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T | mage Processing Apparatus 6%3
prgsent hnventlon relates to an inage processing nethod(ﬂ%ﬁdaﬁ jﬁéﬁﬁ
and pore pagticularly to an i mage processi ng net hod and apparatus for
quanti zi ng frequency conversion datga and coding the quant i“geefi~B
conver.si on data. 10 A nunber of color inmage conpressipgss sk
t echni ques have been proposed in the past. As a typical one of

color still image codi pgageckrbaeesinyhappaicatupr oposed an adaptive
di screte cosine transformcoding nethod 15 (hereinafter referred to as an
ADCT et hod) . Fig. 3 is a conceptual view show ng

5 The present invention relates to an image
processing method and apparatus, and more particularly
to an image processing method and apparatus for
guantizing frequency conversion data and coding the
gquantized conversion data.

10

A number of color image compressing technigues
have been proposed in the past. As a.typical one of
color still image coding techniques, there is proposed
an adaptive discrete cosine transform coding method

15 (hereinafter referred to as an ADCT method).

Fig. 3 is a conceptual view showing
arrangement of an image coding apparatus using the
ADCT method. It is assumed that an input image is

;i= given by data converted into 8 bits, i.e., 256

20 gradations, for each color in a not-shown analog-to-
digital converter (hereinafter referred to as an .
A/D converterf and the number of colors is three,
i.e., luminance Y, color PB and color PR’ in this
case.

25 The digital data of the luminance signal Y
inputted through an input terminal 101 in Fig. 3 is

subjected to two-dimensional discrete cosine transform

P



arrangenment of an imge codi ng apparatus using the ADCT method. It is
assuned that an input imge is given by data converted into 8 bits,
i.e., 2566 . 20 gradations, for each color in a not-shown anal og-to-

digital converter (hereinafter referred to as an A/ D converter) and

t he nunber of colors is three, “i%e., luminance Y, .color P[err] and
color Plerr]" in this case. 25 The digital data of the

| uni nance si gk oYnar «eol IMARA LIULUAN iy Ntad & 1 ARIDAPT TN Fig. 3 i

subjected-to | Mensi ona | SCrete coslné transform

2 . (hepekpahiten o30RnP\IAled #5 fdob1ddkARdbn brdrlising nCircuit 102~
in units of subblocks each conprising N X N pixel's. Thereafter, the
conver sihon ceehf pgikenles Thercdftdd Nadd edtaitdizatl ddefrid NgdEs quanti zer
113 wit : -

are linearly quantized in a linear guantizer 113 with
5 a quantizing step size being different for each of
the conversion coefficients. The quantizing step
sizes for respective conversion coefficients are given
by values resulted from multiplying ZS by quantization
matrix elements of N x N in consideration of the fact
10 that visual sensitivity for quantizing noise is
- different for each of the conversion coefficients.
Here, § is 0 or é positive or negative integer and
called a scaling factor. The image quality or the
data to be generated is controlled depending on the
15 Vvalue of S.
One example of the quantization matrix
elements is shown in Fig. 5 in the case of 8 x 8.
A quantization matrix generation circuit 111 is
controlled by a control circuit 302 and generates a
20 9gQuantization matrix for the luminance signal Y.
A switch 114 is changed over.to select the side a for
supplying the quantization matrix for the luminance
signal ¥ to a multiplier 110. Using the scaling
factor S supplied from a scaling factor generation

25 circuit 301, the multiplier 110 multiplies 25

by
each quantized element of the quantization matrix.

The multiplied results are supplied to the linear



5 a quanti'zing step size being different for each of t he conversion

coefficients. The quantizing step sizes for respective conversion
coefficients are given by val ues resulted frommultiplying 2[err] by
guanti zati on matrix elements of N x N in consideration of the fact 10
that visual sensitivity for quant i zi Ag~noi se is._ different for each of
t he conversion coefficients. Here, Sis O or a positive or negative

i nt eger and called_a scaling factor. The image quality or the

data to be ge#epntédersl@dnWherredhgepoRycr§ion CREITASLGPR AL S,

One exanple of ,the quantization matrix el enent,s js shown in Fig. 5 in
the case of glingarly quangized Dy USAnFalhie S FERU St 111 i s

controlled by a contr it 302 ,and generat.es antization

matrix for the Iuninag%ggg{%ﬁﬁlq?antlzat Q$Wi%8ﬁ 14%ﬂ%5:
_ : ( : anged over to
Felect 0 <" dgfeflion coelHRIAL, (RN LRI td e e
5 DC components) are supplied to a one-dimensional
predictor 104 to calculate prediction values using
several subblocks adjacent to each other, and
prediction errors are subjected to Huffman coding in
a Huffman encoder 105. More specifically, after
10 dividing quantized outputs of the prediction errors
into groups, the ID numbers of the groups to which
the respective prediction errors belong are first
subjected to Huffman coding, and which values in each
group correspond to the respective prediction errors
15 are then represented by using egqui-length codes.

The conversion coefficients other than the
above DC components, i.e., the alternating current
conversion coefficients (hereinafter referred to as
AC components), are supplied to a zigzag scan circuit

20 106 in which the AC components are scanned in a zigzag
manner with two-dimensional-freqﬁencies from low-
frequency component to -high-frequency component as
shown in Fig. 4, followed by Huffman coding in a
Huffman encodex 107. More specifically, those conversion

25 coefficients for which the quantized outputs are not
0 ‘(hereinafter referred to as significant coefficients)

are divided into groups depending on their values.



factor: S 'supplied froma scaling factor generation 25 circuit 301, the
multiplier 110 nultiplies 2[err] by each quanti zed el enent of the
guanti zation matri X. The nmultiplied results are supplied to the |inear
3 1 quantizer 103 where the conversion coefficients are l'i nearly
quanti zed by using the supplied restlts.- After the

quanti zati on, dlrect current conversion coefficients (hereinafter

referredto BRA PRI ! Qnd Ui HurBnsional
predi ct ok 10 o caPQgFéte pre§$ct|on valugLoﬁgfng several subbl ocks

adj acent to gachnekkeoriision cdurddicGldn®s @MHidhS aded pidyerri ed to
Huf f man coding in a Huf f man encoder 105. Mre specifically, after 10
di vi di ng quanbtweénowys thio dignifadiaeit @oeffivients and for
which the quantized outputs are 0 (hereinafter
5 referred to as insignificant coefficients) are
subjected in pair to Huffman coding. Subsequently,
which values in each group correspond to the
significant coefficients are represented by using equi-
length codes.
10 Respective code strings of the DC components
and the AC components are multiplexed in a multiplexer
lOé and outputted from an output terminal 109.
Next, when the digital data of the chrominance
signals PB’ PR are inputted through the input terminal
15 101, the control circuit 302 controls the
guantization matrix éeneration circuit 111 to generate
. quantization matrices for the chrominance signals PB'

P The switch 114 is changed over to select the side

R*
) b for supplying the quantization matrices for the
20 Cchrominance signais to the multiplier 110. Subsequently,
the chrominance signals procéssed in a like manner to.
the luminance signal Y as mentioned above for Huffman
coding.
When the compression rate requires to be
25 increased (for a higher degree of compression) from

limitations in a transmission path or other reasons,

control information is entered from a input terminal



intd;grodbs, the I D nunbers of the groups to which the respective

prediction errors belong are first
whi ch val ues in each

errors

the alternating current conversion coefficients (hereinafter

to as

in which the AC conponents are scanned in a zigzag

AC conponents), are suppligd to a zigzag scan circuit

t wo- di nensi onal frequencies from| ow frequency conponent to
hi gh- frequency conponent as showmn in Fig. 4, followed by Huffman

coding in &03 so thatnmeheeromisoll @irddine e cidntably,at hogdingnver si on
25 coefficients for which the quantized outputs are not 0
(her ei naf t efactder gedergtionsigjmcdiidand0Otobdf lgicawase the sgedingvi ded
I nt o groups_dependi ng on their_ val ues.

10
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factor 5. Conversely, in order to obtain a high—quality

image, the scaling factor S is made smaller.

However, because the scaling factor S of the same

value is used when coding the luminance signal Y and the

chrominance signals P, Py in the above prior art, there

has accompanied a shortcoming that image quality in color
areas (particularly in a red area to which human eyes are
more sensitive) deteriorates to a remarkable extent, when
the value of the scaling factor S is increased to obtain

a high degree of compression.

The present invention is concerned with providing
an image processing apparatus which can realize

satisfactory reproducibility of colors.

Accordingly, in one aspect the present invention
comprises input means for 'inputting image data
representing a color image, first encoding means for
encoding the image data by using a first encoding
parameter and second encoding means for encoding the same
image data by using a second encoding parameter different
from the first encoding parameter, and wherein said first

and second encoding means encode the image data in

subj ected to Huf fman codi ng, and
group correspond to the respective prediction
15 are then represented by using equi-length codes.

The conversion coefficients other than the above DC components, i.e.,

referred
20 106

manner wth



-4- ~ , “The ID nunbers of the divided groups and the nunbers of
t hose conversion coefficients which are present bet ween every two
significant coefficients and for whi ch the quantized outputs are O
(hereinafter 5 referred to as insignificant coefficients) are
subjected in pair to Huffman codi ng. Subsequently, whi ch val ues in
each group correspond to the significant coefficients are represented
by using equi- | ength codes. 10 ¢ Respective code strings of
t he DC conponents and the AC conponents are nultiplexed in a
mul ti pl exer 108 and .outputted from an output term nal 109.
Next, when the digital data of the chrom nance signals Plerr], Plerr]
are inputtegaldanqegh the input termnal 15 101, the control circuit 302
controls the guanti zation matrix generation circuit 111 to°“generate
guanti zation matrices for the chrom nance signals Plerr]"’ Plerr] The
swtch 114 is changed over to select the side

From a second aspect the present invention comprises

an input step of inputting image data representing a

S color image, a first encoding step of encoding the image
data by using a first encoding parameter and a second
encoding step of encoding the same image data by using

. a second encoding parameter different from the first
encoding . parameter, wherein said first and second

10 encoding steps are performed in parallel.
In order that the present invention may be more
readily understood, embodiments thereof will now be

described by way of example and with reference to the

15 accompanying drawings.

20

25



b for suppl yi ng the quantization matrices for the 20 chrominance signals

to the multiplier 110. Subsequently, t he chrom nance signals
processed in a |like nmanner to the | um nance signal Y as nentioned
above for Huffman codi ng. When the conpression rate
requires to be 25 jncreased (for a hlgher degree of conpression) from
limtations in a transm ssion path or other reasons, control
information is entered froma input term nal 303 so that
the contrlol &R DERCRIRMEQH| QF THRE PRMHINGS  {actor generation circuit

301 to increase the scalin actor_S. Cbnversej in order to obtain a
hi gh-quality i ndged - tﬁe‘-%c%llﬂf@c}?d%%%ﬁr%’“l%h J et 1565t

embodiment of the present invention; ..
Fig. 2 is a block diagram showing a second
5 embodiment of the present invention;
Fig. 3 is a block diagram showing the prior
‘art;
Fig. 4 is a diagram representing a zigzag
scan;
10 Fig. 5 is a diagram showing one example of
guantization matrix - elements; and
Fig. 6 is a block diagram showing an application

example of the present invention.

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the following embodiments of the present
invention, a coefficient factor to be multiplied by
- ’ gquantization matrix elements for a chrominance signal
is controlled depending on a scaling factor value S0
20 of a luminance signal ¥, thereby reducing an extent
of deterioration in image quality even when the
scaling factor value is increased for a higher
compression rate.
Fig. 1 is a block diagram showing a first
25 . embodiment of the present invention. In the drawing,
denoted by reference numeral 101 is an input terminal

for digital image data, 102 is a DCT ciruit per N x N



5 - However, because the scaling factor S of the sane value is
used when coding the Ium nance signal Y and the chrom nance S|gnals
Plerr], Plerr] in the above prior art, there has acconpani ed a
shortcom ng that image quality in co%or 10 areas (particularly in a red
area to whi ch human eyes are nore sensitive) deteriorates to a -~
remar kabl e extent, when the value of the scallng factor Sis increased
ression. The present

b . h
T(r)lvgn: ?IOR is é'ﬁ‘ra?ééslr gd)d_?mree C%i‘ quantl%%l%el]pr?%%rejsgl ng appar at us
whi ch can reqljz8:,in S@cﬁﬁ\ﬁ% AL Yed Pff’@'i’&’x@é' 'f%&bqs col 9L -

Accordingly, 1 n one a e presen I'nvent r oh conprises input

means  for 'Ji?rl&ﬁéﬂﬁuai P& S22 for DE rﬁ’;?@ﬁ@ﬁf@ a169! o5 kmage, first
encodi ng neans encoding the 1mage data by using a first encoding
par anet er an%tﬁ%ﬁ}d QIR NY 1EANSs T z PREAdli H8arkh Nei B@dEL for
5 scanning AC components in a zigzag pattern, 107 is
a Huffman encoder, 108 is a multiplexer for multiplexing
codes of the DC and AC components, and 109 is an output
terminal. 110 is a multiplier for multiplying
guantization matrix elements for luminance or
10 chrominance by a scaling factor, 111 is a quantization
matrix generatioh circuit for generating gquantization
matrices for luminance and chrominance, 112 is a control
circuit for controlling the quantization matrix
generation circuit and a scaling factor generation
15 circuit, 113 is a scaling factor generation circuit
for generating scaling factoré or coefficients to
be multiplied for a luminance signal Y and chrominance

P 114, 115 are select switches, and 116

B! "R/
is an input. terminal through which control information

signals P
)

20 = (such as an amount of coded data) is entered to the
control circuit.

Note that components having the same .functions
as those in Fig. 3 are denoted by the same reference
numerals. The following description will be made

25 about only different parts between the prior art and
this embodiment.

The scaling factor generation circuit 113 is



b

i mge data by using a second encoding paraneter different 25 fromthe
first encoding paranmeter, and wherein said first and second encodi ng
means encode the imge data in _ _ 6
parall el . From a second gspect the preéesent invention conprises
an i-hput step of inputting-imge data representing a 5 color inmage, a
first encoding step of encoding the inmage data by using a first
encodi ng paraneter and a second encodi ng step of encoding the sane

i mage data bycestnglled by dbeordnémoddiciagcupdr ddet ¢o dierfegradie threom t he
first encodi ng. paranmeter, wherein said first and second 10 encoding
steps are perf®rHEBI| fapapx| Vallue S, to be multiplied by the

quantization matrix elements for the luminance signal
Y and, at this time, the switch 115 is changed over

5 to select the contact a. When conversion coefficients
of the chrominance signal PB are linearly quantized by
the linear quantizer 103 after coding the luminance
signal ¥, the scaling factor generation circuit 113
is controlled by the control circuit 112 to generate

10 a scaling factor S_ for PB’ and the switch 115 is

B
changed over to select the contact b. In this case,
SB is generated as a function of SO’ for example, as
expressed below:
8y = fB(SO)

15 When conversion coefficients of the chrominance
signal PR are linearly quantized by the linear
quantizer 103, the scaling factor generation circuit

) 113 is controlled by the control circuit 112 to

generate a scaling factor SR for P and the switch

Rl‘

20 115 is changed over to select the contact c. In this
case, SR is generated as a function of SO’ for example,
as expressed below:

S,, usable in

Example of function forms of SB' R

25 this embodiment are enumerated below:



In order that the present invention nmay be nore readi |l y understood,

enbodi nents thereof will now be descri bed by way of exanple and with
reference to the 15 acconpanying qL?wﬁngs. 20 25
-7- - -
1 i) sp = £.(Sy) = s, + XB,
Sp = fp(8,) = Sy — XR

where XB, XR are positive constants

ii) sy = f5(S)) = [s, x KB, (S, > 0)
5 Sy X KB, (5, < 0)
Sg < fR(So) = |S¢ X KRy (S0 > 0)
{SO X KR2 (So < 0)
where KBl' KBz, KRl' KR2 are constants
iii) 8p = fB(SO) =85, X KB(SO),
10 Sgp = fR(So) = 8, x KR(SO)
| where KB(SO), KR(SO) are functions of So
iv) Sg = fB(SO) = 8§,
Sg = fR(SO) = |85 (84 < A)
C (S0 > A)
15 where C, A are constants

Optimum ones of the above functions and
constants are selected depending on the compression
) rate required and the nature of an input image so
that deterioration of image quality is minimized.
20 Thislselection can be achieved by, for example,
repeating the coding process several times with
different quantization characteristics or performing
the coding proceéses with different quantization
characteristics in parallel as explained later.
25 As an alternative method of controlling
respective quantization steps for the chrominance

signals PB' PR, the coefficients to be multiplied by



1 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagram

show ng a first enbodi nent of the present invention; Fig.
2 is a block diagram showi ng a second 5 enbodi nent of the present

i nvention; Fig. 3 is-aihleck diagram show ng the prior

art; Fig. 4 is a diagramrepresenting a zi gzag scan; 10
Fig. 5 is a diagramshow ng one exanple of quanti zation matrix

el enents; and Fig. 6 is a block diagramshow ng an application
exanpl e pf tHee prearhizahient mahrix elsmprta| EPD DESCRAPENCOR OF PREFERRED
EMBODI MENTS In the foll ow ng enbodi ments of the present

i nventi on, a?%&%##?cméﬁtb?aEPSWS?6eB§SnﬁPPFEPQé8db§ather &8t i zati on

X ol enenl s O B clheTLanee Skanal, o 1LS (ROBLLQLLST igpendi ng on

scaling factor generation circuit 113 generates

5 coefficients MB' M, to be multiplied for the

R

chrominance signéls PB' P_ in place of the scaling

R

factors. MB, M, are functions of S0 as expressed

R
below:

10 Example of function forms of My, MR usable in

-this case are enumerated below:
_ So

v) Mg = g5(S,) = 20 + TB,

= = 250
MR gR(SO) 2

- TR

where TB, TR are positive constants

. _ - S0
15 vi) My = ggp(S,5) = CB x 277,
My = g (Sy) = CR x 2°0
where CB, CR are constants
. s - = 250
) vii) Mg gB(so) 2 X CB(SO)’
My = gp(8g) = 2°0 x cp(s),
20 where CB(SO), CR(SO) are functions pf 50
So

viii) Mp = ggp(§4) = 2
Mp = 9g(Sq) = {280 (S < B)
CO (Sy 2 B)
Optimum ones of the above functions and
25 constants are selected depending on the compression

rate regquired and the nature of an input image so that

deterioration of image quality is minimized.



20 of a |um nance signal Y, thereby reducing an extent of

deterioration in imge quality even when the scaling factor value is

i ncreased for a higher conpression rate. Fig. 1is a

bl ock di agram showing a first 25 &&bodi ment of the present invention. In
t he draw ng, denoted by reference nuneral 101 is an input term nal

for digital image data, 102 is a DCT ciruit per N x N

pi xels, 103 is a linear quantizer for linearly guanti zi ng conversi on
coeffici®tnts, 104 i sTheonempressidnneaseonah peedhengedf by BGtesdipgnents,
105 is a. Huf f man encoder, 106 is a zigzag scan circuit for 5

scanni ng AC eoporkentefoymatieyzhg phet epntroed7ciscuit 1a2Hghratghencoder,
108 is a nultiplexer for multiplexing . .
the input terminal 116 and changing the scaling factor
value §;. The mode for the method of deciding the
3 'quantizing steps for the chrominance sig_nals PB’ PR
can also be changed by entering mode information to
the control circuit 112 through the input terminal 116.
As mentioned above, since the scaling factor
values of the luminance signal ¥ and the chrominance

10 signals PB' P are set by controlling the scaling

R
‘factor values of the chrominance signals PB’ PR
depending on the scaling factor value SO of the
luminance signal Y (such that in need of increasing
the compression rate, a smaller scaling factor value
15  is set for PR.which has higher visual sensitivity and
a larger scaling factor value is set for PB), an image
with less deterioration in image quality can be
’ obtained even when the compression rate is increased.
Further, by controlling the coefficients to be
20 lmultiplied by the quantization matrix elements for the
chrominance signals using function such as fB' fR’ 9p+
I+ the coding can be performed more efficiently than
the case of setting those coefficients individually.
Moreover, even with the image data having
25 other input form (such as GBR inputs) than the

foregoing, the similar operating effect can also be

achieved by weighing the coefficients to be multiplied



codes of the DC and AC conponents, and 109 is an out put termnal. 110
Is amltiplier for multiplying quantization matrix elenments for

lum nance or 10 chronminance by a scaling factor, 111 is a quantization
matri x generation circuit for genefat?ng quantization matrices for

| um nance and chrom nance, 112 is a control circuit for controlling
the quantization matrix generation circuit and a scaling factor

mat r . : )
Por generdtindl Souf i Aatnsttdrion g bR G LREREG BRTE" TR TnERREY oo (or o
| um nance 5'QﬂﬁJtﬂéa@go§gregkga§ﬁematch #1oR3Lfe Lfﬁuélp &h Lt%$§txllgiare

sel ect switches, and IS an I nputterm nal roug

i nformation Hﬁhan(éﬁé@ e&.an, agﬁéﬂttﬂgtcﬁﬂeghéaéége'éfeﬁﬁﬁrﬁﬁghQsthe

control circuit. Not e that conponents having the sane
functions  weifhim®sisiapplged3tar chdenoigpubyntde samemigbarance

nunmeral s. The followi ng description will be made 25 about only different
parts bet seersidreadyidieaBtinpdt and theskeilypdtnEntthis order).
(Another Embodiment)

Fig. 2 shows a second embodiment of the
present invention. Compénents having the same
functions as those in the prior art are denoted by

10 the same reference numerals and will not be described
here. Blocks a, b and ¢ circumscribed by broken lines
all function in a like manner. However, an input to
the block a is only the luminance signal ¥, an input
to the block b is only the chrominance signal PB, and

15 an input to the block ¢ is only the chrominance signal
PC. Thus, the luminance signal and the chrominance
signals are separately processed in parallel for

, coding. Accordingly, a control circuit 222 supplies
a control signal suitable for parallel processing to

20 a gquantization matrix generation circuit 221 so that
the quantization matrices for the luminance signal and
the chrominance signals are generated almost at the
same timing. Likewise, a scalihg factor generation
circuit 220 is controlled by the control circuit 222

25 to generate scaling factors Sy, SB' SR for the luminance

signal Y and the chrominance signals PB' PR almost at

the same timing. Sy, SB' SR are functions of S0 as



The scaling factor generation circuit 113 is

-9- 1 controlled by the control circuit 112 to generate the

scaling factor value S to be multiplied by the guanti zation matrix
el enents for the lumnance signal = 14 ~Y and, at this time, the switch 115
I s changed over 5 to select the contact a. Wen conversion

coefficients of the chrom nance signal Pl[err] are linearly quantized
by ithe_lLinear au nhizqr 103 after coding the | um nance si gnal
Y, the scal i WoPF&RYS 88 ¥ition circuit 113 is controlled by the

control circuit 112 to gemerate _1 scalingfactqr S[err] for Plerr]
and the switch 115 i%Y gO’cE@nge%Bo&/%) t ?Rsel gﬁa(%ﬁ)ﬁe contact b. In this

case, Slerr] i£9eRaRRiSR1RS AN 1AM S lperlda @M €, as

expressed bel ow
circuit 220 may generate coefficients to be directly

5 multiplied by the quantization matrix elements for the
chrominance signals. In this case, coefficients MB’ MR
used for the chrominance signals MB' MR are given by:

My = gp(Sg)s My = gp(Sj)
By so arranging, it is possible to not only

10 obtain an image with less deterioration in image
gquality even at the increased cbmpression rate, but
also adapt to high-speed coding through parallel
processing, which permits real-time coding of moving
images and the like.

15 As explained above, by setting the scaling
factor values or the coefficients themselves to be
multiplied by the Quantization matrix elements for the

B’ Pr

separately, and controlling the scaling factor values

luminance signal ¥ and .the chrominance signals P

20 or the coefficients themselves to be multiplied by the
quantization matrix elements for the chrominance
signals PB’ PR depending on the scaling factor value
S0 of the luminance signal ¥, there can be obtained
an image with less deterioration in image qualiﬁy
25 corresponding to the compression rate (namely, an
image with less deterioration in quality of color images

can be obtained even at the increased compression rate



Sferr] = f[err] (S[err]) 15 When conversion coefficients of the
chrom nance signal Plerr] are linearly quantized by the |inear

guanti zer 103, the scaling factor generation circuit 113 is
controlled by the control circuit 41®5to generate a scaling factor
S[err] for Plerr] and the switch 20 115 is changed over to select the
contact ¢c. In this case S[err] is generated as a function of

, | d_be]
Plerr]’(herijeousi such a SoffBRETCFr "Fudtbian Hopkibr neper PE Sl er 1]

?Sﬁgl € in zsincféggir?fb%gé g%&h;lg?égs%?# ]é,l%g?% gT?Wleg[ §FPLingg,
Sterr] = TlEdddSIWLIdd Eharl B14L ofxgme luminance si¥fl§iey*Bs XR are

positive constants
set for the chrominance P_ which has higher visual

R
5 sensitivity and a larger scaling factor value is set
for the chrominance signal PB). Further, by
controlling the coefficients to be multiplied by the
quantization matrix elements for the chrominance
signals using functions, the coding can be performed

10 more efficiently than the case of setting those
coefficients individually.

Thus, according to the present invention, it is
possible to provide an image encoding apparatus and
method with which a reproduced image of high quality

15  can be obtained.

An example of the present invention applied to
a moving image encoding apparatus will be described

) below in detail. Fig. 6 is a block diagram of the
apparatus.

20 In the drawing, denoted by 20 is an input
terminal for an analog TV signal. The TV signal
sensed by using a CCD sensor and inputted through the
terminal 20 is converted by an A/D converter 22 into a
digital signal of 8 bits. The digital signal is

25 g@ivided into blocks each comprising (8 x 8) pixels by
an (8 x 8) block formation circuit 26 which operates

in a like manner to the (N x N) DCT circuit 102 in



-

[erri"

(4]

where KB[err], KB[err], KR err], KR err] are constants
iii) S[err] = flerr](S[err]) = 9Y[err] x Klerr](S[err]), 10
S[err] = f[err](S[err]) = S[err] x Klerr] (S[err]) wher e
Klerr](S[err]), Klerr](S[err]) are ¥aunctions of Slerr] i V)
S[ferr] = flerr](S[err]) = Serr] [err] 15 ~ where C, A are
constants Opti mum ones of the above functions and

const ant

are sel ected dependi

uired and

on the co essi on_ . .rate r
the natute &f%n Yinpte i‘?ﬂeﬁﬁ‘%ggﬂng si"r%‘fl{]%{ e ¢ :R‘i%rf”o?c‘f’rrﬁgggqual ity is

m ni m zed.

20 .This selection can be achieved by, for exanple,

repeating t RREEd B Sr ocess several times with di fferent quantization

characteristics Or[¥¥£errgégg Dll to D of each block are converted -

10

15

20

25

88
by the DCT circuit 28 into a data matrix Xll to X88 for

two-dimensional frequency regions as with the case of
Fig. 1, followed by being supplied to quantization
circuits 32a éo 324 and a 1F (one-frame) delay circuit
34. |

A quantization matrix generation circuit 36
geherates similar matrices to those generated from the
aforesaid quantization matrix generation circuit 1ll1.

Supplied to multipliers 38a to 38d are initial

coefficients C, to C, as control coefficients {scaling

1 4
factors) C from a coefficient calculator 48. As with
the case of Fig. 1, the multipliers 38a to 38d
multiply outputs of the quantization matrix generation
circuit 36 and the control coefficients Cx for
respective components, i.e., (Wij X CX/CO), the
multiplied results being outputted to the guantization
circuits 32a to 32d. The guantization circuits 32a to
32d respectively quantize conversion coefficients with
the guantizing steps controlled by the control
coefficients-Cl to C4 and output the quantized values
to VLCs (Variable Length Coders) 40a to 40d.

In this embodiment, the VLCs 40a to 404 do not

output the actual coded data, but output only

information nbl to nb4 of total bit number for each



t he cbding processes with different quantization .characteristics in

paral lel as explained |later. 25 As an alternative method of
controlling respective quantization steps for the chrom nance

signals Plerr] Plerr] t he coef f icilents to be nultiplied by

the quantization matrix el ements for chrom nance signal s may be

t hensel eves controll ed rather than generati ng thelicallng f?ctorg. I n
this cage, t i f or,_. ge thi j rcuit. ener at es
coeffic?éntgmﬁfgr?f ﬁ%%?}f%%of%gﬁmﬁ%% %ﬁ%@&a%gfﬁ#ﬁ%%SJJE’%%ﬁfﬁﬁlnance
signal s P[esrhiRhekr yron pl ace of the scaling - factors. Merr] Merr]
are functions of Slerr] as expressed bel ow Merr] =

glerr] (S[err] ), Meinh £hel entbifa®ich) nbl to nb4 outputted-
from the VLCs 40a to 404 and the control coefficients
3 Cl to Cyr the coefficient calculator 48 calculates a
control coefficient C5 desired for the total bit number
and outputs it to a multiplier 38e.
The coefficient calculator 48 also outputs
control coefficients C6’ C7 as an approximate value of
10 Cs'to multipliers 38f, 38g.and, on the other hand,
outputs the control coefficients C5 to-C7 to terminals
44a to 44c, respectively.
It is here assumed that when C, £ C5 s Che1
n

holds for Cgs C¢ and C, meet the relationships S Cs

15 < ¢, and Cg < Coy 8 C,4+1+ respectively, and n meets the

5 7
relationship 1 g n

i

3.
The multipliers 38e to 38g respectively
) multiply outputs of the quantization matrix generation
circuit 36 and the control coefficients Cg to C, as with
20  the multipliers 38a to. 384, the multiplied results being
cutputted to quantization circuits 32e to 32g within a
vertical blanking period.
Meanwhile, those DCT conversion coefficients
resulted from delaying DCT conversion coefficients
25 through one frame by the 1F delay circuit 34 are
inputted to the quantization circuits 32e to 32q.

The conversion coefficients are quantized in



10 . Exanpl e of function forms of Merr], Merr] usable in

this case are enunerated bel ow V) Merr] = g[err]
(S[err] ) = 2[err] + TB, Merr] = g[err](S[err]) =
2[err] - TR where TB, -TR are positive constants 15

Vi) Merr] =gl[err](S[err] ) = CB x 2[err], - Merr] -
=g[err] (S[err]) = CR x 2[err] where CB, CR are constants
vii) Merr] = glerr](s[lerr]). = 2[err] x C%FrrLQS[err],

Merr] 2 g[ Ehe]gapetipption sirpuitscpas [FEsPL Lt She wher e

Clerr](S[err]), C%err]% err are functions of S err] s viii)
Vierr] = gl BhHpEEpERp] 5EeBs| Epptrolieg pr the’ coltEal cagttiniantis of the
above functjons apnd 25.constants are sel ected _depending.on the conpression
rate requiréﬂ_gﬂdEﬁheéﬁgtaﬂg gHaRtiEgsud ﬁﬁﬁﬁbagb f?é%p&%té% & erioration
of image QUQngy4bg %bnﬁﬂb%edIn this embodiment, the VLCs 40e to

5 40g output the actual coded data to entry buffers 42a
to 42¢c and also output the total bit numbers nb5 to nb7
to a judgment circuit 50. The judgment circuit 50
delivers such an output to switches 44 and 46 as to
select the quantization result which is less than the

10 desired total bit number and nearest thereto. The
entry buffers 42a to 42c store the coded data until
the judgment circuit. 50 issues the judgment result.
The switch 44 selects one of the control coefficients
in accordance with the judgment result and outputs it

15 to a multiplexer 52. Also, the switch 46 selects one
of the coded data -and outputs it to the multiplexer
52. The multiplexer Sé multiplexes the.control

' coefficient and the coded data, followed by outputting
to an output terminal 54.

20 The scaling factor for quantizing the
chrominance data may be controlled independeﬁtl?
rather than being dependent on the scaling factor for
guantizing the luminance data as stated before. In
other words, the luminance data and the chrominance

25 data may be coded in a completely parallel manner.

The scaling factor may be fixed in one frame of

an image as mentioned before, or may be varied per



- 12 - The conpression rate can be changed by entering
control information to the control circuit 112 through t he i nput
termnal 116 and changing the scaling factor value S[err]. The node
for the nethod of deciding the 5-quanti zing steps for the chrom nance
signals Plerr]' Plerr] can al so be changed by entering node

I nformation to the control circuit 112 through the input termnal 116.
As mentigned above, since the scaling factor val ues of the | um nance
si gnal Ylandblﬂ@kcﬁfoﬁ1HaNcélXEGS-S|gnals Plerr] Plerr] are set by
controlling the scaling factor values of the chrom nance S|gnals

Plerr] Plerr] EBE@H&antﬁﬁ Fﬁélééélﬁﬁ&tPébﬁﬁy\Rﬁlﬁ9Q§§9 Yedf the
| um nance SI nal such t i n need of incr S|n conpr essi on
rate, a snal gPeggéﬁﬁnﬁnf§ o ATPH e°f1§°qgg %Fﬁﬁ%ﬁ%%] Ergf ch has
PLerr]), an PHSgEoathty Brr Ry, be, cBuriided, Pare il Glaffiyn e
5 the original image is a line image including characters
and the like or a natural image.
Additionally, while the component Y is
extracted as luminance data and the components PB, PR
are extracted as chrominance data in the above
10 embodiments, those components may be (Y, Crs Cg)s
(L*, a*, b*), (L*, u*, v¥*), (¥, u, v) or the like.
Moreover, the functions of the control circuit
112, the scaling factor generation circuit 113 and the
quantization matrix generation circuit 111 can be
15 executed by a CPU and a RAM, a ROM, etc. connected to
the CPU.
It should be understood that the present
’ invention is not limited to the embodiments as set
forth above and may be variously changed and modified
20

within the scope of the invention defined in the

attached claims.

25



obt ai ned even when the conpression rate i s increased. Furt her,
controlling the coefficients to be 20 multiplied by the - quantlzatlon

matrix elenments for the chrom nance signal s using f q{af d
flerr], f[err], g[err] glerr] the coding can be per ¥ T
efficiently than t he case of setting those coefficie I

Moreover, even with the i mage data having 25 other input

i nput s) t hao ut Hey # 5 foregoing, the sygnilar operating effect can also be
achi eved by Werghi ng the coefficients to be nmultiplied

13 1 by the guesltbzatimageNpirbceseliRdgedpparatas idomprawieg: to the
above case in match with the visual sensitivity of human eyes (e.qg.
such that in the&npasemetneBRorninphitting iweigghidaga repr@sentimy tshe G

i nput near a | um nance
color image;
first encoding means for encoding the image data by
5 using a first encoding parameter; and
second enéoding means for encoding the same image
data by using a second encoding parameter different from
the first encoding parameter, and

wherein said first and second encoding means encode

10 the image data in parallel.

2. Apparatus according to claim 1 comprising:
dividing means for dividing the image data into a
plurality of blocks having a predetermined size;

15 first quantizing means for quantizing the image data
of each block by using a first se£ of quantization
parameters; |

second quantizing means for quantizing the same
image data of each block by using a second set of

20 quantization parameters different from the first set of
gquantization parameters, and wherein the first encoding
means encode the image data quantized by said first
quantizing means, and the second encoding means encode
the image data quantized by said second quantizing means.

25
3. Apparatus according to claim 1, wherein the image

data is composed of luminance data and chrominance data.

THIS SHEET HAS BEEN |
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5 signal, the Binput and the Rinput in this order). (Anot her
Enbodi nent) Fig. 2 shows a second enbodiriént of the
present invention. Conponents having the sane TthSh@e@Hbs@b&:l@e%laL Jyose in
the prior art are denoted by 10 the sane referen will not
be descri bed here. Blocks a, b and c ¢i rcumsctmm MBEMME i nes
all function in a |like manner. However, an input t k ais
only the lum nance signal Y, an input to the block b is only the
chrom nance signal P[err], and 15 an |nput to the block ¢c is only the

chrom nance gsi g'ﬁsparatuéa[aﬁ:rédrdln U atrgﬁ CHBHE S1aNR] Weré e

chrom nance Ignal s are separately ocessed in paraITeI for

codi ng. Acc@adiddlnputd i Bongiriddd LB HENd®S. a control signal
suitable for parallel processing to 20 a quantization matrix generation
circuit 221 so that the quantization matrices for the | um nance signal
and the chrom nance signals are generated al nost at the sane

timng. Li kéw spparsials rapdantinitg genarsy imrecedingiclain, 2dlersin
controlled by the control circuit 222
5 said dividing means divides the image data into blocks

each comprising N x N pixels.

6. Apparatus according to any preceding claim, wherein
said first set of quantization parameters is smaller than

10 said second set of quantization parameters.

7. Apparatus according to any preceding claim, wherein

a second coefficient depends on a first coefficient.

15 8. Apparatus according to any preceding claim, wherein

said apparatus is a moving image coding apparatus.

) ).

said first and second encoding means are capable of

Apparatus according to any preceding claim, wherein

20 variable length coding.

10. A color image coding apparatus according to any
preceding claim, further comprising control means for
controlling a quantization parameter for quantizing the
25 image data by using encoding result of said first and

second encoding means.

I— tms SHEET HAS BEEN

\lll\ll\ |\\|\| ML REPLAGED |




25 to ’ger;erate scaling factors S[err], S[lerr] Serr] for the Tum nance
signal Y and the chrom nance signals Plerr] Plerr] al masthe@Has Been R caiane

timng. S[err], Slerr], S[err] are functions of S[err]

- 14 - expressed bel ow Slerr] = ]
flerr](S[err]) Slerr] = flerr] (S err]) , the
scaling factor generation circuit 220 may generate coeffici ents to be
directly 5 nultiplied by the quantigation matrix elenents for the

chrom nance signals. 1In this case, coefficients Merr], Merr] used
for the leur.ommaﬂsﬁoﬁlﬂlﬂﬁfé Meééks%grﬁétﬁé& Sbﬁﬁelbzng.

Merr] =gl[err](S[err]) err] glerr] (S[err]) By so
arranging, it arm mputbiaEepooﬁoinpﬁtyméOlmbgél dats repgesehtingess
deterioration in imge quality even at the increased coOnpression rate,

but a color image;
-a first encoding step of encoding the image data by
5 using a first encoding parameter; and

a second encoding step of encoding the same image
data by using a second encoding parameter different from
the first encoding parameter, wherein said first and
second encoding steps are performed in parallel.

10
12. A method according to claim 11 and comprising:

a dividing step of dividing the input image data
into a plurality of blocks having a predetermined size;

a first quantizing step of quantizing the image data

15 of each block by using a first set of quantization
parameters;

a second quantizing.step of quantizing the same
image data of each block by using a second set of
qguantization parameters different from the first set of

20 quantization parameters, and wherein the first encoding
step encodes the image data quantized in said first
quantizing step and the second encoding step encodes the

image data quantized in said second quantizing step.

THIS SHEET HAS BEEN

WA ORI ___ REPLAGED




v

al so adapt to high-speed coding through parall el processi ng, which

permts real-time coding of noving -images and the like. 15

As expl ai ned above, by setting the scaling factor values or the
coefficients thensel ves to be tiplied by the quantization nmatrix
el ements for the | umi nance signal Y and-the chroni nance signals
Plerr], Plerr] separ atteage Bmdcesstingl Appgrefasscal i ng factor val ues

20 or the coe2£ gig E hﬁgge égg E mul tiplied by the guanti zati on
matrix el &men e % b %J%% signals Pl[err], Pl[err] depending
on the scaling factor Tﬁ@. ‘i?xventltoﬁx[ grd I5 3{ erddify leyny &S ﬁ{lﬁgle Y, there

e

can be obtai ned I fage W I"ess tertoration in 1mage quality 25

correspondi ngqhg;4f %Wry?i%d&g%fe iy eldoaidy. 1In ldMRUppHddrdLss
deterloratlon In quality o ol or i mages can be obtalne even at the
i ncreased conmppesguantidlify conversion data resulted from converting
5 image information into frequency regions and then coding
the quantized data, a coefficient to be multiplied
by a chrominance quantizing matrix is set depending on

a coefficient to be multiplied by a luminance quantizing

matrix for an improvement in color reproducibility.

i

THIS SHEET HAS BegN |
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- 15 - ° t hrough such a control, for exanple, that in need of

I ncreasing the conpression rate, a snmaller scaling factor val ue than
that of the lum nance signal Y is set for the chrom nance P[err]
whi ch has hi gher vi sual 5 sensi tiyvi and a larger scaling factor val ue
s set f-or the chrom nance signal Plerr]). Further, by
controlling the coefficients to be nultiplied by the quanti zation
matrix el ements for the chrom nance signal s using functions, the
codi ng can be performed 10 nore efficiently than the case of setting those
coefficients individually. Thus, according to the present
I nvention, it is® possi ble to provide an i mage encodi ng apparatus and
met hod with whi ci2a reproduced i mage of high quality 15 can be obtai ned.
"An exanpl e of the esent invention applied to a novi ng 1 mage encodi ng
apparatus will be scri bed
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bel ow in blet ail. Fig. 6 is a block diagramof the appar at us.
In the drawi ng, denoted by 20 is an input

si gnal .

The TV si gnal

t hrough t he
di gitat signal
each conprising (8 _x.8)_pixels_ by

26 whic
_16_
by one.
convert
for 5

<C
o

9]

perat es

e

[

FIG.2A

termnal 20 is copv
of 8 bits. The digital

Rxel data

R
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Fig. 1, followed by being supplied to quantization circuits 32a to 32d
and a 1F (one-frane) delay circuit 34. A quanti zation
matri x generation circuit 36 10 generates simlar matrices to those
generated fromthe aforesaid?gqutization matri x generation circuit
111. Supplied to multi'plirers 38a to 38d are initia
coefficients CJerr] to CJerr] as control coefficients (scaling

............................

factors) C froma toéefficient calculator 48. As with 15 the case of Fig.

1, thé nultipliers§38a t08§8d nmukticgpl y outputs of the quantization
matri generation : Ci [t 36 and:jtie control coefficients CJerr] for
respedtive conponehts, i.e. X (Werr] x (err]/Cerr]), the mul tiplied
resul s bei ng outputted g@ thg quantization 20 cirewits 32a to 32d. The
quantijzation circults 32&-*@5 32direspectively é@antize conver si on
coeffijcients with : th§~ antizingisteps controll by the control
coeffircients CJerr] to (el and out@ut the quanti zed | ues to VLCs
(Variéble Lengt h Coders)[ Z9&-t{5]40d. |
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EIEE N

25 o In this enbodi nent, the VLCs 40a to 40d do not out put the

actual coded data, but output only i nformation nbl to nb4 of total bit
nunber for each - 17 - I mage as
resulted fromthe simlar processgﬁg %f an ordinary VLC

Using the information nbl to nb4 fﬁ t ed- fromthe VLCs 40a to 40d

and the control coefficients 5 derr] to (err] the coefficient

cal cul ator 48 cal cul ates a control coefficient CJerr] desired for the
total bit nunber - and outputs it to a multiplier 38e. The
coefficient calculat08348 al so out puts control coefficients CJerr]
Clerr] as an appr oxi value of 10 ({err] to multipliers 38f, 38g and,
on the other hand, outputs the control coefficients CJerr] to Cerr]
to termnals 4 4c, respectively. -
- | o :
\J &
>
4 8
& Q
-
=
o
=
W
3 I~ S
— o C{
-
\zn: \|Z x =
< LJ < W — o
s Q s 0 ~— o
£3| |&8 = Z
22 o2 \\8 O X
T W I i 3 > 0O
I ] - < |x
S| © \\ | = £
— % o | NTTTTTTTY ng—
-— H ’ o X
\|C \ i oilT|zZzO
™ wCC : : OO Z e
. z:c) O ~ O
@ Lu}_ tj i ' << =
E H m, N<
— —O oo H H UJ—
Q_ < 4 [] Ol'_ﬂ:
LL ? 0 = e Bt iz 1Z2w
W N < < Z
Z2e| |©0 Siof
O o N 0 =|C0C
A J =
) =
) ‘ 2
S o - o
N B \
5z
55
~ o ol
o] o8
o oz
\ ¢ LE h
<t
O plis
=z - —ul
x O << Z
Z0 Qouw
w o

101



|t isvﬁefe assuned t hat when

holds for Cerr],
Cerr] 15 < (err]
neets the

results being
verti cal
coefficients

t hrough one frane by the 1F delay circuit 34 are
quantization circuits 32e to 32g.

are quantized in

LOW

VERTICAL-DIRECTION
SPATIAL FREQUENCY

X
()~
T

relationship 1 [erfﬂ
mul tipliers 38e to 38g respective
quanti zation matri x generation
Clerr] to CJerr] as with 20
outputted to quantization circuits 32e to 32g within a
bl anki ng peri od.
resulted from del ayi ng DCT conversion coefficients

Cerr] [err] (err] [err] (err]+1

Cerr] and (Jerr] neet the relationships (Jerr] [err]

and Clerr] < derr] [err] Cerr], respectively, and n
[err] 3. The
mul tiply outputs of the
circuit 36 and the control coefficients
the nultipliers 38a to 38d, the nultiplied
Meanwhi | e, those DCT conversion
25
inputted to the
The conversion coefficients
- 18 -

FIG.4

DC CONVERSION
COEFFICIENT

HORIZONTAL-DIRECTION
SPATIAL FREQUENCY

LOW » HIGH
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1 the.quantization circuits 32e to 32g with the gquanti zi ng steps
controlled by the control coefficients C5 to C7, and the quantized

val ues are outputted to VLCs 40e to 40g. In this enbodinment, the VLCs
40e to 5 40g output the actual ﬁggggggata to entry buffers 42a to 42c
and al so output the total bit nu s b5 to nb7 to a judgnent circuit
50. The judgnent circuit 50 del i vers such an output to sw tches 44 and
46 as to sel ect the quantization result which is less than the 10
desired total bit nunber and nearest thereto. The entry buffers 42a
to 42c store the coded data until the judgnent circuit 50 issues the
judgnent result. The switch 44 selects one of the control coefficients
in accordance with the judgnent result and outputs it 15 to a nultiplexer
52. Also, the switch 46 sel ects one of the coded data and-outputs it
to the nmultipl exer 52. The multiplexer 52 nultiplexes the control
coefficient and the coded data, followed by outputting

FIG.5

16 11 10 16 24 40 51 61
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 10t

72 982 95 98 112 100 103 99




R

to an oufbut termnal 54. 20 The scaling factor for quantizing the

chrom nance data may be controlled i ndependently rat her than being
dependent on the scaling factor for guanti zing the | um nance data as
stated before. In ot her words; }h | um nance data and the chrom nance
25 data may be coded in a conpletely parallel manner. The
scaling factor may be fixed in one frane of an i nage as nentioned
bef ore,—otr-nay-be—vgrred-per———-—-—-—- =19 - 1
bl ock of N x N pi xells. Furt hgr,| tlhe scaling factor may be
cont rpptted depgndi ng on the anmbunt o coﬂﬁﬂ data resulted from
t he codﬂbg, or may ke control |l ed dependin qn ether 5 the grdgi nal
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and the+lrke or a natural image. Addi tionally, while the

conponent Y is extracted as | um nance data and the conponents P[err]
Plerr] “ are extracted as chrom nance data in the above 10

enbodi ments, those conponents nmay l:g/(/\g Cerr] derr]), (L*, a*, b*),
(L*, u*, v*), (Y, u, v) or the like””_ Mor eover, the functions
of the control circuit 112, the scaling factor generation circuit 113
and the guanti zation matrix generation circuit 111 can be 15
executed by a CPU and a RAM a ROM etc. connected to t he CPU.

It should be understood that the present invention is not limted to
t he enbodi nents as set forth above and may be ri @sl y changed and
nodified 20 wthin the scope of the inventi.on defifed in the

attached cl ai ns. 25 N
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- 20- CLAI' M SHEET 1. (New) An inmge
codi ng apparat us conpri si ng: i aput 'means for inputting inmage data
-representing an inage; di viding nmeans for dividing the image data into
a plurality of blocks having a predetetLg ned size; first quantizing
means for, quantizing the inmage data corresponding to the block by using a
first, set of quantization paraneters; second quanti zi ng neans for
guanti zing the sanme i mage data corresponding to the bl ock by using a second

set of quantization paraneighasdiphbeEadtrnG’ apphRarhir St set of quanti zation

par anet ers; first measuring neans for neasuring a first anmount which
is obtained when the inage aggnkRagaaol gt by ssaogukEr St quantizing neans is
encoded; and second neasuri ng neans for neasuring a second anount

whi ch is obtained when the inage data quantized by sai d second quanti zi ng
means i s encoded, The whreertionaillsfiistembel secowndingsnte ziigpgeans
quanti ze the inmage data parallelly and said first and second neasuri ng
means perf or ngualdityi by apreresmopimageckebiing. InZan (Ipp@ravus nage
codi ng apparatus according to Caim1, wherein the inmage data is conposed
of lum nance §a¥a o@eRREIBIRFancONFAREion data resulted from

converting image information into frequency regions
and then coding the quantized data, a coefficient to
be multiplied by a chrominance quantizing matrix is
set depending on a coefficient to be multiplied by a
luninance gquantizing matrix for an improvement in

color reproducibility.

FIGURE 1

REPLACEMENT SHEET
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3. (New) An image codi ng apparatus according to d aifm2 e] d}i nput
means=cenpri ses a CCD sensor. 4. (New) An inageﬂégﬁﬁﬁgkﬁgo ﬁ%gu
according to Caim1l, wherein said dividing nmeans dijvijdes the imgejdata

i nto bl ocks each comprising N x N pixels. 5. (BHMD?$QNWFKB¥C dilng
apparatus according to Claim1, mhqjﬁ'n_said first det} of quantizatilo
paraneters is smaller than said seco set of quantijzdtt S.

6. (New) An image codi ng apparatus according to Claijm1, wherein a sedond

coefficient depends on a first.c eaf'c&ent E T

-21 - 7. (New) An inagegtgdrn%—appa§a¥ug—artording to daim1l
wherein said apparatus is a noving i mage codi ng appar at us. 8. (New)
An i mage codi ng.afpewadt s dwegedcnding @ppamatuswhemprasdagd first and
second neasuri agpikameanke fegPahbateinyainagkedheagibpeedefiging an 9.
(New) An Egggg.coding apparatus according to Caim1, further conprising

control neand fqr .controlling.a anti.zatio araneter for quantizing the
i mge data by GéyﬁélﬂﬂagﬁﬁﬁﬁgfPﬁgaFY§degs§gﬁpFP?§F gﬁaaséegﬂdaneasu?ing

nmeans. plurality of blocks having a predetermined size;

first quantizing means for quantizing the image data
corresponding to the block by using a first set of
quantization parameters;

second quantizing means for quantizing the same image
data corresponding to the block by using a second set of
guantization parameters different from the first set of
quantization parameters;

first measuring means for measuring a first amount which
is obtained when the image data quantized by said first '
quantizing means is encoded; and

second measuring means for measuring a second amount
which is obtained when the image data quantized by said second
quantizing means is encoded,

wherein said first and second quantizing means quantize
the image data parallelly and said first and second measuring
means perform measuring operations parallelly.

2. (New) An image coding apparatus according to Claim 1,
wherein the image data is composed of luminance data and
chrominance data.

3. (New) An image coding apparatus accoxrding to Claim 2,
wherein ‘said input means comprises a CCD sensor.

4. (New) An image coding apparatus according to Claim 1,
wherein said dividing means divides the image data into blocks
each comprising N x N pixels.

5. (New) Bn image coding apparatus according to Claim 1,
wherein said first set of quantization parameters is smaller

than said second set of gquantization parameters.

6. (New) An image coding apparatus according to Claim 1,
wherein a second coefficient depends on a first coefficient.

e




10. (New) An inmage coding method conpri sing: an| iRERUACEMEY SHEET

i nputting i mage data representing an i nmage; a dj vidrmg-step of
dividing the inmage data into a pluralityof blocks hayipg _ d@@ ri ned

si ze; a first quantizing step of quantizing the iT&é?lggﬁa’
corresponding to the block by using a first set of guabti | Megt er s;

a second quanti zing step of quantizihéntﬁe I mge dat @ corresponding to}the
bl ock by using a second set of quantization paranet ets—eifferent fromthe
first set of quanti,zatiqgn paraneters. |,LS ing s . Of
measuring a fi?étkgﬁgunﬁnwEPEHei§°8§Pgiﬁgﬁa%ﬁgkst%gg?%ggégdgeahigéﬁt%ied in
sai d firskWhgraap spAgd apepratusndsdaqmoying image SoddRg ARREEAM§-step of
measuring a second anount which is obtained when the i mage data quanti zed
in said secondgquaRkidi B8 $h8Bel SoBRRGIEPparatusBeceirding dof claimamd

second quaRLlgiRdsgiaPE;aLe RARALLELLY REGLALTRE Aadns?hde baphniadogecond
€ el I'y ‘pertorned.

neasuringvgrlgglgrieﬁggg coding.

9. (New) An image coding apparatus according to Claim 1,
further comprising control means for controlling a
quantization parameter for quantizing the image data by using
measuring results of said first and second measuring means.

10. (New) An image coding method comprising:

an image step of inputting image data representing an
image;

a dividing step of dividing the image data into a
plurality of blocks having a predetermined size;

a first quantizing step of quantizing the image data
corresponding to the block by using a first set of
quantization parameters;

a second quantizing step of quantizing the image data
corresponding to the block by using a second set of
quantization parameters different from the first set of
gquantization parameters; _

a first measuring step of measuring a first amount which
is obtained when the image data quantized in said first
quantizing step is encoded; and

a second measuring step of measuring a second amount
which is obtained when the image data quantized in said second
quantizing step is encoded,

wherein said first and second quantizing steps are
.parallelly performed and said first and second measuring steps
are parallelly performed.
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