding predicted values based on the
reference pixels. The prediction tap is supplied to a

prediction-tap memory 147.



hi erarchical SD inmge, the activity detection circuit 1112 detects
activity in a broader area than the activity detection circuit 111[err].
The detection of activity in the 3 x 3 pixel area having the first and
second hierarchical SD pixels positioned identically to the reference

pi xel , nanely, a square area corresponding to the class tap descri bed
using Fig. 13, as described above, is perforned in, .e.g., the

mul tihierarchical classification circuit 104a, and in the other

mul tihierarchical classification circuifsggd04b to 104d,

- 53 - activities in areas corresponding to the class taps described
with Fig. 14 to Fig. 16 are detected. The activity as to the first or

second image, detected by the activity detection circuit 11lferr] or
111[err] is suppFPe&hﬁoprﬁﬁéc§éP€6FF8n mpryi £4112the pradicEient tan

circuit 112, a e of t i rd hierarchical SD.images .is

sel ect ed, bfé’éﬂ’ Ifé:%tqq\ﬁ ?‘jlt'lcﬁﬁ %g?ctqe\ﬂetr? 0% GGt it Acu s
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from the multihierarchical classification unit 144.

In addition, a teaching data extracting circuit 146
extracts from the supplied HD image, HD pixels. to be used as
reference pixels in the.multihierarchical classification
unit 144 and the prediction-tap generating circuit 145, and
supplies them as teaching data to a teaching data memory 148.

In teaching data memory 148, the teaching data supplied
from the teaching-data extracting circuit 146 are stored at
an address corresponding to the class supplied f£rom the
multihierarchical classification unit 144. |

The foregoing processing is performed with all HD
pixels constituting all predetermined HD images prepared for
learning éuccessively used as reference pixels.

As a result, at an identical address of the teaching
data memory 148 or tﬁe prediction-tap memory 147, HD pixels
in the cléss corresbopding to the address, or SD pixels
positioned so as to form the prediction taps described in
Fig. 13 to Fig. 16 as to the HD pixels, are stored as -+
teaching data y or learning data x.

Subsequently, an arithmetic unit 149 reads the
prediction tap as learning data or the HD pixels as teaching

data stored at the identical address from the prediction tap



whet her or not the activity on the first hierarchical imge is greater
than predeterm ned threshold value e. If the activity on the first

hi erarchical imge is greater than predeterm ned threshold value [err],
the selection circuit 112 selects and supplies the first hierarchical

I mage to the class-tap generating circuit 113. If the activity on
the first hierarchical imge is not greater than predeterm ned threshold
value e, the selection circuit 112 determ nes whether or not the activity
on the second hierarchical inage is greaéer-than predetermned threshold
value [err]. If the activity on the second hierarchical inmage is greater
than predeterm ned threshold- value [err], the selection circuit 112

sel ects and ' c t ass

sel ccts, and by ope e SRPNMMAISELE RO WU USSR oo
i mage is not t t dicti £ 4 than
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using, for example, least squares. In other words, the
arithmetic unit 149 makes normal equations as shown in
equation (7) for classes, and solves them to find the set of
prediction coéfficients. |

In the above-described manner, sets of prediction
coefficients for classes, found by the arithmetic unit 149,
are stored at the addresses corresponding to the classes of
the coefficient kOM 123.

In the embodiment in Fig. 7, the selection circuit 112
selects any one of the first to third hierarchical SD images,
and the class-tap denerating circuit 113 uses the one
hierarchical image to form class taps. In addition, by, for
example, causing the selection circuit 112 to select two of
the first to third SD images, the class-tap generating
circuit 113 cén use fhe two hierarchical levels to form
class taps. 1In thié case, by causing the classification
circuit 114 to classify the respective class taps formed by
the two hierarchical levels, the two classification results
may be combined to one in the combining circuit 115.

In this embodiment, among the first to third
hierarchical SD images, the first hierarchical image, which

has the largest number of pixels, is used to form prediction



The selection circuit 112 also supplies a selection signal representing

thes sel ected hierarchical level to the conbining circuit 115. The
class-tap generating circuit 113 uses the hierarchical imge supplied from
the selection circuit 112 to generate (forn) a class tap. I n ot her

words, in the case where the first hierarchical SD inmage is sel ected by
the selection circuit 112, nanely, in the case where, anong SD pi xel s
included in the first hierarchical SD inmage, denoted by RlL in Fig. 8, an
activity in a 3 x 3 pixel area having as she-center an SD pixel positioned
identically to one reference pixel is greater than threshold value [err],
the class-tap generating circuit 113 treats the 3 x 3 first hierarchical
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i mage (i magesBayhadhiararéhRecal memory 3 and the third hierarchical
memory 4 are accessed by giving part of horizontal address
HA and vertical address VA to be given to the first
hierarchical memory 2. The second higrarchical memory 3 and
the third hierarchical memory 4 can be accessed by giving a
peculiar {(independent) address different from horizontal
address HA and vertical address VA to be given to the first
hierarchical memory. -

In this embodiment, in the storage unit in Fig. 2, the
first hierarchical memory 2, the second hierarchical mémory
3, and the third hierarchical memory 4 are accessed by
giving a horizontal address or a vertical address
corresponding to the horizontal positions or vertical
positions of pixels constituting the SD image. However, the
first hierarchical mémory 2, the second hierarchical memory
3 and the third hierarchical memory 4 can be accessed by
giving an address corresponding to, for example, the time
direction. In this case, the second and third pixels are-
formed by adding not only the first hierarchical pixels
distributed in the horizontal and vertical spatial
directions but also the first hierarchical pixels

distributed in the time direction.



¥

- 55 - nunber of horizontal and vertical pixels as the first

hi etarchical SD image), denoted by R2 in Fig. 8, an activity ina 3 x 3
pi xel area having as the center an SD pixel positioned identically to the
reference pixel is greater than threshold value e, the class-tap
generating circuit 113 treats the 3 x 3 first hierarchical SD pixels as a
class tap, and supplies it to the classification-circuit 114. Therefore,
in this case, with the first hierarchical SD inmge used as a reference, a
class tap is formed fromnine second hieggrchical SD pixels in an area
which is horizontally and vertically four tines the area in the case

where the first hierarchical SD inage I s sel ected. In the case where
the third hierar e |s ect ed the S tion circuit 112,
when it is assurrecgt}' %ta]haﬁig’he ""z?rscﬁi"éijlXE é’%ﬂ‘?nu fegs,gan

dmge
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as the center” an SD pi xel positioned y to e erence pi xel
are treated gfmeadfréscidmp and supplied to the classification circuit 114
by the class-tap generating circuit 113. Therefore, in this

In addition, each of the first hierarchical memory 101,
the second hierarchical memory 102 and the third
hierarchical memory 103, in Fig. 1, and the first
hierarchical memory 2, the second hierarchical memory 3 and
the third hierarchical memory 4, in Fig. 2, does not need to
be one physical memory but all of them can be formed as one
memofy. In this case, the storage areas of one memory can
be respectively assigned to the first hierarchical memory
101, the second hierarchical memory 102 and the third

- hierarchical memory 103, and the first hierarchical memory 2,
the second hierarchical memory 3 and the third hierarchical
memory 4. |

In this embodiment, in Fig. 2, the address supply
circuit 1, the first'hierarchical memory 2, the second
hierarchical memory 3, the third hierarchical memory 4, and
the RMW circuit 5, all, are formed on one chip. However,
they do not always need to be formed on one chip. S

In this embodiment, bits assigned to a first
hierarchical pixel are eight bits, and each data length of a
memory cell in the first hierarchical memory 2, the second

hierarchical memory 3 or the third hierarchical memory 4 is



case, when it is assuned that the first hierarchical SD inage is used as a
reference, a class tap is formed from nine third hierarchical SD pixels in

an area which is - 56 -
hori zontally and vertically 16 tines the area in the case where the first
hi erarchical SD image is sel ected. The above-described cl ass-tap

formation in the 3 x 3 pixel areas having first to third SD pixel s
positioned identically to the reference pixel, nanely, in the SD pixels
havi ng the positional relationship descridped-with Fig. 13, is perforned
in, for exanple, the multihierarchical <classification circuit 104a, and in
the other nultihierarchical classification circuits 104b to 104d, class

b d on. nixel d hed with
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uses the cl ass ap fromthe c ass-tap dgenerating clrcui't cIaSS|fy
length of memory cells in the first hierarchical memory 2,

the second hierarchical memory 3 and the third hierarchical
memory 4 can be uniformly set at, for example, eight bits.
In this case, concerning the second or third pixels, values
obtained by omitting the lower two bits of sums of 2 x 2
first or second hierarchical pixels (Since these values
correspond to quotients obtained by dividing the sums, they
are averages) are stored, respectively. Accordingly,
overflow occurs, which loses data reQersibility.

The present invention can be applied to either of an
image having been scanned by non-interlaced scanniqg and an
image having been scanned by interlaced scanning.

In this embodiment, the number of hierarchical levels
of SD images is three. However, the of hierarchical levels
may be two, or four or more.

In this émbodimént, the sum of four (2 x 2) lower level
SD pixels is used as an SD pixel (pixel level) at one higher
hierarchical level. However, a technique for forming higher
hierarchical SD pixels'is not limited to that. .

The present invention is realized by hardware or using
a computer to execute a program for performing the above-
described processing.

In this embodiment, pixels (pixel levels) are stored in



the reference pixels. The classified results are supplied to the conbining
circuit 115. The conbining circuit 115 adds as upper bits the sel ection
signal fromthe selection <circuit 112 to a value as the classified result
fromthe <classification circuit 114, and supplies to the adaptive
processing unit 5, the sumas a final class (value representing a class)
based on the reference pixel. As descri hed above, with the first

hi erarchical SD imge used as a reference, images at hierarchical |evels
corresponding to areas in which activity fas-certain

- 57 - magni tude (threshold value e, here) is used to formclass taps
for classifying reference pixels, whereby classes adapted for the

ref erence pi i i t rform
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can be perfoig@ch duth s a GREheth®Midde d Mdghdticioptaltiadalaidet,i Wty is
smal | er than,
magnetic tape.and an optical card.

In addition, the image processing apparatus in Fig. 1
and the storage unit in Fig. 2 can be formed as not only
separate units but also one integrated unit.

The present invéntion can be applied to not only the
case where an SD image is converted into an HD image, but
also, for example, the case where an image is enlarged.

The positional relationship of SD pixels for forming
class taps and prediction taps is not limited to the above-
described embodiment.

The present invention may be variously modified and
applied within its spirit and scope. Therefore, the subject
matter of the present invention is not limited to the

foregoing embodiments.



for exanple, predeterm ned threshold value [err], class taps may be forned
uskng the third hierarchical imge. In the case where the third
hlera%ehrcar”“’T|V|ty is equal to predeterm ned threshold value [err] or
greater a hlerarchical activity is |less than predeterm ned

t hresh \‘mmmﬂi class taps may be fornmed using the second

hi erar e addition, in the case where the second hierarchical
activity is equal to predetern1ned [err] or greater, class taps may be

formed using the first hierarchical ifage.- Next, Fig. 9 shows a bl ock
di agram of the adaptive processing unit 105 (each of adaptive processing
circuits 105a to 105d) in Fig. 1 A prediction-tap generating circuit

121, a predygit ofs SLAiNEBtis, circuit 122, or a coefficient ROM 123 is
simlar in structure to the prediction-tap generating circuit 205,

- 58 - the prediction arithnmetic unit 206, or the coefficient ROM 207,
in Fig. 12.

1. An image processing apparatus for performing
" processing for finding a first image by using a second image
having a smaller number of pixels than said first image'agd
a third image having a smaller number of pixels than said
second image,

said image processing apparatus comprising:

a receiving unit for receiving said first image; and

a classification unit for classifying reference pixels,
which are pixels of said first image being referred to, into
predetermined classes in accordance with properties of
pixels of said second or third image corresponding to the

reference pixels.

2. An image processing apparatus according to Claim 1,
further comprising a prediction unit for predicting
- predicted valﬁes baséd on the reference pixels in accordance

with the classes of the reference pixels.

3. An imége processing apparatus according to Claim-+2,
wherein said prediction unit includes: a prediction
coefficient memory for storing prediction coefficients for
using linear coupling of pixels of said second or third

image to compute the predicted values based on the reference



Fron1the first hierarchical SD image supplied fromthe first hierarchical
nenDLy_iQ%—fF%g—‘IT”E—BIural|ty of SD pixels having a predeterm ned
positional rel mnth respect to one reference pixel, which are
used. |m“ m‘ m ﬁg arithmetic circuit 122 to find a predicted val ue
based errence pi xel, are extracted and supplied as a
predlctlon tap to the prediction arithnetic circuit 122 by the
prediction-tap generating circuit 121. Specifically, here, for
exanple., prediction taps as described-w72h-Fig. 13 to Fig. 16 are forned
(in each prediction-tap generating circuit 121 of the adaptive processing
circuits 105a to 105d) and supplied to the prediction arithnetic circuit

122. | np el £ éwla%ut aﬁ%ﬁ‘ré%et s 6%1’18 sé£0@4¢% ﬂ}reféjil.c?tteé)n tap

generating circurt 12 predr c 1'on coefficien Fom t he

coeffi cient ¥hd KoperidyAhi £0ese fbﬁdfﬁ?dtﬁé' fedf iRl udd Htlda 122

The coefficient ROM 123 holds for cl asses he se predi ction
coef fi ci ent soh otiE BYrOrEwies p%des £ NEA0a ﬁf@hléﬁﬁorﬁ%éﬁﬁ.éﬂﬂéqal
(AD) is supplied with a reference pi xel class fromthe nultihierarchical
cl assificatipasedién 1tHe ¢Tagsed)of Ghderagefeigd iptkeld hrfd aghe oy t he
mul ti hierarchical classification unit 104, the coefficient

of said second or third image.

4. An image processing apparatus according to Claim 1,
wherein said classification unit includes: an activity
detector for detecting activities in portions of said second
or third image corresponding to the feference pixels; and a
selector for selecting said second or third image, based on
the activities, and among pixels constituting the image
selected by said selector, pixels correspond to the

reference pixels are used to perform the classification.

5. An image processing apparatus according to Claim 1,
wherein said classification_unit performs the classification
by using pixeis corresponding to the reference pixels among
the pixels constituting said second or third image, and said
classification unit includes a combining unit for combining
the classification results obtained by using each of said~
second or third image so that final classification results

are formed.

6. An image processing method for performing



- 59 - ROM 123 reads prediction coefficients stored at addresses

cort esponding—te—the—classes, and supplies themto the prediction

arithnmetic circuit 122. In this nmanner, the prediction taps
correspo mugmm’mmmumgrence pi xel s and the prediction coéefficients on
the ref es are supplied to the prediction arithmetic
circuit 122. "The pre ction arithmetic circuit 122 uses prediction
coefficients w, wWerr] ... fromthe coefficient ROM 123 and (SD pi xel s
constituting) prediction taps x1, x2, =-.73fromthe prediction-tap

generating circuit 6 to carry out operations shown by equation (1),
whereby finding predicted val ues E[y] based on reference pixels (HD

i | hed
gia)(;\e/eS)fro d‘t’%eggftl%l er ar ﬁf& Aclefa/l% | ca o%%%%%f ﬁsse?‘%‘%
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foregoi ng adaptive processing in accordance with th asses,

quality on thechbsal irdde HRAVITRP G G Dot HUNMEY of pixd¥eXlbhat %allp ShOWS
anot her bl ock diagramof the nultihierarchical classification unit 10
(each of thesesrddiimege) chical classification circuits 104a to 104d) i n
said image processing method comprising the steps of:
receiving said first image; and
classifying reference pixels, which are pixels of said
first image which being referred to, into predetermined

classes in accordance with properties of pixels of said

second or third image corresponding to the reference pixels.

7. An image processing method according to Claim 6,
further comprising the step of finding predicted values
based on the reference pixels in accordance with the classes

of the reference pixels.

8. An image processing method according to Claim 7,
wherein the pfedicted-value finding step has a step of
storing prediction coefficients for using linear coupling of
pi#els of said second or third image to compute the
predicted values based on the reference pixels so as to .=
correspond to the classes, and a step of finding the
predicted values based on the reference pixels from said
prediction coefficients based on the classes of the

reference pixels and the pixels of said second or third



Fig. 1. The first to third hierarchical imge data stored in- the
first hierarchical nemory 101, the second hierarchical nenory 102, or the
third hi.erarchical nenory 103, are each

- 60 - [ nj“ w“lun-tap generating circuits 131[err] to 131[err]
Sinilarlyf“ﬂ ‘““ I ﬁ the case in the class-tap generating circuit
113 in Fig* 7¢ the |l &s*tap generating circuits 131[err] to 131[err] use

the first to third hierarchical 1inmages to generate (form class taps for
classifying reference pixels, and respacffvely supply themto
classification circuits 132[err] to 132[err]. Simlarly to, for exanple,
the case in the classification circuit 114 in Fig. 7, the classification
circuits 132{madd. to 132[err] use the class taps fromthe class-tap
generating circuits 131[err] to 131[err] to classify the reference pixels,
and supply each of themto a conbining circuit 133. The conbining circuit
133 conbines the respective classes fromthe classification circuits
132[err] to 1323. andnsippbeeprobessanpi mathod aecsotdimg tofChaimcéass

for the reference pixels to the adaptive processing unit 105
wherein the classification step has a step of detecting

activities in portions of said second or third image
corresponding to the reference pixels, and a step of
selecting said second or third image, based on the
activities, and among pixels constituting the selected image,
pixels correspond to the reference pixels are used to

perform the classification.

10. An image processing method according to Claim 6,
wherein, in the classification step, the classification
using pixéls corresponding to the reference pixels among the
pixels constituting said second or third image is performed,
and the classification results obtained by using said second

- or third image are combined to form final classification

results.



(Fig. ). ———t+n—the miltihierarchical classification unit 104 (each of

t hes mi+tdi hi erarchical classification circuits 104a to 104d), the class-tap
generating circuits 131[err] ;to 131[err] use the first to third

hi erarchicecal images to formthe class taps, respectively.

Specifically, when, for exanple, the first to third hierarchical inages
are selected in the selection circuit 112, the class-tap generating
circuits 131[err] to 131[err] respectiveuy formclass taps simlar to the
cl ass taps - 75 - -61- forned by the
class-tap generating ci taAGE BPRECESSINEG APPERATUSUAND METH@Dthe first to
third hierarchical imges. The class taps forned using the first to third
hi er ar chi calABSTRAQTS OF €HES HIESCLOGORE supplied to the classification
circuits 132[err] to 132[err]. The classification circuits 132[err]
to 132[err] use the class taps fromthe class-tap generating circuits
131[err] to 131[err] to performclassification, and supply to the
conbi ni ng circuifn image processing apparatus and method performs

processing for finding a first image by using a second image
having a smaller number of pixels than the first image and a
third image having a smaller number of pixels than the
second image. The image:processing apparatus and method
receives the first image, and ciassifies reference pixels,
which are pixels of the first image being referred to, into
predetermined classes in accordance with properties of
pixels of the second or third image corresponding to the

reference pixels.

Figure 10



133, the three resultant classes based on the reference pixel
(classification results having used class taps formed fromeach of the
first to third images). The conbining circuit 133 conbi nes the
classes fromthe <classification circuits 132[err] to 132[err] to form one.
In other words, the conmbining circuit 133 uses val ues representing
classes fromclassification circuits 132[err] to 132[err] as upper bits,
intermediate bits and |ower bits to formone bit string. The value is
supplied as a final class based on the reference pixel to the adaptive
processing unit 105. As descri bed above, the first to third

hi erarchical SD imges are used to pg 35n1classification, and the
classification results are conbined t ma final classification result
based on the reference pixel, in other words, classification is perforned
equivalently using not only SD pixels around a reference pixel but also SD
pi xels at a distance fromthe reference pixel, so that the

- 62 - ref erence pixel can be classified into a cl ass adapted for the
reference pixel. In addition, by pq;fornlng adapE}ve 8
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processing so as to correspond to the class, the image quality of the

resul tant HD inmage can be inproved. In Fig. 8, by also using, for
exanple, all the SD pixels in the area denoted by R3 to perform
classification, it is expected that effects simlar to the above-described

case are obtained. In this case, the nunber of ‘the first hierarchical SD
pixels in the area R3 is |large, which excessively increases the processing

| oad. In other words, for exanple, in the enbodinent in Fig. 7, a
class tap fornmed by the class-tap generating circuit 113 consists of nine
SD pixels, simlarly to the case in the | ass-tap generating circuit 202

in Fig. 12, and a 2-bit selection sighal is added to a-classification
result having used the class tap. Thus, sinply, classification into one

of a nunmber of classes in proportion to 2[err] (= 2[err] x 2[err]) is

per f or med. In addition, in the enbodinent in Fig. 10, the class- tap
generating circuits 131[err] to 131[err] respectively formthree class

t aps each conposed of nine SD pi xel imlar to the case in the class-tap
generating circuit 202 in Fig. 12, gﬂﬂ;,af er the class taps are used to
performclassification, the three classification results are conbined.
Thus, sinply, classification into one of a nunber of classes in proportion
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- 63 - to 2[err] (= 2[err] x 2[err] x 2[err]) is performed.
Conversely, the area R3 in Fig. 8 includes 289(= 17 x 17) first
hi erarchi cal SD pixels. Thus, in the case where class taps are forned
using them classification into one of a nunber of classes in proportion.
to an extrenely large nunber, 2[err], needs to be perfornmed. Accordingly
inthis case the processing load is extrenely |arge. Next, Fig. 11
shows a bl ock diagramof a |earning apparatus that perforns |earning for
conputing prediction coefficients for classes to be stored in the
coefficient ROM 123 in Fig. 9. In the figure, conponents corresponding to
those in Fig. 17 are denoted by identical reference nunerals. An HD
image to be teaching data y in learning is supplied to a decination
circuit 141[err].  and the teaching daB3a” ¥xtracting circuit 146. The
decimation circuit 141[err] uses a manner simlar to, for exanple, the
storage unit in Fig. 2 (simlarly to the generating of the second
hi erarchical SD imge fromthe first hierarchical SD inage in the storage
unit in Fig. 2), whereby formng a first hierarchical SD inmage having half
t he nunber of horizontal or vertical pixels as the HD inmage. The first
hi erarchical SD inmage is

FIG. 3
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supplied to a decimation circuit 141[err] a multi hierarchical
classification unit 144 and a predicted-tap generating circuit 145.
Al so the decimation circuit 1412 forns a second
- 64 - hi erarchi cal SD i mage having half the nunber of horizontal or
vertical pixels as the first SDimge, simlarly to the decimation circuit
1l41[err]. The second hierarchical SD inmage is supplied to a decinmation
circuit 1413 and a nultihierarchical classification unit 144. Al so the
decimation circuit 1413 forms a third hierarchical SD inmage having half
the nunber of horizontal or vertical pixels as the second hierarchical SD
image, simlarly to decimation circuit4413. The third hierarchical SD
image is supplied to the nultihierarchical «classification unit 144.
The mul ti hierarchical classification unit 144 has a structure as sane as
the multihierarchical classification wunit 104 shown in Fig. 7 or Fig. 10,
and uses the first to third hierarchical inages, which are supplied, to
perform the above-descri bed classificationgggultihierarchical
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classification). Casses as the classification results are supplied to the
address termnals (AD) of a prediction tap nenory 147 and a teaching data
menory 148. The prediction-tap generation circuit 145 perforns
processing simlar to that by the prediction-tap generating circuit 121 jin
Fig. 9, whereby using the first hierarchical SD inmage fromthe decimation
circuit 141[err] to forma prediction tap for finding predicted val ues
based on the reference pixels. The prediction tap is supplied to a
prediction-tap nmenory 147. 65

In the prediction-tap nenory 147, the prediction tap supplied fromthe
predi cted-tap generating circuit 145¥sl7stored at an address correspondi ng
to the class supplied fromthe nultihierarchical classification unit 144.
In addition, a teaching data extracting circuit 146 extracts fromthe
supplied HD i mage, HD pixels to be used as reference pixels in the

mul ti hi erarchi cal classificationujunit 144 and gQg prediction-tap
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supplies themas teaching data to a teaching data nenory 148. In
teachi ng data nmenory 148, the teaching data supplied fromthe

teachi ng-data extracting circuit 146 are stored at an address
corresponding to the class supplied fromthe nultihierarchical .

classification unit 144. The foregoing processing is perforned with
all HD pixels constituting all predeterm ned HD i nages prepared for
| earni ng successively used as reference pixels. As a result, at an

i dentical address of the teaching data nenory 148 or the prediction-tap
menory 147, HD pixels in the class corresponding to the address, or SD
pi xel s positioned so as to forn1theﬁm4ﬁﬂcﬂion taps described in Fig. 13
to Fig. 16 as to the HD pixels, are stored as teaching data y or |earning

data Xx. Subsequently, an arithmetic unit 149 reads the prediction tap
as learning data or the HD pixels as teaching data stored at the identica
address fromthe prediction tap 66

menory 147 or the teaching data nefggry 148, and &gﬁs themto conmpute a set
of prediction coefficients for m ngi zing the =5
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Ed

error between the predicted value and the teaching data by using, for
exanpl e, least squares. In other words, the arithnetic unit 149 nmakes
normal equations as shown in equation (7) for classes, and solves themto
find the set of prediction coefficients. In the above-descri bed
manner, sets of prediction coefficients for classes, found by the
arithnmetic unit 149, are stored at the addresses corresponding to the

cl asses of the coefficient ROM 123. In the enbodinent in Fig. 7, the
selection circuit 112 selects any one of the first to third hierarchical
SD i mages, and the class-tap generating circuit 113 uses the one

hi erarchical imge to formclass taps.7}n1addition, by, for exanple,
causing the selection circuit 112 to select two of the first to third SD

i mges, the class-tap generating circuit 113 can use the two hierarchical
|l evel s to form class taps. In this case, by causing the classification
circuit 114 to classify the respective class t%ps formed by the two

hi erarchical levels, the two classification redults may be conbined to one
in the conbining circuit 115. In this enbadi nent, anong the first to
third hierarchical SD imges, the first hieratchjcal imge, which has the
| ar gest nunber of pixels, is used to fo&,m\/p! e ctf on
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However,
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in Fig. 2,
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I mges may be used to form prediction taps.
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f or med by adding not only the first hierarchical pixels distributed in the
hori zontal and vertical spatial directions but also the first hierarchical
pixels distributed in the tine direction.

- 68 - Simlarly, the class taps and the prediction taps can be
formed using not only the SD pixels distributed in the spatial direction
but also the SD pixels distributed in the tinme direction. I n

addition, each of the first hierarchical nmenory 101, the second

hi erarchi cal nenory 102 and the third hierarchical nmenory 103, in Fig. 1,
and the first hierarchical nenory 2, the second hierarchical nenory 3 and
the third hierarchical nenory 4, in Fig, 2, does not need to be one

physi cal nenory but all of them can B&/f bt med as one menory. In this case,
the storage areas of one nmenory can be respectively assigned to the first
hi erarchi cal nmenory 101, the second hierarchical nmenory 102 and the third
hi erarchical nmenory 103, and the first hierarchical nenory 2,
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t he second hierarchical nenory 3 and the third hierarchical nenory 4.
In this enbodinent, in Fig. 2, the address supply circuit 1, the first
hi erarchi cal nenory 2, the second hierarchical nenory 3, the third

hi erarchi cal nenory 4, and the RMWcircuit 5, all, are forned on one chip.
However, they do not always need to be formed on one chip. In this
enbodi nent, bits assigned to a first hierarchical pixel are eight bits,
and each data length of a nenory cell in the first hierarchical nenory 2,

the second hierarchical menory 3 or the third hierarchical nmenory 4 is

69 eight, ten or twelve bits so that no overflow occurs in the first to
third hierarchical pixels. However, tgﬁdga a length of nenory cells in the
first hierarchical nmenory 2, the sec i‘erarchical menory 3 and the
third hierarchical nmenory 4 can be uniformy set at, for exanple, eight
bits. In this case, concerning the second or third pixels, values

obtained by omtting the ower two bits of sunms of. 2 x 2 first or second
hi erarchi cal pixels (Since these val ues
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correspond to quotients obtained by dividing the suns, they are averages)
are~stored, respectively. Accordingly, overflow occurs, which | oses data
reversibility. The present invention can be applied to either of an

i mage havi ng been scanned by non-interlaced scanning and an inmage having.
been scanned by interlaced scanning. In this enbodi ment, the nunber of
hierarchical levels of SDimges is three. However, the of hierarchical

| evel s may be two, or four or nore. In this enbodi nent, the sum of
four (2 x 2) lower level SD pixels is used as an SD pixel (pixel level) at
one higher hierarchical |evel. However, a technique for form ng higher

hierarchical SD pixels is not limted to that. The present invention
is realized by hardware or using a cddpd%ﬁh to execute a program for
perform ng the above- described processing. In this enbodi nent,
pi xel s (pixel levels) are stored in
- 70 - a nenory represented by a random access nenory (RAM.
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However, the pixels can be stored (recorded) in recording nedia such as a
magnetic disc, a magneto-optical disc, a nagnetic tape and an opti cal
card. - In addition, the image processing apparatus in Fig. 1 and the
storage unit in Fig. 2 can be fornmed as not only separate units but also.
one integrated unit. The present invention can be applied to not only
the case where an SD inage is converted into an HD i nage, but also, for
exanpl e, the case where an image is enl arged. The positional
relationship of SD pixels for formng class taps and prediction taps is
not limted to the above- described enbodi nent. The present invention
may be variously nodified and applieq w,thin its spirit and scope.
Therefore, the subject matter of the B/éégnt invention is not limted to
the foregoing enbodi nents. - 71 -
VWHAT IS CLAI MED | S: 1. An inmage processing apparatus for
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procegsi
smal | er
smal | er
pr ocessi
first image;
pi xel s,

and

ng for finding a first
nunber of pixels than said first
nunber of pixels than said
ng apparatus conpri sing:

se

i mge by using a second inmge

i mage and
cond i mage,

a receiving unit for receiving said
a classification unit for classifying reference
whi ch are pixels of said first
predeterm ned classes in accordance with properties of
second or third i mage corresponding to the

i mage bein

i mage processing apparatus according to Claiml1,

prediction unit for predicting predﬁ§59q7values based on the reference
pi xel s in accordance wth the classeS of the reference pixels.

An i mage processing apparatus according to Claim2,

prediction unit

predi ction coefficients for

or third

i ncl udes:

a prediction

havi ng a

a third i mage having a
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®
- 72 - pi xels so as to correspond to the classes; and a predicted- value

conpaeting unit for finding the predicted values based on the reference

pi xel s fromsaid prediction coefficients based on the classes of the
reference pixels and the pixels of said second or third imge. 4,
An i mage processing apparatus according to Claiml1, wherein said
classification unit includes: an activity detector for detecting
activities in portions of said second or third inage corresponding to the
reference pixels; and a selector for selecting said second or third image,
based on the activities, and anong pi xels constituting the image selected
by said selector, pixels correspond ta4thgy reference pixels are used to
performthe classification. 5. An inmage processing apparatus
according to Caim1, wherein said classification unit perforns the
classification by using pixels corresponding to the reference pixels anong
the pixels constituting said second or third i mage, and said

classification unit includes a conmbining unit for conbining the
classification results obtained by usi eacq f said second or third

i mge so that final classification reﬁ?&. Z?
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are forned.
- 73 -

having a smal |l er
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7. An image processing
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based on the reference pixels in accordance with the

of the reference pixels.
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4
8. An imamge processing nethod according to Caim?7, wherein the
predi cted-val ue finding step has a step of storing prediction coefficients
for using linear coupling of pixels of said second or third imge to
conpute the predicted values based on the reference pixels so as to
correspond to the classes, and a step of finding the predicted values
based on the reference pixels fromsaid prediction coefficients based on
the classes of the reference pixels and the pixels of said second or third
- 74 - i mge. 9. An inmage processing nethod according to Caim
6, wherein the classification step has a step of detecting activities
in portions of said second or third inage corresponding to the reference
pi xel s, and a step of sel ecting saild gegond or third i mage, based on the
activities, and anong pixels constituting the sel ected inage, pi xel s
correspond to the reference pixels are used to performthe
cl assification. :

Xo0 X10 X20 X30 X40
X @ X @ X X ® X @ X ---
PREDICTION x X| X X X_X_ X _X X X X X X X =--
TAP Xo1 X1t X2t X3! X4
\ ®@ xXx @ x : ® X ® ;X ® |x ® X ® X ---
!
X X,..x._x_:x X x:x X X X X X X ==--
e L g ® L o s
X, X X X X X X ==
CLASS TAP~..] 2 xgzs/yzs s |
X X : X X X :x X X X X X X «--=
Xo3 1 X13 X3 X33, X43
® ><:® X ® x @1x_8® |[x @ x & x ---
_______________ '
X X X X X X XX X Hx x X X X -=--
X04 X14 X24 X34 { X44
@ X ® X ® x © ,_>_<___8;Ja X ® X @ X ===
X A X b X X X X. X X X X X X - - -
X55
® X ® X ® X ® X ®l X ®@IXx ® X ~--
X X X X X X X X X X X X X X - - -
® X ® X ® X ® X ® X ® X ® X ~--
X X X X X X X X X X X X X X ---=
X
' O -- 8D PIXEL

x --- HD PIXEL



.
10. An image processing nethod according to Claim§6, wherein, -in the
classification step, the classification usi ng pi xels corresponding to the
ref erence pixels anong the- pixels constituting said second or third i mge
i s perforned, and the classification results obtai ned by using said
second or third image are conbined to formfinal classification results.
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