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TITLE OF THE INVENTION

CODING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to a coding apparatus designed
to reduce the amount of data of digital image-signal for use

in a digital image signal recording apparatus such as a

digital VCR, etc.

Description of Related Art
Fig. 1 is a block diagram showing the structure of a
conventional coding apparatus disclosed, for example,in.IEEE
Transactions on Consumer Electronics, Vol. 34, No. 3
(AUGUST, 1988) under the title of "AN EXPERIMENTAL DIGITAL
VCR WIfﬁ 40MM DRUM, SINGLE ACTUATOR AND DCT-BASED BIT-RATE
REDUCTION". Referring to this Fig; 1, a formatting circuit
1 divides an inputted digital image int§ a pihrality of
blocks gnd outputs the image signals of each block to a DCT
circuit 2. The image signals of each block are subjected to
Discrete Cosine Transform (hereinafter referred to as DCT)
by the DCT circuit 2 which then outputs coefficients to a
quantizing unit 3; The quantizing unit 3 holding a plura-
'1lity of quantization tables having different quantization
steps from each other selects the optimum quantization table

in compliance with the coefficients and quantizes the
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digital VCR etc. Description of Related Art Fig. 1 is a block

di agram show ng the structure-of a conventional coding apparatus

di scl osed, for exanple,in | EEE Transactions on Consuner Electronics, Vol.
34, No. 3 (AUGUST, 1988) under the title of "AN EXPERI MENTAL DI d TAL VCR
W TH 40MM DRUM SI NGLE ACTUATOR AND DCT- BASED BI T- RATE REDUCTI ON'
Referring to this Fig. 1, a formatting circuit 1 divides an inputted

digital inage into a plurality of blocks and outputs the inage signals of
each block to a DCT

coefficients in the block to output the quantized
coefficients to a variable length coding unit 4. The
variable length coding unit 4 pefforms variable length
coding on the quantized coefficients, generating variable-
length-coded coefficients to a buffer memory 5. The buffer
memory 5 transforms the variable-length-coded image signal
at a fixed rate and stores the same. A controller 6 selects
a quantization parameter for thé quantizing unit 3 and
coefficients to be coded in the variable length coding unit
4 so that the buffer memory 5 does not_overflow.

The conventional coding apparatus in the aforementioned
structure wil; operate in the following manner. The in-
putted digital image signal is composéd of, e.g., a lumi-
nance signal and two color difference signals which are
subjected to time-division multiplex and then divided into
blocks, for example, consisted of 8 picture elements X 8
lines in the formatting cirquit 1 and outputted to the DCT
circuit 2. In the DCT circuit 2, supposing that the in-
putted image signal in each block is expressed by x(i,j) (i,
j=0, 1, ..., 7), DCT on 8 picture elements in horizontal
direction is performed to the image signal based on the

equations as below;
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circuit 2. The inmage signals of each block are subjected to Discrete

Cosi ne Transform (hereinafter referred to as DCT) by the DCT circuit 2
whi ch then outputs coefficients to a quantizing unit 3. The quanti zi ng
unit 3 holding a plura- [lity of quantization tables having different
guanti zation steps fromeach other selects the optinmm quantization table
i n conpliance with the coefficients and quanti zes the

0 6 SEP 1996

(m=1, 2, ..., 7) (j=0, 1, ..., 7)
Thereafter, DCT on 8 picture elements in vertical direction
is conducted to the transformed image signal £(0,j) and
f(m,j) as indicated below, whereby the image signal is
expressed by coefficients F(m,n) (m, n=0, 1, ..., 7) and

outputted to the quantizing unit 3;

7
F(m,0) = ——‘r: Z f(m,Jj)
7 - "
F(m,n) = E' z f(m,j) cos lﬁiillﬂ&.
J=0

(n =1, 2, «vuey T) (m =0, 1, ..., T)

The obtained coefficients are quantized in the quanti-
éing unit 3 in accordance with the quantization step selec-
ted on the basis of the content thereof and quantizing
parameter from the contreocller 6. In the case where the
confent of the coefficients represents an image of a leading
edge part withlétrcng_contrast, a coarse quantization step
is selected. On the other hand, if the content of the co-
efficients show an image of a detailed part with small ampli-
tude, a fine quantization step is selected.

The quantized coefficients are stored in the buffer
memory 5 after they are subjected to variable length coding
in the variable length coding unit 4. The amount of data

stored in the buffer memory 5 is so checked by the control-
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- 2- coefficients in the block to output the quantized coefficients to
a variable length coding unit 4. The variable Iength coding unit 4
perforns variable length coding on the quantized coefficients, generating
vari abl e- ' '

ler 6 as not to overflow. The controller 6 determines the
quantization parameter in compliance with the amount of data
stored in the buffer memory 5 and outputs the same to the
quantizing unit 3. Moreover, the controller 6 selects co-

: efficients to.be coded by the variable length coding unit 4
in accordance with tﬁe amount of data,; and outputs_the coef-
ficients to the variable length coding gnit 4, The data
stored in the buffer memory 5 is read at a fixed rate.

Fig. 2 is a block diagram showing the structure of
another conventional coding apparatus disclosed, for exa-
mple, in the prior art referred to earlief. The parts
designated by the same reference numerals in Fig. 2 are
similar to those in Fig. 1 and therefore detailed descrip-
tion thereof will be abbreviated here. A weighting unit 7
of this apparatus makes a difference, which is intervened
between the formatting circuit 1 and quantizing unit 3 so as
to perform weighting on the coefficients outputted from the
DCT circuit 2. The quantizing unit 3 quantizes each coeffi-
cient.subjected to weightihg by the weighting unit 7.

The operation of the coding apparatus of Fig. 2 will be
discussed below. Similar to the example shown in Fig. 1,
the image signal is divided into blocks by the formatting
circuit 1 and then, the image signal in each block is pro-
cessed by DCT on 8 picture elements in horizontal and ver-—

tical directions in the DCT circuit 2. The resultant coef-
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| engt h-coded coefficients to a buffer nenory 5. The buffer nenory 5
transforns the variabl e-1ength-coded i nage signal at a fixed rate and
stores the sanme. A controller 6 selects a quantization paraneter for the
gquantizing unit 3 and coefficients to be coded in the variable I ength
coding unit 4 so that the buffer nenory 5 does not overfl ow. The
conventional coding apparatus in the aforenentioned structure will operate
in the followi ng manner. The in- putted digital imge signal is conposed
of, e.g., a lum- nance signal and two color difference signals which are

ficients F(m,n) are generated to the weighting unit 7. Each
coefficient from the DCT circuit 2 is subjected to weighting
in the weighting unit 7. More specifically, supposing that
the result of DCT operation for each block of 8 picture
elements X 8 lines is divided into four areas as indicated
in Fig. 3, as utilizing the fact that the human eyesight is
weak to high spatial frequencies, such a weighting factor
W(m,n) is used so that weighting with low rate is conducted
for an area F4 including high spatial frequency components,
whereas weighting with high rate is performed for an area F1
including low spatial frequency components (refer to Fig.
4). |

W(m,n) = 7-!'17—g Jm 7-(1-7g In

(0<agl), (myn =0, 1, ..., 7)

The coefficients after being subjected to weighting are
outputted to the quantizing unit 3. Since the subsequent
operation in the quantizing unit 3, buffer memory 5 and
controller 6 is carried out in the same manner as in the
coding apparatus of Fig. 1, description there&f will be
abbreviated.

Although the conventional coding apparatuses are con-
structed as described hereinabove, they still have problems
remaining to be solved as to the selection of the quanti-

zation step and constitution of the weighting unit.
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subjected to tinme-division nultiplex and then divided into blocks, for
exanpl e, consisted of 8 picture elenents X 8 Ilines in the formatting
circuit 1 and outputted to the DCT circuit 2. In the DCT circuit 2,
supposing that the in- putted inmage signal in each block is expressed by
x(i,j) (i, =0 1, ..., 7), DCT on 8 picture elenents in horizontal

direction is perforned to the inmage S|gnal based on the equations as
bel ow, '

For example, the quantization step is selected in the
quantizing unit 3 in accordance with an alternating current
power E obtained from the coefficients F(m,n) by an equa-

tion;

7 2 2
Z, ZoF(min)” - F(0,0)

=1
"
1pq=a

A fine quantization is performed when the alternating cur-
rent power E is small, while quantizatibn is done in a
coarse manner if the power E is large. In other words, a_.
detailed part of an image having a small change in amplitude
is quantized finely. On the other hand, and edge part with
strong contrast is quantized in a coarse manner. If an
image includes lines with high contrast in a flat part of a
flat background where the image signal changes little, thé.
block of the image is quantized coarsely. However; quanti-
zation errors spread all over the block subsequent to an
inverse DCT at a decoder side, thereby causing overlapping
of noises evén in the flat part. Since the noises in the
flat part appear considerably annoying, the image quality
cannot be free from undesirable degradation,

Moreover, 82,'namely, 64 adders are necessitated to
perform weighting on the coefficients of each block size 8 X

8, thus making the weighting unit bulky in size.

SUMMARY OF THE INVENTION
A object of this invention is to provide a coding ap-
\
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[err] 06 SEP1996
- 3- (mel, 2, ..., 7) (j=0, 1, ..., 7) Thereafter, DCT on 8
picture elenments in vertical direction

paratus designed to quantize an image signal in such a
manner that even a flat part of the image keeps favorable
image quality at a decoder side.

A further object of this invention is to provide a
coding apparatus permitting a flat part of the image in each
block whose degradation of image quality is conépicuous to
keep favorable image quality at a decoder side,

A still further object of this invention is to provide
a coding apparatus enabling reduction of an image signal,
with using a small number of adders, in a manner not to
result in a striking degradation of image quality.

A coding apparatus aécording to this invention is
provided with block formatting means for dividing a digital
image signal inté blocks of plurality of picture elements,
orthogonél transforming means for performing orthogonal
transform on the formatted image signal; quantizing means
for quantizing coefficients obtained through the orthogonal
transform with a quantization table, means for dividing
each block of the image signal outputted from the block
formatting means into a plurality of sub-blocks and ob-
taining criterion values from the absolute value sum of
difference of image signal level between adjacent picture
elements in each sub-block, and deciding means for deciding
the quantization table on the basis of the criterion values.

In a further aspect of this invention, a coding
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I's conducted to the transformed i mage signal f(Qj) and f(mj) as

I ndi cat ed bel ow, whereby the inage signal is expressed by coefficients
F(mn) (m n=0, 1, ..., 7) and outputted to the quantizing unit 3;

[err] The obtai ned coefficients are quantized in the quanti- zing unit
3 in accordance with the quantization step sel ec-

 apparatus is providéd with block formatting means for divi—
ding a digital image signal iﬁto blocks of every plufality
of picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
weighting means for performing weighting on coefficients
obtained through the orthogonal transform with a weighting
factor, means for dividing each block of the image signal
outputted from the block formatting means into a plurality
of sub-blocks and obtaining criterion values from the
absolute value sum of difference of image signal level
between adjacent picture elements in each sub-block, and
deciding means for deciding the weighting factor on the
basis of the criterion values.

For the combination of the criterion values, the
minimum value among the absoiute value sum and the dif-
ference between the maximum and minimum values among the
abéolute value sum, or, the minimum and maximum values among
the absolute value sum are employed.

In a still further aspect of this invention, a coding
apparatus is provided with block formatting means for divi-
ding a digital image signal into blocks of plurality of
picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
qu#ntizing means for quantizing coefficients obtained th-
rough the orthogonal transform with a gquantization table,

—_—
—_—
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ted on the basis of the content thereof and quantizing parameter fromthe

controll er

co- efficients show an inmage of a detailed part with small anpli- tude,

. 6. In the case where the content of the coefficients represents
an image of a |leading edge part with strong contrast, a coarse
guanti zation step is selected. On the other hand, if the content of the

fine quantization step is sel ected. The quanti zed coefficients are

stored in the buffer

coding in the variable length coding unit 4. The anpunt of data

means for dividing each block of the image signal outputted
from the block formatting means into a plurality of sub
blocks and obtaining the maximum and minimum values of the
image signal level of picture elements in each sub-block,
and deciding means for deciding the quantization table on
the basis of the maximum and minimum values..

In a yet further aspect of this invention, a coding
apparatus is provided with block formatting means for divi-
ding a digital image signal into blocks of plurality of
picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
weighting means for performing weighting on coefficients
obtained through the orthogonal transform, means for divi-
ding each block of the image signal outputted from the block
formatting means into a plurality of sub-blocks and ob-
taining the maximum and minimum values of the image signa;
level of picture elements in each sub-block, and deciding
means for deciding a'weighting factor for the weighting
means on the basis of the maximum and minimum values.

In addition to the aforementioned means, the coding
apparatus in any aspect of this invention further includes
means for pe:forming variable length coding on the quantizéd
(or subjected-to-weighting) coefficients, memory means for
storing the variable-length-coded coefficients, and a con-

trolling means for detecting the storing amount of the

i
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‘stored in the buffer memory 5 is so checked by the control -
06 SEP- 1996 -4-
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memory means thereby to control the quantizing means (og‘
deciding means) to decide the quantization table (or
weighting factor) so that the storing amount is kept within
a fixed range of volume. It is to be noted here that the
block divided by the block formatting means may be either a
two-dimensional block in horizontal and vertical directions
or a three-dimensional block in horizontal, vertical and
time directions. Moreover, DCT (Discrete Cosine Transform)
is used for the orthogonal transform.

In the coding apparatus of this invention, the digital
image signal is formatted in blocks and further divided into
sub-blocks. Criterion values are calculated corresponding
to the image signal in each sub-block, and the image state
is determined on the basis of the criterion values, whereby
the appropriate quantization table (or weighting factor) can
be decided. It is detected for every block whether a flat
part the degradation of image quality of which is noticeable
is present or the image is one that is liable to generate
quantization errors at the decoder side. Therefore, the
image with less degradation of image quality is quantized
(or subjected to wgighting) with low rate, that is, with
large reduction rate, while the image with much degradation
of image quality is quantized (or subjected to weighting)
with high rate, namely, with small reduction rate. Accord-

ingly, the coding apparatus can output the image signal
I
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ler 6 as not to overflow. The controller 6 determnes the quantization
paraneter in conpliance with the anount of data stored in the buffer
menory 5 and outputs the sane to the quantizing unit 3. Moreover, the
controller 6 selects co- efficients to be coded by the variable I ength
coding unit 4 in accordance with the ampbunt of data, and outputs the coef-
ficients to the variable length coding unit 4. The data stored in the
buffer nmenory 5 is read at a fixed rate. Fig. 2 is a block diagram
showi ng the structure of another conventional coding apparatus disclosed,
for exa- nple, inthe prior art referred to earlier. The parts

without conspicuous noises even for the flat part.

The coding apparatus according to a yet further aspect
of this invention is provided with block formatting means
for dividing a digital image signal into blocks of plﬁrality
of picture elements, orthogonal transforming means for per-
forming orthogonal transform on each formatted block,
weighting means having adders of a smaller number than the
number of picture elements in each block for performing
weighting on the coefficients obtained through the ortho-
gonal transform and, means for performing variable length
coding on the coefficients subjected to weighting. The
weighting means in this coding apparatus performs ﬁeighting
on the éoefficients with using a weighting factor suitable
for a sequency degree in horizontal direction in each block
and a sequency degree in vertical direction in each block.
Abcordingly, weighting becomes possible by not more than
N2/4 adders, for example, in each block of the size NXN.
-Thus, coding with high efficiency having no conspicuous
degfadation of image quality can be achieved with a little
number of adders.

The above and further objects and features of the
invention will more fully be apparent from the following

detailed description with accompanying drawings.
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designated by the same reference nunerals in Fig. 2 are simlar to those

in Fig. 1 and therefore detail ed descrip- tion thereof wll

be abbrevi at ed

here. A weighting unit 7 of this apparatus nakes a difference, which is
i ntervened between the formatting circuit 1 and quantizing unit 3 so as

to performweighting on the coefficients outputted fromthe

DCT circuit 2.

The quantizing unit 3 quantizes each coeffi- cient subjected to weighting
by the weighting unit 7. The operation of the coding apparatus of
Fig. 2 will be discussed below. Simlar to the exanple shown in Fig. 1,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a block diagram of the structure of a

conventional coding apparatus;

Fig. 2 éhows a block diagram of the structure of

another conventional coding apparatus;

Fig. 3 shows a conceptional diagram explanatory of the

operation of a weighting unit of the conventional apparatus

of Fig. 2;

Fig. 4 shows a conceptional view exemplifying how to

perform weighting in the conventional apparatus of Fig. 2;

Fig. 5 shows a block diagram of the structure of a .

coding apparatus according to a first embodiment of this

invention;

Fig. 6 shows a block diagram of the structure of an

example of a criterion value calculating unit in the coding
apparatus accordiﬁg to the first and a fourth embodiments of
this invention;

Fig. 7 shows a diagram explanatory of the operation of
a sub-formatting circuit in the criterion value calculating
unit;

Fig. 8 and 9 show diagrams explanatory of the operation
of a selecting unit in the coding apparatus according to the
first and fourth embodiments;

Fig. 10 shows an examble of an image block;

Fig. 11 shows a diagram of an example of selection in

\
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the image signal is divided into blocks by the formatting circuit 1 and
then, the inage signal in each block is pro- cessed by DCT on 8 picture

el ements in horizontal and ver- tical directions in the DCT circuit 2. The
resul tant coef-

06 SEPS96

each image block of Fig. 10 according to the first and
fourth embodiments;

Fig. 12 shows a block diagram of the structure of
another example of the criterion value calculating unit
according to the first and fourth embodiments;

Fig. 13 shows a block diagram of the structure of a
coding apparatus according to a second embodiment of this
invention;

Fig. 14 shows a block diagram of the structure of an
‘example of a criterion value calculating unit in the coding
apparatus according to the second_and'a fifth embodiments of
this invention;

Figs. 15 and 16 show diagrams explanatory of the ope-
ration of a selecting unit in the coding apparatus according
to the second and fifth embodiments;

Fig. 17 shows a diagram of an example of selection in
each image block of Fig. 10 according to the second and
fifth embodimen£s;

Fig. 18 shows a block diagram of the structure of
another example of the criterion value calculating unit
according to the second and fifth embodiments;

Fig. 19 shows a block diagram of the structure of a
coding apparatus according to a third embodiment of this
.invention;

Fig. 20 shows a block diagram of the structure of a

e
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ficients F(mn) are generated to the weighting unit 7. Each coefficient
fromthe DCT circuit 2 is subjected to weighting in the weighting unit 7.
More specifically, supposing that the result of DCT operation for each

bl ock of 8 picture elenents x 8 lines is divided into four areas as
indicated in Fig. 3, as utilizing the fact that the human eyesight is

weak to high spatial frequencies, such a weighting factor Wmn) is used
so that weighting with lowrate is conducted for an area F4 including high
spatial frequency conmponents, whereas weighting with high rate is
performed for an area F1 including |ow spatial frequency conponents (refer

to Fig. selecting unit of the coding apparatus according to the -
third and a sixth embodiments;

Figs. 21 and 22 show diagrams explanatory of the
operation of the selecting unit in the coding apparatus
according to the third and sixth embodimentsg

Fig. 23 shows a diagram of an example of selection in
each image block of Fig. 10 according to the third and sixth
embodiments; .

Fig. 24 shows'a block diagram of the structure of
-coding apparatus according to the fourth embodiment of this
invention;

Fig. 25 shows a block diagram of the structure of a
coding apparatus according to the fifth embodiment of this
invention;

Fig. 26 shows a block diagram of the structure of a
coding apparatus according to the sixth embodiment of this
invention;

Fig. 27 shows a block diagram of the structure of a
"coding apparatus according to the seventh embodiment of this

invention;
Fig. 28 shows a block diagram of the structure of a

weighting unit in the coding apparatus according to the
seventh embodiment;
Fig. 29 shows a conceptional view of the operation
during zigzag scanning according to the seventh embodiment;
Fig. 30 shows a conceptional view of an example of a

T —— .
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4). [err] (O<ferr]<1), (m =0, 1, ..., 7) The
coefficients after being subjected to weighting are outputted to the
guanti zing unit 3. Since the subsequent operation in the quantizing unit
3, buffer nenory 5 and controller 6 is carried out in the same manner as
in the coding apparatus of Fig. 1, description thereof will be

abbr evi at ed. Al t hough the conventional codi ng apparatuses are con-

weighting factor according to the seventh embodiment;

Fig. 31 shows a bhotograph of an example of an image;

Fig. 32 shows a bit map equipped in a variable length
coding unit in the coding apparatus of the seventh embod-

; iment; |

Fig.. 33 shows a block diagram of the structure of a
decoding apparatus for decoding the data coded by the coding
apparatus of the seventh embodiment;

Figs. 34 and 35 show conceptional views of another
example of a weighting factor according to in the seventh
embodiment;

Fig. 36 shows a block diagram of the structure of the
coding apparatus when applied for three-dimensional blocks;

Fig. 37 sh;ws a block diagram of the structure of an
example of a criterion value c#lculating unit of the coding
apparatus shown-in Fig. 36; and

Fig. 38 shows a'diagram how to divide the three-

dimensional block into sub blocks.

DESCRIPTION OF THE PREFERRED EMBODIEENTS
This invention will become apparent from the following
description taken in conjunction with preferred embodiments
thereof with reference to the accompanying drawings.
Referring first to Fig. 5, there illustrated is a block

diagram showing the structure of a coding apparatus ac-
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structed as described hereinabove, they still have problems remaining to
be solved as to the selection of the quanti- zation step and constitution
of the weighting unit. o - 6- - For exanpl e,
the quantization step is selected in the quantizing unit 3 in accordance
with an alternating current power E obtained fromthe coefficients F(mn)
by an equa-

cording to a first embodiment of this invention, whereiﬂ
numerals 1, 4 and 5 respectively represent a formatting
circuit for dividing an inputted digital image into a
plurality of blocks, a variable length coding unit for per-
forming variable length coding on an output from an adaptive
quantizing unit 12 and a buffer memory for storing an output
from the variable length coding unit 4. These components
are equivalent to those disclosed in the conventional ap-
paratuses shown in Figs. 1 and 2. In addition to these
components, the coding apparatus acdording to the first
embodiment inéludes an orthogonal transforming circuit 11
which performs orthogonal transform on each block of the
image signal from the formatting circui£ 1, the adaptive
quantizing unit 12 which has a plurality of quantization
tébles ﬁaking adaptive quantization to coefficients from the
circuit 11, a criterion value calculating unit 13 which
divides each block divided by the formatting circuit 1
further into a plurality of sub-blocks, and calculates and
outputs a'first and a second criterion values as a selecting
criterion of the quantization table, a selecting unit 14 for
selecting a quantization table based on an output from the
calculéting unit 13 and outputting the content of the
quantization step to the adaptive quantizing unit 12, and a
controller 15 which controls the selecting unit 14 so that

the buffer memory 5 does not overflows. The quantiaztion
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tion; [err] A fine quantization is perfornmed when the alternating cur-
rent power Eis small, while quantization is done in a coarse manner if
the power Eis large. In other words, a detailed part of an image having a
smal | change in anplitude is quantized finely. On the other hand, and edge
part with strong contrast is quantized in a coarse manner. If an inage

i ncludes lines with high contrast in a flat part of a flat background
where the image signal changes little, the

table may be uniform quantizer with fixed step width, or it
may be nonlinear quantizer with irregular step width.

As shown in Fig. 6, the criterion value calculating
unit 13 is provided with a sub-formatting circuit 21 which
divides each block of the image signal from the circuit 1
into, for example, four sub-blocks, four calculators 22, 23,
24 and 25 each for obtaining the absolute value sum of dif-
ference of image signal level between adjacent picture ele-
ments in horizontal and vertical directions in each sub-
block, a minimum value dgtector 26 for detecting the minimum-
value A of the outputs from the four calculators 22-25, a
maximum yalue detector 27 for detgcting the maximum val&e B
of the outputs from the four calculators 22-25, and a sub-
tracter 28 which subtracts the minimﬁm output A from the
maximum output B. The criterion value calculating unit 13
outputs the output A from the minimum value detector 26 as
thé first criterion value, and an output C(=B-A) from the
subtracter 28 as the second criterion value, to the sele-
cting unit 14.

Now, the operation of the coding apparatus will be
“explained hereinbelow. When a digital image signal (com-
posed of a luminance signal and two color difference signals
or RGB signals) is inputted to the formatting circuit 1,.it
is subjected to time-division multiplex, and, divided into

blocks, e.g., each consisting of 8 picture elements X 8
-
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bl ock of the image is quantized coarsely. However, quanti- zation errors
spread all over the block subsequent to an inverse DCT at a decoder side,

t her eby causing overlapping of noises even in the flat part. Since the
noises in the flat part appear considerably annoying, the imge quality
cannot be free from undesirabl e degradati on. Mor eover, 82, nanely, 64
adders are necessitated to performweighting on the coefficients of each
bl ock size 8 x 8, thus making the weighting unit bulky in size.

SUWMMARY OF THE | NVENTI ON

lines. Each block is outputted to the orthogonal trans-
forming circuit 11 and criterion value calculating unit 13.
In the circuit 11, an orthogonal transform such as Discrete
Cosine Transform (DCT) or the like is performed on the image
signal. Coefficients which are outputs from the qircuit 11
are generated to the adaptive quantizing unit 12,

In the criterion value calculating'unit 13, as illust-
rated in Fig. 7, each block consisting of 8 picture elements
X 8 lines which is outputted from the formatting circuit 1
is divided into four sub-blocks yl, y2, y3 and y4 each con-
sisting of 4 picture elements X 4 lines. In this case, an
image signal in each sub-block yl, y2, y3 or y4 is expressed
by v1(i,Jj), v2(i,Jj), ¥3(i,Jj) or v4(i,j,) (i,j=1, 2, 3, 4).
The image signal in each sub-block yl1, y2, y3 or y4 is in-
rutted to the réspective calculator 22, 23, 24.or 25. The
calculator 22 calculates the absolute value sum V1 of dif-
ference of image signal level between adjacent picture
elements in horizontal and vertical directions in the sub-

block yl based on an equation as follows;

4 3 A . i
Vi = .2 521‘% (i,3) - y,(1+1,Jﬂ

4 3 i ' ;

1

Moreover, the other calculators 23, 24 and 25 calculate in
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A object of this invention is to provide a coding ap-
-7- paratus designed to quantize an image signal in such a manner

that even a flat part of the inage keeps favorable imge quality at a
decoder si de.

the same manner the absolute value sums V2, V3 and V4 of
difference of image signal level between adjacent picture
elements in horizontal and vertical directions in the sub-

blocks y2, y3 and y4, respectively as follows;

4 3 . . . .
vz = .2 f;lly,(l,a) - y,(1+1,J)l
L 30 i
2 j;l‘y;(l,a) - y,(l,J+1ﬂ
4 3 L Cie1 iy |
V3 = .2 f§1|y3(1,3) - y3(1+1,J)l

4 3 < s . s
3 j§1|y3(1’3) - y3(1,J+1)l

4 3 . s . .
Ve = Z) f§1|y+(1.a) - y¢(1+1.J)|

- 4 3 . -
t i3 fgllyg(lya) - Y¢(1,J+1)|

The minimum value detector 26 detects the minimum value
A=MIN{V1,V2,V3,V4f of the four outputs V1, V2, V3 and V4
generated from the calculatofs 22, 23, 24 and 25, and out-
puts the value A to the selecting unit 14 as tﬁe first.
criterion value to select the quantization step and also to
the subtracter 28. In the meantime, the maximum value de-
tector 27 detects the maximuﬁ value B=MAX {V1,V2,V3,V4} of
the four outputs from the calculators 22, 23, 24 aﬁd 25, and

outputs the value B to the subtracter 28. In consequence,

—_—
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A further object of this invention is to provide a coding apparatus
permtting a flat part of the inage in each block whose degradation of
i mage quality is conspicuous to keep favorable inmage quality at a decoder

si de. A still further object of this invention is to provide a
codi ng apparatus enabling reduction of an inage signal, wth using a snal
nunber of adders, in a manner not to result in a striking degradation of
i mage quality. A codi ng apparatus according to this invention is

provided with block formatting nmeans for dividing a digital

the subtracter 28 calculates the difference C between B-and
A, outputting the value C to tﬁe selecting unit 14 as the
second criterion value to select the quantization step.
The first criterion value A is to detect a flat part in
- the image. If the first criterion value A is small, it
means that the block includes a flat part whose degradation
of image quality is ready to notice at .a decoder side. On
the other hand, the second criterion value C is to detect a
change in the image. Therefore, the larger the second
criterion value C, the more the image changes in the block,
and a quantization error is easily brought about at the
decoder side.

- The selecting unit 14 selects the quantization step to
quantize the coefficients in the adaptive quantizing unit 12
iﬁ accord#nce with the first and second criterion values A
and C. The adaptive quantizing uniﬁ 12 holds quantization
tables_of different quantization steps, for example, a
quantization table with high rate, a quantization table With
medium rate and a quantization table with low rate. The
quantization table with high rate is used to quantize the
coefficients finely. The quantization table with medium rate
is a-table where the-quantization step is performed with
medium rate, while the quantization table with low rate is
to quantize the coefficients coarsely. The selecting unit 14

selects the optimum quantization table among the three

"
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I mage signal into blocks of plurality of picture elenments, orthogonal
transform ng nmeans for perform ng orthogonal transformon the formatted

i mage signal, quantizing nmeans for quantizing coefficients obtained

t hrough the orthogonal transformw th a quantization table, neans for
dividing each block of the image signal outputted fromthe bl ock
formatting neans into a plurality of sub-blocks-and ob- taining criterion
val ues fromthe absolute value sumof difference of inmage signal |eve

bet ween adj acent picture elenents in each sub-block, and deciding neans
for deciding the quantization table on the basis of the criterion val ues.

tables in accordance with the first and second criterioﬂ
values A and C on the basis of a selecting diagram indicated
in Fig. 8 or 9. In the case whéfe the first criterion value
A is small, since the block has a flat part easy to degrade
the image quality, the quantization table with high rate or
the quantization table with medium rate is selected. 1In the
case where the second criterion value C. is large, since the
image in the blpck greatly changes which leads to a quant-
ization error at the decoder side, the quantization taSle
with high rate is selected to quantize in a fine manner.

By way of example, an image block shown in Fig. 10 is
used to explain the operation of the selecting unit 14 on
the basis of a selecting diagram of Fig. 11. For simpli-
fication of the exﬁlanation, thé average variation quantity
Mn=Vn/24 is employed here in place of the absolute value sum.
Vn (n=1, 2, 3, 4) of difference of image signal level be-
tween adjacent picture elemgnts in the sub-block.

Fig. 10(a) illustrates a block where a line is drawn
slantwise with strong contrast to the flat background.

Since the quantization noises spread in the flat part in the
block and the degradation of the image quality is con;
spicuous at the decoder side, the quantization ﬁable with
high rate should be employed. The average variation quan-
tity in each sub-block of the block is for example M1=2,

M2=2, M3=10 and M4=33. In this case, the criterion values

—_—
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In a further aspect of this invention, a coding

06 SEP1996
di vi -

for

apparatus is provided wwth block formatti ng neans

A/24 and C/24 are respectively:

A/24= MIN {M1,M2,M3,M4} =2 and

C/24= MAX {M1,M2,M3,M4} -MIN {M1,M2,M3,M4} =31,
Therefore, the case is corresponding to a point a in the
diagram of Fig. 11, so that the selecting unit 14 selects
the quantization table with high rate.

Fig. 10(b) illustrates a block with an edge having not
so high contrast to the flat background. Although the
quantization table with low rate cannot be employed for this
block because of the presence of the flat part, the contrast
is not so strong and the quantization error at the decoder
side results smgll, and accordingly the quantization table
ﬁith medium rate may be used. The average variation quan-
tity in each sub-block of the block is for example M1=2,
M2=3, M3=14 and M4=15. In this case, the criterion values
A/24 and C/24 are respectively 2 and 13, which is coincident
with a point 8 in the diagram of Fig. 11, In consequence,
the selecting unit 14 selects the quantization tablé with
medium rate.

In the meantime, Fig. 10(c) illustrates a block having
a great chénge in contrast all thereover. The quantization
error is hard to be recognized at the decoder side, and
therefore the quantization table with low rate can be used
thereby to raise the reduction rate. The average variation

quantity in each sub-block of the block is for example

-_—
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ding a digital image signal into blocks of every plurality of picture

el enents, orthogonal transform ng neans for per- form ng orthogonal
transformon the formatted i nage signal, weighting neans for performng
wei ghting on coefficients obtained through the orthogonal transformwth a
wei ghting factor, means for dividing each block of the inage signal
outputted fromthe block formatting neans into a plurality . of sub-bl ocks
and obtaining criterion values fromthe absolute value sumof difference

of image signal |evel between adjacent picture elenents in each sub-bl ock,
and

M1=28, M2=30, M3=24 and M4=16. The criterion values A/24
and C/24 are 16 and 14, respectively, which is coincident
with a point ¥ in the diagram of Fig. 11. As a result, the
quantization table with low }ate is selected by the sele-
cting unit 14.

In connection with the above, the criterion for sele-
cting the quantization step, namely, the occupation rate of
each quantization table is different in Figs. 8 and 9. The
controller 15 determines which of Figs. 8 and 9 is to be
used as the selecting diagram. The controller 15 works, by
detecting the amount of data stored in the buffer memory 5,
to adjust the rate with which the coefficients are quantized
in the adaptive quantizing unit 12 so that the buffer memory
5 does not overflow. 1In other words, if the buffer memory
can afford a sufficient amount of data, the controller 15
adjusts the deciding unit 14 to select the criterion shown
in Fig. 8 so that the quantization table with high rate is
selected more often. On the other han&, if the buffer
memory 5 cones to be nearly saturated, the controller 15
adjusts the selecting unit 14 to select the criterion shown
in Fig. 9, whereby the quantization table with low rate is
more frequently selected. In the manner as above, the rate
when the coefficients are outputted to the buffer memory 5
is adjusted by the controller 15.

The adaptive quantizing unit 12 selects the adequate
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deci ding means for deciding the weighting factor on the basis of the
criterion val ues. For the conbination of the criterion val ues, the

m ni nrum val ue anong the absolute value sumand the dif- ference between

t he maxi mum and m ni nrum val ues anong the absolute value sum or, the

m ni rum and nmaxi mum val ues anong the absol ute val ue sum are enpl oyed.

In a still further aspect of this invention, a coding apparatus is
provided with block formatting neans for divi- ding a digital inage signa
into bl ocks of plurality of picture elenents, orthogonal transform ng
means for per- '

quantization step for each block in accordance with the
selecting result of the selecting unit 14, and quantizes the
coefficients outputted from the orthogonal transforming
circuit 11. Thereafter, the unit 12 outputs both the sele-
cted quantization step and quantized coefficients to the
variable length coding unit 4. The coefficients are, after
being subjected to variable length coding and stored in the
buffer memory 5, read out at a fixed rate for transmission.

According to the foregoing embodiment, the first and
second criterion values.A and C are obtained from the dif-
ference of image signal level between adjacent picture
elements in horizontal and vertical directions. However,
particularly in the case where the signal is to be processed
in one field during the interlaced scanning, since the
adjacent picture elements in vertical direct&on are se-
par#ted a distance, the first criterion value for detecfing
thg flat part may be obtained from the difference of image
signal level between adjacent picture elements only in hori-
zontal direction.

Such modified example as referrgd to above is shown in
Fig. 12. The modified criterion vglue calculating unit 13
of Fig..12 is provided with the sub-formatting circuit 21,
calculators 31, 32, 33 and 34 for obtaining the absolute
value sum of the difference of image signal level between

adjacent picture elements in horizontal direction in re-

24
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form ng orthogonal transformon the formatted i mage signal, quantizing
means for quantizing coefficients obtained th- rough the orthogonal
transformwith-a quantization table,

0 6 SEP 1996 - 9-

spective sub—biocks, a minimum value detector 35 for de;
tecting the minimum value among the outputs of the calcu-
lators 31, 32, 33 and 34, calculators 36, 37, 38 and 39 for
obtaining the absolute value sum of the difference of image
signal level between picture elements in vertical direction
in respective sub-blocks, an adder 60 for adding the outputs
of the calculators 31 and 36, an adder 61 adding the outputs
of the calculators 32 and_37{ an adder 62 for adding the
outputs of the calculators 33 and 38, an adder 63 for adding
the outputs of the calculators 34 and 39, the minimum value_
detector 26 for defecting the minimum value among the out-
puts of the adders 60, 61, 62 and 63, the maximum value
detector 27 for detecting the maximum value of the outputs
of the adders 60, 61, 62 and 63, and the subtracter 28 for
subtracting the output of the minimum.value detector 26 from
the output of the maximum value detector 27.

| Hereinbelow, the operation of the criterion value
calculating unit 13 will be explained. Image signais in the
sub-blocks yl, y2, ¥y3 and y4 which are outputted from the
sub formatting circuit 21 are expressed by y1(i,j), v2(i,Jj),
¥3(i;J) and y4(i,j) (i,j=1, 2, 3, 4) respectively. The
signals in the sub-blocks yl, y2, y3 and y4 are inputted to
the calculators 31, 32, 33 and 34, respectively. The calcu-
lator 31 calculates the absolute value sum Vhl of the dif-

ference of image signal level between adjacent picture

\__
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means for dividing each block of the imge signal outputted fromthe bl ock
formatting neans into a plurality of sub blocks and obtaining the maxi num
and m ni num val ues of the imge signal |evel of picture elenents in each

sub- bl ock, and deciding neans for deciding the quantization table on the

basi s of the maxi mum and m ni num val ues. In a yet further aspect of
this invention, a coding apparatus is provided with block formatting neans
for divi- ding a digital image signal into blocks of plurality of

elements in horizontal direction in the sub-block ¥yl as

follows;

3 .
- s iy . <y
Vhl = .2, 2, y, (i,3) yi(1+1.a),
The other calculators 32, 33 and 34 also calculate the
absolute value sums Vh2, Vh3 and Vh4 of the difference of
image Signal level between adjacent picture elements in

horizontal direction within the respective sub-blocks y2,

¥3, and y4 as follows;

Vh2 = j§1 21 % (1,3) - 3, (i+1,3)
- 4 3 . 2 . .
Vh3 = j§1 2119 (1,3) - y3(1+1,q)
4 3 o . .

Vha = J§1 21| e (1,3) - ¥v.(i+1,]5)

The minimum value detector 35 detects the.minimum value
Ah=MIN {Vh1,Vh2,Vh3,Vh4} of the outputs Vhl, Vh2; Vh3 and _
- Vh4 of the calculators 31, 32, 33 and 34. The minimum value
Ah is outputted to fhe selecting unit 14 as a first criterion
value for selecting the quantization step in the adaptive
guantizing unit 12.

Meanwhiie, the imagé signals in the sub-blocks yl, y2,
¥v3 and y4 are outputted also to the calculators 36, 37, 38
and 39, respectively. The calculator 36 calculates the

absolute value sum Vvl of the difference of image éignal

—_—
——
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pi cture el enents, orthogonal transform ng nmeans for per- formng
orthogonal transformon the formatted inmage signal, weighting nmeans for
perform ng wei ghting on coefficients obtained through the orthogonal
transform neans for divi- ding each block of the inage signal outputted
fromthe block formatting nmeans into a plurality of sub-bl ocks and ob-
tai ning the maxi num and m ni nrum val ues of the inage signal |evel of
picture elenments in each sub-block, and deciding neans for deciding a
wei ghting factor for the weighting mneans on the basis of the maxi num and
m ni nrum val ues.

level between adjacent picture elements in vertical direc-

tion in the sub-block yl1 on the basis of the following

equation;
_ 4 3 . A i
Vvl = % J2=1 yi (1,3) - v, (1,5+1)|

Likewise, the other calculators 37, 38 and 39 calculate the
absolute value sums Vv2, Vv3 and Vv4 of the difference of
image signal level between adjacent picture elements in
vertical direction iﬁ the sub-blocks &2, y3 and y4,.respec-

tively, as follows{

4 3 - s
W2 = 2 Zq|%a (i) - ya(i,J+41)
4 3 o o
Vv3 = 2 &% (1,0) - y3(d,041)

4 3 . <
Vvd = L2 2 Ve (i,3) - y¢(1,J+1).

The outputs Vhl and Vvl of the c#lculators 31 and 36 are _
inputted to the adder 60, and V1=Vhl+Vvl is calculated. 1In the
similar manner, V2(=Vh2+Vv2), V3(=Vh3+Vv3) and V4(=Vh4+Vv4a)

are calculated in the adders 61, 62 and 63, respectively.

The minimum value detector 26 detects the minimum value

A=MIN {V1,V2,V3,V4} of the outputs V1, V2, V3 and V4 from

the adders 60, 61, 62 and 63 to output the same to the sub-
tracter 28; At the same time, the maximum value detector 27

detects the maximum value B=MAX {V1,V2,V3,V4} of the

e
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In addition to the aforenentioned neans, the coding apparatus in any
aspect of this invention further includes neans for performng variable
| engt h coding on the quantized (or subjected-to-weighting) coefficients,
menory neans for storing the variabl e-Iength-coded coefficients, and a
con- trolling neans for detecting the storing anount of the

0 6 SEP 1996

outpﬁts V1l, V2, V3 and V4 from the adders 60, 61, 62 and 63

"to'generate the same to theisubtracter 28. The subtracter
28 calculates and outputs the difference C between the
maximum value B and the minimum value A. The obtained value
C is sent to the selecting unit 14 as a second criterion
value to select the gquantization step.

Since the subsequent procedure goes the same way as in
the foregoing embodiment, it will be omitted from the des-
cription.

Now, a coding apparatus according to a second em-
bodiment will be discussed below. |

According to the second embodiment, the maximum value B
is used as the second criterion value although the sub-
tracting value C obtained by subtracting the minimuﬁ value A
.from the maximum vélue B is employed as the second criterion
value in the foregoing first embodiment. It is to be.noted
here, however, that the minimum value A is set as-the first
criterion value also in.the second embodiment, similar to
the first embodiment.

Reférring to Fig, 13 showing the structure of the
coding apparatus of the second embodiment, numerals 1, 4, 5,
11, 12, 14 and 15 fespectively represent the formatting
circuit, variable length coding uﬁit, buffer memory, ortho-
gonal transforming circuit, adaptive quantizing unit, sele-

cting unit and controller, all of which are equivalent to
\

—
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menory neans thereby to control the quantizing neans (or decidi ng neans)
to decide the quantization table (or weighting factor) so that the storing
anount is kept within a fixed range of volunme. It is to be noted here that
the block divided by the block formatti ng neans may be either a

t wo- di nensi onal bl ock in horizontal and vertical directions

those components shown in Fig. 5 and therefore the detailed
description thereof will be abbreviated. Fig. 14 shows the
structure of a criterion .value calculating unit 16 in the
coding apparatus accordiﬁg to the second embodiment. As
compared with the structure of the criterion value calcu-
lating unit 13 of the first embodiment shown in Fig. 6, the
unit 16 is different in that the subtracter 28 is rémoved.
The criterion v;lue calculating unit‘lGldetects the minimum
value A and maximum value B of the absolute value sums V1,
V2, V3 and V4 of the difference of image signal level be-
tween adjacent picture elements in horizontal and vertical
directions in the sub-blocks yl, y2, y3 and y4, and outputs
these values respectively as the first and second criterion
values to the selecting unit 14.

The operatiﬁn of the coding apparatus of the second
embodiment will be described hereinbelow. The selecting
unit 14 selects, in compliance with the criterion values A
and B and on the basis of a Selecting diagram shown in Fig.
15 or 16, the gquantization step allowing the adaptive quant-
izing unit 12 to quantize the coefficients. The operation
of the selecting unit 14 will now be depicted in a detailed"
manner with reference.to a éelecting diagram of Fig. 17
taken in conjunction with the image block shown in Fig. 10.
In the case of Fig. 10(a), the average variation quantity in

‘ each sub-blgck is M1=2, M2=2, M3=10 and M4=33, A/24 being 2
et
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or a three-dinensional block in horizontal, vertical and tine directions.
Moreover, DCT (Discrete Cosine Transfornm) is used for the orthogonal
transform In the coding apparatus of this invention, the digital
i mge signal is formatted in blocks and further divided into sub-blocks.
Criterion values are calcul ated corresponding to the image signal in each
sub- bl ock, and the inmage state is determned on the basis of the criterion
val ues, whereby the appropriate quantization table (or weighting factor)
can be decided. It is detected for every block whether a flat part the
degradation of image quality of which is noticeable
and B/24 being 33, which is coincident with the point a in
the diagram of Fig. 17, whereby the selecting unit 14 sele-
cts the quantization table with high rate. 1In the case of
Fig. 10(b) where the average variation quantity in each sub-
block is M1=2, M2=3, M3=14 and M4=15, A/24 and B/24 are
respectively 2 and.15, which corresponds to the point £ in
Fig. 17. Accordingly, the selecting unit 14 selects the
quantization table with medium rate. In the case of Fig.
10(c) where the average variation quantity in each sub-block
is M1=28, M2=30, M3=24 and M4=16, A/24 and B/24 are 16 and
30, respectively, which is coincident with the point ¥ in
Fig. 17, whereby the selecting unit 14 selects the quanti-
zation table with low rate.
The other operations of the selecting unit 14 are same
as in the first embodiment, and therefore description there-
of will be abbreviated. Moreover, similar to the first
embodiment, in the event that the signal is processed in one
field during the interlaced scanning, since the distance
between the adjacent picture elements in vertical direction
is large, it may be arranged to obtain the first criterion
value from the difference of image signal level between
adjacent picture elements only in horizontal direction. A
criterion value calculating unit 18 shown in Fig. 18 is a

modification of such arrangement as mentioned above. 1In

Fig. 18, the same parts are designated by the same reference

—
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is present or the.image is one that is liable to generate quantization
errors at the decoder side. Therefore, the image with |ess degradation of
i mage quality is quantized (or subjected to weighting) with lowrate, that
is, with large reduction rate, while the image with nuch degradation of

i mge quality is quantized (or subjected to weighting) wth high rate,
nanely, with small reduction rate. Accord- ingly, the coding apparatus can
out put the inage- signal :

numerals as in Fig. 12. The criterion value calculating
unit 18 not only outputs the minimum value Ah of the ab-
solute value sum Vhn (n=1, 2, 3, 4) of the difference of
image signal level between adjacent picture elements in
horizontal direction in each sub-block to the selecting unit
14 as the first criterion valﬁe, but outputs the maximum
value B of addition value Vn of the absolute value sum Vvn
of the diffgrence of image signal level between adjacent
picture elements in vertical direction in each sub-block and
the absolute value sum Vhn of the difference of image signal
level between adjacent pictﬁre elements in horizontal direc-
tion in each sus-block to the selecting unit 14 as the
'second criterion value.

A third embodiment of this invention will be described
below.

According to the third embodiment, the criterion for
selecting the quantizétion stép in the adaptive quantizing
unit 12 differs. In Fig. 19 showing the structure of the
coding appafatus-according to the third embodiment, numerals
1, 4, 5, 11, 12 and 15 represent the formatting circuit,
variable length coding unit, buffer memory, orthogonal
transforming circuit, adaptive quantizing unit and control-
ler, respectively. Since these components are equivalent to
those indicated in Fig. 5, the description thereof will be

omitted here. To be noted in the third embodiment is a
- T

This Sheet Has Been R,

Hll!llHlllIHﬂlllHill )



e Naw .

Wi t hout conspi cuous noi ses even for the flat part. The codi ng
apparatus according to a yet further aspect of this invention is provided
with block formatting neans for dividing a digital inage signal into

bl ocks of plurality of picture elenments, orthogonal transform ng nmeans for
per- formng orthogonal transformon each formatted bl ock,

selecting unit 17 which divides a block into a pluraiity of
sub~blocks, and selects a quantization steé on the Basis of
the miniﬁum and maximum values in the dynamic range of each
sub-block. As shown in Fig. 20, the selecting unit 17
includes the sub-formatting circuit 21 for dividing each.
block generated from the formatting circuit 1 into four sub-
blocks, dynamic range detectors 41, 42, 43 and 44 which
obtain the dynamic range (miniﬁum and maximgm values) of the
respective sub-blocks, a minimum value detector 45 for
detecting the minimum value of the outputs from the dynamic
range detectors 41, 42, 43 and 44, a maximum value detector
46 for detecting the maximum value of the outputs from the
detectors 41, 42, 43, and 44, a subtracter 47 for subtra-
cting the output of the minimum value detector 45 from the
output of.the maximum value detector 46, and a control
signal generator 48 which outputs a control signal for sele-
cting a quantization step to the adaptive quantizing unit
12 on the basis of the outputs from the minimum value de-
tector 45 and subtracter 47.

The coding apparatus accofding to the third embodiment
will operate in_the manner as described below. An image
signal is divided into blocks of 8 picture elements X 8
lines in the formatting circuit 1, and each block is further
divided into four sub-blocks of 4 picture elements X 4

lines, i.e., sub-blocks yl, y2, ¥y3 and y4. The image signal
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wei ghti ng neans having adders of a smaller nunber than the nunber of
picture elenments in each block for performng weighting on the
coefficients obtained through the ortho- gonal transform and, neans for
perform ng variable length coding on the coefficients subjected to

wei ghting. The weighting neans in this coding apparatus perfornms weighting
on the coefficients with using a weighting factor suitable for a sequency
degree in horizontal direction in each block and a sequency degree in
vertical direction in each block. Accordingly, weighting beconmes possible
by not nore than

in each sub-block yl, y2, ¥y3 or y4 is expressed by yl(i,j),
IYZ(i,j), Y3(i,j), or y4(iij) _(iij=11 2, 3, 4). The dynamic
range detectors 41, 42, 43 and 44 calculate and output re-

spective dynamic ranges DR1, DR2, DR3 and DR4 of the sub-

blocks as follows;

DR1 = MAX{&l(i,j);i,j=1,2,3,4}-MIN{y1(i,j);i,j=1,2,3,4}
DR2 = MAX{yZ(i,j);i,j=1,2,3,4}—MIN{72(i,j);i,j=1,2,3,4}
DR3 = MAX{y3(i,j);i,j=1,2,3,4}-MIN{y3(i,j);i,j=1,2,3,4}
DR4 = MAX{y4(i,j);i,j=1,2,3,4)}-MIN{y4(i,j);i,j=1,2,3,4}

The minimum value detector 45 detects the minimum value
D=MIN{DR1,DR2,DR3,DR4} of the outputs DR1l, DR2, bR3, DR4
of the dynamic range detectors 41, 42, 43 and 44, and out~-
puts the value D both to the subtracter 47 and to the con-
trol signal generator 48. On the other hand, the maximum
'value detector 46 detects and outputs the maximum value
E=MAX{DR1,DR2,DR3,DR4} of the outputs DR1l, DR2, DR3 and DR4
of the dynamic range detectors 41, 42, 43 and 44 to the
subtracter 47. The subtracter 47 subtracts the minimum
value D from the maximum value E thereby to obtain a value
F=E-D which is oﬁtputted to the control signal generator 48,

In the casé where a small output D is generated from
the minimum value detector 45, the block has the flat part
whose degradation of image quality is readily noticed. 1In
this case, the quantization table with high rate or the

quantization table with medium rate should be used. On the
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N2/ 4 adders, for exanple, in each block of the size NXN. Thus, coding

wi th. high efficiency having no conspi cuous degradation of inmage quality
can be achieved with a little nunber of adders. The above and
further objects and features of the invention will nore fully be apparent
fromthe following detailed description with acconpanying draw ngs.

06 SEP1996

other hand, if the subfracter 47 outputs a large outﬁut F,
it means that the image changes greatly in the block, easily
generating a quantization error at the decoder side. There-
fofe, when the output D is small and the output F is large,
it is necessary to quantize with high rate.

Depending on the ogtputs D and F(=E-D), the control
signal-generator 48 generates a control signal to the a-
daptive quantizing unit 12 on the basis of the selecting
diagram of Fig. 21 or 22, thereby allowing the adaptive
:quantizing unit 12 to select the optimum quantization step.
Now, the operation of the selecting unit 17 (control signal
generator 48) will be concretely explainea with reference to
thé diagram of Fig. 23, taking an example of the image block
of Fig. 10,

Referring to Fig. 10(a), the dynamic range in each sub-
block is DR1=9, DR2=8, DR3=78 and DR4=114 in an example of
an image signal quantized into 8 bits. In this case, D and
F(=E-D) are respectively as follows;

D=MIN {DR1,DR2,DR3,DR4} =8
F=MAX{DR1,DRZ,DR3,DR4}—MIN{DR1,DR2,DR3,DR4} = 106
According to a diagram of Fig. 23, this case coincides with
a point a. Consequently, the selecting unit 17 selects the
quantization table with high rate. .On the other hand, in
Fig. 10(b) wherein the dynamic range in each sub-block is

DR1=8, DR2=7, DR3=64 and DR4=57, D and F being 7 and 57, it
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows

bl ock di agram of the structure of a conventional coding apparat us;
Fig. 2 shows a block diagram of the structure of

agrees with a poiﬁt B in Fig. 23. The selecting unit 17
selects the quantization table with medium rate. Referring
further to Fig. 10(c¢), ﬁhe dynamic range in each sub-block
is DR1=61, DR2=53, DR3=119 and DR4=119, D and F being 53 and

66, which coincides with a point ¥ in Fig. 23. Accord-

- ingly, the selecting unit 17 selects the quantization table

with low rate.

The other components in the coding apparatus operate in
the same way as in the first embodiment, and therefore the
description the?eof will be abbreviated.

Hereinbelow is described a coding apparatus accqrding
to a fourth embodiment of this invention. |

In Fig. 24, the structure of a coding apparatus of the
fourth embodiment is shown, in which components dgsignated
by references 1, 4, 5, 11, 13 and 15 are the formatting
circuit, variable length coding unit, buffer membry,.ortho-
gonal trasforming cirquit, criterion value calculating unit
and controller, equivalent to those indicated in Fig. 5.

The coding apparatus is further provided with an adaptive

weighting unit 18 for performing adaptive weighting on the

coefficients oupputted from the orthogonal trasforming
circuit 11 and a selecting unit 19 for selecting a weighting
factor for the adaptive weighting unit 18 on the basis of an
output from the criterion value calculating unit 13. The

criterion value calculating unit 13 has the inner structure

- This:Sheet Has Been Reﬂ

35

A



AT o il

anot her conventi onal
di agr am expl anatory of the
conventi onal apparatus

codi ng appar at us;

of Fig. 2;

Fig. 3 shows a concepti onal
operation of a weighting unit of the

Fig. 4 shows a conceptional view

exenplifying how to
Fig. 2;
apparatus according to a first enbodinent of this

perform weighting in the conventional

appar at us of
Fig. 5 shows a bl ock diagramof the structure of a
I nventi on;

codi ng
Fig. 6

shows a bl ock diagramof the structure of an

exanple of a criterion val ue

cal culating unit

in the coding

as shown in Fig. 6.

The coding apparatus according to this fourth embodi-
ment will operate in the following manner.

Similar to the first embodiment, the maximum value A

and subtracting value C obtained by the criterion value
calculating unit 13 are inputted to the selecting unit 19 as

the first and second criterion values,

respectively. 1In

correspondence to the criterion values A and C, the sele-

cting unit 19 selects the weighting factor for the adaptive
weighting unit 18 on the basis of the sélecting diagram of
Fig. 8 or 9.

For example, the adaptive weighting unit 18

holdslweighting factors of the following three kinds of

rates.
Wi(m,n)=1
W2(m,n)=_1:$lg x l:%[&
w3 =1Im x I-n
(m,n) 7 7

{myn=0, 1, 2, ... 7)

wl(m,n), W2(m,n) and W3(m,n) are respectively called as the
weighting factor with high rate, the weighting factor with'
medium rate and the weighting factor witﬁ low pate. In the
case where the first criterion value A is small, the block
has a flat part which is easily noticed of the degradation
of the image quality at the decoder side. 1In this case,

weighting is performed with high or medium rate. If the

i
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appar at us

i nventi on;

according to the first and a fourth enbodi ments of this
Fig. 7 shows a di agram expl anatory of the operation of

sub-formatting circuit in the criterion value calculating wunit;
8 and 9 show di agrans explanatory of the operation of a selecting unit
t he codi ng apparatus according to the first and fourth enbodi nents;

Fig. 10 shows an exanple of an inmage bl ock;

of an exanpl e of selection in

second criterion value C is large, the image is greatly
changed in the block, thereby bringing about quantization
errors at the decoder side. Therefore, if the vélue A is
small ahd the value C is large, adverse effects of the high
spatiai frequencies cannot be neglected. In such case, the
weighting is performed with high rate.

With reference to the image block of Fig. 10, concrete
explanation is made to the operation of the selecting unit
19. The selecting criterion of the high rate, medium rate
and low rate is held the same as in the first embodiment
(FIg. 11). Fig. 10(a) is the block with an image whose
degradation of image quality is noticeable due to the
expansion of quantiz#tion noises at the flat part. There-~
fore, weighting with high rate should be performed. Since
this case is coincident with the point @ in the diagram of
Fig. 11, the selecting unit 19 selects the weighting factor
Wi(m,n) with high rate. Although weighting with 1ow_rate
cannot'be performed in the case of the block in Fig. 10(b)
where thé edge is found with not so.high contrast in the
flat background, quantization errors at the decoder side are
small, and therefore weighting with medium rate is per-
formed. This case coincides with the point £ in Fig. 11,
and accordingly the selecting unit 19 selects the weighting
factor W2(m,n) with medium rate. In the meantime, the block

in Fig. 10(c) has a strong change in contrast all thereover
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06 SEP1996 | -13- each i mage bl ock of
Fig. 10 according to the first and fourth enbodi nents;

and the quantization errors are hard to be noticed. There-
fore,lweighting with low rate can be carried out, thereby
enhancing the reduction rate. This case is coincident with
the point ¥ in Fig. 11. The selecting unit 19 selects the
weighting factor W3(m,n) with low rate.

Following the result of the selection by the selecting
unit 19, the adaptive weighting unit 18 selects an appro-
priate wéighting factor for each block, performing weighting
on the coefficients outputted from the orthogonal trans-
forming circuit 11 and outputting the weighting factor for
each block and the coefficients subjected to weighting to
the variable length coding unit 4. The output of the adap-
tive weighting unit 18 is variable-length-~coded by the
variable length coding unit 4 and then stored in the buffer
memory 5. The data stored in the buffer memory 5 is read out
at a fixed rate. |

Meanwhile, the controller 15 detecting the apount of
the data stored in the buffer memory 5 controls the sele-
ction of the weighting factor so that the buffer memory 5
does not overflow. In other words, in the case where the
buffer memory 5 can afford a sufficient amount of capacity,
the controller 15 arranges so that the weighting factor with
high rate is selected_much more, on the basis of the cri-
terion, e.g., as indicated in the diagram of Fig. 8. On the

contrary, if the buffer memory 5 is nearly saturated, the

N




Fig. 12 shows a bl ock diagramof the structure of another exanple of the
criterion value calculating unit according to the first and fourth

enbodi nent s; Fig. 13 shows a bl ock diagramof the structure of a
codi ng apparatus according to a second enbodi nent of this invention;

Fig. 14 shows a bl ock diagramof the structure of an exanple of a
criterion value calculating unit in the coding apparatus according to the
second and a fifth enbodi ments of this invention; Figs. 15 and 16
~show di agrans explanatory of the ope-

controller 15 arranges So that the weighting factor with low
rate is more frequently selected, using the criterion, for
example, as indicated in Fig. 9.

Similar to the first embodiment, accprding also to this
fourth embodiment, since adjacent picture elements in ver-
tical direction are separated from each other in the event
that the signal is processed in one field during the inter-
laced scanning, the first criterion value may be determined
only by the difference of imége signal level between ad-
jacent picture élements in horizontal direction. In such
case, the.criterion value calculating unit 13 may be con-
stituted as in Fig. 12. |

Described hereinbelow is a coding apparatus according.
to a fifth embodiment of this ihvention.

Although'the second criterion value is the subtracting
value C in the above-~described fourth embddiment, the
maximum value B may be employed for the second criterion
value to select the weighting factor. That is, the maximum
valﬁe B is used as the second criterion value according to
the fifth embodiment. It is to be noted that the first
criterion value according to the fifth embodiment is the
minimum value A in the fourth embodiment as well. Referring
now to Fig. 25 showing the structure of the coding apparatus
of the fifth embodimgnt, numerais 1, 4, 5, 11, 15, 18 and 19

are the formatting circuit, variable length coding unit,

———
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ration of a selecting unit in the coding apparatus according to the second
and fifth enbodi nents; Fig. 17 shows a di agram of an exanpl e of
sel'ection in each imge block of Fig. 10 according to the second and

fifth enbodi nents; Fig. 18 shows a bl ock diagram of the structure of
anot her exanpl e of the criterion value calculating unit according to the
second and fifth enbodi nents; Fig. 19 shows a bl ock diagram of the
structure of a coding apparatus according to a third enbodi nent of this

buffer memory, orthogonal transforming circuit, controller,
adaptive weighting unit and selecting unit, respectively,
which are equivalent to those indicated in Fig. 24. Fur-
thermore, a criterion value calculating unit designated by
numeral 16 is equivalent to that unit 16 .in the second
embodiment shown in Fig. 14. According to this fifth
embodiment, the selecting criterion of the weighting factor
in the fourth.embodiment is applied to the second
embodiment. Therefore, the operation of the coding
apparatus according to the fifth embodiment is easy to
understand with reference to the description related to the
second and fourth embodiments, and the detailed description
of the fifth embodimen£ will be omitted here.
Now, a coding apparatus according to a sixth embodiment
of this invention will be depicted.
According to the sixth embodiment, the selecting

_ criterion of the weighting factor for the adaptive weighting
unit 18 iﬁ the fourth embodiment is applied t; the earlier-
described third embodiment. In the structure of the coding
apparatus of the sixth embodiment shown in Fig. 26, numerals
1, 4, 5, 11, 15 and 18 designate the formatting circuit,
variable length coding unit, buffer memory, orthogonal
transforming circuit, controller and adaptive weighting
unit. These components are equivalent to those shown in

Fig. 24, and numeral 20 is a selecting unit equivalent to

———
———
—————
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I nventi on; Fig. 20 shows a bl ock diagramof the structure of a
0 06 SP19 - 14- selecting unit of the
codi ng apparatus according to the

the selecting unit 17 in the third embodiment shown in Fig.
20. Accordingly, the operatioﬂ of the coding apparatus
according to the sixth embodiment can be readily understood
from the description related to the third and fourth embodi~-
ments, and therefore the detailed descfiption of the sixth
embodiment will be abbreviated here.

It is to be noted, however, that although each one
block is divided into four sub-blocks in any of the fore-
going embodiments, it is not nécessarily required to divide
the block into four, but the number of the sub-blocks may be
decided depending on the size or the like of the block.

Moreover, in selecting the quantization step or
weighting factor, two kinds of the criterion values are used
in the foregoing embodiments. .Hﬁwever, n kinds (n21) of
criterion values may be employed. 1In the case where n
is equal to .1, for example, the absolute value sum of the
difference of image signal level between adjacent picture
elements in horizontal and vertical directioﬂé in the sub-
block may be used as the criterion value, and on the basis
of which the quantization step or weighting factor may be
selected.

A coding apparatus according to seventh embodiment of

" this invention is as follows.
Referring to Fig. 27 which shows the structure of a

coding apparatus of the seventh embodiment, the coding
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third and a sixth enbodi nents; Figs. 21 and 22 show di agrans
expl anatory of the  operation of the selecting unit in the coding apparatus

according to the third and sixth enbodi nents; Fig. 23 shows a diagram
of an exanple of selection in each imge block of Fig. 10 according to the
third and sixth enbodinents; Fig. 24 shows a bl ock diagram of the

structure of coding apparatus according to the fourth enbodi nent of this
i nvention;

apparatus is provided with the formatting circuit 1, the
orthogonal transforming circuit 11, a weighting unit 51 for
performing weighting on coefficients outputted from the circuit
11, and the variable length coding unit 4. The weighting

unit 51 is comprised of a zigzag scanning circuit 52 which
scans zigzag the picture elements . in the block, a weighting
table 53 accommodating a plurality of weighting factors
therein, and an adder 54 for adding a weighting factor to

the coefficients, as shown in Fig. 28.

The coding_apparatus in the above-described structure
will operate . in the manner described hereinbelow. The in-
putted digital image signal.is subjected to time-division
multiplex in the formatting circuit 1 into blocks of plu-
rality of picture elements. The block outputted from the
circuit 1 is subjected to orthogonal transform, e.g., DCT or
the like in the orthogonal transforming circuit 11. The
orthogonal transforming circuit 11 outputs coefficients, on
which are performed weighting in the weighting unit 51. The
output of the weighting unit 51 is variable-iength-coded by
the variable length coding unit 4.

The operation of the above weighting unit 51 will
particularly be described in detail. In the case, for
instance, where the formatting circuit 1 generates a block
consisting of 8 picture elements X 8 lines (image signal

x(i,j)) (i, j=0, 1, ..., 7), the orthogonal transforming
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Fig. 25 shows a bl ock diagramof the structure of a coding apparatus

according to the fifth embodiment of this invention; Fig. 26 shows a
bl ock diagram of the structure of a coding apparatus according to the
si xth enmbodi ment of this invention; Fig. 27 shows a bl ock di agram of

the structure of a coding apparatus according to the seventh enbodi nent of

this

I nventi on; - Fig. 28 shows a bl ock diagram of the structure of a

wei ghting unit in the coding apparatus according to the

circuit 11 outputs 8 X 8 coefficients F(m,n) (m,n=0, 1,

.eey T). These coefficients are arranged in.a one-
dimensional row of data by the zigzag scanning circuit 52
having a zigzag scanning characteristic shown in Fig. 29.
Then, the coefficients F(m,n) are outputted from the circuit
52 to the adder 54 in the scanning order. At the same time,
the zigzag scanning circuit 52 outputs zigzag scanning
address data for every row of data, thereby allowing access
to the weighting table 53. The weighting table subsequently
generates a weighting factor W for the data outputted from
the zigzag scanning circuit 52 to the adder 54.

The weighting factor is determined, for example, by 8
kinds.of adders as shown in Fig. 30. Concretely, the
weighting factor W is expressed by the following equation
with the use of the maximum value M=MAX {m,n} (m,n=0, 1,
eess 1) of a sequency degree m in horizﬁntal direction and a

sequency degree n in vertical direction;

7-M(1-@)
7 (0<argl)

W(M) =
Both the coefficients F(m,n) outputted from the zigzag scanning
circuit 52 and weighting factor W(M) outputted-from the -
weighting table 53 are inputted to the adder 54, where the
coefficients are subjected to weighting in the following

manner;

F’(m,n) = F(m,n) x W(M)

-

o i



sevent h enbodi nent ; Fig. 29 shows a conceptional view of the
operation during zigzag scanning according to the seventh enbodi nent;
Fig. 30 shows a conceptional view of an exanple of a

06 SEP 1996

In order to explain the operation of the wéighting unit

51 in a more concrete fashion, a 4:2:2 component digital
image data ( the data amount is 166 Mbps) shown in Fig. 31
which is quantized to 8 bits by 13.5 MHz is taken as an
example. Supposing that 64 coefficients F(m,n) subjected to
DCT for the block of 8 picture elements X 8 lin;s are
performed weighfing with a=0.6 and the DCT coefficients
F’(m,n) after being performed weighting.thereon are run-
length-coded in accordance with a bit map table of Fig. 3é,
and when the amount of the data is calculated, thé image
data has 54.7 Mbps. As for a decoding system, as shown in
Fig. 33, the DCT coefficients F’(m,n) which are coded after
being subjected to weighting are decoded at a decoding unit
55 and further subjected to inverse weighting by an iﬁverse
weighting unit 56. The coefficienté F’(m,n) are multiplied
by a reciprocal number of the weighting factor W(M), thereby
obtaining F"{(m,n).

F'(m,n) = F'(myn) X 1/W(M)-
Thereafter, an inverse DCT circuit 57 performs inverse DCT
on F"(myn), so that the image xl(i,j) is reproduced. If the
S/N ratio in one block of the reproduced image xl(i,j) is
defined as described below, Y signal has 43.5 dB, R-Y 44.6
dB and B-Y 45.0 dB, respectively with respect to a sample

image of Fig. 31;

44
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wei ghting factor according to the seventh enbodi nent; Fig. 31 shows a

phot ograph of an exanple of an image; Fig. 32 shows a bit map
equi pped in a variable length coding unit in the coding apparatus of the
sevent h enbod- inent; Fig. 33 shows a bl ock diagram of the structure

of a decoding apparatus for decoding the data coded by the coding
apparatus of the seventh enbodi nent;

: 2 .
S/N ratio = 10 logloi 255 }

7
o Folx(ind) - x,(1,5)) 2

uMa

L
&

On the other hand, in the case of the prior art and
when @=0.7, the data amount is.54.8 Mbps, and Y signal has
the S/N ratio 43.5 dB, R-Y 44.6 dB and B-Y 45.0 dB; re-
sulting in the similar effect as exerted by this iﬁvention.
However, the weighting unit in the prior art necessitates 64
kinds of adders.

According to the foregoing embodiment, the weightiné
unit has 8 kinds of weighting factors based on the maximum
value of the sequency degrees in horizontal and vertical
directions. However, it is not necessary to select the.
weighting factor on the basis of the maximum value of the
sequency degrees in horizontal and vertical directions, but
may be possible to select the weighting factor in the oréer
of the zigzag scanning indicated in Fig. 29.

In such case as above? since scanning is repeated in a
slantwise directi;n during the zigzag scanning, it should be
so arranged that the same weighting factor is selected_with-
in the smallest range of scanning in the slaptwise direc-
tion. Thus, 8 kinds of the weighting factors are prepared
in total. By way of example, for performing weighting on
the DCT coefficients F(m,n), weighting factors ﬁ(s) below

are satisfactory, as is understood from Fig. 34.
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Figs. 34 and 35 show conceptional views of another exanple of a weighting
factor according to in the seventh enbodi nent; Fig. 36 shows a bl ock
di agram of the structure of the coding apparatus when applied for

t hr ee- di nensi onal Dbl ocks; Fig. 37 shows a bl ock diagram of the
structure of an exanple of a criterion value calculating unit of the
coding apparatus shown in Fig. 36; and Fig. 38 shows a di agram how
to divide the three- dinensional block into sub bl ocks.

7 (0<agl)
s=0{m+n=0) s=1(m+n=1)
s=2(m+n=2) s=3(m+n=3)
s=4(4gm+ng5) s=5(6<Lm+ng7)
s=6(8<m+ngY) ; s=T7(10<&m+ngl4d)

Although there are 8 kinds of weighting factors used in
the foregoing embodiment, it is not necessarily tp be 8, but
15 kinds of weighting factors may be used at the most. As
shown in Fig. 35, 15 kinds of the weighting factors W(s) are.

obtained as follows;

_ 14-2(1-a)
Wis) = "y  (0<agl)

s=i+j (0gs¢14)

Furthermore, although the foregoing description of thé
seventh embodiment is related to weighting in a two-
dimensional plané, weighting can be performed by a unit of
the two-dimensional plane also for a three—dimensionai
block.

Since the number of adders of the weighting unit is set
to be not larger than N2/4 for N X N blocks in the éeventh
embédiment, the reduction rate of data can be kept equi-
valent to that of the coding apparatus using the conven-
tional weighting unit, whereby the coding apparatus of this
invention is easy to be a hardware.

In any of the embodiments described above, the image

—_
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DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS This invention will becone
apparent fromthe following description taken in conjunction with
preferred enbodi nents thereof with reference to the acconpanyi ng draw ngs.
Referring first to Fig. 5 there illustrated is a block diagram show ng
the structure of a coding apparatus ac-

signal outputted from the formatting Eircuit is divided into
blocks consisting of 8 picture elements X 8 lines. However,
this invention is not restricted to such two-dimensional
block (horizontal and vertical directions), and is applic-
able also to a three-dimensional block (horizontal, vertical
and time directions). 'Accord;ngly, such example of applic-
ation will be described hereinbelow.

An embodiment applied to a three-dimensional block
which is corresponding to the first embodiment will be
given. Referring to a block diagrgm of Fig. 36, a formatting
circuit la divides an inputted digital image signal into a
plurality of three-dimensional blocks each conéisting of 8
picture elements X 8 lines X 8 fields. An orthogonal
transforming circuit lla performs three-dimensional DCT to
each block outputted from thé formatting circuit la. Each
block divided by the circuit la is further divided into a
pPlurality of sub-blocks in a criterion value calculating
unit 13a. The criterion value calculating unit 13a operates
and outputs criterion values for a Quantization step. The
other parts in the constitution of the coding apparatus are
the same as in the first embodiment, and therefore the
corrésponding parts are designated by the same reference
numerals, description thereof being abbreviated.

In Fig. 37, the criterion value calculating unit 13a is

comprised of a sub-formatting circuit 21la for dividing each
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-16- cording to a first enbodi nent of this invention, wherein nunerals
1, 4 and 5 respectively represent a formatting circuit for dividing an
inputted digital image into a plurality of blocks, a variable I ength
coding unit for per- formng variable | ength coding on an output from an
adaptive quantizing unit 12 and a buffer menory for storing an out put
fromthe variable I ength coding unit 4. These conponents are equivalent to
t hose disclosed in the conventional ap-

block obtained by the formatting circuit la into, for éxa-
mple, 32 sub-blocks (one sub-block is made of 4 picture
elements x 4 lines), a calculator 22a for obtaining the
absolute vaiue sum of difference of iﬁage signal level be-
tween adjacent pictufe elements in horizontal and vertical
directions in each sub-block: a minimum value detector 26a
for detecting the minimum value Al among 32 values outputted
successively from the calculator 22a, a maximum value dete-
ctor 27a for detecting the maximum value Bl among the 32
values, and a subtracter 28a for subtracting the output Al
of the minimum value detector 26a from the output Bl of the
maximum value detector 27a. From the criterion value cal-
culating unit 13a, the output Al is generated as a first
criterion value, and an output Cl (=Bl-Al) of the subtracter
28a is generafed as a second criterion value, to the sele-
éting unit 14.

The operation of this coding apparatus is as follows.
The digital image signal inputted to the formatting circﬁit
la is divided into blocks each consisting of 8 picture ele-
ments X 8 lines X 8 fields. The divided block is
outputted to the orthogonal transforming circuit 1la and
criterion value calculating unit 13a. As indicated in Fig.
38, each block consisting of 8 picture elements X 8 lines
X 8 fields outputted from the formatting circuit 1 is

divided into four sub-blocks each consisting of 4 picture

_—
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paratuses shown in Figs. 1 and 2. In addition to these conponents, the
codi ng apparatus according to the first enbodi nent includes an orthogonal
transformng circuit 11 which perfornms orthogonal transform on each bl ock
of the image signal fromthe formatting circuit 1, the adaptive
quantizing unit 12 which has a plurality of quantization tables making
adaptive quantization to coefficients fromthe «circuit 11, a criterion
val ue calculating unit 13 which divides each bl ock divided by the
formatting circuit 1 further into a plurality of sub-blocks, and
calculates and outputs a first and-a second criterion values as a

sel ecting .
elements X 4 lines per each field in the sub-formatting‘

circuit 2la. Therefore, 32 sub-blocks are formed in total.
In ﬁhis case, supposing that the image signal in each sub-
block is expressed by y(i,Jj) (i,Jj=1, 2, 3, 4,), the cal-
culator 22a operétes the absolute value sum Vn (n=1, 2,
eevsy 32) of difference o} image signal level between
adjacent picture elements in horizontal and vertical direc-
tions in the sub-block on the basis of £he following

equation;

Vn- =

M
M o

L2 ly(l,a) y(i+l, )]
i

J

3
Z |v(4,3)-3(i,5+1)]

4
+ Z
=1 j=1

i

Subsequently, the minimum value detectop 26a detects
the minimﬁm value Al of the 32 Vn for the 32 sub-blocks
successively outputted from the calculator 22a, and outputs
the minimum value Al to the selecting unit 14 as the first
criterion value to select the quantization step, with out-
putting the same to the subtracfer 28a. Meanwhile,_the
maximum value detector 27a detects and outputs the maximum
value Bl of the 32 values Vn successively generated from the
calculator 22a to the subtracter 28a. The subtracter 28a
obtains the differencé Cl by subtracting Al from Bl and
outputs the value Cl to the selecting unit 14 as the second

criterion value for selecting the quantization step.
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criterion of the quantization table, a selecting unit 14 for selecting a
quantization table based on an output fromthe calculating unit 13 and
outputting the content of the quantization step to the adaptive quantizing
unit 12, and a controller 15 which controls the selecting unit 14 so that
the buffer menory 5 does not overflows. The quantiaztion

06 SEP1996

The subsequent operation is carried out in the same
manner as in the first embodiment, and the description
thereof will be omitted therefore.

In the modified embodiment above. corresponding to the
first embodiment, although the three-dimensional block is
constructed by forming lwo—dimensional blocks per each field
and bundling the two-dimensional blocké of a plurality of
the fields, it may be possible to form £he three-dimensional
block by constituting the two-dimensional blocks per each
frame and bundling the blocks of a pPlurality of the frames.

Moreovep, in addition to the foregoing modification of
the first embodiment, another modified embodiments réspect—
ively corresponding to the second, third, fourth, fifth ahd
sixth embodiments can be devised by forming a three-
dimensional block with adjacent picture elements in hori-
zontal, vertical and time directions and dividing the block
into sub-blocks in each second-dimensional plane as shown in
Fig. 38. Since the constitution and operation of the coding
apparatus of the modified embodiments would be éasily under-
stood with reference to the cérresponding embodiments, the
description thereof will be abbreviated here.

As this invention may be embodied in several forms
without departing from the spirit of essential character-
istics thereof, the present embodiment is therefore illus-

trative and not restrictive, since the scope of the in-
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-17- tabl e may be uniform quantizer with fixed step wwdth, or it may

be nonlinear quantizer with irregular step wdth. As shown in Fig. 6,
the criterion value calculating wunit 13 is provided with a sub-formatting
circuit 21 which divides each block of the inage signal fromthe circuit 1

vention is defined by the appended claims rather than by the
description preceding them, and all changes that fall within
the metes and bounds of the claims, or equivalence of such
metes and bounds thereof are therefore intended to be em-

braced by the claims.
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into, for exanple, four sub-blocks, four calculators 22, 23, 24 and 25
each for obtaining the absolute value sumof dif- ference of imge signha
IeveL_bePweeﬁ—adTéééﬁfﬂﬁicture ele- nments in horizontal and vertica

direction bl ock, a m ni mum val ue detector 26 for detecting
the m “EM\B m “\ M\the outputs fromthe four calculators 22-25, a

maxi mu ecsor* 27 for detecting the maxi numvalue B of the outputs
fromthe four cal-cul ators 22-25, and a sub- tracter 28 which subtracts the
m ni mum out put A fromthe rmaxi mum output B. The criterion val ue
calculating unit 13 outputs the output A fromthe m ni num val ue detector

26 as
What is claimed is:

1. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocks;of plurality of picture elements;

orthogonal transforming means for performing orthogonal
tr;nsform on the formatted image signalg

quantizing means for quantizing coefficients obtained
through the orthogonal transform with a quantization table;

means for dividing each block of the image signal
outputted from said block formatting means into a plurality
of sub-blocks and obtaining criterion values from the
absolute value sum of difference of image signal level
between adjacent picture elements in said each sub-block;
and

deciding means for deciding the quantization table on the.

basis of said criterion values.

2. A coding apparatus as set forth in Claim 1, wherein
said criterion values are representative values of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in said each sub-block, and/or

values calculated from said representative values.

—
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the first criterion value, and an output C(=B-A) fromthe subtracter 28 as
the second criterion value, to the sele- «cting unit 14. Now, the
operation of the coding apparatus will be explained hereinbel ow. Wen a

digital i ' posed of a |um nance signal and two col or

di ffere”hcmmuﬂum““mnm signals) is inputted to the formatting circuit
1, it is Subjected td ttme-division nultiplex, and, divided into bl ocks,
e.g., each consisting of 8 picture elenents X 8

3. A coding apparatus as set forth in Claim 2, wherein
said criterion values are obtained on the basis of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in horizontal and vertical direc-
tions in said each sub-block.

4. A coding apparatus as set forth in Claim 3, wherein
said criterion values are the minimum v#lue of the absolute
value sum of difference of image signal level between ad-
jacent picture elements in horizontal and vertical direc-
tions in said each sub-block, and the difference between the

maximum and minimum values of said absolute value sum.

5. A coding apparatus as set forth in Claim 3, wherein
said criterion values are the minimum and maximum values of
the absolute value sum of difference of image signal level
between adjacent picture elements in horizontal and vertical

" directions in said each sub-block.

6. A coding apparatus as set forth in Claim 2, whefein
said criterion values are obtained on the basis of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in horizontal direction in said
each sub-block, and the absolute value sum of difference of

image signal level between adjacent picture elements in

: 53
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06 SEP_MG ——1lines. - Each block is outputted to the orthogonal

form ngl (I:“‘ilc\:lu“llil‘ll and criterion value calculating unit 13.
) 0

horizontal and vertical direciions in said each sub-block.

7. A coding apparatus as set forth in Claim 6, wherein
said criterion values are the minimum value of the absolute
value sum of difference of image signal level between ad-
jacent pictur; elements in horizontal direction in said each
sub-block, and the difference between the maximum and mini-
mum values of the absolute value sum of.difference of image
signal level between adjacent picture elements in horizontal

and vertical directions in said each sub-block.

8. A coding apparatus as set forth in Claim 6, wherein
said criterion values are the minimum value of the absolute
value shm'of difference of image signal level between ad-
Jjacent picture elements in horizontal direction in said each
sub-block, and the maximum value of the absolute value sum
of difference of imaée signal level between adjacent picture

elements in horizontal and vertical directions in said each

sub-block.

9. A coding apparatus as set forth in Claim 2, wherein
said criterion values are the average variation quantity of

said absolute value sum.

10. A coding apparatus as set forth in Claim 1, where-
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In thé“bircuit 11;—an—ert hogonal transform such as Discrete Cosine

Transf like is performed on the image signal. Coefficients
whi ch “’Em,iﬁmthe circuit 11 are generated to the adaptive
quantlzwngcuni In the criterion value calculating unit 13, as
illust- rated in Fig. 7, each block consisting of 8 picture elenents X 8
lines which is outputted fromthe formatting circuit 1 is divided into

four sub-blocks yl, y2, y3 and y4 each con- sisting of 4 picture elenents
X 4 lines.. In this case, an imge signal in each sub-block yl, y2, y3 or

y4 is expressed by yl(i,j), y2(ij), y3(ij) or ya(i,j) (i,j=1, 2, 3, 4).

in said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional

block.

11. A coding apparatus as sét forth in Claim 1,
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time.
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three-dimensional block.

12. A coding apparatus as set forth in Claim 1, fur-
ther comprising:

means for performing variabie length coding on the
quantized céefficients;

memory means for storing the variable~length-coded
coefficients; and

controlling means for detecting the storing amount of
said memory means and controlling decision of the quanti-
zation table in said deciding means so as to keep said

storing amount within a predetermined volume.
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The image signal in each sub-block yl, y2, y3 or y4is in- putted to the
respective calculator 22, 23, 24 or 25. The <calculator 22 calcul ates the
absoltte—vatrue sum VL of dif- ference of i mge signal |evel between

adj ace nts in horizontal and vertical directions in the
sub- ﬂ“‘mm‘“““l ﬂm an equation as follows; lerr]

13. A coding apparatus as set forth in Claim 1,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

14. A coding apparatus for reducing a digital image
signal,‘comprising:

block formatting means for dividing said digitél.image
signal into blocks of plurality of pictﬁre elements;

| orthogonal transforming means for performing ofthdgonal

transform on the formatted image signal;

weighting means for performing weighting on coeffi-
cients obtained through the orthogonal transfofm with a
weighting factof;

means for dividing each block of the image signal
oﬁtputted from said block formatting means into a plurality
of sub-blocks and obtaining criterion values from the ab-
solute value sum of difference of image signal level between
adjacent picture elements in said each sub-block; and

deciding means for deciding the weighting factor on the

basis of said criterion values.

15. A coding apparatus as set forth in Claim 14, wherein
said criterion values are representative values of the ab-
" solute value sum of difference of image signal level between

adjacent picture elements in said each sub-block, and/or

\\
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Mbr eov the other calculators 23, 24 and 25 calculate in
0 6 SEP 1996 -19- t he sane nmanner the

abSé| Uteunﬂ,!m“mm,lml,ﬂvs and V4 of

values calculated from said representative values.

16. A coding apparatus as set forth in Claim 15, wherein
said criterion values are obtained on the basis of the
absolute value sum of difference of image signal level be-

tween adjacent picture elements in horizontal and vertical

directions in said each sub-block.

17. A coding apparatus as set forth in Claim 16,
wherein said criterion values are the minimum value of the
absolute value sum of difference of image signal level be-
tween adjacent picture elements in horizontal and vertical
directions in said each sub-block, and the difference
between the maximum and minimum values of said absolute

value sum.

18. A coding apparatus as set forth in Claim 16,
wherein said criterion values are the minimum and maximum
values of the absolute value sum of difference of image
signal level between adjécent picture elements in horizontal

and vertical directions in said each sub-block.

19. A coding apparatus as set forth in Claim 15,
wherein said criterion values are obtained on the basis of the

absolute value sum of difference of image signal level be-

T "




di fference of image signal |evel between adjacent picture elenents in
hori zontal and vertical-directions in the sub- blocks y2, y3 and y4,
respectively as follows;

HII\III AL AR R :

tween adjacent picture elements in horizontal direction ‘in
said each sub-block,_and the absolute value sum of differ-
ence of image signal level between adjacent picture elements
in horizontal and vertical directions in said each sub-
block.

:

20. A coding apparatus as set forth in Claim 19,
wherein said criterion values are the minimum value of the
absolute value sum of difference of image signal level
between adjacent picture elements in horizontal direction in
said each sub-~block, and the difference between the maximum
and minimum values of the absolute value sum of difference
of image signal level between.adjacent picture elements in

horizontal and vertical directions in said each sub-block.

21. A coding apparatus as set forth in Claim 19,
wherein said criterion values are the minimum value of the
absolute value sum of differencé of image signal level
between adjacent picture elements in horizontal direction in
said each sub-block, and the maximum value of the absolute
value sum of difference of image signal level between
adjacent picture elements in horizontal and vertical direc-

tions in said each sub-block.

22. A coding apparatus as set forth in Claim 15,
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[err] The mini num val ue detector 26 detects the m ni mum val ue

A=M N{ VLI, V2 V3, V4} of the four outputs V1, V2, V3 and V4 generated from

t he cal cul and 25, and out- puts the value Ato the

sel ecti ng !l l!ﬁmﬂﬁﬁlw El‘l rst criterion value to select the quantization
step and ssuBtracter 28. In the nmeantine, the maxi num val ue de-

wherein said criterion values are the average variation -

quantity of said absolute value sum.

23. A coding apparatus as set forth in Claim 14,
‘wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional

block.

24, A coding apparatus as set forth in Claim 14;
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time
directioﬁ in successive fiéids or.frames, and said ortho-
gonal fransforming means performs orthogonal transform per

every unit of the three-~-dimensional block.

25. A coding apparatus as set forth in Claim 14, fur-
ther comprising:

means for performing variable length coding on the
cbefficients on which weighting is performed;

memory means fof storing the variable-length-coded
coefficients; and | |

controlling means for detecting the storing amount of

—_—
————
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tector 27 detects the maxi mum val ue B=MAX{V1,V2,V3,V4) of the four outputs
fromt he—eateutators—22,—23, 24 and 25, and outputs the value B to the

subt ract er nce, - 20-
t he subtr{aﬂll““"'l@l“ﬁﬂﬂleilmﬁes the difference C between B and

said memory means and controlling decision of the
weighting factor in said deciding means so as to keep said

storing amount within a predetermined volume.

26. A coding apparatus as set forth in Claim 14,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

27. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocks of plurality of picture elements;

orthogonal transforming means for performing orthogonal
transform on the formatted image signal;

quantizing means for quantizing coefficients obtained
through the orthogonal transform with a quantization table;

means for dividing each block of.the image signal out-
putted from said block formatting means into a élurality of
sub-blocks and obtaining the maximum and minimum values of
the image signal level of picture elements in said each sub-
block; and

deciding means for deciding the quantization table on

the basis of said maximum and minimum values.

28. A coding apparatus as set forth in Claim 27,
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A, outputting the value Cto the selecting unit 14 as the second criterion

val ue r‘*sefEtf—%he—quanLLzation st ep. The first criterion value Ais
to detec art in the image. If the first criterion value Ais

smal |, a! j' Uﬂ I bl ock includes a flat part whose degradation of

| mage quad i te notice at .a decoder side. On the other hand,
the second crlterlon value Cis to detect a change in the imge.

Therefore, the larger the second criterion value C, the nore the inage

changes in the block and a quantization error is easily brought about at
t he _

‘wherein said block formatting means divides said digital
image signal into two-dimensional blocks per every field or
every frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional

block.

29. A coding apparatus as set forth in Claim 27,
wherein said block formatting means divides said digital
image signal into three-dimensional biocks in horizontal and:
vertical directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three-dimensional block.

30. A coding apparatus as set forth in Claim 27,
further comprisihg:

means for performing variable length coding on the'
quantized coefficients;

memory means for storing the variable-length-coded
coefficients; and

controlling-means for detecting the storing amount of
said membry means and controlling decision of the quanti-
zation table in said deciding means so as to keep said

storing amount within a predetermined volume.

This Sheet Has Been Refila
61




decoder si de. The selecting unit 14 selects the quantization step to

quantize the coefficients in the adaptive quantizing unit 12 in accordance
with the nd second criterion values A and C. The adaptive
quant Is quanti zation tables of different quantization

nit 12
st ep ﬂ?{’# guanti zation table with high rate, a quantization
tabl e*w ¢ e and a quantization table with low rate. The

t

quantlzatlon tabF th high rate is used to quantize the coefficients
finely. The quantization table with nediumrate is a table where the
guanti zation step is perfornmed with

31. A coding apparatus as set forth in Claim 27,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

32. A coding apparatus for reducing a digital image
signal, comprising: |

block formatting means for dividing said digital jmage
signal into blocks of plurality of pictﬁre elements;

orthogonal transforming means for performing orthogonal
transform on the formatted image signal;

weighting means for performing weighting on coeff-
icients obtained throﬁgh the orthogonal transform with a
weighting factor;

means for dividing each block of thé image signal out-
putted from said block formatting means into a plurality of
sub-blocks and_obﬁaining the maximum and minimﬁm values of
the image signal in said each sub-block; and

decidiné means for deciding the weighting factor on the

basis of said meximum and minimum values.

33. A coding apparatus as set forth in Claim 32,
wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional
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mediumrate, while the quantization table with lowrate is to quantize the
coefficients coarsely. The selecting unit 14 selects the optinum
quant rzation tabl'e anong the three

i

block.

34. A coding apparatus as set forth in Claim 32,
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time di-
rection in successive fields or frames, and said orthogonal
transforming means performs orthogonal fransform per ever&

unit of the three-dimensional block.

356. A coding apﬁaratus as set forth in Claim 32, fur-
ther comprising:

means for performing variable length coding on the
coefficients on.which weighting is performed;

memory means for storing the variable-length-coded
coefficients; and

controlling means for detecting the storing amount of
said memory means and controlling decision of the
weighting factor in éaid deciding means so as to keep said

storing amount within a predetermined volume.

36. A coding apparatus as set forth in Claim 32,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).
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-21- tables in accordance with the first and second criterion values A
and C-en—thebasis of a selecting diagramindicated in Fig. 8 or 9. In the

case wh criterion value A is small, since the block has a

fl m“ i‘gﬁ!‘ﬂﬁ‘\!“m\egr ade the image quality, the quantization table with
hi JHEERIEION T$e quanti zation table with mediumrate is selected. In the
case where the second criterion value C is large, since the ‘inmage in the
bl ock greatly changes which leads to a quant- ization error at the decoder

side, the quantization table

37. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocks of plurality of picture elements;

obthogonal transforming means for performing orthogonal
transform on each formatted block;

weighting means, provided with a smaller number of
adders than the number of picture elemehts in said each
block, for performing weighting on coefficients obtained
through the orthogonal transform; and

means for performing variable length coding on said

coefficients on which weighting is performed.

38. A coding apparatus as set forth in Claim 37,
wherein the number of said adders is not larger than 1/4 of

the number of picture elements in said each block.

39. A coding apparatus as set fofth in Claim 37,
wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit. of the two-~dimensional

block.

40. A coding apparatus as set forth in Claim 37,

I ——
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with high rate is selected to quantize in a fine manner. By way of
exanpl e;—anTmage biock shown in Fig. 10 is wused to explain the operation

of the.s the basis of a selecting diagramof Fig. 11.
For sin TIil“H“IE gﬂi Ithe expl anation, the average variation quantity
Mh=Vn/ 24 "1xS e oye ere in place of the absol ute value sum Vn (n=1, 2,

3, 4) of dlfference of inmage signal |level be- tween adjacent picture
el enents in the sub-bl ock. Fig. 10(a) illustrates a block where a
line is drawn slantwise with strong contrast to the flat background.

wherein said block formatting means divides said digitaL
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three-dimensional block.

41. A coding apparatus as set forth in Claim 37,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

42. A coding apparatus as set forth in Claim 41,
whereiﬁ said weighting means is provided with means for
obtaining a criterion value in correspond;nce to a sequency
degree.of a coefficient obtained through the DCT in hori-
zontal direction in a block and a sequency degree thereof in
vertical direction, and means for deciding a weighting fa-

ctor on the basis of said criterion value.

43. A coding apparatus as set forth in Claim 42,
wherein said criterion value is the maximuﬁ value of said
sequency degree in horizontal direction and seéuency degree
in vertical direction, so arranged that the same weighting
is performed on the coefficients_having the same maximum

value by the same adder.

e

—_—
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Since the quantization noises spread in the flat part in the block and the
degradation of the image quality is con- spicuous at the decoder. side, the
guant i zati i igh rate should be enpl oyed. The average

variatio ' iigm€ach sub-bl ock of the block is for exanple ML=2,
M=2, NB:rl“rm:lmulnmmnmllnthl s case, the criterion val ues
* [ L ] s %

44. A coding apparatus as set forth in Claim 42,
wherein said criterion value is the sum of said sequency
degree in horizontal direction and sequency degree in
vertical direction, so arranged that £he same weighting is
performed on the coefficients having the same sum by the

same adder.

e



-22- A/24 and C/ 24 are respectively: A 24= M N{ ML, M2, M3, M4} =2 and
C/ 24= MAX {ML, M2, MB, M4} -M N{ ML, M2, MB, Mi} =31. Therefore, the case is
corresponding to a point a in the diagramof Fig. 11, so that the
selecting unit 14 selects the quantization table with high rate.

Fig. 10(b) illustrates a block with an edge having not so high contrast to
the flat background. Although the quantization table with |ow rate cannot
be enpl oyed for this

ABSTRACT OF THE DISCLOSURE

A coding apparatus, in which each block having a
pPlurality of picture elements with digital image signals is
divided into a plurality of sub-blocks, and an appropriate
quantization step or weighting factor is decided on the
basis of the absolute value sum of difference of image
signal level between adjacent picture elements in the sub- -
block, so that a digital image signal ié reduced. Moreover,
a coding apparatus, in which each block having a plurality
of picture elements with digital image signals is divided
into a plurality of sub—blocks; and an appropriate gquanti-
zation step or weighting factor is decided on the basis of
thé maximum and minimum values of the image signals of the
picture elements in the sub-block, so that a digital image
signal is reduced. Accordingly, in the coding apparatus as
above, the state of the image is recognized for every block,
whereby a block whose degradation of image quality is hard
to notice at the decoder side is.quantized or subjected to
weighting with low rate; that is, with large reduction rate,
whereas a block whose degradation of image quality is con-
spicuous at the decoder side is quantized or subjected to
weighting with high rate, i.e., with small reduction rate.
As a result, the image quality of the background having
little change in the signal is kept good.

There is also provided a coding apparatus equipped with

\\_
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bl ock because of the presence of the flat part, the contrast 1is not so
strong and the quantization error at the decoder side results small, and
accordingly the quantization table wth nmediumrate nmay be used. The
average variation quan- tity in each sub-block of the block is for exanple
ML=2, M2=3, M3=14 and M4=15. In this case, the criterion values A/ 24 and
C/ 24 are respectively 2 and 13, which is coincident wth a point [err] in
the diagramof Fig. 11. In consequence, the selecting unit 14 selects the
guanti zation table with nediumrate. '

a weighting unit having adders not larger than 1/4 in number
of picture elements included in each block having a plurality
of picture elements with digital image signals. This coding
apparatus can realize coding with high efficiency by a
small-size weighting unit without causing degradation of

image quality.

—_—
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In the nmeantime, Fig. 10(c) illustrates a block having a great change in
contrast all thereover. The quantization error is hard to be recogni zed at
t he decoder side, and therefore the quantization table with |ow rate can
be used thereby to raise the reduction rate. The average variation
gquantity in each sub-block of the block is for exanple
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- 23- ML=28, M2=30, MB=24 and M4=16. The criterion values A/24 and C 24
are 16 and 14, respectively, which is coincident wth a point y in the
diagramof Fig. 11. As a result, the quantization table with lowrate is
selected by the sele- <cting unit 14. In connection with the above,
the criterion for sele-
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cting the quantization step, nanely, the occupation rate of each

quanti zation table is different in Figs. 8 and 9. The <controller 15
determ nes which of Figs. 8 and 9 is to be wused as the selecting diagram
The controller 15 works, by detecting the anmount of data stored in the
buffer menory 5, to adjust the rate with which the coefficients are
quantized in the adaptive quantizing unit 12 so that the buffer nmenory 5
does not overflow. In other words, if the buffer nenory can afford a
sufficient anount of data, the controller 15 adjusts the deciding unit 14
to select the criterion shown 'in Fig. 8 so that the quantization table
with high rate is

Fig. 3
Prior Art
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selected nore often. On the other hand, if the buffer nmenory 5 cones to be
nearly saturated, the controller 15 adjusts the selecting unit 14 to
select the criterion shown in Fig. 9, whereby the quantization table with
lowrate is nore frequently selected. In the nmanner as above, the rate
when the coefficients are outputted to the buffer menory 5 is adjusted by
the controller 15. The adaptive quantizing unit 12 selects the
adequat e 0 6 SEP 99

Fig. 4
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- 24-

result of the selecting unit 14, and quantizes the
transf orm ng

fromthe orthogonal
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quanti zation step for each bl'ock in accordance with the
coefficients outputted
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circuit 11. Thereafter, the unit 12 outputs both the sele- cted

quanti zation step and quanti zed coefficients to the variable |ength coding
unit 4. The coefficients are, after being subjected to variable length
coding and stored in the buffer nmenory 5, read out at a fixed rate for
transm ssi on. According to the foregoing enbodi nent, the first and
second criterion values A and C are obtained fromthe dif- ference of

i mage signal |evel between adjacent picture elenments in horizontal and
vertical directions. However, particularly in the case where the signal is
to be processed in one field -during the interlaced scanning, since the
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adj acent picture elenments in vertical direction are se-
di stance, the first criterion value for detecting
obtained fromthe difference of image signal
picture elenents only in hori- zontal direction.

exanple as referred to above is shown in

| evel

parated a :

the flat part nay be
bet ween adj acent

Such nodified

Fig. 12. The nodified criterion
val ue calculating unit 13 of Fig. 12 is provided with the sub-formatting
circuit 21, calculators 31, 32, 33 and 34 for obtaining the absol ute

bet ween

val ue sum of the difference of image signal |eve
Fig. 7
YZ(iv])
W(it]) .
8 .
va( i,]1)

va( i,1)

[
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adj acent picture elenments in horizontal direction in re-
-25-
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tecting the m ni mum val ue anong the outputs of the calcu- Ilators 31, 32,
33 and 34, calculators 36, 37, 38 and 39 for obtaining the absolute val ue
sum of the difference of imge signal |evel between picture elenents in
vertical direction in respective sub-blocks, an adder 60 for adding the
outputs of the calculators 31 and 36, an adder 61 addi ng the outputs of
the calculators 32 and 37, an adder 62 for adding the outputs of the

cal cul ators 33 and 38, an adder 63 for adding the outputs of the

cal cul ators 34 and 39, the m ninmumvalue detector 26 for detecting the

m ni rum val ue anong the out -

Fig. 10(a)
Fig.10(b)
Fig.10(c)
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puts of the adders 60, 61, 62 and 63, the maxi num value detector 27 for
detecting the maxi num val ue of the outputs of the adders 60, 61, 62 and
63, and the subtracter 28 for subtracting the output of the m ni mum val ue
detector 26 from the output of the nmaxi mum val ue detector 27.

Her ei nbel ow, the operation of the criterion value calculating unit 13 wll
be explained. Image signals in the sub-blocks yl, y2, y3 and y4 which are
outputted fromthe sub formatting circuit 21 are expressed by yl(i,j),
y2(i,j), y3(i,j) and y4(i,j) (i,j=1, 2, 3, 4) respectively. The signals
in the sub-blocks yl, y2, y3 and y4 are inputted to ,

C/24h
. [+ 4
X
HI1GH| MEDIUM LOW
20 RATE} RATE RATE
| <
s |
E A
3 10 724
-

‘This Sheet a

W



the calculators 31, 32, 33 and 34, respectively. The calcu- lator 31

cal cul ates the absol ute value sum Vhl of the dif- ference of image signa
| evel between adj acent plcture ' :
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- 26- el enments in horizontal direction in the sub-block yl as follows;
[err] The other calculators 32, 33 and 34 also calculate the absolute
val ue suns Vh2, Vh3 and Vh4 of the difference of image signal |evel

bet ween adj acent picture elenents in horizontal direction within the
respecti ve sub-blocks y2, y3, and y4 as foll ows;
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[err] - The m nimum val ue detector 35 detects the m ni num val ue

Ah=M N{ Vhl , Vh2, Vh3, Vh4} of the outputs Vhl, Vh2, Vh3 and Vh4 of the
calculators 31, 32, 33 and 34. The mnimumvalue Ah is outputted to the
selecting unit 14 as a first criterion value for selecting the

guanti zation step in the adaptive
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guanti zi ng unit 12. Meanwhi | e,

the image signals in the sub-blocks yl,

y2, y3 and y4 are outputted also to the calculators 36, 37, 38 and 39,
respecti-vely. The cal culator 36 cal cul ates the absolute value sum WI of

the difference of inmage signa
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-27- | evel between adjacent picture elenents in vertical direc- tion
I n-the sub-block yl on the basis of the follow ng equation; [err]

Li kewi se, the other calculators 37, 38 and 39 cal culate the absolute val ue
suns W2, W3 and W4 of the difference of

Fig. 17
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I mge signal |evel between adjacent picture elements in vertical direction
i n the sub-bl ocks y2, y3 and y4, respec- tively, as follows;

[err]] The outputs Vhl and W1 of the calculators 31 and 36 are inputted
to the adder 60, and V1=Vhl +Wl is calculated. In the
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simlar manner, V2(=Vh2+W2), V3(=Vh3+W3) and V4(=Vh4+W4) are cal cul ated
In the adders 61, 62 and 63, respectively. The m ninmm val ue detector 26
detects the mnimumvalue A=M N{V1, V2, V3,V4} of the outputs V1, V2, V3 and
V4 from the adders 60, 61, 62 and 63 to output the sane to the sub-
tracter 28. At the sane tine, the maxi num val ue detector 27 detects the

maxi mum val ue B=MAX{ V1, V2, V3, V4) of the .
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Cis sent to the selecting unit 14 as a second criterion value to select
the quanti zation step. Si nce the subsequent procedure goes the sane
way as in the foregoing enbodinment, it will be omtted fromthe des-
cription. Now, a codi ng apparatus according to a second em bodi nent
wi |l be discussed bel ow. According to the second enbodi nent, the
maxi mum value B is used as the second criterion value although the sub-
tracting value C obtained by subtracting the mninmmvalue A fromthe
maxi mum val ue B is enployed as the second criterion

Fig. 21 Fig. 22
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value in the foregoing first enbodinent. It is to be noted here, however,
that the mnimumvalue Ais set as the first criterion value also in the
second enbodinment, simlar to the first enbodi nent. Referring to
Fig. 13 showing the structure of the coding apparatus of the second

enbodi nent, nunerals 1, 4, 5, 11, 12, 14 and 15 respectively represent the
formatting circuit, variable length coding unit, buffer nenory, ortho-
gonal transforming circuit, adaptive quantizing unit, sele- cting unit and
controller, all.of which are equivalent to

Fig. 23
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- 29- t hose conponents shown in F|g 5 and therefore the detailed
description thereof will be abbreviated. Fig. 14 shows the structure of a
criterion value calculating unit 16 in the coding apparatus according to
t he second enbodi nent. As -
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conpared with the structure of the criterion value calcu- lating unit 13
of the first enbodi nent shown in Fig. 6, the wunit 16 is different in that
the subtracter 28 is renoved. The criterion value calculating unit 16
detects the mnimum value A and nmaxi nrum val ue B of the absol ute val ue suns
V1, V2, V3 and V4 of the difference of inage signal |evel be- tween

adj acent picture elenents in horizontal and vertic directions in the
sub-bl ocks yl, y2, y3 and y4, and outputs these vaj ues respectively as the

first and second criterion values to the selec 14. The
operation of the codi ng apparatus of the SEEQ/\
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embodi ment will be described hereinbel ow. The selecting unit 14 selects,

in conpliance with the criterion values A and B and on the basis of a

sel ecting diagram shown in Fig. 15 or 16, the quantization step allow ng

the adaptive quant- izing unit 12 to quantize the coefficients. The
operation of the selecting unit 14 will now be depicted in a detailed

manner with reference to a selecting diagramof Fig. 17 taken in
conjunction with the i mage bl ock shown in Fig._lo.i In the case of Fig.

10(a), the average variation quantity in each

k is M=2, M2=2,
MB=10 and M4=33, A/ 24 being 2 o
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the diagramof Fig. 17, whereby the selecting unit 14 sele- <cts the

quanti zation table with high rate. In the case of Fig. 10(b) where the
average variation quantity in each sub- block is M=2, M=3, M3=14 and
MA=15, A/ 24 and B/ 24 are respectively 2 and 15, which corresponds to the
point [err] in Fig. 17. Accordingly, the selecting unit 14 selects the
quanti zation table with nediumrate. In the case of Fig. 10(c) where the
average variation quantity in each sub-block is M=28, M=30, M3=24 and
M4=16, A/ 24 and B/ 24 are 16 and 30, respectively, which is coincident with
the point y in Fig. 17, whereby the selecting unit 14 selects the quanti -
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zation table with low rate.

there- of will be abbreviated. Moreover,

in the event that the signal is processed in one

interlaced scanning, since the distance
el ements in vertical direction
first criterion

is large,-
value fromthe difference of inage signa

The ot her operations of the selecting
unit 14 are sane as in the first enbodi nent,

and therefore description
simlar to the first enbodi nent,
field during the

bet ween the adj acent picture

it may be arranged to obtain the
| evel between

adj acent picture elements only in horizontal direction. A

\Q_\“‘.—“
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criterion value calculating unit 18 shown in Fig. 18 is a nodification of
such arrangenent as nentioned above. In Fig. 18, the sane parts are

desi gnated by the sane reference

06 SEP1996 -31- nunerals as in Fig. 12.
The criterion val ue cal cul ating

Fig.30(a)
F(0.0) .1 2 3 4 b 6F(7.0)
1
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4
-
6
F(O '7)‘ ' | F(7.7)
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Fig. 30(b)
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unit 18 not only outputs the m ni mumval ue Ah of the ab- solute value sum
Vhn (n=l, 2, 3, 4) of the difference of inmage signal |evel between

adj acent picture elements in horizontal direction in each sub-block to the
selecting unit 14 as the first criterion value, but outputs the maxi num
value B of addition value Vn of the absolute value sum Wn of the
difference of image signal |evel between adjacent picture elenents in
vertical direction in each sub-block and the absolute value sum Vhn of the
difference of image signal |evel between adjacent picture.elenents in
horizontal direc- tion in each sub-block to the selecting unit 14 as the

Fig. 31
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second criterion val ue. , A third enbodi nent of this invention will be
descri bed bel ow. According to the third enbodinent, the criterion
for selecting the quantization step in the adaptive quantizing unit 12
differs. In Fig. 19 showing the structure of the coding apparatus
according to the third enbodi ment, nunerals 1, 4, 5, 11, 12 and 15
represent the formatting circuit, variable Iength coding unit, buffer
menory, orthogonal transformng circuit, adaptive quantizing unit and
control - '
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| er, respectively. Since these conponents are equivalent to those

indicated in Fig. 5 the description thereof will be omtted here. To be
noted in the third enbodinent is a. ' -32-

selecting unit 17 which divides a bl ock into'a plurality of

Fig. 34
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sub- bl ocks, and selects a quantization step on the basis of the m ninum
and maxi mum val ues in the dynam c range of each sub-block. As shown in
Fig. 20, the selecting unit 17 includes the sub-formatting circuit 21 for
di vidi ng each block generated fromthe formatting circuit 1 into four sub-
bl ocks, dynam c range detectors 41, 42, 43 and 44 which obtain the dynamc
range (mni mum and maxi num val ues) of the respective sub-blocks, a mninmm
val ue detector 45 for detecting the m ninum value of the outputs fromthe
dynam c range detectors 41, 42, 43 and 44, a nmaxi mum val ue detector 46
for detecting the maxi num val ue of the outputs fromthe

Fig. 35

W(0) W(1) W(2) W(3) W(4) W(5) W(6) W(T7)
F(7,0)

w(8)

W(9)
W(10)
W(11)

This Sheet Has Been Reﬂ

[N




detectors 41, 42, 43, and 44, a subtracter 47 for subtra- cting the out put
of the m ni num val ue detector 45 fromthe output of the maxi num val ue
detector 46, and a control signal generator 48 which outputs a control
signal for sele- «cting a quantization step to the adaptive quantizing unit
12 on the basis of the outputs fromthe m ninumvalue de- tector 45 and

subtracter 47. " The codi ng apparatus accordi ngato the third enbodi nent
will operate in the manner as described below. An infage signal is divided
into bl ocks of 8 picture elenments X 8
Vol
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-33- in each sub-block yl, y2, y3 or y4 is expressed by yl(i,j),
y2(i,j), y3(i,j), or y4(i,j) (i,j=1, 2, 3, 4). The dynam c range detectors
41, 42, 43 and 44 calculate and output re- spective dynam c ranges DR1,

DR2, DR3 and DR4 of the sub- blocks as foll ows; DR1 = MAX{yl (i,]);
i,j=1,2,3,4-MNyl(i,j);i,j=1,2,3,4} DR2 = MAX{y2(ij);
ij=1,2,3,4}-MN{y2(ij);i,j=1,2,3,4} DR3 = MAX{y3(i,j);
i,]=1,2,3,4-MN{y3(i,j);i,j=1,2, 3,4} DRA = MAX{y4(i,]);

I1J=1121314}-MN{y4(|J)1|1J=1121314}

Fig. 38
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The m ni num val ue detector 45 detects the m ni nrum val ue
D=M N{ DR1, DR2,,DR3, DR4) o6f the outputs DR1, DR2, DR3, DR4 of the dynamc
range detectors 41, 42, 43 and 44, and out- puts the value D both to the
subtracter 47 and to the con- trol signal-generator 48. On the other hand,
t he maxi.mum val ue detector 46 detects and outputs the maxi mum val ue

E=MAX{-DR1, DR2, DR3, DR4} of the ou , of the dynam c
range detectors 41, 42, 43 and 42%3‘%(@1‘%@@3 The subtracter 47
subtracts the m ni mum val ue D fromddis viX%PPARMRIge E thereby to obtain a
val ue

BACKGROUND OF THE INVENTION
‘Field of the Invention
This invention relates to a coding apparatus designed
to reduce thé amount of data of digital image ‘signal for use
in a digital image signal recording apparatus such as a

digital VCR, etc.

Description of Related Art

Fig. 1 is a block diagram showing the structure of a
conventionallcoding apparatus disclosed, for example,in IEEE
Transactions on Consumer Electronics, Vol. 34, No. 3
(AUGUST, 1988) under the title of "AN EXPERIMENTAL DIGITAL
VCR WITH,4OMM DRUM, SINGLE ACTUATOR AND DCT-BASED BIT-RATE
REDUCTION". Referring to this Fig. 1, a formattiﬁg circuit
1 divides an inputted digital image into a plurality of
blocks and output§ the image signals of each block to a DCT
circuit 2. The image signals of each block are subjected to
Discrete Cosine Transform (hereinafter referred to as DCT)
by the DCT circuit 2 which then outputs coefficients to a
quantizing unit 3. The quantizing unit 3 holding a plura-_
lity of quantization tables having different quantizatioﬁ
steps from each other selects the optimum quantiiation table

in compliance with the coefficients and quantizes the

aes v nn

i
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F=E-D which is outputted to the control signal generator 48. In the
case where a small output Dis generated from the m nimum val ue detector
45, the block has the flat part whose degradation of inmage quality is
readily noticed. In this case, the quantization table with high rate or
the quantization table with nediumrate should be used. On the

-2-

coefficients in the block to output the quantized
coefficients to a variable length coding unit 4. The
variable length coding unit 4 performs variable length
coding on the quantized coefficients, generating variable-
length-coded coefficients to a buffer memory 5. The buffer
memory 5 transforms the variable-length-coded image signal
at a fixed rate and stores the same. A controller 6 selects
a quantization parameter for thé quantizing unit 3 and
coefficients to be coded in the variable length coding unit
4 so that the buffer memory 5 does not overflow.

The conventional coding apparatus in the aforementioned
structure will operate in the following manner. The in-
putted digital image signal is composéd of, e.g., a lumi-
nance signal and two color differénce signals which are
subjected to time-division multiplex and then divided into
blocks, for'example, consisted of 8 picture elements X 8
lineslin the formatting circuit 1 and outputted to the DCT
circuit 2. 1In th? DCT.circuit 2, supposing that the in-
putted image signal in each block is expressed by x(i,j) (i,
j=0, 1, ..., 7), DCT on 8 picture elements in horizontal
direction is performed to the image signal based on the

equations as below;

=

£(0,J) = 2

2

7
z x(i,J)
i=0

(2i + 1)mz

f
M ]

[
[1]
(=]

x(i,j) cos

™

f(m,J)
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- 34- other hand, if the subtracter 47 outputs a large output F, it
means that the imge changes greatly in the block, easily generating a
guanti zation error at the decoder side. There- fore, when the output Dis
smal|l and the output Fis large, it is necessary to quantize with high
rate. Dependi ng on the outputs D and F(=E-D), the control signa
generator 48 generates a control signal 30 the a- daptive quantizing unit
12 on the basis of the selecting

(m=1, 2, ..., 7) (j=0, 1, ..., 7)
Thereafter, DCT on 8 picture elements in vertical direction
is conducted to the transformed image signal f(0,j) and
f{m,j) as indicated below, whereby the image signal is
expressed by coefficients F(m,n) (m, n=0, 1, ..., 7) and

outputted to the quantizing unit 3;

I .
F(m,0) = 2]2 z.‘ f(m,J)
Jj=0
7 .
F(m,n) = é 2 f(m,j) cos iiiiLhul
Jj=0
(n=1, 2’ * o0y 7) (m=0, 1, e 0 0y 7)

The obtained coefficients are quantized in the quanti-
zing unit 3 in accordance with the quantization step selec-
ted on the basis of the content thereof and quantizing
parameter from the controller 6. In the case where the
content of the coefficients represents an image of a leading
edge part with strong contrast, a coarse quantization step
is sélected. On ;he other hand, if the content of the co-
efficients show an image of a detailed part with small ampli-
tude, a fine quantization step is selected.

The quantized coefficients are stored in the buffer
memory 5 after they are subjected to variable length coding
in.the variable length coding unit 4. The amount of data

stored in the buffer memory 5 is so checked by the control-
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diagramof Fig. 21 or 22, thereby allowi ng the adaptive quantizing unit 12
to select the optimum quanti zation step. Now, the operation of the

sel ecting unit 17 (control signal generator 48) will be concretely
explained with reference to the diagramof Fig. 23, taking an exanple of
the i mage bl ock of Fig. 10. Referring to Fig. 10(a), the dynamc

range in each sub- block is DR1=9, DR2=8, DR3=78 and DR4=114 in an exanple
of an image signal quantized into 8 bits. In this case, D and F(=E-D) are
respectively as foll ows; D=M N {DR1, DR2, DR3, DR4} =8

ler 6 as not to overflow. The controller 6 determines the
quantization parameter in.compliance with the amount of data
stored in the buffer.memory 5 and outputs the same to the
quantizing unit 3. Moreover, the controller 6 selects co-
efficients to be coded by the variable length coding unit 4
in accordance with the amount of data, and outputs fhe coef-
ficients to the variable length éoding unit 4. The data
stored in the buffer memory 5 is read at a fixed rate.

Fig. 2 is a block diagram showing the structuré of
another conventional coding apparatus disclosed, for exa-
mple, in the prior art referred to earlier. The parts
designated by the same reference numerals in Fig. 2 are
similar to those in Fig. 1 and therefore detailed descrip-
tion thereof will be abbreviated here. A weighting unit 7
of this apparatus makes a difference, which is intervened
between the formatting circuit l'and quantizing unit 3 so as
to perform weighting on the coefficients outputted from the
DCT circu?t 2. The quantizing unit 3 quantizes each coeffi-
cient subjected to weighting by the weighting unit 7.

The operation of tﬁe coding apparatus of Fig. 2 will be
discussed below. Similar to the example shown in Fig. 1,
the image signal is divided into blocks by the formatting
circuit 1 and then, the image signal in each block is pro-
cessed by DCT on 8 picture elements in horizontal and ver-

tical directions in the DCT circuit 2. The resultant coef-
{REPLACEMENT SHEET
06 SEP 1996 |




F=MAX{ DR1, DR2, DR3, DR4} - M N{ DR1, DR2, DR3, DR4} = 106 According to a di agram
of Fig. 23, this case coincides with a point a. Consequently, the
selecting unit 17 selects the quantization table with high rate. On the
other hand, in Fig. 10(b) wherein the dygam c range in each sub-block is
DR1=8, DR2=7, DR3=64 and DR4=57, D and F being 7 and 57, it

ficients F(m,n) are generated to the weighting unit 7. Each
coefficient from the DCT circuit 2 is subjected to weighting
in the weighting unit 7. More specifically, supposing that
the result of DCT operation for each block of 8 picture
elements X 8 lines is divided into four areas as indicated
in Fig. 3, as utilizing the fact that the human eyesight is
weak to high spatial frequencies, suéh a weighting facto:
W{m,n) is used so that weighting with low rate is conducted
for an area F4 including high spatial frequency components,
whereas weighting with high rate is performed for an area F1
including low spatial frequency components {(refer to Fig.
4).

7-!‘1}—3 lm x 7-{1-7g In

W(m,n) =

(0<agl); (myn =0, 1, ..., 7)

The coefficients after being subjected to weighting are
outputted to the quantizing unit 3. Since the subsequent
operation in the quantizing unit 3, buffer memory 5 and
controller 6 is éarried out in the same manner as in the
coding apparatus of Fig. 1, description thereof will be
abbreviated.

Although the conventional coding appératuses are con-
structed as described hereinabove, they still have problems

' remaining to be solved.as to the selection of the quanti-

zation step and constitution of the weighting unit.

A,
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- 35- agrees with a point [err] in Fig. 23. The selecting unit 17
sel ects the quantization table with nediumrate. Referring further to Fig.
10(c), the dynam c range in each sub-block is DR1=61, DR2=53, DR3=119 and
DR4=119, D and F being 53 and 66, WA ch coincides with a point y in Fig.
23. Accord- ingly, the selecting unit 17 selects the quantization table
with lowrate. For exmmpbehctheohpenbheatinnt AkSBodPngehpphrdt 48 Sperate
in

quantizing unit 3 in accordance with an alternating current

power E obtained from the coefficients F(m,n) by an equa-

tion;

™Mo

E =

7 2 2

A fine quantization is performed when the alternating cur-

rent power E is small, while quantizatibn is done in a

coarse manner if the power E is large. In other words, a

strong contrast is quantized in a coarse manner. If an

image includes lines with high contrast in a flat part of a
flat background where the image signal changes little, the
block of the image is quantized coarsely. However, quanti-
zation errors spreadﬁail over the block subsequent to an
inverse DCT at a deco&é%%§ide, thereby causing overlapping
of noises even in the flat part. Since the noises in the
flat part appear considerably annoying, the image quality
cannot be free from undesirable degradation.

Moreover, 82! namely, 64 adders are necessitated to
perform weighting on the coefficignts of each block size 8 X

8, thus making the weighting unit bulki in size.

SUMMARY OF THE INVEN*ION

A object of this invention is to provide a coding ap-
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the same way as in the first enbodinent, and therefore the description
thereof will be abbreviated. Her ei nbel ow i s descri bed a codi ng
apparatus according to a fourth enbodi nent of this invention. In
Fig. 24, the structure of a coding apparatus of the fourth enbodinent is
shown, in which conponents designate by references 1, 4, 5, 11, 13 and 15
are the formatting circuit, variabl™@ length coding unit, buffer nmenory,
ortho- gonal trasformng circuit, criterion value calculating unit and
controller, equivalent to those indicated in Fig. 5. The codi ng apparat us
is further provided with an adaptive

paratus designed to quantize an image signal in such a
manner that even a flat part of the image keeps favorable
image quality at a decoder side.

A further object of this invention is to providé a
coding apparatus permitting a flat part of the image in each
block whose degradation of image quality is conspicuous to
keep favorable image quality at a decoder side.

A still further object of this invention is to provide

a coding apparatus enabling reduction of an image signal,

with using a sma.ll_nu.:ﬁ= of adders, in a manner not to
result in a strikingﬁaééradation of image quality.

A coding apparatus according to this invention is
provided with block formatting means for dividing a digital
image signal into blocks of plurality of picture elements,
orthogonal transforming means for performing orthogonal
transform on the formatted image signal, quantizing means
for quantizing coefficients obtained through the orthogonal
transform with a quantization table, means for dividing
each block of the image signal outputted from the block
formatting means into a plurality of sub-blocks and ob-
taining criterion values from the absolute value sum of
differeﬁce of image signal level between adjacen£ piéture
elements in éach sub-block, and deciding means for deciding
the quantization table on the basis of the criterion values.

In a further aspect of this invention, a coding
06 SEP.1996




wei ghting unit 18 for perform ng adaptive weighting on the coefficients

outputted fromthe orthogonal trasformng <circuit 11 and a selecting unit
19 for selecting a weighting factor for the adaptive weighting unit 18 on
the basis of an output fromthe criterion value calculating unit 13. The
criterion value calculating unit 13 hag_the I nner structure

06 SEP 1996 . ;

apparatus is provided with block formatting means for divi-
ding a digital image signal into blocks of every plurality
of picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
weighting means for performing weighting on coefficients
obtained through fhe orthogonal transform with a weighting
factor, means for dividing each block of the image signal
outputted from the block formatting means into a plurality
of sub-blocks and obtaining criterion values from the
absolute value sum of difference of image signal level
between adjacent picture elements in each sub-block, and
deciding means for deciding the weighting faqtor on the
bagsis of the criterion values.

For the combination of the criterion values, the
minimum value among the absolute value sum and the dif-
ference between the maximum and minimum values among the
absolute value sum, or, the minimum and maximum values among
the absolute valug sum are employed.

In a still further aspect of this invention, a coding
apparatus is provided with block formatting means for divi-
ding a digital image signal into blocks of plurality of
picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
quantizing means for quantizing coefficients obtained th-

rough the orthogonal transform with a quantization table,
REPLACEMENT SHEET
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- 36- as shown in Fig. 6. The codi ng apparatus according to this
fourth enbodi- nent will operate in the foll ow ng nmanner. Simlar to
the first enbodi ment, the maxi numvalue A and subtracting val ue C obtai ned

by the criterion value <calculating unit 13 are inputted to the selecting
unit 19 as 9

means for dividing each block of the image signal outputted
from the block formatting means into a plurality of sub
blocks and obtaining the maximum and minimum values of the
image signal level of picture elements in each sub-biock,
and deciding means for deciding the quantization table on
the basis of the maximum and minimum values.

In a yet further aspect of this invention, a coding
apparatus is provided with block formétting means for divi-
ding a digital image signal into blocks of plurality of
picture elements, orthogonal transforming means for per-
forming orthogonal transform on the formatted image signal,
weighting means for performing weighting on coefficients
obtained through the orthogonal transform, means for divi-
ding each block of the image signal outputted from the block
formatting means into a pluraiity of sub-blocks and ob-
taining the maximum and minimum values of the image signa}
level of picture elements in each éub-block, and deciding
means for deciding a weighting factor for the weighting
means on the basis of the maximum‘and minimum values.

In addition to the aforementioned means, the coding
apparatus in any aspect of this invention further includes
means for performing variable length coding on the quantized
(or subjected-to-weighting) coefficients, memory means for
storing the variable-length-coded coefficients, and a con-

trolling means for detecting the storing amount of the

REPLACEMENT SHEET
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~the first and second criterion values, respectively. In correspondence to
the criterion values A and C, the sele- <cting unit 19 selects the
wei ghting factor for the adaptive weighting unit 18 on the basis of the
selecting diagramof Fig. 8 or 9. For exanple, the adaptive weighting unit
18 holds weighting factors of the followng three kinds of rates.
W(mn)=l

_10_

*

memory means thereby to control the quantizing méans (of
deciding means) to decide the quantization table (or
weighting factor) so that thé storing amount is kept within
a fixed range of volume. It is to be noted here that the
block divided by the block formatting means may be either a
two-dimensional block in horizontal and vertical directions
or a three-dimensional block in horizontal, vertical and
time directions. Moreover, DCT (Discrete Cosine Transform)
is used for the orthogonal transform.

In the coding apparatus of this invention, the digital
image signal is formatted in blocks and further divided into
sub-blocks. Criterion values are calculated corresponding
to the image signal in each sub-block, and the image state
is determined on the basis of the criterion values, whereby
the appropriate quantization table (or weighting factor) can
be decided. It is detected for every block.whether a flat
part the degradation of image quality of which is noticeable
is present or the.image is one that is liable to generate
quantization errors at the decoder side. Therefore; the
image with less degradation of image quality is quantized
(or subjected to weighting) with low rate, that is, with
large reduction rate, while.the image with much degradation
of image quality is quantized (or subjected to weighting)
with high rate, namely, with small reduction rate. Accord-

ingly, the coding apparatus can output the image signal
REPLACEMENT SHEET
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[err] Ww(mn), W(mn) and WB(m n) are respectively called as the

wei ghting factor wwth high rate, the weighting factor with nediumrate and
the weighting factor with lowrate. In the case where the first criterion
value Ais small, the block has a flat part which is easily noticed of the
degradation of the inmage quality atiihe decoder side. In this case,

wei ghting is performed with high or nediumrate. |If the

without conspicuous noises even for the flat part.

The coding apparatus according to a yet further aspect
of this invention is provided with'block formatting means
for dividing a digital image signal into blocks of plurality
of picture elements, orthogonal transforming means for per-
forming orthogonal transform on each formatted block,
weighting means having adders of a smaller number than the
number of picture elements in each block for performing
weighting on the coefficients obtained through the ortho-
gonal transform and, means for performing variable length
coding on the coefficients subjected to weighting. The
weighting means in this coding apparatus performs weighting
on the coefficients with using a weighting factor suitable
for a sequency degree in horizontal direction in each block
and a sequency degree in vertical direction in each block.
Accordingly, weighting becomes possible by not more than
N2/4 adders, for example, in each block of the size NXN.
Thus, coding with.high efficiency having no conspicuous
degradation of image quality can be achieved with a little
number of adders.

The above and further objects and features of the
invention will more fully be apparent from the following

detailed description with accompanying drawings.
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-37-. second criterion value Cis large, the inmage is greatly changed
i n the bl ock, thereby bringing about quantization errors at the decoder
side. Therefore, if the value Ais small and the value Cis |arge, adverse

effects of the high spatial frequencies cannot be neglected. In such
case, the weighting is perfornmed with high rate.

=12~

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a block diagram of the structure of a
conventional coding apparatus; |

Fig. 2 shows a block diagram of the structure of
another conventional coding apparatus;

Fig. 3 shows a conceptional diagram explanatory of the
oﬁeration of a weighting unit of the conventional apparatus
of Fig. 2; '

Fig. 4 shows a conceptional view exemplifying how to
rerform weighting in the conventional apparatus of Fig. 2;

Fig. 5 shows a block diagram of the structure of a
coding apparatus according to a first embodiment of this
invention;

Fig. 6 shows a block diagram of the structure of an
example of a critefion value calculating unit in the coding
apparatus according to the first and a fourth embodiments of
this invention;

Fig. 7 shows a diagram explanatory of the operation of
a sub-formatting circuit in the criterion value calculating
unit;

Fig. 8 and 9 show diagrams explanatory of the operation
of a selecting.unit in the coding apparatus according to the
first and fourth embodiments;

Fig. 10 shows an example of an image block;

Fig. 11 shows a diagram of an example of selection in
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Wth reference to the image bl ock of Fig. 10, concrete explanation is nade
to the operation of the selecting unit 19. The selecting criterion of the
high rate, nediumrate and lowrate is held the sane as in the first
enbodi ment (Flg. 11). Fig. 10(a) is the block with an i nage whose
degradation of inmage quality is notL? abl e due to the expansion of
quanti zation noises at the flat part”“There- fore, weighting with high
rate should be performed. Since this case is coincident with the point a
in the diagramof Fig. 11, the selecting unit 19 selects the weighting
factor WL(mm) with high rate. Al though weighting with [ow rate

each image block of Fig. 10 according to the first and

fourth embodiments;

Fig. 12 shows a block diagram of the structure of
another example of the criterion value calculating unit
according to the first and fourth embodiments;

Fig. 13 shows a block diagram of the structure of a
coding apparatus according to a second embodiment of this
invention;

Fig. 14 shows a block diagram of the structure_of an
example of a criterion value calculating unit in the coding
apparatus according to the second and a fifth embodiments of
this invention;

Figs. 15 and 16 show diagrams explanatory of the ope-
ration of a selecting unit in the coding apparatus according
to the second and fifth embodiments; |

Fig. 17 shows a diagram of an example of selection in
each image block of Fig. 10 according to the second and
fifth embodiments;

Fig. 18 show; a block diagram of the structure of
another example'of the criterion value calculating dnit
according to the second and fifth embodiments;

Fig. 19 shows a block diagram of the structure of a
coding apparatus according to a third embodiment of this
invention;

Fig. 20 shows a block diagram of the structure of a

.
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cannot be perfornmed in the case of the block in Fig. 10(b) where the edge
Is found with not so high contrast in the flat background, quantization
errors at the decoder side are small, and therefore weighting with nmedi um
rate is per- formed. This case coincides with the point [err] in Fig. 11,
and accordingly the selecting unit-1439 selects the weighting factor W2(m n)
with mediumrate. In the neantine, the block in Fig. 10(c) has a strong
change in contrast all thereover

0 6 SEP 1996

selecting unit of the coding apparatus according to the -
third and a sixth embodiments;

Figs. 21 and 22 show diagrams explanatory of the
operation of the selecting unit in the coding apparatus
according to the third and sixth embodiments;

Fig. 23 shows a diagram of an example of selection in
each image block of Fig. 10 according to the third and sixth
embodiments; -

Fig. 24 shows a block diagram of the structure of
coding apparatus according to the fourth embodiment of this
invention;

Fig. 25 shows a block diagram.of the structure of a
coding apparatus according to the fifth embodiment of this
invention;

Fig. 26 shows a block diagram of the structure of a
coding apparatus according to the sixth embodiment of this
invention;

Fig. 27 shows a block diagram of the structure of a

coding apparatus according to the seventh embodiment of this

invention;
Fig. 28 shows a block diagram of the structure of a

weighting unit in the coding apparatus according to the
seventh embodiment;
Fig. 29 shows a conceptional view of the operation

during zigzag scanning according to the seventh embodiment;

Fig. 30 shows a conceptional view of an example of a
06 SEP 199




- 38- and the quantization errors are hard to be noticed. There- fore,
wei ghting with low rate can be carried out, thereby enhancing the
reduction rate. This case is coincident with the point y in Fig. 11. The
selecting unit 19 selects the

-15-

weighting factor according to the seventh embodiment;

Fig. 31 shows a photograph of an example of an image;

Fig. 32 shows a bit map equipped in a variable length
coding unit in the coding apparatus of the seventh embod-
iment;

Fig. 33 shows a block diagram of the structure of a
decoding apparatus for decoding the data coded by the coding
apparatus of the seventh embodiment;

Figs. 34 and 35 show conceptional views of another
example of a weighting factor according to in the seventh
embodiment;

Fig. 36 shows a block diagram of the structure of the
coding apparatus when applied for three-dimensional b;ocks;

Fig. 37 sh;ws a block diagram of the structure of an
example of a criterion value calculating unit of the coding
apparatus shown in Fig. 36; and

Fig. 38 shows a diagram how to divide the three-

dimensional block into sub blocks.

DESCRIPTION OF THE PREFERRED EMBODIﬁENTS
This invention will become apparent from the following
description taken in conjunction with preferred embodiments
thereof with reference to the accompanying drawings.
Referring first to Fig. 5, there illustrated is a block

diagram showing the structure of a coding apparatus ac-
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wei ghting factor WB(mn) wth |low rate. Foll owi ng the result of the
selection by the selecting wunit 19, the adaptive weighting unit 18 sel ects
an appro- priate weighting factor for each bl ock, perform ng weighting on
the coefficients outputted fromthe orthogonal trans- formng circuit 11
and outputting the weighting factor for each block and the coefficients
subjected to weighting to the variable | ength coding unit 4. The output of
the adap- tive weighting unit 18 is1gariabl e-length-coded by the variable
| ength coding unit 4 and then stored in the buffer

cording to a first embodiment of this invention, whereiﬁ
numerals 1, 4 and 5 respectively represent a formatting
circuit for dividing an inputted digital image into a
plurality of blocks, a variable length coding unit for per;
forming variable length coding on an output from an adabtive
quantizing unit 12 and a buffer memory for storing an output
from the variable length coding unit 4. These components
are equivalent to those disclosed in the conventional ap-
paratuses shown in Figs. 1 and 2. In addition to these
components, the coding apparatus aécording to the first
embodiment inéludes an orthogonal transforming circuit 11
which performs orthogonal transform on each block of the
image signal from the formatting circui£ 1, the adaptive
quantizing unit 12 which has a plurality of quantization
tables making adaptive quantization to coefficients from the
circuit 11, a criterion value calculating unit 13 which
divides each block divided by the formatting circuit 1
further into a plurality of sub-blocks, and calculates and
outputs a first and a second criterion values as a selecting
criterion of the quantization table, a selecting unit 14 for
selecting a quantization table based on an output from the
calculéting unif 13 and outputting the content of the
quantization step to the adaptive quantizing unit 12, and a
controller 15 which controls the selecting unit 14 so that

the buffer memory 5 does not overflows. The quantiaztion




menory 5. The data stored in the buffer nenory 5 is read out at a fixed
rate. Meanwhi | e, the controller 15 detecting the amount of the data
stored in the buffer nmenory 5 controls the sele- ction of the weighting
factor so that the buffer menory 5 does not overflow. In other words, in
the case where the buffer menmory 5 can afford a sufficient amount of
capacity, the controller 15 arranges §? that the weighting factor with
high rate is selected nuch nore, on the Basis of the cri- terion, e.g., as
indicated in the diagramof Fig. 8. On the contrary, if the buffer nenory
5is nearly saturated, the

table may be uniform quantizer with fixed step width, or it

may be nonlinear quantizer with irregular step width.

As shown in Fig. 6, the criterion value calculating
unit 13 is provided with a sub-formatting circuit 21 which
divides each block of the image signal from the circuit 1
into, for example, four sub-blocks, four calculators 22, 23,
24 and 25 each for obtaining the absolute value sum of dif-
ference of image signal level between adjacent picture ele-
ments in horizontal and vertical directions in each sub-
block, a minimum value detector 26 for detecting the minimum
value A of the ocutputs from the four calculators 22-25, a
maximum value detector 27 for detecting the maximum value B
of the outputs from the four calculators 22-25, and a sub-
tracter 28 which subtracts the minimum output A from the
maximum output B. The criterion value calculating unit 13
outputs the output A from the minimum value detector 26 as
the first criterion value, and an output C(=B-A) from the
subtracter 28 as the second criterion value, to the sele-
cting unit 14.

Now, the operation of the coding apparatus will be
explained hereinbelow. When a digital image signal (com-
posed of a luminance signal and two color difference signals
or RGB signals) is inputted to the formatting circuit 1, it

is subjected to time-division multiplex, and, divided into

blocks, e.g., each consisting of 8 picture elements X 8

re-srmeren
e e ——ry
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- 39- controller 15 arranges so that the weighting factor with | ow
rate is more frequently selected, using the criterion, for exanple, as
indicated in Fig. 9. Simlar to the first enbodi nent, according al so
to this

~18-

lines. Each block is outputted to the orthogonal trans-
forming circuit 11 and criterion value calculating unit 13.
In the circuit 11, an orthogonal transform such as Discrete
Cosine Transform (DCT) or the like is performed on the image
signal. Coefficients which are outputs from the circuit 11
are generated to the adaptive quantizing unit 12.

In the criterion value calculating.unit 13, as illust-
rated in Fig. 7, each block consisting of 8 picture elements
X 8 lines which is outputted from the formatting circuit 1
is divided into four sub-blocks yl, y2, y3 and y4 each con-
sisting of 4 picture elements X 4 lines. In this case, an
image signal in each sub-block yl1l, y2, y3 or y4 is expressed
by v1(i,j), y2(i,J§), v3(i,j) or y4(i,J,) (i,j=1, 2, 3, 4).
The image signal in eéch sub-block yl1l, y2, y3 or y4 is in-
putted to the respective calculator 22, 23, 24 or 25. The
calculator 22 calculates the absolute value sum V1 of dif-
ference of image signal level between adjacent picture
elements in horizontal and vertical directions in the sub-

block yl based on an equation as follows;

4 3 i
Vi= Z & ly‘ (i,3) - vy, (i+1.J)‘

5 .
+ 12 A0 - v (1ae)

Moreover, the other calculators 23, 24 and 25 calculate in
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fourth enbodi nent, since adjacent picture elenments in ver- tical direction
are separated fromeach other in the event that the signal is processed in
one field during the inter- laced scanning, the first criterion value my
be determined only by the difference of inmage signal |evel between ad-
jacent picture elenents in horizontal direction. In such case, the
criterion value calculating unit 1319ay be con- stituted as in Fig. 12.

Descri bed hereinbelow is a coding apparatus according to a fifth
enbodi nent of this invention.

the same manner the absolute value sums V2, V3 and V4 of
difference of image signal level between adjacent picture
elements in horizontal and vertical directions in the sub-

blocks y2, y3 and y4, respectively as follows;

V2

& Elv - v

+ . 3 4
2 24

A P PSR I E RIS V]
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& Al - mae|

4

V4 = %1

3
21 lvei0) - v, (101,00

4

* ig]

3
A1 fre(5:9) - w54 |

The minimum value detector 26 detects the minimum value
A=MIN {V1,V2,V3,V4} of the four outputs Vi, V2, V3 and V4
generated from the calculators 22, 23, 24 and 25, and out-
puts the value A to the selecting unit 14 as the first
criterion value to select the quantization step and also to
the subtracter 28. In the meantime, the maximum value de-
tector 27 detects the maximum value B=MAX {V1,V2,V3,V4} of
the four outputs from the calculators 22, 23, 24 and 25, and

outputs the value B to the subtracter 28. In consequence,
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Al t hough the second criterion value is the subtracting value Cin the
above-descri bed fourth enbodi nent, the maxi numvalue B may be enpl oyed for
the second criterion value to select the weighting factor. That is, the
maxi mum value B is used as the second criterion value according to the
fifth enbodinent. It is to be noted that the first criterion value
according to the fifth enbodinent is the mnimumvalue Ain the fourth
embodi nent as well. Referring now taQpfig. 25 showing the structure of the
codi ng apparatus of the fifth enbodi nent, nunerals 1, 4, 5, 11, 15, 18 and
19 are the formatting circuit, variable Iength coding unit,

the subtracter 28 calculates the difference C between B‘and
A, outputting the value C to the selecting unit 14 as the
second criterion value to select the quantization step.

The first criterion value A is to detect a flat part in
the image. If the first criterion value A is small, it
means that the block includes a flat part whose degradation

-of image quality is ready to notice at .a decoder side. On
the other hand, the second criterion value C is to detect a
change in the image. Thérefore, the larger the second
criterion value C, the more the image changes in the block,
and a quantization error is easily brought about at the
decoder side.

The selecting unit 14 #elects the quantization step to
quantize the coefficients in the adaptive guantizing unit 12
in accordance with the first and second criterion values A
and C. The adaptive quantizing unit 12 holds quantization
tables of different quantization steps, for example, a
quantization tab%g with high rate, a quantization table with
medium rate and a quantization table with low rate. The
quantization table with high rate is used to quantize the
coefficients finely. The quantization table with medium rate
is a table where the quantization step is performed with
medium rate, while the quantization table with low rate is
to quantize the coefficients coarsely. The selecting unit 14

selects the optimum quantization table among the three
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- 40- buffer nmenory, orthogonal transformng circuit, controller,
adaptive weighting unit and selecting unit, respectively, which are
equi valent to those indicated in Fig. 24. Fur-

-21-

tables in accordance with the first and second criterioﬁ
values A and C on the basis of a selecting diagram indicated
in Fig. 8 or 9. In the case where the first criterion value
A is small, since the block has a flat part easy to degrade
the image quality, the quantization table with high rate or
the quantization table with medium rate is selected. 1In the
case where the second criterion value C. is large, since the
image in the block greatly changes which leads to a quant-
ization error at the decoder side, the quantization table
with high rate is selected to quantize in # fine manner..

By way of example, an image block shown in Fig. 10 is
used to explain the operation of the selecting unit 14 on
the basis of a selecting diagram of Fig. 1l1. For simpli-
fication of the explanation, the average variation quantity
Mn=Vn/24 is employed here in place of the absolute value sum
Vn (n=1, 2, 3, 4) of difference of image signal level be-
tween adjacent picture elements in the sub-block.

Fig. 10(a) illustrates a block where a.line is drawn
slantwise with strong contrast to the flat background.

Since the quantization noises spread in the flat part in the
block and the degradation of the image quality is con-
spicuous at the decoder side, the quantization table with
high rate should be employed. The average variation quan-
tity in each sub-block of the block is for example M1=2,

M2=2, M3=10 and M4=33. In this case, the criterion values
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thernore, a criterion value calculating unit designated by nuneral 16 is
equivalent to that unit 16 in the second enbodiment shown in Fig. 14.
According to this fifth enbodiment, the selecting criterion of the

wei ghting factor in the fourth enbodinent is applied to the second

enbodi nent. Therefore, the operation of the coding apparatus according to
the fifth enbodinent is easy to understand with reference to the
description related to the second and fourth enbodi ments, and the detail ed
description of the fifth enbodigpnt will be omtted here. Now, a
codi ng apparatus according to a STxth enbodi nent

A/24 and C/24 are respectively:

A/24= MIN {M1,M2,M3,M4} =2 and

C/24= MAX {M1,M2,M3,M4} -MIN {M1,M2,M3,M4} =31.
Therefore, the case is corresponding to a poiﬁt a in the
diagram of Fig. 11, so that the selecting unit 14 selects
the quantization table with high rate.

Fig. 10(b) illustrates a block with an edge having not
so high contrast to the flat background. Although the
quantization table with low rate cannot be employed for this
block because of the presence of the flat rart, the contrast
is not so strong and the quantization error at the decoder
side results small, and accordingly the quantization table
with medium rate may be used. The average variation quan-
tity in each sub-block of the block is for example M1=2,
M2=3, M3=14 and M4=15. 1In this case, the criterion values
A/24 and C/24 are respectively 2 and 13, which is coincident
with a point B8 'in the diagram of Fig. 11. 1In consequence,
the selecting uni? 14 selects the quantization table with
medium rate.

In the meantime, Fig. 10(c) illustrates a block having
a great change in contrast all thereover. The quantization
error is hard to be recognized at the decoder side, and
therefore the quantization table with'low rate can be used
thereby to raise the reduction rate. The average variation

quantity in each sub-block of the block is for example
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of this invention will be depicted. According to the sixth

enbodi nent, the selecting criterion of the weighting factor for the
adaptive weighting wunit 18 in the fourth enbodinment is applied to the
earlier- described third enbodinment. In the structure of the coding
apparatus of the sixth embodi ment shown in Fig. 26, nunerals 1, 4, 5, 11,
15 and 18 designate the formatting circuit, variable length coding unit,
buffer nmenory, orthogonal transforsgng circuit, controller and adaptive
wei ghting wunit. These conponents are equival ent to those shown in

M1=28, M2=30, M3=24 and M4=16. The criterion values A/24
and C/24 are 16 and 14, respectively, which is coincident
with a point 7 in the diagram of Fig. 11. As a result, the
quantization table with low rate is selected by the sele-
cting unit 14.

In connection with the above, the criterion for sele-
cting the quantization step, namely, the occupation rate of
each quantization table is different in Figs. 8 and 9. The
controller 15 determines which of Figs. 8 and 9 is to be
used as the selecting diagram. The controller 15 works, by
detecting the amount of data stored in the buffer memory 5,
to adjust the rate with which the coefficients are quantized
in the adaptive quantizing unit 12 so that the buffer memory
5 does not overflow. 1In other words, if the buffer memory
can afford a sufficient amount of data, the controller 15
adjusts the deciding unit 14 to select the criterion shown
in Fig. 8 so that the quantization table with high rate is
selected more oft?n. On the other hand, if the buffer
memory 5 cones to be nearly saturated, the controller 15
adjusts the selecting unit 14 to select the criterion shown
in Fig. 9, whereby the quantization table with low rate is
more frequently selected. In the manner as above, the rate
when the coefficients are outputted to the buffer memory 5
is adjusted by the controller 15.

The adaptive quantizing unit 12 selects the adequate
REPLACEMENT SHEET
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Fig. 24, and nuneral 20 is a selecting unit equivalent to
06 SEP 1996 -41- the selecting unit
17 in the third enbodi nent shown in Fig.

quantization step for each block in accordance with the
selecting result of the selecting unit 14, and quantizes the
coefficients outputted from the orthogonal transforming
circuit 11. Thereafter, the unit 12 outputs both the sele-
cted quantization step and quantized coefficients to the
variable length coding unit 4. The coefficients are, after
being subjected to variable length coding and stored in the
buffer memory 5, read out at a fixed rate for transmission.

According to the foregoing embodiment, the first and
second criterion values A and C are obtained from the dif-
ference of image signal level between adjacent picture
elements in horizontal and vertical directions. However,
particularly in the case where the signal is to be processed
in one field during the interlaced scanning, since the
adjacent picture elements in vertical direction are se-
parated a distance, the first criterion value for detecting
-the flat part may be obtained from the difference of image
signal level betw?en adjacent picture elements only in hori-
zontal direction.

Such modified example as referred to above is shown in
Fig. 12. The modified criterion value calculating unit 13
of Fig. 12 is provided with the sub-formatting circuit 21,
calculators 31} 32, 33 and 34 for obtaining_the absolute
value sum of the difference of image signal level between

adjacent picture elements in horizontal direction in re-
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20. Accordingly, the operation of the coding apparatus according to the

si xth enbodi nent can be readily understood fromthe description related to
the third and fourth enbodi- nents, and therefore the detail ed description
of the sixth enbodinent will be abbreviated here. It is to be noted,
however, that although each one block is divided into four sub-blocks in
any of the fore- going enbodi nentgg-it is not necessarily required to
divide the block into four, but the nunber of the sub-blocks may be

deci ded depending on the size or the like of the bl ock.

spective sub-blocks, a minimum value detector 35 for de;
tecting the minimum value among the outputs of the calcu-
lators 31, 32, 33 and 34, calculators 36, 37, 38 and 39 for
obtaining the absolute value sum of the difference of image
signal level between picture elements in vertical direction
in respective sub-blocks, an adder 60 for adding the outputs
of the calculators 31 and 36, an adder 61 adding the outputs
of the calculators 32 and 37, an adder 62 for adding the
outputs of the calculators 33 and 38, an adder 63 for adding
the outputs of the calculators 34 and 39, the minimum value
detector 26 for defecting the minimum value among the out-
puts of the adders 60, 61, 62 and 63, the maximum value
detector 27 for detecting the maximum value of the outputs
of the adders 60, 61, 62 and 63, and the subtracter 28 for
subtracting the output of the minimum value detector 26 from
the output of the maximum value defector 27.

Hereinbelow, the operation of the criterion value
calculating unit 13 will be explained. Image signals in the
sub-blocks y1, y2: ¥y3 and y4 which are outputted from the
sub formatting circuit 21 are expressed by y1(i,j), y2(i,j),
¥3(i,j) and y4(i,j) (i,j=1, 2, 3, 4) respectively. The
signals in the sub-blocks y1, y2, y3 and y4 are inputted to
the calculators 31, 32, 33 and 34, respectively. The calcu-

lator 31 calculates the absolute value sum Vhl of the dif-

ference of image signal level between adjacent picture
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Moreover, in selecting the quantization step or weighting factor, two
kinds of the criterion values are used in the foregoing enbodi nents.
However, n kinds (n>1) of criterion values nay be enployed. In the case
where n is equal to 1, for exanple, the absolute value sumof the
difference of image signal |evel between adjacent picture elenents in
hori zontal and vertical directions in the sub- block nay be used as the
criterion value, and on the basis of which the quantization step or

wei ghting factor may be sel ected.-26- A codi ng apparatus according to
sevent h enbodi nent of

elements in horizontal direction in the sub-block yl as

follows;

Vhl = ? i,J i+1,5)]
1= 2 %, y, (i,3) - yi(1+ »J )

The other calculators 32, 33 and 34 also calculate the
absolute value sums Vh2, Vh3 and Vh4 of the difference of
image signal level between adjacent picture elements in
horizontal direction within the respective sub-blocks y2,

¥v3, and y4 as follows;

4 3 2 s L3 (3
Vh2 = .2 34 |% (1,3) - v, (i41,5)
h - 4 3 3 » 3 3
Vh3 = ng iz=1 Ys(le) - Y3(1+1’J)
4 3 > (3 3 -
Vhe = .2 21|V (1:3) - v,li+l,5)

The minimum value detector 35 detects the minimum value
Ah=MIN {Vh1,Vh2,Vh3,Vh4} of the outputs Vhl, Vh2, Vh3 and
Vh4 of the calculators 31, 32, 33 and 34. The minimum value
Ah is outputted t; the selecting unit 14 as a first criterion
.value for selecting the quantiz#tion step in the adaptive
quantizing unit 12.

Meanwhile, the image signals in the sub-blocks yl, y2,
¥3 and y4 are outputted also to the calculators 36, 37, 38
and 39, respectively. The calculator 36 calculates the

absolute value sum Vvl of the difference of image signal




this invention is as foll ows. Referring to Fig. 27 which shows the
structure of a coding apparatus of the seventh enbodi ment, the coding
-42- apparatus is provided with the formatting circuit 1 t he

-27-

level between adjacent picture elements in vertical direc-
tion in the sub-~block yl on thé basis of the following

equation;

4 3 A - '
Vvl = .3 J};l v, (1,3) - y,(l,a+1)l

Likewise, the other calculators 37, 38 and 39 calculate the
absolute value sums Vv2, Vv3 and Vv4 of the difference of
image signal level between adjacent picfure elements in
vertical direction iﬁ the sub-blocks y2, y3 and y4, respec-

tively, as follows;

4 3 . . o
VW2 = u2) 2| (i,d) - va(i,g+l)
_ 4 3 .. o
vv3 = L Z &, v, (1,3) = y3(i,j+1)
4 3 . o
vvd = .20 2 Ve (isd) - y.(i,j+1)

The outputs Vhl and Vvl of the calculators 31 and 36 are
inputted to the agder 60, and V1=Vhl+Vvl is calculated. In the
similar manner, V2(=Vh2+Vv2), V3(=Vh3+Vv3) and V4(=Vh4+Vv4)

are calculated in the adders 61, 62 and 63, respectively.

The minimum value detector 26 detects the minimum value

A=MIN {V1,V2,V3,V4} of the outputs V1, V2, V3 and V4 from

the adders 60, 61, 62 and 63 to output the same to the sub-
tracter 28. At the same time, the maximum value detector 27

detects the maximum value B=MAX {V1,V2,V3,V4} of the




orthogonal transformng circuit 11, a weighting unit 51 for performng
wei ghting on coefficients outputted fromthe circuit 11, and the variable
| ength coding unit 4. The weighting wunit 51 is conprised of a zigzag
scanning circuit 52 which scans zigzag the picture elenents in the bl ock,
a weighting table 53 accomopdating a plurality of weighting factors
therein, and an adder 54 for adding a weighting factor to the
coefficients, as shown in Fig. 28. _oghe codi ng apparatus in the
above-descri bed structure wll operate Th the nmanner descri bed

her ei nbel ow. The i n-

outputs V1, V2, V3 and V4 from the adders 60, 61, 62 ana 63
to generate the same to the subtracter 28. The subtracter
28 calculates and outputs the difference C between the
maximum value B and the minimum value A. The obtained value
C is sent to the'selecting unit 14 as a second criterion
value to select the quantization step.

Since the subsequent procedure goes the same way as in
the foregoing ehbodiment, it will be omitted from the des-
cription. |

Now, a coding apparatus according to a second em-
bodiment will be discussed below.

According to the second embodiment, the maximum vglue B
is used as the second criterion value although the sub-
tracting value C obtained by subtracting the minimum value A
.from the maximum value B is employed as the second criterion
value in the foregoing first embodiment. It is to be noted
here, however, that the minimum value A is set as the first
criterion value a}so in the second embodiment, similar to
the first embodiment.

Referring to Fig. 13 showing the structure of the
coding apparatus of the second embodiment, numerals 1, 4, 5,
11, 12, 14 and 15 respectively represent the formatting
circuit, variable length coding unit, buffer memory, ortho-
gonal transforming circuit, adaptive quantizing unit, sele-

cting unit and controller, all of which are equivalent to
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putted digital inmage signal is subjected to time-division multiplex in the
formatting circuit 1 into blocks of plu- rality of picture elenents. The
bl ock outputted fromthe ~circuit 1 is subjected to orthogonal transform
e.g., DCT or the like in the orthogonal transformng circuit 11. The
orthogonal transformng circuit 11 owgPuts coefficients, on which are
performed weighting in the weighting unit 51. The output of the weighting
unit 51 is variable-length-coded by the variable |Iength coding unit 4.

The operation of the above weighting unit 51 will particularly be
described in detail. In the case, for

those components shown in Fig. 5 and therefore the detaiied
descripfion thereof will be abbreviated. Fig. 14 shows the
structure of a criterion value calculating unit 16 in the
coding apparatus according to the second embodiment. As
compared with the structure of the criterion value calcu-
lating unit 13 of the first embodiment shown in Fig. 6, the
unit 16 is different in that the subtracter 28 is removed.
The criterion value calculating unit 16 detects the minimum
value A and maximum value B of the absolute value sums V1,
V2, V3 and V4 of the difference of image signal level be-
tweeﬁ adjacent picture elements in horizontal and vertical
directions in the sub-blocks yl, ¥2, y3 and y4, and outputs
these values respectively as the first and second criterion
values to.the selecting unit_i4.

The operation of the coding apparatus of the second
embodiment willlbe described hereinbelow. The selecting
unit 14 selects, in compliance with the criterion values A
and B and on the pasis of a selecting diagram shown in Fig.
15 or 16, the quantization step allowing the adaptive quant-
izing unit 12 to quantize the coefficients. The operation
of the selecting unit 14 will now be depicted in a detailed
manner with reference to a selecting diagram of Fig. 17
taken in conjunction with the image block shown in Fig. 10.
In the case of Fig. 10(a), the average variafion quantity in

each sub-block is M1=2, M2=2, M3=10 and M4=33, A/24 being 2




ihstance, where the formatting circuit 1 generates a block consisting of 8
picture elements X 8 lines (imge signal x(i,j)) (i, j=0 1, ., 1), the
ort hogonal transform ng - 43-

and B/24 being 33, which is coincident with the point a.in
the diagram of Fig. 17, whereby the selecting unit 14 sele-
cts the quantization table with high rate. 1In the case of
Fig. 10(b) where the average variation quantity in each sub-
block is M1=2, M2=3, M3=14 and M4=15, A/24 and B/24 are
respectively 2 and 15, which corresponds to the point £ in
Fig. 17. Accordingly, the selecting unit 14 selects the
quantization table with medium rate. 1In the case of Fig.
10(c) where the average variation quantity in each sub-block
is M1=28, M2=30, M3=24 and M4=16, A/24 and B/24 are 16 and
30, respectively, which is coincident with the point ¥ in
Fig. 17, whereby the selecting unit 14 selects the quanti-
zation table with low rate.

The other operations of the selecting unit 14 are same
as in the first.embodiment, and therefore description there-
of will be abbreviated. Moreover, similar to the first
embodiment, in the event that the.signal is processed in one
field during the }nterlaced scanning, since the distance
between the adjgcent picture elements in vertical direction
is large, it may be arranged to obtain the first criterion
value from the difference of image signal level between
adjacent picture eléments only in horizontal direction. A
criterion value calculating unit 18 shown in Fig. 18 is a
modification of such arrangement as mentioned above. 1In

Fig. 18, the same parts are designated by the same reference
REPLACEMENT SHEET
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circuit 11 outputs 8 x 8 coefficients F(mn) (mn=0, 1, .., 7). These
coefficients are arranged in a one- dinensional row of data by the zigzag
scanning circuit 52 having a zigzag scanning characteristic shown in Fig.
29. Then, the coefficients F(mn) are3butputted fromthe circuit 52 to
the adder 54 in the scanning order. At the sane tine, the zigzag scanning

circuit 52 guheph3szh8Z8d FEANNIPY  @HEr 8s3tdalan! Oh18KCEY 1EAYaRS ndat &,
thereby allow ng access to the weighting table 53. The wei ghting table

subsequent | ynigener abeSoAlyebGbpibg thet AinYmbhar vilaedahaoguitpet b@d from

t he zigzag scanning circuit 52 to the adder 54.
solute value sum Vhn (n=1, 2, 3, 4) of the difference of
image signal level betweeq adjacent picture elements in
horizontal direction in each sub-block to the selecting unit
14 as the first criterion value, but outputs the maximum
value B of addition value Vn of the absolute value sum Vvn
of the difference of image signal level between adjacent
picture elements in vertical direction in each sub~-block and
the absolute value sum Vhn of the difference of image signal
level between adjacent picture elements in horizontal direc-
tion in each sus—block to the selecting unit 14 as the
second criterion value.

A third embodiment of this invention will be described
below.

According to the third embodiment, the criterion for
selecting the quantization stép in the adaptive quantizing
unit 12 differs. .In Fig. 19 showing the structure of the
coding apparatus according to the third embodiment, numerals
1, 4, 5, 11, 12 and 15 represent the formatting circuit,
variable length coding unit, buffer memory, orthogonal
transforming circuit, adaptive quantizing unit and control-
ler, respectively. Since these components are equivalent to
those indicated in Fig. 5, the description thereof will be

omitted here. To be noted in the tbird embodiment is a
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The weighting factor is determ ned, for exanple, by 8 kinds of adders as
shown in Fig. 30. Concretely, the weighting factor Wis expressed by the
foll owi ng equation w th the use of the maxi mumval ue MEMAX{m} (m=0, 1

., 7) of a sequency degree min hosjgzontal direction and a sequency
degree n in vertical direction; [err] Both the coefficients F(mn)
outputted fromthe zigzag scanning circuit 52 and weighting factor WM
outputted fromthe weighting table 53 are inputted to the adder 54, where
t he

selecting unit 17 which divides a block into a plurality of
sub-blocks, and selects a quantization step on the basis of
the minimum and maximum values in the dynamic range of each
sub-block. As shown in Fig. 20, the selecting unit 17
includes the sub~formatting circuit 21 for dividing.each
block generated from the formatting circuit 1 into four sub-
blocks, dynamic range detectors 41, 42, 43 and 44 which
obtain the dynamic range (minimum and maximum values) of the
respective sub-blocks, a minimum value detector 45 for
detecting the minimum §a1ue of the outputs from the dynamic
range detectors 41, 42, 43 and 44, # maximum value detector
46 for detecting the maximum value of the outputs from the
detectors 41, 42, 43, and 44, a subtracter 47 for subtra-
cting the output of the minimum value detector 45 from the
output of the maximum value detector 46, and a control
signal generator 48 which outputs a control signal for sele-
cting a quantization step to the adaptive quantizing unit
12 on the basis q? the outputs from the minimum value de-
tector 45 and subtracter 47.

The coding apparatus according to the third embodiment
will operate in the manner as described below. An image
signal is divided into blocks of 8 picture elements X 8
lines in the formatting circuit 1, ahd each block is further
divided into four sub-blocks of 4 picture elements X 4

lines, i.e., sub-blocks yl, y2, y3 and y4. The image signal

AP oy s+ ey - v s
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coefficients are subjected to weighting in the followi ng manner;
F(mn) =F(mn) x WM 06
SEP 1996 -44-

-33-

in each sub-block yl, y2, y3 or y4 is expressed by yl(i,j),
¥2(i,j), ¥y3(i,d), or y4(i,j) (i,j=1, 2, 3, 4). The dynamic
range detectors 41, 42, 43 and 44 calculate and output re-
spective dynamic ranges DR1, DR2, DR3 and DR4 of the sub-

blocks as follows;

DR1 = MAX{yl1(i,j);i,j=1,2,3,4}-MIN{yl(i,j);i,j=1,2,3,4)
DR2 = MAX{y2(i,j);i,j=1,2,3,4}-MIN{y2(i,j);i,j=1,2,3,4)}
DR3 = MAX{y3(i,j);i,j=1,2,3,4}-MIN{y3(i,j);i,j=1,2,3,4}
DR4 = MAX{y4(i,j);i,j=1,2,3,4}-MIN{y4(i,j);i,j=1,2,3,4}

The minimum value detector 45 detects the minimum value
D=MIN{DR1,DR2,DR3,DR4} of the outputs DR1, DR2, DR3, DR4
of the dynamic range detectors 41, 42, 43 ahd 44, and out-
puts the value D both to the subtracter 47 and to the con-
trol signal generator 48. On the other hand, the maximum
value detector 46 detects and outputs the maximum value
E=MAX{DR1,DR2,DR3,DR4} of the outputs DR1, DR2, DR3 and DR4
of the dynamic range detectors 41, 42, 43 and 44 to the
subtracter 47. The subtracter 47 subtracts the minimum
value D from the maximum value E thereby to obtain a value
F=E-D which is outputted to the contfol signal generator 48,

In the casé where a small output D is generated from
the minimum value detector 45, the block has the flat part
whose degradation of image quality is readily noticed. 1In
this case, the quantization table with high rate or the

quantization table with medium rate should be used. On the




In order to explain the operation of the weighting unit 51 in a nore
concrete fashion, a 4:2:2 conponent digital image data ( the data anount
is 166 Mops) shown in Fig. 31 which is quantized to 8 bits by 13.5 MHz is
taken as an exanple. Supposing that 64 coefficients F(mn) subjected to
DCT for the block of 8 picture elenments X 8 lines are perfornmed weighting
with a=0.6 and the DCT coefficients F (mn) after being perforned

wei ghting thereon are run- | ength-cod éii n accordance with a bit nap table
of Fig. 32, and when the anount of the data is cal culated, the imge

other hand, if the subtracter 47 outputs a large output F,
it means that the image changes greatly in the block, easily
generating a quantization error at the decoder side. There-
fore, when the output D is small and the output F is large,
it is necessary to quantize with high rate.

Depending on the outputs D and F(=E-D), the control
signal generator 48 generates a control signal to the a-
daptive quantizing unit 12 on the basis of the selecting
diagram of Fig. 21 or 22, thereby allowing the adaptive
quantizing unit 12 to select the optimum quantization step.
Now, the operation of the selecting unit 17 (control signal
generator 48) will-be concretely explained with reference to
the diagram of Fig. 23, taking an example of the image block
of Fig. 10.

Referring to Fig. 10(a), the dynamic range in each sub-

" block is DR1=9, DR2=8, DR3=78 and DR4=114 in an example of
an image signal quantized into 8 bits. 1In this case, D'and
F(=E-D) are respe?tively as follows;

D=MIN {DR1,DR2,DR3,DR4} =8
F=MAX{DR1,DR2,DR3,DR4}-MIN{DR1,DR2,DR3,DR4} = 106
According to a diagram of Fig. 23, this case coincides with
a point a. Consequently, the selecting unit 17 selects the
quantization table with high rate. On the other hand, in
Fig. 10(b) wherein the dynamic range in each sub-block is

DR1=8, DR2=7, DR3=64 and DR4=57, D and F being 7 and 57, it

.|
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data has 54.7 Mops. As for a decoding system as shown in Fig. 33, the DCT.
coefficients FF(mn) which are coded after being subjected to weighting
are decoded at a decoding unit 55 and further subjected to inverse

wei ghting by an inverse weighting unit 56. The coefficients FF(mn) are
multiplied by a reciprocal nunbe5 of the weighting factor WM, thereby
obtaining F'(mn). F"(mn)'—s'F'(mn) X 1/WM Thereafter, an

i niverse DCT circuit 57 perfornms inverse DCT on F'(mn), so that the inmge
xI (i,j) is reproduced. If the S/Nratio in one block of the reproduced

I mage x[err](i,j) is

agrees with a point 8 in Fig. 23. The selecting unit 17
selects the quantization table with medium rate. Referring
further to Fig. 10(c), the dynamic range in each sub-block
is DR1=61, DR2=53, DR3=119 and DR4=119, D and F being 53 and
66, which coiﬁcides.with a point ¥ in Fig. 23. Accord-
ingly, the selecting unit 17 selects the qdantization table
with low rate.

The other components in the coding apparatus operate in
the same way as in the first embodiment, and therefore the
description the;eof will be abbreviated.

Hereinbelow is described a coding apparatus according
to a fourth embodiment of this invention.

In Fig. 24, the structure éf a coding apparatus of the
fourth embodiment is shown, in which components designated
by references 1, 4, 5, 11, 13 and 15 are the formatting
circuit, variable length coding unit, buffer memory, ortho-
gonal trasforming circuit, criterion value calculating unit
and controller; eguivalent to those indicated in Fig. 5.

The coding apparatus is further provided with an adaptive
weighting unit 18 for performing adaptive weighting on the
coefficients ou;putted from the orthogonal trasforming
circuit 11 and a selecting unit 19 for selecting a weighting
factor for the adaptive weighting unit 18 on the basis of an
output from the criterion value calculating unit 13. The

criterion value calculating unit 13 has the inner structure
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defined as described below, Y signal has 43.5 dB, R-Y 44.6 dB and B-Y 45.0

dB, respectively with respect to a sanple inmage of Fig. 31;
- 45-

..36..

as shown in Fig. 6.

The coding apparatus according to this fourth embodi-
ment will operate in the following manner.

Similar to the first embodiment, the maximum value A
and subtracting value C obtained by the criterion value
calculating unit 13 are inpﬁtted'to the selecting unit 19 as
the first and second criterion values, respectively. 1In
correspondence to the criterion values A and C, the sele-
cting unit 19 selects the weighting factor for the adaptive
weighting unit 18 on the basis of the selecting diagram of
Fig. 8 or 9. For example, the adaptive weighting unit 18
holds weighting factors of the following three kinds of
rates.

Wi(m,n)=1

W2(m,n)= -—l-”";' 2 x 1=n/z

W3(m,n)= 1%3 X 1?5

(myn=0, 1, 2, ... 7)
wi(m,n), W2(m,n) and W3(m,n) are respectively called as the
weighting factor with high rate, the weighting factor with
medium rate and the weighting factor with low rate. In the
case where the first criterion value A is small, the block
has a flat part which is easily noticed of the degradation
of the image quality at the decoder side. 1In this case,:

weighting is performed with high or medium rate. If the



[err] On the other hand, in the case of the prior art and when a=0.7,
the data anmount is 54.8 Mips, and Y signal has the S/Nratio 43.5 dB, RY
44.6 dB and B-Y 45.0 dB, re- sulting in the simlar effect as exerted by
this invention. However, the weighting unit in the prior art necessitates
64 kinds of adders. According to the foregoing enbodi nent, the

wei ghting wunit has 8 kinds of weighti factors based on the maxi num

val ue of the sequency degrees in horizontal and verti cal

second criterion value C is large, the image ié greatly
changed in the block, thereby bringing about quantization
errors at the decoder side. Therefore, if the value A is
small and the value C is large, adverse effects of the high

.spatial frequencies cannot be neglected. 1In such case; the
weighting is performed with high rate.

With reference to the.image block of Fig. 10, concrete
explanation is made to the operation of the selecting unit
19. The selecting criterion of the high rate, medium rate
and low rate is held the same as in the first embodiment
(FIg. 11). Fig. 10(a) is the block with an image whose
degradation of image quality is noticeable due to the
expansion of gquantization noises at'the flat part. There-
fore, weighting with high rate should.be performed. Since
this case is coincident with the point a in the diagram of
Fig. 11, the selecting unit 19 selects the weighting féctor
Wi(m,n) with high rate. Although weighting with low'rate
cannot be performed in the case of the block in Fig. 10(b)
where the edge ié found with not so high contrast in the
flat background, quantization errors at the decoder side are
small, and therefore weighting with médium rate is per-
formed. This case coincides with the point B8 in Fig. 11,
and accordingly the selecting unit 19 selects the weighting
factor W2(m,n) with medium rate. In the meantime, the block

in Fig. 10(c) has a strong change in contrast all thereover

i
\
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directions. However, it is not necessary to select the weighting factor on
t he basis of the nmaxi num val ue of the sequency degrees in horizontal and
vertical directions, but may be possible to select the weighting factor in
the order of the zigzag scanning indicated in Fig. 29. I n such case
as above, since scanning is repeated in a slantwi se direction during the
zi gzag scanning, it should be so arrap ed that the sane weighting factor
is selected with- in the smallest range of scanning in the slantw se
direc- tion. Thus, 8 kinds of the weighting factors are prepared

and the quantization errors are hard to be noticed. There-
fore, weighting with low rate can be carried out, thereby
enhancing the reduction rate. This case is coincident with

the point ¥ in Fig. 11. The selecting unit 19 selects the
weighting factor W3{(m,n) with low rate.

Following the result of the selection by the selecting
unit 19, the adaptive weighting unit 18 selects an appro-~
priate wéighting factor £Or each block, performing weighting
on the coefficients ocutputted from the orthogonal trans-
forming circuit 11 and outputting the weighting factor for
each block and the coefficients subjected to weighting to
the variable iength coding unit 4. The output of the adap-
tive weighting unit 18 is variable-length-coded by the
variable length coding unit 4 and then stored in the buffer
memory 5. The data stored in the buffer memory 5 is read out
at a fixed rate.

Meanwhile, the controller 15 detecting the apount of
the data stored ip the buffer memory 5 controls the sele-
ction of the weighting factor so that the buffer memory 5
does not overflow. 1In other words, in the case where the
buffer memory 5 can afford a sufficient amount of capacity,
the controller 15 arranges so that the weighting factor with
high rate is selected much more, on the basis of the cri-
terion, e.g., as indicated in the diagram of Fig. 8. On the

contrary, if the buffer memory 5 is nearly saturated, the
REPLACEMENT SHEEY|.
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in total. By way of exanple, for perform ng weighting on the DCT
coefficients F(mn), weighting factors Ws) below are satisfactory, as is

understood from Fig. 34. -46- [err]
s=Q( mn=0) s=1( mtn=1) s=2( mn=2) s=3( mn=3)
5:4( 4<m+n<5) 525( 6<m+n<7) -39-

controller 15 arranges so that the weighting factor with low
rate is more frequently selected, using the criterion, for
example, as indicated in Fig. 9.

Similar to the first embodiment, according also to this
fourth embodiment, since adjacent picture elements in ver-
tical direction are separated from each other in the event
that the signal is processed in one field during the inter-
laced scanning, the first criterion value may be determined
only by the differehce of image signal level between ad-
jacent picture elements in horizontal direction. In such
case, the criterion value calculating unit 13 may be con-
stituted as in Fig. 12.

Described hereinbelow is a coding apparatus according
to a fifth embodiment of this invention.

Although the second criterion value is the subtracting
value C in the above-described fourth embodiment, the
maximum value B may be employed for the second criterion
value to select the weighting factor. That is, the maximum
value B is used as the second criterion value according to
the fifth embodiment. It is to be noted that the first
criterion value according to the fifth embodiment is the
minimum value A in the fourth embodiment as well. Referring
now to Fig. 25 showing the structure of the coding apparatus
of the fifth embodiment, numerals 1, 4, 5, 11, 15, 18 and 19

are the formatting circuit, variable length coding unit,
REPLACEMERT SHEE:
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S$=6( 8<mtn<9) s=7(10<m+n<14) Al t hough there are 8 kinds of

wei ghting factors used in the foregoing enbodinent, it is not necessarily
to be 8, but 15 kinds of weirghting factors may be used at the nobst. As
shown in Fig. 35, 15 kinds of the weighting factors Ws) are obtained as
fol | ows; 14-2(1-a ) [erre] Furt hernore, although the
foregoing description of the seventh enbodinent is related to weighting in
a two- -40-

buffer memory, ofthogonal transforming circuit, controller,
adaptive weighting unit and selecting unit, respectively,
which are equivalent to those indicated in Fig. 24. Fur-
thermore, a criterion value calculating unit designated by
numeral 16 is equivalent to that unit 16 in the second
embodiment shown in Fig. 14. According to this fifth
embodiment, the selecting criterion of.the weighting factor
in the fourth embodiment is applied to the second
embodiment. Therefore, the operation of the coding
apparatus according to the fifth embodiment is easy to
understand with reference to the description related to the
second and fourth embodiments, and the detailed description
of the fifth embodiment will be omitted here.
Now, a coding apparatus according to a sixth embodiment
of this invention will be depicted.
~ According to the sixth embodiment, the selecting
criterion of the weighting factor for the adaptive weighting
unit 18 in the fgurth embodiment is applied té the earlier-
described third embodiment. In the structure of the coding
apparatus of the sixth embodiment shown in Fig. 26, numerals
l, 4, 5, 11, 15 and 18 designate the formatting circuit,
variable length coding unit, buffer memory, orthogonal
transforming circuit, controller and adaptive weighting
unit. These components are equivalent to those shown in
Fig. 24, and numeral 20 is a selecting unit equivalent to
BREMLACENENT SHEET,
06 SEPB% | |




di mensi onal pl ane, weighting can be perforned by a unit of the

t wo- di nensi onal plane also for a three-di nensional bl ock. Si nce the
nunber of adders of the weighting unit is set to be not |arger than
Nlerr]/4 for Nx N blocks in the seventh enbodinent, the reduction rate of

data can be kept equi- valent to that@Pf t he codi ng apparatus using the

conven- tional weighting unit, whereby the coding apparatus of this

i nvention is easy to be a hardware. . In any of the enbodinents
descri bed above, the inmage

the selecting unit 17 in the third embodiment shown in Fig.
20. Accordingly, the operation of the coding apparatus
_according to the sixth embodiment can be readily understood
from the description related to the third and fourth embodi-
ments, and therefore the detailed description of the sixth
embodiment will be abbreviated here.

It is to be note&, however, that although each one
block is divided into four sub-blocks in any of the fore-
going embodiments, it is not necessarily required to divide
the block into four, but the number of the sub-~blocks may be
decided depending on the size or the like of the block.

Moreover, in selecting the quantization step or
weighting factor, two kinds of the criterion values are used
in the foregoing embodiments. However, n kinds (n>1) of
criterion values may be employed. In the case where n
is equal to 1, for example, the absolute value sum of the
difference of image signal level between adjacent picture
elements in horizontal and vertical directioﬂs in the sub-
block may be used as the criterion value, and on the basis
of which the quantization step or weighting factor may be
selected.

A coding apparatus according to seventh embodiment of
this invention is as follows.

Referring to Fig. 27 which shows the structure of'a
coding apparatus of the seventh embodiment, the co@ing
REPLACEMENT SHER 1
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-47- signal outputted.fromthe formatting circuit is divided into
bl ocks consisting of 8 picture elenents X 8 lines. However, this invention
is not restricted to such two-di nmensional block (horizontal and vertical

directions), and is applic- able also to a three-dinensional block
(horizontal, verti cal

-42-

apparatus is provided with the formatting circuit 1, the
orthogonal transforming circuit 11, a weighting unit 51 for
performing weighting on coefficients outputted from the circuit
11, and the variable length coding unit 4. The weighting

unit 51 is comprised of a zigzag scanning circuit 52 which
scans zigzag the picture elements in the block, a weighting
table 53 accommodating a plurality of weighting factors
therein, and an adder 54 for adding a weighting factor to

the coefficients, as shown in Fig. 28.

The coding apparatus in the above-described structure
will operate in the manner described hereinbelow. The in-
putted digital image signal.is subjected to time-division
multiplex in the formatting circuit 1 into blocks of plu-~
rality of picture elements. The block outputted from the
circuit 1 is sﬁbjected to orthogonal transform, e.g., DCT or
the like in the orthogonal transforming circuit 1i. The
orthogonal transforming circuit 11 outputs coefficients, on
which are performed weighting in the weighting unit 51. The
output of the weighting unit 51 is variable-length-coded by
the variable length coding unit 4.

The operation of the above weighﬁing unit 51 will
particularly be described in detail. 1In the case, for
instance, where the formatting circuit 1 generates a block
consisting of 8 picture elements X 8 lines (image signal

x(i,j)) (i, j=0, 1, ..., 7), the orthogonal_tF?DSforming -
06 SEP.1996
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and tinme directions). Accordingly, such exanple of applic- ation wll be
descri bed herei nbel ow. An enbodi nent applied to a three-di nensi onal
bl ock which is corresponding to the first enbodinent will be given.
Referring to a block diagramof Fig. 36, a formatting circuit |a divides
an inputted digital image signal into a plurality of three-dinensional

bl ocks each consisting of 8 picture elenents x 8 lines x 8 fields. An
orthogonal transforming circuit 1la perforns three-dinensional DCT to
each bl ock outputted fromthe formatting circuit la. Each

circuit 11 outputs 8 X 8 coefficients F(m,n) {(m,n=0, 1,

.ve3 1). These coefficients are arranged in a one-
dimensional row of data by the zigzag scanning circuit 52
having a zigzag scanning characteristic shown in Fig. 29.
Then, the coefficients F(m,n) are outputted from the circuit
52 to the adder 54 in the scanning order. At the same time,
the zigzag scanning circuit 52 outputs zigzag scanning
address data for every row of data, thereby allowing access
to the weighting table 53. The weighting table subsequently
generates a weighting factor W for the data outputted from
the zigzag scanning circuit 52 to the adder 54.

The weighting factor is determined, for example, by 8
kinds of adders as shown in Fig. 30. Concretely,; the
weighting factor W is expressed by the following equation
with the use of the maximum value M=MAX {m,n} (m,n=0, 1,
«esy 7) of a sequency degree m in horizontal direction and a

sequency degree n in vertical direction;

7-M(1-2)
w(M) = /5 (0<a 1)

Both the coefficients F{(m,n) outputted from the zigzag scanning
circuit 52 and weighting factor W(M) outputted from the
weighting table 53 are inputted to the adder 54, where the
coefficients are subjected to weighting in the following
manner;

F’(m,n) = F(m;n) x W(M)

REFLACEMENT SHEE:
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bl ock divided by the circuit la is further divided into a plurality of
sub-blocks in a criterion value calculating wunit 13a. The criterion val ue
calculating unit 13a operates and outputs criterion values for a

guanti zation step. The other parts in the constitution of the coding
apparatus are the sane as in the firsaq-enbodi nent, and therefore the
correspondi ng parts are designated by the sane reference nunerals,
description thereof being abbreviated. In Fig. 37, the criterion
value calculating unit 13a is conprised of a sub-formatting circuit 2la
for dividing each

In order to explain the operation of the weighting unit

51 in a more concrete fashion, a 4:2:2 component digital
image data ( the data amount is 166 Mbps) shown in Fig. 31
which is quantized to 8 bits by 13.5 MHz is taken as an
example. Supposing that 64 coefficients F(m,n) subjected to
DCT for the block of 8 picture elements X 8 lin;s are
performed weighting with a=0.6 and the DCT coefficients
F'(m,n) after being performed‘weighting-thereon are run-
length-coded in accordance with a bit map table of Fig. 32,
and when the amount of the data is calculated, the image
data has 54.7 Mbps. As for a decoding system, as shown in
Fig. 33, the DCT coefficients F’(m,n) which are coded after
being subjected to wejighting are decoded at a decoding unit
55 and further subjected to inverse weighting by an iﬁverse
weighting unit 56. The coefficients F’(m,n) are multiplied
by a reciprocal number of the weighting factor W(M), thereby
obtaining F"(m,n).

F*'(m,n) = F’(m,n) X 1/W(M):
Thereafter, an inverse DCT circuit 57 performs inverse DCT
on F"(m;n), so that the image xl(i,j) is reproduced. If the
S/N ratio in one block of the reproduced image xl(i,j) is
defined as described below, Y signal has 43.5 dB, R-Y 44.6
dB and B-Y 45.0 dB, respectively with respect to a sample

image of Fig. 31;

REPLACEMENT SHEs! |
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- 48- bl ock obtained by the formatting circuit la into, for exa- nple,
32 sub- bl ocks (one sub-block is nade of 4 picture elenents x 4 lines), a
cal cul ator 22a for obtaining the absolute value sumof difference of inage

signal level be- tween adjacent picture elenments in horizontal and
verti cal

_45-

255%

4
S/N ratio = 10 log1 i p

o 27 olx(i,d) - x,(i,3)} 2

|m44

On the other hand, in the case of the prior art and
when a=0.7, the data ﬁmount is 54.8 Mbps, and Y signal has
the S/N ratio 43.5 dB, R-Y 44.6 dB and B-Y 45.0 dB, re-
sulting in the similar effect as exerted by this invention.
However, the weighting unit in the prior art necessitates 64
kinds of adders.

According to the foregoing embodiment, the weightiné
unit has 8 kinds of weighting factors based on the maximum
value of the sequency degrees in horizontal and vertical
directions. However, it is not necessary to select the
weighting factor on the basis of the maximum value of the
sequency degrees in horizontal and vertical directions, but

- may be possible to select the weighting'factor in the order
of the zigzag scanning indicated in Fig. 29.

In such case as above, since scanning is repeated in a
slantwise directi?n during the zigzag scanning, it should be
so arranged that the same weighting factor is selected with-
in the smallest range of scanning in the slantwise direc-
tion. Thus, 8 kinds of the weighting factors are prepared
in total. By way of example, for performing weighting on
the DCT coefficients F(m,n), weighting factors W(s) below

are satisfactory, as is understood from Fig. 34.

‘EﬂEE[éUCEWQF it @gﬁ%?f
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directions in each sub-block, a m ninumvalue detector 26a for detecting
the m ni mum val ue Al anong 32 val ues outputted successively fromthe
cal cul ator 22a, a maxi numval ue dete- ctor 27a for detecting the maxi mum
‘val ue Bl anong the 32 val ues; and “403ubt r act er 28ahf or subtrggti][lg thhe
output Al of the mni % é._lg detector 26a fromthe output of the
max!ormm val ue déftl g7 %.ﬁl romthe criterion vahig <qu - culating unit
13a, the output Al is generated as a first criteriorrfvalue, and an out put

Cl (=B1-Al') of the subtracd=g(m#$60) S gener at eg=ppmPnsSeyond criterion
value, to the sele-

s=2(m+n=2) s=3(m+n=3)
s=4(4gm+ng5) s=5(6<m+ng7)
s=6(8<m+ng9) ; 8=7(10&m+ngl4)

Although there are 8 kinds of weighting factors used in
the foregoing embodiment, it is not necessarily to be 8, but
15 kinds of weighting factors may be used at the most. As
shown in Fig. 35, 15 kinds of the weighting factors W(s) are

obtained as follows;

_ 14-2(1-a)
Wis) = 74 (0<a<l)

s=i+j (0gs<14)

Furthermore, although the foregoing description of the
seventh embodimeﬁt is rglated to weighting in a two-
dimensional plané, weighting can be performed by a unit of
the two-dimensional plane also for a three-dimensional
block.

Since the number of adders of the weighting unit is set
to be not largér than N2/4 for N X N blocks in the seventh
embodiment, the reduction rate of data can be kept equi-
valent to.that of the coding apparatus using the conven-
tional weighting unit, whereby the coding apparatus of this
invention is easy to be a hardware.

In any of the embodiments described above, the image

[N e e e g e
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cting unit 14. The operation of this coding apparatus is as foll ows.
The digital image signal inputted to the formatting circuit la is divided

i nto bl ocks each consisting of 8 picture ele- nents X 8 lines X 8 fields.
The divided block is outputted to the orthogonal transformng circuit 1lla
and criterion value cal culating unt47-13a. As indicated in Fig. 38, each

bl ock consisting of 8 picture elenments X 8 lines X 8 fields outputted from

the formatting circuit 1 is divided into four sub-bl ocks each consisting
of 4 picture

signal outputted from the formatting circuit is divided into
blocks consisting of 8 picture elements X 8 lines. However,
this invention is not restricted to such two-dimensional
block (horizontal and vertical directions), and is applic-
able also to a three-dimensional block (horizontal, vertical
and time directions). Accordingly, such example of applic-
ation will be described hereinbelow.

An embodiment applied to a three-~-dimensional block
which is corresponding to the first embodiment will be
given. Referring to a block diagram of Fig. 36, a formatting
circuit la divides an inputted digital image signal into a
plurality of fhree-dimensional blocks each consisting of 8
picture elements X 8 lines X 8 fields. An orthégonal
transforming circuit 1la performs three-dimensional DCT to
each block outputted from the formatting circuit la. Each
block divided by the circuit la is further divided into a
plurality of sub-blocks in a criterion value calculating
unit 13a. The criterion value calculating unit 13a operates
and outputs criterion values for a quantization step. The
other parts in the constitution of the coding apparatus are
the same as in the first embodiment, and therefore the
corresponding parts are designated by the same reference
numerals, description thereof being abbreviated.

In Fig. 37, the criterion value calculating unit 13a is

comprised of a sub-formatting circuit 2la for dividing each

[REPLACEMbr .
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-49- elements X 4 lines per each field in the sub-formatting circuit

2la. Therefore, 32 sub-blocks are forned in total. |In this case, supposing

that the inage signal in each sub- block is expressed by y(i,j) (i,j=1, 2,

3, 4,), the cal- culator 22a operates the absolute value sumVvn (n=l, 2,
-48-

block obtained by the formatting circuit la into, for éxa-
mple, 32 sub-blocks (one sub-block is made of 4 picture
elements X 4 lines), a calculator 22a for obtaining the
absolute value sum of difference of image signal level be-
tween adjacent picture elements in horizontal and vertical
directions in each sub-blocki a minimum va;ue detector 26a
for detecting the hinimum value Al among 32 values outputted
successively from the calculator 22a, a maximum value dete-
ctor 27a for detecting the maximum value Bl among the 32
values, and a subtracter 28a for subtracting the output Al
of the minimum value detector 26a from the output Bl of the
maximum value detector 27a. From the critérion value cal-
culating unit 13a, the output Al is generated as a first
criterion value, and an output Cl (=Bl-Al) of the subtracter
28a is generated as a second criterion value, to the sele-
cting unit 14. |

The operation of this coding apparatus is as follows.
The digital image signal inputted to the formatting circuit
la is divided int; blocks each consisting of 8 picture ele-
ments X 8 lines X 8 fields. The divided block is
outpuited to the orthogonal transforming circuit l1lla and
criterion value calculating unit 13a; As indicated in Fig.
38, each‘block consisting of 8 picture elements X 8 lines
X 8 fields outputted from the formatting circuit 1 is

divided into four sub-blocks each consisting of 4 picture

REFLACEMENT SHEET
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,.., 32) of difference of image signal |evel between adjacent picture

el enments in horizontal and vertical direc- tions in the sub-block on the
basis of the follow ng equation; 4 3 [err]
Subsequently, the m ninmum val ue detector 26a detects the m ninum val ue Al
of the 32 Vn for the 32 sub-bl ocks s#8¢eessively outputted fromthe

cal cul at or 22a, and out puts

elements X 4 lines per each field in the sub-formatting-
circuit 2la. Therefore, 32 sub-blocks are formed in total.
In this case, supposing that the image signal in each sub-
block is expressed by y(i,j) (i,j=1, 2, 3, 4,), the cal-
culator 22a operates the absolute value sum Vn (n=1, 2,
es+y 32) of difference o} image signal level between
adjacent picture elements in horizontal and vertical direc-
tions in the sub-block on the basis of £he following

equation;

4 3
Voo = 2 X |y(i,3)-v(i+1,3)]

3
z  |v(i,d)- y(l,a+1ﬂ
J:

Subsequently, the minimum value detector 26a detects
the minimum value Al of the 32 Vn for the 32 sub-blocks
successively outputted from the calculator 22a, and outputs
the minimum value Al to the selecting unit 14 as the first
criterion value to select the quantization step, with out-
putting the same to the subtracter 28a. Meanwhile, the
maximum value detector 27a detects and outputs the maximum
value Bl of the 32 values Vn successively generated from the
calculator 22a to the subtracter 28a. The subtracter 28a
obtains the difference Cl1 by subtracting Al from Bl and
outputs the value Cl to the selecting unit 14 as the second

criterion value for selecting the quantization step.

W@W’" SHEET
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the mninumvalue Al to the selecting unit 14 as the first «criterion value
to select the quantization step, with out- putting the sane to the
subtracter 28a. Meanwhile, the nmaxi numvalue detector 27a detects and

out puts the maxi num value Bl of the 32 val ues Vn.successively generated
fromthe calculator 22a to the subtragg-er 28a. The subtracter 28a obtains
the difference Cl by subtracting Al fromBl and outputs the value Cl to
the selecting unit 14 as the second criterion value for selecting the
guanti zati on step.

The subsequent operation is carried out in the same
manner as in the first embodiment, and the description
thereof will be omitted therefore.

In the modified embodiment above corresponding to the
first embodiment, although the three-dimensional block is
constructed by forming-lwo-dimensional blocks per each field
and bundling the two-dimensional blocké of a plurality of
the fields, it may be possible to form'£he three-dimensional
block by constituting the two-dimensional blocks per each
frame and bundling the blocks of a plurality of the frames.

Moreover, in addition to the foregoing modification of
the first embodiment, another modified embodiments respect-
ively corresponding to the second, third, fourth, fifth and
sixth embodiments can be devised by forming a three-
dimensional block with adjacent picture elements in hori-
zontal, vertical and time directions and dividing the block
into sub-blocks in each second-dimensional plane as shown in
Fig. 38. Since the constitution and operation of the coding
apparatus of the modified embodiments would be easily under-
stood with reference to the corresponding embodiments, the
description thereof will be abbreviated here.

As this invention may be embodied in several forms
without departing from the spirit of essential character-~
istics thereof, the present embodiment is therefore illus-

trative and not restrictive; since the scope of the in-
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- 50- ) The subsequent operation is carried out in the same nmanner
as in the first enbodi nent, and the description thereof wll be omtted
t her ef ore. In the nodified enbodi nent above corresponding to the
first enbodi nent, although the three-dinmensional block is constructed by
form ng two-dinensional blocks per each field

-51-

vention is definéd by the appended claims rather than by the
description preceding them, and all changes that fall within
the metes and bounds of the claims, or equivalence of such
metes and bounds thereof are therefore intended to be em-~

braced by the claims.
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and bundling the two-di nensional blocks of a plurality of the fields, it
may be possible to formthe three-dinensional block by constituting the

tmo dTﬁ?ﬁS#Gﬁ&F—bL@GkS_per each frame and bundling the bl ocks of a

t he franes. Moreover, in addition to the foregoing
rmdlf ﬂmlm{'um" nauul rst enbodi nept, another modified embodi ments
respe ponding to the second, third, fourth, fifth and
sixth enbodi ments ‘can be devised by formng a three- dimensional bl ock

wi th adj acent picture elements in hori- zontal, vertical and tine
directions and dividing the bl ock

What is claimed is:

1. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocksaof Plurality of picture elements;

orthogonal traﬁsforming means for performing orthogonal
trAnsform on the formatted image signal}

quantizing means for quantizing coefficients obtaine&
through the orthogonal transform with a quantization table;

means for dividing each block of the image signal
outputted from said block formatting means into a plurality
of sub-blocks and obtaining criterion values from the
absolute value sum of differenge of image signal level
between adjacent picture elements in said each sub-block;

and

deciding means for deciding the quantization table on the

basis of said criterion values.

2. A coding apparatus as set forth in Claim 1, wherein
said criterion values are representative values of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in said each sub-block, and/or

values calculated from said representative values.

SYTIEUR s emraman cvresse ru e
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i nto sub-bl ocks in each second-di nensi onal plane as showmn in Fig. 38.
Slnce'TﬁE‘tﬁﬁsPLLuLLgﬂNgFg operation of the coding apparatus of the
nodi fie W i ments wuld be easily under- stood with reference to the

corresp Hm,m the description thereof will be abbreviated

here. '+ ntion may 4g8-enbodi ed in several fornms wthout
departing fronltﬁe §p|T|t of essential character- istics thereof, the
present enbodinent is therefore illus- trative and not restrictive, since

the scope of the in-

3. A coding apparatus as set forth in Claim 2, wherein
said criterion values are obtained on the basis of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in horizontal and vgrtical direc-
tions in said each sub-block.

;

4. A coding apparatus as set forth in Claim 3, wherein
said criterion values are the minimum vglue of the absolute
value sum of difference of image signal level between ad-
jacent picture elements in horizontal and vertical direc-
tions in said each sub-block, and the difference between the

maximum and minimum values of said absolute value sum.

5. A coding apparatus as set forth in Claim 3, wherein
said criterion values are the minimum and maximum values of
the absolute value sum of difference of image signal level
between adjacent picture elements in horizontal and vertical

- directions in said each sub-block.

6. A coding apparatus as set forth in Claim 2, wherein
said criterion values are obtained on the basis of the ab-
solute value sum of difference of image signal level between
adjacent picture elements in horizontal direction in said
each sub-block, and the absolute value sum of difference of

image signal level between adjacent picture elements in

Iai " ) B
FORIRIRWY. ..‘-.,-E.._ LEAL el

06 SEP 196

- —
e b




vention is defined by the appended clains rather than by the description
precedi ng_them and all changes that fall within the netes and bounds of
the clains, or equival ence of such mnetes and bounds thereof are therefore

i nt ended tc”’nmcmm"m"nslm!lby t he cl ai_;r;s_.

horizontal and vertical directions in said each sub-block.

7. A coding apparatus as set forth in Claim 6, wherein
said criterion values are the minimum value of the absolute
value sum of difference of image signal level between ad-
jacent pictur; elements in horizontal direction in said each
sub-block, and the difference between the maximum and mini-
mum values of the absolute value sum of.difference of image
signal level between adjacent picture elements in horizontal

and vertical directions in said each sub-block.

8. A coding apparatus as set forth in Claim 6, wherein
said criterion values are the minimum value of the absolute
value sum of difference of image signal 1eve1 between ad-
jacent picture elements in horizontal direction in said each
sub-block, and the maximum value of the absolute value sum
of difference of image signal level between adjacent picture

elements in horizontal and vertical directions in said each

' sub-block. S

9. A coding apparatus as set forth in Claim 2, wherein
said criterion values are the average variation quantity of

said absolute value sum.

10. A coding apparatus as set forth in Claim 1, where-
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in said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional

block.

11. A coding apparatus as set forth in Claim 1,
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three~dimensional block.

12. A coding apparatus as set fﬁrth in Claim 1, fur-
ther comprising:

means for performing variable length coding on the
quantized c;efficients;

memory means for storing the variable-length-coded
coefficients; and

controlling means for detecting the storing amount of
said memory means and controlling decision of the quanti-
zation table in said deciding means so as to keep said

storing amount within a predetermined volume.
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13. A coding apparatus as set forth in Claim 1,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

14. A coding apparatus for reducing a digital image
signal,‘comprising:

block formatting means for dividing said digital image
signal into blocks of plurality of pictﬁre elements;

| orthogonal transforming means for performing orthogonal

transform on the formatted image signal;

weighting means for performiﬁg weighting on coeffi-
cients obtained through the orthogonal transform with a
weighting factor;

means for dividing each block of the image signal
outputted from said block formatting means into a plurality
of sub-blocks and obtaining criterion values from the ab-
solute value sum of difference of image signal level between
adjacent picture elements in said each sub-block; and

deciding means for deciding the weighting factor on the

basis of said criterion values.

15. A coding apparatus as set forth in Claim 14, wherein
said criterion values are representative values of the ab-
solute value sum of difference of image signal level between

adjacent picture elements in said each sub-block, and/or

25yt s T I TR ETT T S e
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What |le“ Mﬂ“ jw "L"L 1. A coding apparatus for reducing a digital
| mage y Ahg: bl ock formatting neans for dividing said
digital image

~57~

values calculated from said representative values.

16. A coding apparatus as set forth in Claim 15, wherein
said criterion values are obtained on the basis of the
absolute value sum of difference of image signal level be-

H

tween adjacent picture elements in horizontal and vertical

directions in said each sub-block.

17. A coding apparatus as set forth in Claim 16,
wherein said criterion values are the minimum value of the
absolute value sum of difference of image signal level be-
tween adjacent picture elements in horizontal and vertical
directions in said each sub-block, and the difference
between the maximum and minimum values of said absolute

value sum.

18. A coding apparatus as set forth in Claim 186,
wherein said criterion values are the minimum and maximum
values of the absolute value sum of difference of image
signal level between adjacent picture elements in horizontal

and vertical directions in said each sub-block.

19. A coding apparatus as set forth in Claim 15,
wherein said criterion values are obtained on the basis of the

absolute value sum of difference of image signal level be-
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signal into blocks of plurality of picture el enents; or t hogonal
transzTn%HQJHQyEij;;giﬁjforn1ng orthogonal transformon the formatted
i mge s zing neans for quantizing coefficients obtained
throuth? transformwith a quantization table; means for
W he i mage signe$8- outputted from said bl ock
ns i

di vidin
formatting nel plurality of sub-blocks and obtaining criterion

val ues fromthe absol'ute val ue sumof difference of i mage signal |eve
bet ween adj acent picture elenments in said each sub-bl ock;

tween adjacent picture elements in horizontal diréction in
said each sub-block, and the absolute valﬁe sum of differ-
ence of image signal level between adjacent picture elements
in horizontal and vertical directions in said each sub-

block.

3

20. A coding apparatus as sét forth in Claim 19,
wherein said criterion values are the minimum value of the
absolute value sum of difference of image signal level
between adjacent picture elements in horizontal direction in
said each sub~block, and the difference between the maximum
and minimum values of the absolute value sum of difference
of image signal level between adjacenﬁ'picture elements in

horizontal and vertical directions in said each sub-block.

21. A coding apparatus as set. forth in Claim 19,
wherein said criterion values are the minimum value of the
absolute value sum of difference of image signal level
between adjacent picture elements in horizontal direction in
said each sub-biock, and the maximum value of the absolute
value sum of difference of image signal level between
adjacent picture elements in horizontal'and vertical direc-

tions in said each sub-block.

22. A coding apparatus as set forth in Claim 15,

e
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and deci di ng nmeans for deciding the quantization table on the basis
of said criterion val ues. 2. A coding apparatus as set forth in
Caim1l, wherein sard criterion values are representative values of the
ab- sol di fference of image signal |evel between adjacent
picture Hlmmm,m"ﬂ"mﬂ“leach sub- bl ock, and/or values calculated from
sai d represent ati we val des. -59-

wherein said criterion values are the average variation

quantity of said absolute value sum.

23. A coding apparatus as set forth in Claim 14,
wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and.said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional

block.

24. A coding apparatus as set forth in Claim 14,
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal fransforming means performs orthogonal transform per

every unit of the three-dimensional block.

25. A codihé apparatus as set forth in Claim 14, fur-
ther comprising:

means for performing variable length coding on the
coefficients on which weighting is performed;

memory me;ns for storing the variable-length-coded

coefficients; and

controlling means for detecting the storing amount of N
REPLACEMENT SHiiki
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3. A coding apparatus as set forth in Claim2, wherein said criterion
val ues are obtained on the basis of the ab- solute value sumof difference

of 1 nage—st+ghral—l-evel between adjacent picture elements in horizontal and
vertic? tions in said each sub-Dbl ock.

LT

said memory means and controlling decision of the
weighting factor in said deciding means so as to keep said

storing amount within a predetermined volume.

26. A coding apparatus as set forth in Claim 14,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

27. A coding apparatus for reddcing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocks of plurality of picture elements;

orthogonal transforming means for performing orthogonal
transform on the formatted image signal;

quantizing means for quantizing coefficients obtained
through the orthogonal transform with a quantization table;

means for dividing each block of the image signal out-
putted from said block formatting means into a plurality of
sub-blocks and obtaining the maximum and minimum values of
the image signal level of picture elements in said each sub-
block; and

deciding means for deciding the quantization table on

the basis of said maximum and minimum values.

28. A coding apparatus as set forth in Claim 27,

REPLACEMENT SHEE!]
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4. A coding apparatus as set forth in Claim3, wherein said criterion
val ues are the m ni num val ue of the absolute value sum of difference of

I mage nal | evel between ad- jacent picture elenments in horizontal and
vertical direc- i tn sai d each sub-bl ock, and the difference between
t he mr : Lol mm val ues of said absol ute val ue sum 5 A
codi ng W ”W’k@ forth in Caim3, wherein said criterion values
are the*m fi numesan i num val ues of6l-t he absol ute val ue sum of difference
of image signal |evel
wherein said block formatting means divides said digital
image signal into two-dimensional blocks per every field or
every frame, and said orthogonal transforming means performs
orthogonal transform per every unit of the two-dimensional

29. A coding apparatus as set forth in Claim 27,
wherein said block formatting means divides said digital
image signal into three-dimensional-blocks in horizontal and
vertical directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three-dimensional block.

30. A coding apparatus as set forth in Claim 27,
further comprising:

means for performing variable length céding on the
quantized coefficients;

memory means'for storing the variable-length-coded
coefficients; and

controlling.means for detecting the storing amoﬁnt of
said memory means and controlling decision of the quanti-

zation table in said deciding means so as to keep said

storing amount within a predetermined volume.




betWe el ements in horizontal and vertical directions in
said b- bl ock: ' ' '

6. A coding apparatus as set forth in Caim2
vvher I(Zﬂ@ lﬁ”” bon val ues are obtained on the basis of the ab- solute
val ue*su Lﬁ ce of image signal |evel between adjacent picture
el ements in horliontal direction in said each sub-block, and the absol ute

val ue sumof difference of. inage sig2al | evel between adjacent picture
el ements in

3l1. A coding apparatus as set forth in Claim 27,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

32. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital ;mage
signal into blocks of plurality of pictﬁre elements;

orthogonal transforming means for performing orthogonal
transform on the formatted image signal;

weighting means for performing weighting on coeff-
icients obtained through the orthogonal transform with a
weighting factor;

means for dividing each block of thé image signal out-~
putted from said block formatting means into a plurality of
sub-blocks and obtaining the maximum and minimum values of
the image signal in said each sub-block; and

deeiding means for deciding the weighting factor on the

basis of said maximum and minimum values.

33. A coding apparatus as set forth in Claim 32,
wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogonal transforming means performs

orthogonal transform per every unit of the two-dimensional
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* S * hori zontal and vertical directions in said
each%aﬂ%%ﬂ+x%&————————? A codi ng apparatus as set forth in Caim6,

mhere n values are the m ni mum val ue of the absolute val ue
sum o mlﬂﬂ‘{m Ua mage signal |evel between ad- jacent picture
el ene ‘direction in said each sub-block, and the

di fference betmeen t he maxi mum and mé3-

block.

34. A coding apparatus as set forth in Claim 32,
wherein said block formatting means divides said digital
image signal into three-dimensional blocks in horizontal and
vertical directions in each field or frame and in time di-
rection in successive fields or frames, and said orthogonal
transforming means performs orthogonal iransform per every

unit of the three-dimensional block.

35. A coding apparatus as set forth in Claim 32, fur-
ther comprising:

means for performing variable length coding on the
coefficients on which weighting is performed;

memory means for storing the variable-length-coded
coefficients; and |

controlling means for detecting the storing amount of
said memory means and controlling decision of the
weighting factor in said deciding means so as to keep said

storing amount within a predetermined volume.

36. A coding apparatus as set forth in Claim 32,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

ren, catnr o
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mum val ues of the absolute value sumof difference of image signal Ievel
bet ween adjacent picture elements in horizontal and vertical directions in
said e . 8. A coding apparatus as set forth in Claimé6
wher ei ﬁ"]"ﬂ"ﬁm"ﬂﬂm“m val ues are the mni mum val ue of the absolute value
sum of di ff erten®®e of tnmage signal |evel between ad- jacent picture

el enments in horizontal direction t+6#-said each sub-block, and the maxi num
val ue of the absolute value sum of difference of image signal |evel _
bet ween adj acent picture elenents in horizontal and vertical directions in
sai d each

37. A coding apparatus for reducing a digital image
signal, comprising:

block formatting means for dividing said digital image
signal into blocks of plurality of picture elements;

orthogonal transforming means for performing orthogonal
transform on each formatted block;

weighting means, provided with a smaller number of
adders than the number of picture elemeﬁts in said each
block, for performing weighting on coefficients obtained
through the orthogonal transform; and

means for performing variable length coding on said

coefficients on which weighting is performed.

38. A coding apparatus as set forth in Claim 37,
wherein the number of said adders is not larger than 1/4 of

the number of picture elements in said each block.

39. A coding apparatus as set forth in Claim 37,
wherein said block formatting means divides said digital image
signal into two-dimensional blocks per every field or every
frame, and said orthogon#l transforming means perforams

orthogonal transform per every unit of the two-dimensional

block.

40. A coding apparatus as set forth in Claim 37,
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sub- bl ock. 9. A coding apparatus as set forth in Caim2, wherein
said criterron values are the average variation quantity of said absolute

\(/)gl glegsnlmlclmlﬂllljnll]jl”!ﬂ codi ng appar at us as set forth in Cdai m. 1, where-

-65~

wherein said block formatting means divides said digital
image signal into three~dimensional blocks in horizontal and
vertiéal directions in each field or frame and in time
direction in successive fields or frames, and said ortho-
gonal transforming means performs orthogonal transform per

every unit of the three-dimensional block.

41. A coding apparatus as set forth in Claim 37,
wherein said orthogonal transform is DCT (Discrete Cosine

Transform).

42. A coding apparatus as set forth in Claim 41,
whereih said weighting means is provided with means for
obtaining a criterion value in correspondence to a sequency
degree of a coefficient obtained through the DCT in hori-
zontal direction in a block and a sequency degree thereof in
vertical direction, and means for deciding a weighting fa-
ctor on the basis of said criterion value.

43, A coding apparatus as set forth in Claim 42,
wherein said criterion value is the maximum value of said
sequency degree in horizontal direction and sequency degree
in vertical direction, so arranged that the same weighting
is performed on the coefficients having the same maximum

value by the same adder.

apacapnm -
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I n sai MM ﬂmum”mum means di vi des sai d digital image signal into
t wo- di nger every field every frame, and said orthogonal

transform ng redhs Sperfor s orthogona? transforn1per every unit of the
t wo- di mensi onal bl ock.

44, A codiné apparéﬁus as set forth in Claim 42,
wherein said criterion value is the sum of said sequency
degree in horizontal direction and sequency degree in
vertical direction, so arranged that the same weighting is
performed on the cogfficients having the same sum by the

same adder.
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11. A coding apparatus as set forth in Caim1l, wherein said block
formatting neans divides said digital inmage signal into three-di nensiona
bl ocks in hori-zontal and vertical directions in each field or frane and in
time direction in successive fields or franes, and said ortho- gonal
transform ng means perforns orthogonal 67ansformper every unit of the

t hr ee- di nensi onal bl ock. 12. A coding apparatus as set forth in
Claim1, fur- ther conprising: means for perform ng variable Iength
coding on the CODING APPARATUS

ABSTRACT OF THE DISCLOSURE

A coding apparatus, in which each block having a plurality of picture elements with
digital image signals is divided into a plurality of sub-blocks, and an appropriate quantization
step or weighting factor is decided on the basis of the absolute value sum of difference of
image signal level between adjacent picture elements in the sub-block, so that a digital image
signal is reduced. The state of the image is recognized for every block, whereby a block
whose degradation of image quality is hard to notice at the decoder side is quantized or
subjected to weighting with low rate, that is, with large reduction rate, whereas a block
whose degradation of image quality is conspicuous at the decoder side is quantized or
subjected to weighting with high rate, i.e., with small reduction rate.

FIGURE $
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guanti zed coefficients; menory neans for storing the

vari abl e-1 engt h-coded coefficients; and controlling neans for
detecting the storing anmobunt of said nmenory nmeans-and controlling decision
of the quanti- zation table in said deciding means so as to keep said
storing anobunt w thin a predeternined vol ure.
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713. A coding apparatus as set forth in Caimi,
Transform.

transformis DCT (Discrete Cosine

Art

Prior

wherein sai d orthogonal

LQ\,\

CONTROLLER f=

BUFFER
MEMORY

(= o ungds]
<<=
— D ——
EZO—
<O Z
> 00D

QUANTIZING

UNIT

WE [GHT ING
CIRCUIT

C o

DCT
CIRCUIT

O—>1 FORMATT ING
SIGNAL o1 CIRCUIT

IMAGE

REPLACEMENT SHEET
06 SEP199 -

s — 2 |




14. A coding apparatus for reducing a digital imge signal, conprising:
bl ock formatting neans for dividing said digital imge signal into bl ocks

of plurality of picture elenents; ort hogonal transform ng neans for
perform ng orthogonal transformon the formatted i nage signal;

wei ghting neans for perform ng weighting on coeffi- cients obtained

t hrough the orthogonal transformw thk3a weighting factor; nmeans for

di vi di ng each bl ock of the imge signa
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outputted fromsaid block formatting neans into a plurality of sub-bl ocks
and obtaining criterion values fromthe ab- solute value sum of difference
of image signal |evel between adjacent picture elenments in said each
sub- bl ock; and deci di ng neans for deciding the weighting factor on
the basis of said criterion val ues. 15. A codi ng apparatus as set
forth in daim114, wherein said criterion values are representative val ues
of the ab- solute value sumof difference of inage signal |evel between
adj acent picture el ements in said each_ sub-block, and/or

Fig. 4
Prior Art
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-57- val ues calcul ated fromsaid representative val ues. 16. A
codi ng apparatus as set forth in Caim15, wherein said criterion val ues
are obtained on the basis of the
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absol ute value sum of difference of image signal |evel be- tween adjacent
picture elenments in horizontal and vertical directions in said each

sub- bl ock. 17. A coding apparatus as set forth in C aim 16,

wherein said criterion values are the mninumval ue of the absolute value
sum of difference of image signal |evel be- tween adjacent picture
elements in horizontal and vertical e€é+ections in said each sub-block, and

the difference between the nmaxi nrum and m ni num val ues of said absol ute
val ue sum
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18. A coding apparatus as set forth in Claim16, wherein said criterion
val ues are the m ni num and mexi num val ues of the absol ute val ue sum of
difference of imge signal |evel between adjacent picture elenents in

hori zontal and vertical directions in said each sub-bl ock. 19. A
codi ng apparatus as set forth in Caim115, wherein said criterion val ues
are obtained on the basis of the ab§9lute val ue sum of difference of inmage

signal |evel be-

n(i.i)
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[err] tween adj acent picture elenents in horizontal directionin said
each sub-bl ock, and the absolute value sumof differ- ence of inmage signa

| evel between adjacent picture elenents
directions in said each sub- bl ock.

..8_
Fig. 8
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-20. A coding apparatus as set forth in Claim19, wherein said criterion

val ues are the m ni num val ue of the absolute value sumof difference of
i mge signal |evel between adjacent picture elenments in horizontal
direction in said each sub-block, and the difference between the maxi num
and m ni num val ues of the absolute value sumof difference of inage signal
| evel between adj acent picture elenentggLn hori zontal and vertical
directions in said each sub-bl ock.

Fig. 10 a
Fig. 10 b
Fig. 10 ¢
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21. A coding apparatus as set.forth in Caim19, wherein said criterion
val ues are the mninmumval ue of the absolute value sum of difference of

i mge signal |evel between adjacent picture elenents in horizontal
direction in said each sub-block, and the maxi num val ue of the absolute
val ue sum of difference of inage signal |evel between adjacent picture
el enments in horizontal and vertical direc- tions in said each sub-bl ock.
22. A coding apparatus as set forth ilrb_CI ai m 15,

Fig. 11
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wherein said criterion values are the average

quantity of said absol ute val ue sum
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23. A coding apparatus-as set forth in Claim14, wherein said block
formatti ng neans divides said digital imge signal into two-dinensiona

bl ocks per every field or every frane, and said orthogonal transformng
means perforns orthogonal transform per every unit of the two-di nmensional
bl ock. 24. A coding apparatus as set forth in Caim114, wherein
said block formatting nmeans divides sh-d digital 1ipgage signal into

t hr ee- di nensi onal bl ocks in horizontal and Ta
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vertical directions in each field or frane and in tine direction in
successive fields or frames, and said ortho- gonal transform ng neans
perfornms orthogonal transform per every unit of the three-di nmensional

bl ock. 25. A coding apparatus as set forth in Claim214, fur- ther
conpri si ng: means for perforn1q$%variable | engt h coding on the
coefficients on which weighting is pertorned; menory neans for

storing the variabl e-| engt h- coded
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coefficients; and controlling nmeans for detecting the storing anmount
of said nenory neans and controlling decision of the
wei ghting factor in said deciding nmeans so as to keep said

-14-
Fig. 15 Fig. 16
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storing amount within a predeterm ned vol une. 26. A coding
apparatus as set forth in Caim114, wherein said orthogonal transformis

DCT (Di screte Cosine Transform. 27. A coding apparatus for
reducing a digital inmage signal, conprising: - block formatting neans
for dividing said digital image signal into blocks of plurality of picture
el enent s; ort hogonal transform rg5sreans for perform ng orthogonal
Fig. 17
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transformon the formatted inage signal; quanti zi ng nmeans for

quanti zing coefficients obtained through the orthogonal transformwth a
guanti zation tabl e; means for dividing each block of the inmage signal
out- putted fromsaid block formatting nmeans into a plurality of
sub- bl ocks and obtai ni ng the maxi rum and m ni num val ues of the inmage
signal level of picture elenents in satlb-each sub- bl ock; and

deci di ng nmeans for deciding the quantization table on the basis of said
maxi num and mhninun1vafues. _ /
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28. ‘A coding apparatus as set forth in Caim 27, wherein said
bl ock formatting neans divides said digital inage signal into
t wo- di nensi onal bl ocks per every field or
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every frame, and said orthogonal transform ng nmeans perforns orthogonal

transform per every unit of the two-di nensional bl ock. 29. A
codi ng apparatus as set forth in Caim?27, wherein said block formatting
means divides said digital inmage signal into three-dinensional blocks in

hori zontal and vertical directions in each field or frame and in time
direction in successive fields or frag?él and said ortho- gonal
| "Yra

transform ng neans perforns orthogona nsform per every unit of the
t hr ee- di nensi onal bIgEk.
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30. A coding apparatus as set forth in daim27, further conprising:

nmeans for performng variable |l ength coding on the quantized coefficients;
menory neans for storing the variabl e-1ength-coded coefficients; and
controlling neans for detecting the storing anount of said nenory neans
and controlling decision of the quanti- zation table in said deciding
nmeans so as to keep said

_19-
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storing amount wi'thin a predeterm'ned vol une. [err]
-62- 31. A coding apparatus as set forth in daim 27,
_20..
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wherein said orthogonal transformis DCT (D screte Cosine Transform.

32. A coding apparatus for reducing a digital inmage signal, conprising:

bl ock formatting nmeans for dividing said digital imge signal into bl ocks
of plurality of picture el enents; ort hogonal transform ng neans for
perform ng orthogonal transformon the formatted i nage signal; _

wei ghting neans for perform ng wei ghting on coeff- Tici ents obtai ned

t hrough t he orthogonal transform wallk a
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wei ghting factor; means for dividing each block of the imge signal
out- putted fromsaid block formatting neans into a plurality of
sub- bl ocks and obtai ni ng the maxi rum and m ni rum val ues of the inmage

signal in said each sub-bl ock; and deci di ng means for deciding the
wei ghting factor on the basis of said nmaxi rum and m ni nrum val ues.
33. A coding apparatus as set forth in_Caim 32, erein said block
formatti ng nmeans divides said digital‘?ﬁﬁge :
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signal into two-di nmensional blocks per every field or every frame, and
sai d orthogonal transform ng neans perforns orthogonal transform per every
unit of the two-dimensional [err] - 63-

bl ock.
-23- T
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34. A coding apparatus as set forth in Caim32, wherein said block
formatting neans divides said digital image signal into three-dinensiona
bl ocks in horizontal and vertical directions in each field or frame and in
time di- rection in successive fields or frames, and said orthogonal
transform ng neans perfornms orthogonal transform per every unit of the

t hr ee- di nensi onal bl ock. -4 A coding apparatustas set forth in
Claim 32, fur- ther conprising:
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means for performng variable Iength coding on the coefficients on which
wei-ghting is perforned, menory nmeans for storing the

vari abl e-1 engt h-coded coefficients; and controlling neans for
detecting the storing anount of said nenory neans and controlling decision
of the weighting factor in said deciding nmeans so as to keep said storing
anmount within a predeterm ned vol ung 36. A codi ng apparatus as set
forth in Claim32, wherein said orf%%gonal transformis DCT (Discrete
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Transforn. C L M S * -§§~§‘?EZT‘“““‘*\-

37. A coding apparatus for reducing a digital image signal, conprising:
bl ock formatting nmeans for dividing said digital inmage

=26~




signal into blocks of plurality of picture el enents; or t hogonal
transform ng nmeans for perform ng orthogonal transformon each formatted
bl ock; wei ghting nmeans, provided with a smaller nunber of adders
than the nunmber of picture elenents in said each block, for performng
wei ghting on coefficients obtained through the orthogonal transform and
nmeans for performng variable | ength-2bding on said coefficients on which

v(\j/eglgfr:;[ggg iT:p.ergforﬁe% . 38. A coding apparatus as set forth in
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wherein the nunber of said adders is not larger than 1/4 of the nunber of
picture el enments in said each bl ock. 39. A coding apparatus as set
forth in Claim37, wherein said block formatting neans divi des said
digital inmage signal into two-dinensional blocks per every field or every
frame, and said orthogonal transform ng nmeans perforns orthogonal
transform per every unit of the two-dpgensional bl ock.
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40. A codi ng apparatus as set -forth in Caim 37, * C L M

S - 65- mhereln said block formatting
nmeans di vi des said digital i mage signal into three-dinensional blocks in
hori zontal and vertical directions in each field or frame and in tine
~20-
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direction in successive fields or frames, and said ortho- gonal
transform ng nmeans perforns orthogonal transform per every unit of the
t hr ee- di nensi onal bl ock. - 41. A coding apparatus as set forth in
C aim 37, wherein said orthogonal transformis DCT (Discrete Cosine
Transforn. 42. A coding apparatus as set forth in Caim41,
wherein said weighting nmeans is provided with neans for obtaining a
criterion value in correspondence to sB0sequency

Fig. 33
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degree of a coefficient obtained through the DCT in hori- zont al

direction in a block and a sequency degree thereof in verti cal
direction, and neans for deciding a weighting fa- ctor on the basis of
said criterion val ue. 43. A coding apparatus as set forth in
ClaimA42, wherein said criterion value is the maxi num val ue of said
sequency degree in horizontal direction ﬂpd sequency degree in vertica
direction, so arranged that the sane we?ghting is perforned on the

coefficients having the sanme maxi num
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val ue by the sane adder. [err] 44. A codi ng apparatus as set

forth in Claim42, wherein said criterion value is the sumof said
sequency degree in horizontal direction and sequency degree in
vertical direction;, so arranged that the sane weighting is perfornmed on

the coefficients having the same sum by the

~32-
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sane adder.
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Fig. 38
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