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LTI MEDI A OPTI CAL DI SC HAVI NG | MPROVED | NTERACTI VE REPRODUCTI, ON

ROCEDURE, A REPRODUCTI ON APPARATUS AND A NETHCD FOR SUCH A:- < DISC ¢
BACKGROUND OF THE | NVENTION 5 (1) Field of t he Inventlom S, 'The-..
present invention relates to an optical disc whi ch stores « nultimedia -
data, a reproduction apparatus, and a reproduction met hod for

riepr oducrng such an optical dwsc; anong them:all, s especially, to
ijmprovi ng reproduction functioh in the |ntera@i|ve 10« application.

() Description of the Relate¢/ Art kaser diseg and video CDs are
wel | known as opti cal ?ﬂfornation storage nedi a.and the reproduction
apparatus for audi o information and noving picture information.

IMAGE PROCESSING APPARATUS

The present invention relates to an image processing
apparatus.

Conventionally, an image processing apparatus is well .
known in which color documents and the like are read out by an
image input section such as a scanner, and the image data read
out bf the scanner is reproduced, for example, by a display or
a color printer.

However, an image output apparatus such as a display or
color printer has its own specific color reproduction
properties. .Therefore, it is difficult to reproduce the colors

L3 of an inputted color image precisely using an input device such

as a scanner.

For this reason, conventionally a method has been proposed
in'which color correction processing is conducted in accordance
‘ with the color reproducing properties of the image output
apparatus. One such color correction method is described

in Japanese Unexamined Patent Publication No.
63-2669. According to this method, a three-dimensional color
correction table of RGB is prepared corresponding to all

come.natJ.ons of three-color components of red (R}, green (G)
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stieri ng“anal ogue novi ng pi cture data of about-an hour:" They have
bgen often utilized as storage nedia for novies and ﬁUSICrVIdGOS T e
wever, their size is not necessarily optlnal in terms-of - er <o
trlansportation or storage, there has been an increasing demand 20 for
re conpact storage nedi a. A video CD was realized by tailoring
an audi o conpact disc as foll ows: a Iarge anount of novi ng pi cture
ges were wi.th a ter of 12cm by

HEG (MovPRg BeRuid) - contanser BICRTIRE ansRentLonaar i ot
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Laser discs are optical discs with a diameter of about 30cm
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conducted referring to this table.

However, according to this color correction method, the
5 capacity of the memory for the color correction table is large.
Therefore, the above color correction method is not suitable
for practical use. For example, when the gradation of an
inpdtted original color image data is expregged with eight bits
i" ‘(256 gradations) for each color of R, G and B, the number of
0 colors is 16,780,000 (= 256%). Thus, it is necessary to
provide a memory capacity of 48 megabytes for the color
correction table to stoxe the R, G and B data.

In order to reduce the memory capacity o¢f the c¢olor
correction table, proposals have been made in Japanese
5 Unexamined Patent Publication Nos. 4-144481 and 4-185075. 1In
_ohe such apparatus, a coloxr correction table-is not provided

for all combinations of R, G and B. When only the results of

ﬁb_ color correction are stored with respect to the grid points
) formed by dividing the three-dimensional color space of R, G
. and B at appropriate intervals, the capacity of the table
memory 1is reduced. In the case of color data witiich is not

precisely coincident with the grid points, reference is made to

the color correction data of a plurality of adjacent grid

points so that color interpolation processing can be performed.
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cently, there is an increasing demand for new storage nedia 5

pabl e of storing hlgh quality novie appllcatlons and-al so,capn* "; . ‘be -

ed inthe field of "interactive appllcatlon Fbre the S A
nteractive application" has a plurality of neproductfon roytes..” . ..and
| ows the user to control the direction that the appllcatlon t akes

me of the exanples are: an aerobics software for self- 10 exerci se;

d a guide video of an overseas travel. Among them all, what is

table is thategidinh PPk HCR HORSs Mk A iSrea gaten%abhsglg%x?&%r ags 1 ve

vi es" have been developed, stingur's

nventi ongl, gBwy £ ahOleldip It £5 AakkKE 1 beg mf‘yﬂféhm&%ﬁo# "cbPLELELdA Ve

vies, a plurality of stories are stored in paral

ddt er mi ne glhecshsBedi an lBohH@cE@&”Sﬁx the of{giffl stybat ihages $9cd hat
t ey can get the feel of reality and ex0|tenent Here i s an exanple
off a storyeghesdsed dbgLn, ad and b* aswahl khe. ARG EMAEEIDY rs

irg front of the warrior and a menu is displayed as follow tion 1:
s Anvay. ploxim@tri@Osystémghind 4t 4He sy, cide dideoteonion dheclsdory

| s} det er m ned. Reproduction of the story keeps going, branching to
b screercolorimetric system is conducted from L*, a* and b* to CMYK.
In this case, in order to convert the values of L*, a* and b*
of the original color image into C, M, Y, K corresponding to =-.:
i*’ the amounts of ink of cyan, magenta, yellow and black,
fo compensation data of eight grid points adjacent to the original
color image data is referenced, and a color interpolation
calculation is performed with respect to the iﬁputted original
color image data.

For example, an expression of interpolating operation to
15 find a Y component is expressed as follows:
Y= (1 - y)(L - v} (1 ~ vu)¥(1, a, b)

oyl - v (L - y)¥(L + 1, a, b)
* (L - vva(l - v)Y(L, a + 1, b)

(L =¥ (L - ya)ve¥(l + 1, a, b+ 1)

0 toyra(l - yo)¥(L + L, 2 + 1, b)
(L - Ya)n¥(l + 1, a, b+ 1)
(L - y)vaye¥(l, a + L, b+ 1)
*oYi¥aYe¥(l + 1, a + 1, b + 1)
{Detailed descriptions of the variables can be found in the

3 cited reference.)
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i mages whi ch corresponds to the user's opti on.

re Frre er *

2 Control of the Interactive Appllcathon' s A e
conventional interactive application in t-he gase of queo ; -, «Cb can b&-
expl ai ned as follows by means of Figs. 1-3. Here-irS«re- an exanple of o
mul ti story-detective story (multi-story neans 5 that there are severa
possi bl e direction of the story). Fig. 1 shows noving pictures
1-5 of the detective story, which are arranged according to the
order of reprbdGbtivhluesh abvii(ly 2, b), pircturellt h, detect, \te+enteos a
rjoom In novin icture 2, a pen and gl asses on a desk is zooned in
flor cl osEl®psid Iﬁlﬁ%v9§ufh?H?XPﬁﬁ%ﬁHQMeage yagpes g Meépbayebtaasﬁdng t he

User to select either "1. glasses" and 1"2: a pen” I n nDV|ng
dicture s @|5§§&§qﬂq; refererice to the color correction table wit

respect to elght grld points adjacent to the target data. The

interpolating operation is conducted in such a manner that

wn

these values are multiplied by a weight which is in inverse
proportion to a distance in the color space so as to find the
mean. .

* Although it is possible to reduce the capacity of the
P color correction table according to the prior art described
above, it is necessary to perform multiplication 24 times and
‘also to perform addition seven times for conducting a
compensating operation with respect to one color component.
Therefore, the number of operations is greatly increased, so
s that the processing time is increased.

Especially when image data is subjected to gradation
number conversion in accordance with the gradation number
*b (number of possibie gradations) of the image output apparatus

. in addition to the colox correction processing described above,
0 the color correction processing requires a very large number of
operations compared with the gradation number conversion
processing. Therefore, the processing time is greatly
incregsed. -

That is, in the case where a color printer or a display is

23 used for an image output apparatus in which color image data
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zqoned i'n for close-ups according to the selection of ,[!1: .. «-.gl asses"”,

noving picture 5, a pen is zooned in for cfose-ups ! " dccording to; ,
selection of "2: a pen". 15 Fig: 2 s an exanpl & shdw ng how the ;*
pective digital data of noving picturers 1-5°fs st©Ored ‘on the

eo CD. Aside from the digital data, the video CD stores a
rality of reproduction route data which controls the order of

roducti on of novi ictures 1-5, Digital data f one novi ng
ture Hf%ﬂo%@dquéﬁﬁFEd QQEeFPéQ(ﬁL%ﬁ%aéng HoWevee s %?r%% ?%%%

data shom

t, necessar.i | be, st.ore

B Agapisy o pTTES et triaer 14 dgélﬁ'f’sgegwomr?ﬁ S
UL s B Rt L ABULS 4l A5 LEFOR gradacsdd
number conversion éroces51ng by which the gradation number of
the original color image data is reduced to the gradation
number N capable of being outputted, that is, it is necessary
to perform N-gradation processing. For example, in the case
where a color printer is used for the image output apparatus,
in which gradation control cannot be conducted for each dot,
the gradation number capable of being outputted is N = 2. 1In
this case, binary-coded processing is required, by which the
gradation number of each color component of the original color
image data is reduced to two, which corresponds to ON/QFF
printing of dots.

Various methods are employed for processing in which the
jradation number is made to N. In order to obtain the best
image quality, the error diffusion method and the minimum
average error method in the same group are well known. The
error diffusion method and the minimum average error method are
characterized in that the resolution is high and it is possible
te continuously reproduce the gradation.

According to ' the minimum average error method, the
follb%iné pixel data is corrected by the weighted mean value of
the quantization errors which have occurred in the adjacent

pixels, the values of which have already been N-coded. On the
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ne is giving reproduction order to a plurality of noving picture,

ata; and the other is to switch branch désph@atLdn:as tthe -~ - ,: r';f X
eproducti on proceeds. The former type is:called a "play; Iist¥; ---»
ign whi ch the 5 reproduction order of t-he Aoving picctures is designated.-

Sso, the play list includes a piece of link information which

signates the next reproduction route after the reproduction of t he

si gnat ed novi ng pi cture ends. The latter type is called a

el ecti oathest "handhe aswlagstiingn t40 the i strriome| ddffuaiphurmethgd of the
production routs as branch target candi dates and a nenu address.

e nenu gHapéigaitdonq eagerdwhich hagdeceysredr wheneau CRFEGE™ Pdikedr dwi des

plurality of branch . targets. The menu inmage includes a plurality
i tems Whesded is diffagers rteatghénaﬁaﬁrﬁér@ PbKRA§pYRd Cho hagenmiot &ies of

productjon 15 routs -as the branch targets. In Fig. 3,

product PBR%r §a€8985-a 1, 3, and 4 are play lists, and reproduction

ute data 2 i a_selectio ist., . The
5 %t can be cong} ered that the minimum average error method

and the error diffusion method are precisely equivalent except
for the handling at the image end. An example of binary-coded
processing by the error diffusion method is -disclosed in

Japanese Unexamined Patent Publication No. 1-284173, entitled

"Image Processing Method and Apparatus Thereof”. Examples of
multi-coded processing in which the value of N is not less than
two are disclosed in Japanese Unexamined Patent Publications
Nos. 3-~18177, 3-34767, 3-80767 and 3-147480. .
The aforementioned gradation number conversion in which
5 the error diffusion_method is used is relatively complicated as
cémpared with other methods of gradation number conversion, and
the number of operations required for conversion processing is
‘ large.
.o However, the aforementioned color correction processing,
f for example, the color correction processing disclosed in
Japanese Unexamined Patent Publication No. 4-18507 requires a
much larger number of operations than the gradation number
coﬁvéésion processing in which the efror diffusion method is
used. Therefore, in the prior art in which gradation number

D processing is performed by the error diffusion method aftexr the
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fidentification nunber of each nmenu item corresponds tp,the .. ...nuneral .
ikey on the renote control panel. Wen the user presses ;20 a nuneral key,
ranch occurs to the corresponding destinatign. : 7 .- Hdw fhe vided 'CD*:*
n Fig. 2oinple¢poodofedobyriterraprigiuctitons hecesappht bo usotairée the ™" :
xpl ai ned as foll ows. On designated to start the reproduction, the
epr oducprogessing gpper a‘@gglreddéorh?ectbammg:dm coucteoRi oA ddea 1
romthe opti cal
i sc, andrsdetden NUIPES CRBVEAREEPNAI W@mglmm@.wcessmg t"e\HtBhe
eproductlon order of the nDV|ng pi cture designated by the
eproduct‘»lsoﬁr h ?puctlon aagaratus determ t he
ving pr cfﬁr‘éeregoreot er %888 fgcf' © Profenh, MYERELOR GohETOV *"3n inage

epr oducpirocessipar abps-andy eshixhpiavkigs ttha hixapbsiksi @t deel ghavetkntioned
known products. This 'object is solved by the image processing apparatus
according to independent claim 1. Further advantageous features, aspects

and details of the invention are evident from the dependent claims, the

description, the examples. and the drawings. The c¢laims are to be
understood as a first non-limiting approach to define the invention in

general terwms.

* The present invention particularly refers to an image forming apparatus
which conducts color correction processing on inputted color image data

and outputs the processed color image data.

Accordingly, a first aspect of the present invention is to
provide an image processing apparatus capable of conducting
color correction of high image quality at high speed while the
memory capacity of a color correction table is reduced, and
further no complicated interpolating operation is required.

A second aspect of the present invention is to provide an
image processing apparatus capable of conducting color
?. correction of high image quality at high speed while the number

| of operations necessary for color correction processing is

reduced to be smaller than that necessary for the gradation
number conversion processing in the later process without
~deteriorating image quality.

In order to accomplish the above and other aspects, the
present invention provides an image processing apparatus which
conducts color correction on inputted color image data in

accordance with the color reproduction properties of an image

This Sheet Has Been Replaced

B




y the.record address of the nmoving picture, and reads the . . digital
ata of the noving picture fromthe optidaLréisoj'fhe . © yeproduction
pparatus converts the digital data into-a pkcture- - - outpyt si-gnal:ange
n audi o out put signal through a certain signal X0 ~--process, then -outputs
he signals to the display end speaker. After the above

rocessing, the scene of noving picture 1 is reproduced for a few
econds: a detective is entering a roomin whi ch a desk is placed.

en t he cvepod ugigaratofs mnd B tputkUtRe color-doRpPefsatenr 0HaGE | @ of
ving picture 2 starts. The desk is 15 zooned in for close-ups and

tfhe pen aiee girespeprocess opt aymuhfarus comprisirfew seconds. When all
tion pictures stored in the reproduction route data are
reproduced, by refépri mpareation i bkble memoiryf ofomt isecerdhgr epradhmctdon
rpute data 1, the reproductton apparatus reads the next reproduction
rbut e datPmparRatinhedabpd of pgakbpcolorThemppeapndadudt iaTeordRruraatwisth
then, discards the _reproduction route 1 and optically reads the
ngxt reprtdduEeiler reprodughian prepeheleéntad tale ABAGLYOULPRR GDRALHEES of
t he present exang!e, .instead of the reproduction route data
1 t he &t each grid point in a color space divided into a grid, the
coloxr space having coordinate axes corresponding to each color
component of the color image”data; ey
i*' pre-gradation number conversion means for conducting pre-
0] gradation number conversion on the values of the coordinates in
the color space of the inputted color image data using a
predetermined gradation number conversion method so as to
convert the values of the coordinates inte values of the most
appropriate grid point in the color space; and
5 color correction means for compensating the gradation
number of each color cpmpénent of the color imagé data when the
gradation compensating data of a grid point corresponding to
1‘. the values of the coordinates that has been subjected to pre-

gradation number conversion is read out from the color

0 compensating table memory.
The image processing apparatus according to the present invention may

further
include post-gradation number conversion means which conducts

post-gradation number conversion on the gradation number of
each color component of the color image data compensated by the

y color correction means so as to convert the gradation number
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X gluction route data 2 is stored into the nmenory. In the
5 ' present exanple, as the nemdyvstored-Feproductron Foute’ . -
d4 is a selection list, a menu which dlsﬁlays a plurallty oﬂ«ii.i.
b destinations is dlsplayed In this cases;-4wving pieture 3.is &
digsf@ayed, allowi ng users to select "1: glasses" or "2: pen". 5 VWhen
t @ suser presses a nuneral key on a renote controller correspondi ng
t@ the itemin the menu, the reproducti on apparat us det er mi nes
r dpr oduct i1gH-9 ot & iddtla FFAHCIGN t Rumberndh tagamtdance withr respaimtigy t
t g nuneral . After that, the, reproduction appar atus di scards the
r epr oduct |%+F9‘b%taé392%50pf¢86?|l9 agonvearted gradgsionmupaberept ochuet i on
dafa into the internal nenory t he present exanple t he
repr oduct |FH%F THRALR el @“F@erreaéloﬂﬁ?ﬁsmn megN sredsr y LpEIERe tBer swiects
m"1;"; roduction éouie dat a _ )
con erte gradation number of the post-gradation number

5 conversion means.

The .pre-gradation number conversion means may employ an
error diffusion method or a minimum average error method.

The post-gradation number conversion means may also employ
‘k’ an error diffusion method or a minimum average error method.
0 " The matrix size used for errcr diffusion or mean error in
the error diffusion method or the minimum average error method
in the pre-gradation number conversion means is smaller than
that used in the post-gradation nuﬁber conversion means.

Further, the pre-gradation conversion means may employ a
5 ordered dither method as a pre-gradation number ‘conversion
method for one por%ion of color components of the color image
data, and an error diffusion method or a minimum average error
& method as a ére—-gradation number conversion method for the
other portion of color components.

0 In the image processing apparatus of the present

invention, the coordinate position of inputted color image data
! in the color space is subjected to a pre-gradation number
convérsion SO thaﬁ it can be converted into the coordinate
position of the most appropriate grid point satisfying a

L5 predetermined condition using the pre-gradation number
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% the user selects item"2".
efreproduction according 15

uitemths g

jgnory, noving picture 4, an imge of close-up+ gl asses:® is --
iqpr.oduced. If the reproduction route data 4 is stored in the
ynory, noving picture 5, an inmage of close-up pen, is reproduced.

When the reproducti on apparatus continues the above nentioned

br at | onscenve Rl opriess di Teen poi§odicst apesearbonepeadfcednpensateswith
e route being changed according to the user's selection of the
neslaidan aaRbesnef opaEhee e omprnentt RE the colpatimageive

software in a various,way, he/she can get the feel

data when the gradation compensation data of the grid point
correspondiﬁg to the coordinate position subjected to the pre-~
gradation number conversion is read out from the color
correction table memory.

According to the present invention, when color image data
is subjected to pre-gradation number conversion, -.the

complicated interpolating operation required in the prior art,

" in which a plurality of pieces of grid data is used, can be

omitted. As a result, the color correction operation can be
performed at high speed in accordance with the image output
apparatus. Therefore, an image processing apparatus can be
provided by which color images are excellently reproduced.

In this case, the error diffusion method or the minimum
a&erage error method is preferably used for the pre-gradation
number conversion method.

In the case where the gradation number of each color
component of the inputted color image data is different from
that of each color of the image output apparatus to be used,
the gradation value of each color component, which has been
subjected to color correction, is subjected to the gradation
numﬁeé conversion using the post-gradation number conversion

means so that the gradation value of each color component can

This Sheet Has Been Replaced
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B ng the detective in the story. The Task That the Present

ion is going to Solve Howevers the integactjVve dPplicati.on
ned above has the following shortcomngs..” 5, - “(1) ..-:..%,
nse in Interaction In order to:realizera,.branch of."a vid€o ¢
@it-he optical pickup alternatively has to read the noving
‘i;*Tes and the reproduction route data: e.g. noving picture 2,
tgproduction route data 2, noving picture 3, reproduction route data

SOl 4, 1@ coMEMGDIiGNY & 4i%ald gradditich RGmbRe 9AdHs rfaridee WIRK NY
tct'ure and reproduction route data entails seek of the pickup,

B ch caugae iiMagfd Witput igpgaieteeur se of reproduction of the

jogram  Especially, if the branch should occur nmany tines,

gsponse of t héethent ertectpoet +@padattiodn onudes £r torakesignedtrogessitg iwhi ch

Hdkes the interactive -application | ess appealing to the user.

i ment i oped fabmeel asi iesazibednabdofé| cphdntzateldin zmisse occurs during

X the conversion processing.
In order to reduce the quantization error generated in the
pre-gradation number conversion processing compared with the

quantizatlon®-‘error generated- in the post-gradation number

conversion processing, the gradation number converted by the

pre-gradation number conversion means is larger than that of

the post-gradation number conversion means capable of being
converted. As a result of the foregoing, the deterioration of
image quality produced as a result of the pre-gradation number
conversion processing, that is, in accordance with the color
§ correction processing, can be reducéd to a negligible low
level.

As explained above, an image processing apparatus can be
‘$ ptovided characterized in that, while the deterioration of

image quality is suppressed, the number of operations required

for color correction is reduced to be smaller than that
required for the post-gradation number conversion processing
performed in the later process, so that color correction
prcceésing and gradation number conversion processing can be

performed at high speed. In this case, it is preferable that
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bnsive interactive application so that the snooth cen )
yoduction of the programis kept going.:.. .20 . -« (2) A Nhnu . . :
fhe user does not designate the sel ection it em on: the” nenu ;! - rsowqen

T

.

anch point of the reproduction), it creates a pauSe-in reer .-
; t he course of reproduction. In the case of the foregoing
of the dragon and the sword, the nonent the dragon appears
the horizon, a nenu of "Get Away" and "Fight" is displayed.
e, ift @wwrdiaalmlbexsmbahbanok%ﬁétﬂmxmﬁn Wt O WS T e thddd
e, the reproduction is paused. Like this, according to the

venti ondde ignipEiaedd \/ﬁbzs(ﬁﬁel\/q:fcﬁstwamltﬂo@ph@ﬂ%@&l @Rrwes siein means.

‘QI’

In the case where the matrix size of the pre-gradation

number conversion means is set to be smaller than that of the

5 post-gradation number conversion means, wherein the matrix size
is used for error diffusion of mean error in the error
diffusion method or <the minimum average error method.

Accordingly, the number of operations required in the pre-

gradation number conversion can be made smaller, so that the

deterioration of image quality can be effectively suppressed
and color correction processing can be performed at higher
speed.

Moreover, in the case where the ordered dither method, in
which the number of operations is relatively small with respect
15 to color components to which the resolving power of human eyes
is low, is used for the pre-gradation number conversion method,

and the error diffusion method or the minimum average error

‘h' method is used, images of high quality can be provided with
K respect to other color components. As a result, the
420 deterioration of image quality can be effectively suppressed,

and color correction processing can be performed at higher

speed.
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’*"ed unl ess the user does not get devoted to the purSU|t of the

erre

or he/she cannot select the direction of the’ sbory at- -« the . e

poi nt . 10 SUMWWARY OF THE INVENTICN . =~ tt:ig an; objecﬁv(#--
resent invention to provide a mul t1 nmedi a” optrcal discrand a- .
duction apparatus for the disc. whi ch can achi eve
y-responsive, highly-interactive, and efficient reproduction of
plication using sinplified nenu 15 operation by the user. |n other
)r s, snmoot h reproducti on of t he application keeps going by the
ek's simpl e and proper operation depending on the contents of the

gplii cati on whemig. 1 is lor ddokksHoagdamcshiowing an outlinescénuhdeimadg ect
% the present invention to provide a 20 nmul ti media optical disc and a
Lproduct|anQ§ﬁﬁwQHLE¥$EﬂthﬁaQhaypresent\MwwamUmaﬂ,lze t he best operation
tgat satisfies the user's preference or wi sh depending on the
cdntents of th&fidory &F ehlock diggamess aft 2 heppolfts @xampdscififgthe

5 image processing system shown in Fig. 1;

Fig. 3 is a schematic illustration of a color épace

divided into a grid;

Fig. & 1is a ggnctional block diagram of the image
‘h' processing apparatus shown in Fig. 1;
ﬁ‘ Fig. 5 is a schematic illustration showing the positions
of color image data and adjacent grid point color data in the
color space;

Fig. 6 is a functional block diagram of the image
processing apparatus in the case.where a color printer is used
15 for the image output aéparatus;

Fig. 7 is a schematic illustration showing an outline of
the gradation number processing of image data;

Figs. 8(a), 8(b), 8(c) ‘and 8(d) are schematic
1#. illustrations of examples of the weighted matrix in the case
20 where the gradation number conversion processing is conducted
using the error diffusion method;

Fig. 9 is a flow chart of an example in which the error

diffusion method is used for pre-gradation number codversion;

- 13 - This Sheet Has Been Replaced
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"l The obj ects can be achi eved by the optlcal dLsc ..
fieri zed by the follow ng constrdctions. P 1) Ao
Bredi a optical disc conprising a data aréa for = " - st0f|ng' Ieastrv

&) ect that has sub-picture data and noviing 'r5'rrp4cture data, wherein
Bt a area includes a plurality of snall areas, each of which
les a first sub-area and a second sub- area, with the object in
jat a area bei ng stored over consecutive smal | areas; the first

fea stor ep;LNe OYLNG flou chadeChir £ d ng%f 119 G 1 oI5 T | O

A he sub- plct ta being repro e sanme timng as the

mofing pi gLukSge errdial tadihey Sut p a_belng-aafeaun maggyehi ch
a plurality of buttons or owi ng nmenu itens for display;
conversion;

Figs. ll(a) and 1l(b) are schematic illustrations showing
5 an example in the case where the color correction table is
implemented in software;

Fig. 12 is a schematic illustration showing an example in

the case where the color correction table is implemented
‘ hardware;
i Fig. 13 is a schematic illustration of a more detailed

example of the ROM for use in C shown in Fig. 12;

Fig. 14 is a schematic illustration of an example of post-
gradation number conversion means;

Fig. 15 is a schematic illustration of an example of the
j color correction table used in the case where four color
cbmponents are subjected to gradation number conversion; and

Fig. 16 is'a flow cha;t of an example in which the ordered

qb dither method is used for pre-gradation number conversion.

| Next, with reference to the accompanying drawings, a
preferred embodiment of the image processing apparatus of the

present invention will be explained in detail.

(1) Color Image Processing System

- 14 - This Sheet Has Been Replaced
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ﬁw'lllary control data for substituting the-user's -, - operattion applled
it o the menu. According to the above construction, as the video
conpri ses the sub-picture data for showi ng the nenu i ncl udi ng
plurality of buttons the button control data and the auxiliary
Ontrol data by gfﬁ Qea lhlg?
nt eracti veness can’ be’ rea %@B Byt He@ifial ot L8AgR PEPEGSS NG oSYStem

W ect
7 20

npr oves

ggbnd sub-area stores control I nformation including button -cont rol
g8.a for responding to a user's operation applied ontq 15 <, & menu-tnmge
¥RDroduced in the first sub-area in the sane snalh r» ar@a and

r

”

esponS|veness and excel | ent

of the pééééﬁteﬂﬁ¥e8€15§pfgdgh wg the interactive application

Or;glnal color image data 100 outputted from an image
input apparatus 10 is inputted to an image processing apparatus
30.

In the image processing apparatus 30, the inputted
original color image data 100 is subjected to color correction
in accordance with the color reproduttion properties of an
image'output apparatus 20. In the case where tﬁe gradation
number capable of being outputted from the image output
apparatus 20 is smaller than the gradation number of color
image data 100 capable of being outputted from the image input
apparatus 10, the color-compensated color image data is
subjected to post-gradation number conversion processing in
which the gradation number is converted into a final value in
accordance with the image output apparatus 20. The converted
data is.outputted to the image output apparatus 20 in the form
of the final color“image data 200.

In accordance with the inputted final color image data
200, the image output apparatus 20 reproduces and outputs the
color image data with colors faithful to the original image.

In Fig. 2, an example of the color Lmaqe processing system
Lllustrated in Fig. 1 is shown. .

The image input apparatus 10 is provided in the form of a

scanner 12 which optically reads out a color image from a

- A5 - is Sheet Has Been Replaced
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fithe auxiliary control data can substitute for the user's, ...,

iy ation by the unit of small area. oe - (2) The butIon controt

@2 may include a selection color for 5 - colonlng ome: of t hel Uuttons ;n
®cl ected state, an activation col of fof--<ot-oring’ one of the- y
R and a command for each button, the

pmand bei ng executed when the button is placed into an activated
;5fte; and the auxiliary control data may include an end tine of the
ser' s opeeatiedts fHe seaphéediPigdie MBRU ARG teneedliage data in
F&tlvatlng button information showi ng a button which should be
or cedl ytheadermi v dhiginal cobeti vasgd ghahe 1@ tdienmyxed i 0B, three
According to the above construction, even if the button is not
ct|vatedohprth@m@&ﬂ&n&sopératlGnaﬁﬁ Bhe point of branching 15 during
eproduction, the reproduction of the application keeps going in
ccordance w Exkcepe fotrehhe oscaind:hea 2applsicedidenn abogat,offor exampdge &0 t he
orcedly activated button information. Then, even if
5 video camera, a host computer used for the formation of

—h ) == _ O

computer graphics and other units can be employed for the.imagé
input apparatus 10.

For the system shown in the drawing, a color printer 22 is
'ﬁ' " used for the image output apparatus 20, which cannot perform
-ﬁ gradation control at the unit of a pixel.

As described before, in this color printer 22.1it is
necessary to conduct binary-coded processing by which the
gradation number of each color component of the orxiginal color
image data 100 outputted from the scanner 12 is reduced to two
s gradations corresponding to ON/OFF of each pixel.

Except for the aforementioned apparatus, for example, a
.color display 24 may be used for the image output apparatus 20.
* In the case of a color display 24 for computer usé, the

gradation number capable 6f being displayed is usually smaller
o . than that of a common television set for domestic use. Even
when the color display 24 is used as described above, it is
necessary to convert the gradation number of the original color

image ‘data 100 into a gradation number corresponding to the

display 2¢.

- 16 - his Sheet Has Been Replaced

T




I's not used to an interactive application, the repr oducti on

{yes automatically. Moreover, the reproductlon «20  apparatus. cane

rot r

fluce t he application as an i nteractive” nDV|e - r Or an Grdlnary -

r * €

}accordlng to the user's w sh. - e r

(3) The forcedly actlvated button |nfornat|on my

‘iate at |l east one of a button having a specific button nunber

forcedly activated button and a button in the selected state at

i ncl

for. In co orlfﬁ% %ﬂhlhg‘%%%%tgggﬁg)g%o:%%gtgggg)épgd sﬁ?e nage
o o Bfocessind Ut S HE LI I O (0 b inana Behs Baniiity

en thetable memory 34, and memory 36.

The compensation table memory 34 stores a color table in
which the three-dimensional color space composed of three
colors of R, G and B is divided into grid-like sections, as
illustrated in Fig. 3. The gradation compensation data of R,
G, B obtained when the gradation data of R, G, B of each grid
point is subjected to gradation Qélue conversion, is stored at
each grid point of the color table, so that, for example, the
color of a color document to be read by the scanner 12 can be
the same as that of an outputted color image printed on a
recording sheet by the color printer 22.

The computer 32 conducts compensation processing on the
original image data 100 inputted from the scanner 12, using the
compensation data stored in the compensation table memory 34.
Fu:;her, the computer 32 conducts post-gradation number
conversion processing in which the color-compensated color data
is converted into a final gradation number coincident with the
gradation number N of the image output apparatus 20 such as the
color printer 22. The final color image data 200 subjected to
conversion processing in this way may be outputted to the color

¢ . -
printer as it is. Alternatively, the final color image data

200 may be outputted to the color printer after one image plane

- 17 -
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tton is placed into an activated state; and the auxiliary ,Q, contyol
dta may include automatic activation buttdn inforwhtion- cfor oo
speci fyi ng which button should be forcedly placed:into an . ¢ activated
state when a user's operation for placing the butten-- ~into the
gl ected state is applied. According to the above
onstructions, by setting the automatic 15 activation button, it is
ossible .to reduce the two-fold operations of selection and
ctivat LN £;-0 8 rided|dd taP IRt hAR been stolRlS ihS t@ePeimidy 3 f eeid ve

en highily responsive nenus are desi red. (5) The

uxi |'i akpegOriHeOldadad qavbd Rulpde tREoRicbithie0Ro13@ priintdear.mat i on which
hows whi ch buttons should not be inputted with t he nuneral key by
tjhe user; thq 2or giddd iFaRdgfsdnem pippa ramysbe a threshol d; and input
th the nuneral key by-the user may be _

Fig. 4 shows a functional blcock diagram oif the image

TYYD

k]

5 processing apparatus 30 described above.

The image processing apparatus 30 of the example'includes
a pre-gradation number conversion section 40, color correction
section:42, post-gradation number conversion section 46, and
‘ color correction table memory 34 described before.

b First, the compensétion data stored in the color
correction table memory 34 will be explained as follows.

As illustrated in Fig. 3, a color space is set, which has
coordinate axes corresponding to the color components of R, G,
B of the inputted original color image data 100. Each
) coordinate axis is set in such a manner that the gradation
number of each color component is represented by a coordinate
value. This color space is divided into grid-shaped sections,
.ﬁ and the gradation number compensating data of each color
component is stored at each grid point 300.
¢ Various methods are available for determining the
compensating values to be stored in the color correction table
memory 34. However, the process to determine the compensating
value; and to store them in the table is not essenﬁial to the
present invention. Therefore, the details of such processes

will be omitted here.
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sbi ted regarding the buttons having greater button nunber t han

pr
t hg threshol d. According to the above conmstruetion,--hy-.setting .

twg types of buttons, one of which can berselected by nunerahs and e .
thg other 5 cannot, misoperations by the-user can be- -preventede, et
MogeBver , nuneral keys and arrow keys can be jointly used dependlng *
on §t he story and scene at the points of branching. (6)

Thq sub-picture data in the first sub-areas in a gi ven section of an

s LS SIS AL <05, RIS A

mo\i ng picture € auxi a may

adqress i hQy NEL 4 8 WL CBLEHR EQERQ U PR Ol RG | y

ardga in the qi vefh se%\({;%onul% orégr fox, o oﬁaeturén to tehe ori |E£néllﬁ;%é{m

af tler brangh tananehBeicORi Loy outputté&“?@%hQQs are subjected to color-
measurement. Then, the relations hetween the R, G, B values

5 given to the output system and those obtained when the output

results are measured, are compared.

Next, the relations are viewed reversely, and the

gradation number compensating data of each color component of  “ut

R, G, B necessary for obtaining a corresponding color is

determined for each grid point 300 and stored in the
compensating table memory 34 to be used as compensating data.

As described above, the «color compensating result
corresponding to each grid point 300 is stored in the color

compensating table 34 The larger the number of the divided

15 sections of the color space, the more the image quality is

iﬁpréved. On the other hand, the capacity of the color

compensating table memory is increased. Accordingly, an

appropriate number of divided sections is determined from the

balance between the capacity of the color compensating table
20 and the image quality.
The image processing apparatus 30 of the example conducts

image .processing on the original color image data 1Q0 as

follows, using the compensating data stored in the color

compensating table memory 34.

- 19 -
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15 According to the above construction, when a still image like

a menu imge is stored by the | eading sub-pjcture. datacin a grvemr: e .
section and the still inmage is still being;reproduced |p-the oo sreal b - .
area afterwards, it is possible to resune the reproduction = *- | fron1fﬁé'2'
original sub-picture data after tenporarily calllng 20" of her "Vi deo "" ‘
dat a. The foregoi ng objects can be achi eved by the reproduction

12 apparatus characterized by the follow ng constructions.

(7) A reproduglist aRBIAt il el Rl QAL iR & td Idtﬁx%@r convermd cal

di sc conprising a ‘data area for storing a plurality of obj ects, each

havi ng skt Hhe Saéagaada B0 Mt koav@dsdon section 40 conducts
pre-~gradation nu@be; conversion in which the gradation numbers
of color components of R, G, B of the original color image data
5 100 are converted into the gradation coordinate values at the

most appropriate grid points in the color space shown in Fig.

3. Then, the converted data is outputted to the color
compensating section: 42 so as to be used as the grid point
.ﬁb color image data 110. In this case, each color component of
Wu the original color image data 100 is subjected to pre-gradation

number conversion so that R can be an Nr gradation, G can be an
Ng gradation, and B can be an Nb gradation. The obtained
results are outputted as Rk, Gk and Bk. -
In this connection, various methods such as a multi-coded
h error diffusion method, means error minimizing method and
multi-coded ordered dither metho& may be employed for the

gradation number conversion method in the pre-gradation number .

conversion section 40. The details will be described below;

The color compensating secticn.éz reads out the grardation
u compensating data of a grid point corresponding to the inputted.
grid point color image data 110 from the color compensating
table memory 34. Then the gradation numbers of color
compo&ents Rk, Gk, Bk of the grid point color image data 110
are compensated, and outputted to the post-gradation ﬁumber

% conversion section 46 to be used as the color compensating data
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swherein the data area may include a plurality of snmall areas,

I of which includes a first sub-area and a second sub-areas- ---; w-th
-object in the data area being stored over. "éonsecutive -« small -
as; the first sub-area nmay store the noving- plctunerdgta - _.c . . havin -
&en tine period and the sub-picture data being 10 reproduced at  the
e timng as the noving, picture data, the sub-picture data being a
biiu i nage which includes a plurality of buttons for show ng nenu
ens for spl t e sub-area, nay t

fornatlc%¥| nc?xdfﬁg%bu %ﬁﬁ g%ﬁ%r%ﬁta of eaﬁ%tSO%SF f%%%’ %8? ég H®ser' s

operati on.apnpl i ggﬁgaglﬁ@%talﬁéoux%ﬂ%}% cos%j%dﬁlta 2 st sub- area

t he same s rea and substltutlng

the user's Opef@é'ﬁﬁbt gradaéﬁﬁﬂ REEY Qe BHL 448 L8P PHUSLh @R s

appar at us conpr|5|ng a - eadout device for reading data on the

il ti media et acﬂit&‘bn pumber aoﬁ@@f@péwtdrp&h@e&bmerf 86 -8Rt QEHCHA, t he
BVi Ng plcture ata and sub-picture data in the first sub-area read
by st he r ecalpUWrekerd & from theﬁ&@l@lﬂ puttbBgibhes8BYLBH PRCHUr ehdadarand
Slb pi cture data as a video signal for display; a reception device
f@r receidififusdion method or the minimum average error method so that a

Ao 1

s . ~de A
W'&"«; RO

B VXA

3

target gradation number can be obtained, and the converted data

is outputted in the form of the final color image data 200 in

149. which each color data is expressed by Rp, Gp and Bp.

ﬁ Consequently, when this final color image data 200 is
outputted, for example, to the color printer 22, a color image
having excellent color reproducing properties can be printed
out by the color printer 22.

The construction described above is conventionally known,

15 in which the color space is divided into grid-shaped sections
and color correction dat; is recorded at each grid point so

that the color correction table memory 34 is prepared.

* However, the present invention is different from the

. example of the prior art iﬁ the following points:

0 Before the color correction table memory 34 is referenced,
a pre-gradation number conversion is conducted by the pre-
gradatlon number conversxon section 40.so that the inputted
orLgLnal color image data 100 can become the color data at the
grid point in the color correction table memory 34. Due to the

3 foregoing, there can be omitted a complicated interpolating

This Sheet Has Been Replac
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S operatlon applied onto the menu by the sub-picture data, coee ..
a first control device for :responding .t'o-the user's R
: g.tion according to the button controj data:read fronrthe*second un-
b ¢ area by the readout devi ce; and‘a secorid.Control device for »e .
é&tltutlng for the user's operation according to the auxiliary 5
n;rol data read fromthe second sub-area by the readout devi ce.
ording to the above construction, as the video object conpri ses

el sub- pj éé%) t gnk Qg Qgeﬂh%dﬂ@@ﬁﬂﬂgﬁ&ﬁkﬂgpérformed Rineral £y of

btttons on control data and the aux control data by
the unit of) seldr- &% ot hadild 3l Q%@%&deqe¥bcﬁhat the operation time
necessary for color correction processing can be greatly

shortened.

5 (3) Comparison between the Present Invention and the

Prior Art
The color correction processing conducted by the apparatus

of the present invention is explained as follows-in comparison

with the color correction processing of the prior art.

First, an examplé will be explained in which the error

diffusion method or the minimum average error method is applied
to the pre-gradation number conversicn processing condgcted in
the pre-gradation number conversion section 40.

Assume that a color region having the gradation of R = 12,
5 G = 20 and B = 24 continues over a predetermined area in the
ofiginal image daga 100 inputted from the image input apparatus

10. Then, consideration is given to a case in which the color

'#b data in this color region is inputted into the image processiné
“1 apparatus 30. .

0 In Fig. 5, eight grid points close to coordinate positions
in the color space of the original color image data 100 are
showpn. Each grid point is located at each apex of the cube
shown.in Fig. 5. The coordinate positions are given by the
following expressions:

5 (R, G, B) = (8, 16, 16)
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i ves hi ghl y-responsive, highly-interactive, and excellent

ag

r §oducti on by the snmall area. Also, efficiency of - fepfdeCIﬂg ':: t'h

[ active appllcatlon i nproves as the second controf device - - carr

s@bptitute for the user's operation according to the.” 15-- aUX|I|ary e
gkrol data by the unit of small area. (8) The forcedly
Tvating device may place the button into the activated state if
f*forcedly activated button information shows the button ‘nunber,

may place the button in the sel ected state into the activated

te at the qml td mB) f= nai6 ,sa.6, 1630 According to the above

construction, even if the button is not activated by the user's
oratlon at tire mbi ) of (Farkehi Ng)
14

(R, G, B) =-(16, 24, 16)
(R, G, B) = (8, 16, 32)
; (R, G, B) = (16, 16, 32)
| (R, G, B) = (8, 24, 32)

(R, G, B) = (16, 24, 32)

| In the color correction table memory 34, the color
‘*i correction values of the color components R, G, B are prepared
b with respect to the color data of each grid point 300.

In the case where color correction processing is performed
using the prior art approach (for example, as discibsed in
Japanese Unexamined Patent Publication No. 4-185075), the color
data compensating value at the eight grid points close to the
15 coordinate positions in the color space of the original image

data 100 is referenced. After that, using the eight referenced

color compensating values, interpolating operation processing
‘?! is carried out for finding the weighted-mean in accordance with

| the distance between the coordinate position of the original
2 color image data 100 and each grid point. In this way, color
compensating processing is conducted. In the example shown in

Fig..'S, the distance between the coordinate position of the

LY

original image data 100 and each grid point is set to be equal.
Therefore, in the interpolating operation, the color

compensating values of elght grid points are simply averaged,
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@ Ng reproduction, the timer device and the forcedly activating,,,
®# ce reproduce the application in accordahce with the intention - ‘
@ appl i cation creator due to the forcedly. activated button: - _ ¢ -
ROr mat i on. Then, even if the user is’“not used’ to-an -5 - . e
er active application, t he reproduction conti nues

omatical ly. (9) The auxiliary control data may include
agtdbrmatic activation button information which specifies a button
cedly p edohBb Chhvat e y?&p +S~BPRr aki on

- 10 s%lg%?%gkﬁﬁeggﬁ?tgﬁa?ﬁ?g %%Egaggiéégéd:s ate&$§pg§%FFea? ghgéfirst
cantrol dgyice cenmphiuadng: a hol ding device for holding button

nuber, selection color, activation color, conmand for each but t on,
end tinme, and 6arepd bithieen NawahercHy cyldy ZddibaMddilg process M@r 8Bt i on
every tine the second sub-area is read by the readout 15 device; a

bup t on covhe gpreewn celfventciont iel tapgiehange afcadddigy to the Hbliaebndutton
cording to the user's operation received by the reception device;
a putton grspeédyreontrol device for instructing '

re

R ]

1'1'00

- r L

L2 e B

First, the pre-gradation number conversion section 40

conducts pre-gradation number conversion using the error

diffusion method or the minimum average errQr method so that
& the inputted original color image data 100 can be either of the
m color data at the eight grid points.

Next, the color compensating section 42 conducts color
compensating processing with reference to the color
compensating table memory 34.

In the error diffusion method or the minimum average error

15 method used in the pre-gradation nuﬁser conversion section 40
of this example, each piece of data is converted into a data

value of the adjacent grid point so that the local mean value

in the color region can become equal to the origihal image data
as précisely as possible.

20 Accordingly, in the example shown in Fig. 5 in which the
coordinate positions of the original image data are located at
the same distance with respect to each grid point, as a result
of th; pre-gradation number conversion, a color region can be
obtained in which each data of the eight grid points

% respectively exists at the same ratio of about 1/8. As a
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g:reproductlon devi ce on the selection color and the activatjon,
Eor of the button on the menu inmage; and an.executi.of ‘device - 2

* f0f.

icuting the command of the button placed into the dctivated - ;fsfat§
ig8s the second control device conprising -.d -c-- mr o me v
el ect ed=acti vated" device for placing the button placed into t he

 ‘ected state fromthe non-selected state by the button
control device into the activated state.

] .-' di b
c:l |O\r/alt Pg:né%uult{e 3 Q IS pog&ig’l th"a %dg%ééfhgofﬁsgfqtiﬁgatwc cén%‘ﬁ)cétf'%?i ons
onpri si %é?'fé%éf&h@é‘%a“ttﬂev%rou% LBL2eBr bRt En1e®on PRETELLEP data

subjected to pre-gradation number conversion processing, a

~

color region can be obtained in which the color compensating

5 values of the eight grid points exist ét an approximatzly same
rate.

As described above, the result obtained in the ceclor

secompensating processing in which a conventional interpolating

‘*ﬂ operation is performed and the result obtained in the color
ib compensating processing of the present invention are
approximately the same in the case where a comparison is made

with respect to a mean value in an appropriate image area.

That is, in the color compensating section 42 of the present

| invention, quantization noise is added at each pixel when pre-

15 gradation number conversion is carried out. In spite of this,
" in the case where a local mean value is obtained, approximately

the same color compensating result as that in the case where

.ﬁ!\ the conventional interpolating operation is carried out can be
obtained.
0 In the case where the gradation number of the image output

apparatus is sufficiently large, problems are caused because
the %mage quality is deteriorated by the guantization noise
generéted in the pre-gradation number conversion processiné.”
In the present invention, after this pre-gradation number

i conversion processing, post-gradation number conversion
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The auxiliary control data may include prohibition I.nf or mat.i.on

¢ €

gt shows which buttons should not be inpufted MAth eor 'r thefnuperal” key .
%t he user, and the second control device . " . co r|5|ng a prohibltlon""

Egi ce which prohibits change to the 10 &el écted-state by the button - ” °

t pe

cpfitrol nmeans if the nuneral key is related to the prohibition by
the prohibition |nfornat|on when the wuser's operation received by
reception device operating a nuneral key.

A eordlng EBCEQ%%ﬁyn@%C@@ﬁ&ué@édoen ky S%&} 4% @ﬁﬁéﬁ@&%é& i&§ge %%E ons,

o e of wh ch can

soper at ,ghs q bxh%h%o%&a@r@aatQ%nphamsakeeon@2299§ﬁrsectlon 4@ug%r%ga%eys
apd arrow keys can be joi'ntly used depending on

sel ected by nunerals an

story and scene

af the poiRkScelohbravapeRgated image dddd)cal®es WIrRIGItEE A &l BihAg
fifrst sub-areas in a given -20 Section of the object may constitute a
sgill i mgeat@athen numbersuperespeseingi td 4 htumBa RE Rireldad ddalo caed the

ayxiliary

5

10

20

image output apparatus 20. Therefore, quantization noise is
generated in accordance with the gradation number conversion.
Consequently, i1f the quantization noise generated in the pre-
gfédation number conversion of the preparation stage, is
sufficiently reduced as compared with the quantization noise
generated in the post-gradation number conversion of the final
stage, no problems are caused in practical use. For this
reason, the apparatus shown in the example is constructed in
such a manner that the gradation number capable of being
converted in the pre-gradation number conversion section 40 is
sufficiently larger than the gradation number capable of being
converted in the post-gradation number conversion section 46.
Due to the foregoing;-deterioration of image quality can be
prevented in the pre-gradation nﬁﬁber conversion processing.
Especially, in this example, since the error diffusion
method or the minimum average eirrcor method is used for the
gradation conversion in the post-gradation number conversion
section 46, the amount of error can be minimized through both
procésses of the pre-gradation number conversion and.tﬁe post-
gradation number conversion in the case where a local mean

value of the region is taken. For this reason, when the
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control data may include address inforpption.whi-ch- shows
: position of the first small area in thergiven seftioh id ¢

or ¢ to return to the original data- after braﬂch t o anof her’ obj €ct.

oc:?ﬁred the first control means conprising: a holding-device~ 5 - fdr

TN

ren

TIN

hol“;ng but t on nunber, selection color, activation col or, conmmand
forgseach button, end tlne, and forced button nunber by anal yzi ng

co gol i nf or mat i on every tinme the second sub-area is read by the

r eddout dea@iit ich bhm;@@rcoagpg)mgevd@e bexfn <:pzr,.vm_.tggnt EQl g g;l%nge of
st §t’e of each button according to the ser s operation recei

t hg r ecepyiradatdd\wre ejuntbdtiidaiversion ﬁydﬂgs§ﬁnﬁoﬁ%r%hﬂ?ﬁ@ﬁéﬁﬂﬂ?’larger

ingtructing the reproduction device on t'"he selection color and the
actfi vat i otheal atheof gtaeabiidhonumber capable of being converted in the

post-~gradation number conversion processing as described in
5 this example, an image quality can be obtained which is equal
to that of the conventional compensation processing in which
the interpolating operation is performed.
As anfﬁéctual example, coloxr correction and gradation
‘*. number conversion were carried out under the follbwing
5 conditions:

In the case where the number of gradations of each color
component of the original image data 100 is 256, the gradation
number capable of being converted of the pre-gradation number
conversion section 40 is 32 for each color component, and the
15 . gradation number capable of being converted of the post-
gfadation number conversion section 46 is two for each color

component.

‘#Q As a result of the experiment, reproduced images of high
| quality were obtained in which the image quality was the same
20 as that of conventional images obtained when color correction
was conducted after an interpolating operation and then the
datalyas reduced to two gradations. Further, it was confirmed

that an image quality appropriate for practical use was

obtained even when the gradation number capable of being
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ﬁhenu

i mage; and an execution device for executlng t he conmang...

th ébutton placed into the activated state, -and the ‘'second 15: cdntrol
medns conprising: a detection device for detecflnq thatr . the Usér' s
opgqration received by the reception deviceds a de3|gnat|on ‘of .
tegporary reproduction of another object; a call device for storing
thq address information and designates the reproduction device
refroduce another object when the 20 reproduction designation is
deflect ed; ~aR¢edtieSS YAE: K& \H &R o Q% roductlo bj ect
baded on the stored addre? d dar grrrlra{l@gg ‘?‘f ?h%nrﬂerpor%cfcgﬁr{é;% gf
anqt her obp@GleldS to aboutOBRkEked. o

17 Accordingto the above construction, when a still inmage
i Ke

o

13

0

23

As described before, the smaller the converted gradation
number is made in the pre-gradation number conversion
processing, the smaller can be made the capacity of the color
correction table memory 34. For example, in the case where the
number of color components of the output data after the color
cor;eégion in the color compensating section 42 is three and
the data is composed of eight bits (one byte) for each color-
component, the capacity necessary for the color correction
table memory 34 can be expressed by the following expression
when the gradation number capable of being converted in the
pre-gradation number conversion processing is 32 (5 bits) for
each color:

27(5 (bits] x 3 (number of original image color

components]) x.3 (number of output color components] x 8

'[width'of.putput data]) = (98,304 x 8 [bits]) = 98 K

[bytes].

In the above expression,.“ indicates an exponential.

In the same manner, in the case where the gradation number
capable of being converted in the pre-gradation number
conve;sion is 16 for each color component, the memory capacity
of the color compensating table is calculated in each case of

eight gradations.

Then the obtained results are as follows:
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=ﬂnu image is stored by the Ieading sub-picture data in a givenrrr

a .
s@%ion and the still inage is still being reproduged In ihe : e snallﬁrr;r
arfa afterwards, it is possible to resunme the reprpduction 5 .o tron1the .
or§fi nal sub-picture data after tenporarily-calling~ """ other vi deo
daga. The foregoing objects can be achieved by the reproduction
mefhod of the followi ng construction. (12) A reproduction
mefhod for reproducing nultinedia data 10 conprising a plurality of
obfgects, each | | e g d t
wherein the nuP?Yﬁgg?zﬂggfég%gf |%ghgélcns' cRdm Qﬁ IF?€8%$Egnasliga§a
eagh of V\/fb%ttéé Ndndlesn aHd calseSul- 8 gradatﬁéﬁé aﬂﬁeaméﬁ@@pdcwgcﬂa&-alswth
t h¢ obj ect being constructed over consecltive snmall data; the first
sulp- dat a mays inchyeest he 15 novi ng picture data having a given tine
pefi od and the sub- " picture data being reproduced at the sane timng
asithe noving In thepiibdwe eexpllanattiwnsuleid ainye: dbl & beioy mevkeod drage
whijch may include a plurality of buttons for showi ng nmenu itens for

5 the minimum average error method is used for the gradation

number conversion in the pre-gradation number conversion
section 40. The pre~gradation number conversion section 40 can
convert the gradation number by other methods such as the
'#v ordered dither method, other than the above errxor diffusion

B method or the minimum average error method.

In this case, in the pre-gradation number conversion
section 40, the amount of error cannot be minimized in the case
where the local mean wvalue in the region is taken.
Accordingly, there is a possibility of the image quality being
15 deteriorated. The deterioration of image quality may occur in
the case where the gradation number 256 of original image daté

is greatly reduced to eight gradations. However, in the case

.*i where the gradation number used for expression of the original
. image data is not so different from the gradation number
A capable of being converted in the pre-gradation number
conversion section 40, for example, in the case where the
qrada;ion number 64 of original image data 1s reduced to 32
gradétions or 16 gradations in the pre-gradation number
conversion processing, the image quality is not so strongly

3 affected by the quantization noise. In the above case, a
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pl ay; and the second sub-data may include contro |nfornat40ne~%0 -
Qludihg button control data for respanding 10' a yser's - e
@ration applied onto the menu i mage reproduced im Pheﬁflrst Froe
B-data in the same small area and auxiliary control data for”

fstituting the user's operation applied onto the nmenu, the

production nmethod conprising the steps of: inputting the

| timedia data via a data obtaining unit; making a decoder

produce ¢ i TEW i i i ©1dH Suddict ARl RS @ At ddean ordered
putted first sub-data and outputting the nmoving picture data 5

b- pi ct urcgi wlad @ MtiRod i A€P BegeRblEPEAdigRtaAYd becenhd ngrAdie dl.ffusx.d)'@er
ration applied onto the nenu by the sub-picture data,; first
trol | i ngetithed data obtai ning unit and the decoder so that t he
repr oducti on apparatus responds to the received user's operation
actording to thetbutare cBddlfidat Edamgllke ighuttihed Image Processing

5 Apparatus

Next, a more specific example of the image processing

apparatus of the present invention will be considered.

In this case, the following conditions are assumed:

'ﬁb The original image data 100, each color of R, G, B of which is
b composed of eight bits and 256 gradations, is inputted into the
image processing apparatus 30 from the scanner 12 shown in Fig.
2. The original image data 100 is subjected to image
processing by the image processing apparatus 30, and then the
final color image data 200 is ocutputted to the color printer
15 22. In ﬁhe color printer 22 used here, three color ink colors,
némely, cyan (C), magenta (M) and yellow (Y}, are used: and the

printing operation is conducted with two gradations, i.e., when

+ each color dot is turned on there is a dot and whén each colorx
dot is turned off there is no dot.
20 Fig. 6 is a specific block diagram of the image processing
apparatus 30.

. The pre-gradation number conversion section 40 and the
color compensatiné section 42 conduct color correctién on the
inputted original color image data 100, and convert the

3 colorimetric system from R, G, B ta C, M, ¥, and then outputs
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and't he decoder so that the reproduction” appawatus shibst1t uties;

truction, as the video object conprises the sub-picture data

¢ showi ng the nmenu including a plurality of buttons, the button

gtrol data and the auxiliary control data by the unit of small
the f t r C real es high respan n

ool 1ent 1 RS SSPRLLEOREE I sy 100 HRSE, i "ERRCB0YEGRER R o

ef f ci ency A&nﬁsfreswéﬁglmesemon 4g ShACLLYS,2BBLECALIOR LEREOYSS 23

t hg second control device can subs or € user's operation

accpr di ng tglﬁggyaélxéba@aym accordaNd Qajz.tqatcﬁeb¥r533t5!8ht n@hbewakhpdh €3-

of being expressed with the printer 22, so that the final color
5 image data 200 is outputted.
In this case, the compensating data is set in the colorx
compensating table memory 34 in the following manner.
In order to determine the compensating data, first, only

the post-gradation number conversion section 46 is taken out

from the image processing apparatus illustrated in Fig. 6§, so
that a system with which the objective color printer 22 is
combined is obtained. Then various C, M, Y values are applied
to the post-gradation number conversion section 46 so that the
data is binary encoded.. After that, the data is outputted to
15 the objective color printer 22, and the result subjected to
color measurement. Then, the relation is in&estigated between
the C, M, Y wvalues given to the post-gradation number

conversion section 46, and the R, G, B values obtained when the

output of the color printer 22 is measured.

0 Next, the relation is reversely viewed, and the C, M, Y
values are found which are necessary when the colors of the R,
G, B values corresponding to the grid point color data in the

W

color space are obtained. Then the obtained values are set in

the color compensating table memory 34 so as to be used as the

color correction data.

i

second sub-data; and second controlling the data optakping ..

‘a gi ven user's operation according to thg aUX|I|ary cbntrpl” datar *:*
‘he i nputted second sub-dat a. 15 . Aecording t6"the®abover
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- DESCRI PTI ON OF THE DRAW NGS' These and ot her objects,
¥t ages and features of the i nvention will, becdrre appdrent from-, :
% ol | owi ng description 5 thereof taken tn:conjunction with tHe Tt

ceer cer”

anyi ng draw ngs whi ch illustrate a specif.ic enbodin@ént..6f the - ¢
tion. In the dr awi ngs: Fig. 1 shows noving pictures

f a detective, story, which are arranged according to the order
production in the 10 conventional art; Fig. 2 is an

R R e LI
S -g“fhgtggg;cgdn' 4 Slnf SRLANICLEOROT Otk W) %S A& inbRerel b ihRaY! ces
image data 100 is subjected to gradation number conversion, in
which R and G are converted inteo 16 gradations and B is
5 converted into eight gradations. Then, each of color
components of Rk, Gk, Bk is outputted as the grid point color

image data 110. This is the case illustrated in Fig. 4, in

C which Nr and Ng are respecti;ély 16 and Nb is 8. Therefore, in

this example, the data is multi-coded by the error diffgsion
d method or the minimum average error method. In this case, a
method of the prior art may be used for multiple encoding of
the data.
Specific Example for Multi-coding the Data
Next, a specific example for multi-coding the data will be
J explained, wherein a case in which the B-component is converted
into eight gradations is taken as an éxample.
The following case is assumed here:
‘*- The B-component of the origiﬁal color image data 100 has
i 256 gradations from 1 to 255, and these-gradations are octal-
P coded by the pre-gradation number conversion section 40 so that
the values are eight types of values of pre_B shown below.
. pre _B{0], pre B{l], ---, pre B(7]
‘Specifically, the B-component of the original color image
data 100 is subjected to pre-gradation number conversion in the

following manner. In this specific example, the eight values

- a2 Sheet Has Been Replaced
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f- 4 shows an appearance, a cross-section, an enl arged Cross

% on; and pit shapes of the DVD; Fig.. 5 shows"the enfiré data“", :
cﬁﬁbﬁruction stored onto the DVD. Fig. @ shows internal - rert
coi§truction of each Video Title Set in 20 Fig. 5 P erer Frg. 7.shows”’
t hi&gdat a constructi on of the highlight information in a PCl packet;

Fi gz 8 shows data format of a video pack; Fig. 9 shows data fornat

of gn audi o pack; 20

Fi-i 10 sows data fornat, of. a sub-pi cture data pack; Fig. 11
shws dat a 36t t?ﬁm%%ﬁbmo’gﬁ%ely regufar,:?.a_teﬁagﬁo\,\,s ’ﬁ’%‘f@dﬁpl e

of a menu Eﬂ&geegghéh%aiﬁgépu¥é”§6t necesggggiy determined at regular

intervals.
pre_B{0] = 0
5 pre B{l1] = 36

pre_B[2] = 73

pre_ B(3] = 109

pre___B{4] = 146 (R
* pre B[5] = 182
10 pre_B{6] = 218

pre B{7] = 255
Also, seven types of threshold values used for the pre-
gradation processing are defined as follows:
slsh_B{0], slsh_B[1l], ++«+, slsh_B[6]
15 Then, each threshold value is determined in the followiné
manner: "
pre_B{i] < slsh_B[i] < pre_B[i+l]
* (i =0, 1, 2, +++,6)
1 In many cases, the thresﬁold value is determined in the
0 folloQing manner:
slsh_B(i] = (pre_B[i] + pre_B{i+1]})/2
In this case, each threshold value described above is

LS

expressed as follows:

slsh_B(0] 18

i

slsh_B(1l) 54
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!? Fig. 13 is nore detailed hierarchical data construction,, |, t he
managenent pack: Fig. 14 shows nore detailed -data constru
he button color information and button |nfornat|on in the'

nagenent pack; 10 Fig. 15 shows €oncrete- exanples of . oo
ijnstructions used as button commands, each command set for each
utton; Fig. 16 shows hierarchical data construction of the Video
jtl e Set nanagenent information in the each Video Title Set in Fi g.

15 Fig1shy ps2f or @xpl anation of a PGC Fig. 18 is an

pearance of the reproduction systemin the present enbodi nent;
g- 19 is amskxtaw® =ofi2key arrangenent on a renote

ntroller; 20 Fig. 20 is a bl ock diagram showing the entire
nstruction ofslsh_B{4}h = éffdoducti on appar at us; Fig. 21 is a
lfock di agram showi ng-construction of a system

slsh_B[{5] = 200

t4on Of o ¢
~ *~ "::. 1

LI W ]

TO O T U1

5 slsh_B(6] = 236
The original color image data 100 inputted to the image
processing apparatus 30 as image data is usually inputted from
the left end pixel to the right end pixel, wherein the lafe
*f, upper pixel is used as a starting pixel. After oné line of
m. pixels have been inputted, the operation is shifted to the left
end of a lower line, and the residual data is inputted toward
the right end of the line in the same manner. When the image
input operation is repeated in the above manner, image data
corresponding to one image plane can be inputted.
{s The pre-gradation processing conducted by fhe pre-
gfadation number conversion section 40, that is, the order in

which the original data 100 is octal-coded, is coincident with

the order of image data input as described above. That is,

while the pixel in the left upper corner of an image is used as

a starting pixel, pixels are octal-coded from the left to the
right end. After one line of pixels have been octal-coded, the
operat;on is shifted to the left end of a lower line, and the
pixels are octal- coded toward the right end in the same manner.
The above operation is repeated, so that the image data

3 corrasponding to one image plane can be octal-coded.
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éer; ' Fig. 22 is a block diagram showi ng construction of a

21- ... Contfol e
Fig. 23 is a concrete exanple of -a butron Staté transfer , ¢« -
; Fig. 24 is a block dlagranlshomrng conslructlon,of AL
picture 5 | mage decoder; Fig. 25 is a flowhart shomﬁng
i ne of processing of reproduction control by the system control

Fig. 26 is a detailed flowhart of reproduction procedure

a pr i g, 10 Filoy 2hd
ic har t shovvlqagr%{g63{7}](%{\gad epro ug'flon gsontrcﬁri enis case, "1 pik Is %bove

the target pixel .400 and the pixels on the left of the line
have already been multi-coded. Also, all pixels below the
target pixel 400 and the pixels on the right of the line have
5 not been multi-coded.

‘As the pre-gradation processing, that is, as the method to
make wvalues to be octal-coded, for example, a case is

considered in which the weighted matrix of error diffusion .

shown in Fig. 8(a) is used.
g This weighted matrix shows that the pixels generated in
the target pixel 400 in Fig. 8(a) are dispersed in such a
manner that the ratio of dispersion is 2 (right adjacent
pixels) : 1 (lower pixels) : 1 (right lower pixels).

Fig. 9 shows a flow charxrt of the processing'(the pre-

gradation conversion processing) in which data is octal-coded

g e

Hy the pre-grédation number conversion section 40 using the

error diffusion method.

'*. In this case, a pixel located in the p-th line on the g-th
row is targetedf The original color image data 100 of the B~

F component of this pixel is expressed by data B{pl{q], and

consideration is given to a case in which this data B{p][QL is .

madg to be octal-coded. 1In this connection, the quantization

error caused wﬁen the pixel in the p-th line on the g~th row is

made to be octal-coded, is expressed by err[pl{q].

i First Process: Qctal Coding of Data (Steps Sl to S$6)
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f5sing in Fig. 26; Fig. 28 is a flowhart show ng outline of
i ght processing in Fig. 27, . - Fig. - 2971s a.fnbré"’ T

;’;:‘jed fl owchart showi ng button initial 15 state activati-on: H . :E,:

ssing in Fig. 28; Fig. 30 is a nore detai Led fl Swehart” Y
ng hi ghlight display processing in Fig. 28; .Fig. 31 1is
e detailed flowhart show ng highlight end processing in Fig.

31; ¥20 Fig. 32 is a nore detailed flowhart shomﬁng but t on
actggation rocessing .i.n Fi

det | ed 1 owchEHE SHHOWMEY HUtS o a*g’égi‘%l‘fef’“el daFPat’rsqf e‘?‘“‘iﬁaorceecgsﬁ’é“ Rhgi g.
=l | thrB5fo1dtvhiud [62VCH2] ts $POUNY 37 13"EctB1UAROCERY e

grid point color data pre B is obtained (S4, S5, S6). However,
data_Bipl{q] shéwn'in Fig. 9 is not the target pixel data
5 itself, but is compensated data subjected to error diffusion
from the pixel which has already been octal-coded. The error
diffusion method will be explained in the third process.

Second Process: Error Computation (Step S7)

Error err{pl{q] is found which has been caused in the
0 target pixel in the process in which data is octal-coded.

Third Process: Error Diffusion (Step S8)

The error is diffused to the adjacent pixels which have
not been octal-coded yet. In this case, in accordance with the
weighted matrix shown in Fig. 8{a), 1/2 of the error is

§ diffused to the right adjacent pixels, 1/4 is diffused to the
lower éajacent pixels, and 1/4 is diffused to the right lower

adjacent pixels, so that the diffused error is added onto the

original color image data 100.
The.target pixel data data_B{p]{g] used in the first
0 process described above is the data to which the error has been
diffused in the above manner.
. An example is described above in which data is octal-coded
by the error diffusion method. A specific example in which the

minimum average error method is used will be explained as

§ follows.
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Eystem menu; Fig. 35 is an exanple of an interactive title

L rrr

,ﬁ36 Is an exanple of an interactive title; .- . rFIgr 37 egp gI sra’,
_gan1cha|n and 5 Fig. 38 is a flomchari shomﬁng productlon; - rer v
@od of an optical di sc. A P e meeel .

Fig. 10 is a flow chart showing the processing in which
data is octal-coded using the minimum average error method.

First Process: Error Compensation (Step S1)

In this process, the target pixel is compensated by the
5 error caused in the adjacent pixels when the data is made to be
octal-coded.

Second Process: Qctal Coding of Data (Steps S2 to §7)

Whereas this process is the samé as Steps S1 to S6 shown
in Fig. 9, a further explanation will be omitted here.

!m Third Process: Error Computation (Step $8)

In this process, error err(p][q] is found which hgs been
caused in the target pixel in the process in which data is
octal-coded. This process is the same in detail as Step S7
shown in Fig. 9. A
5 A difference between the error diffusion method shown in
i Fig. 9 and the minimum average error method shown in Fig. 10 is

described as follows:

In the error diffusion method, the error diffusing

operation is performed right after error computation has.been

completed, and in the minimum average error method, the error
diffusing operation is performed right before the target pixel
is N-coded. Except for the processing conducted at both image

- ends, the two methods are equivalent.
Concerning the weighted matrix of the error diffusion

s method, other than the example shown in Fig. 8(a), an example
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#'ruction of the Multimedia Optical Disc
e mul tinmedia optical disc "

DESCRI PTI ON OF THE PREFERRED EMBODI MENT Physi cal
Physi cal

,
-
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shown in Fig. 8(b) in which the matrix size is made larger, and
examples shown in Figs. 8(c) and 8(d) in which the matrix is
further simplified, may be employed if necessary. The example
shown in Fig. 8(d) ‘shows a matrix which is most simplified, and
only one pixel adjacent on the right is an object, the error of
which is to be diffused.

Examples of the multi-coded error diffusion method are
disclosed in Japanese Unexamined.:Patent Publication Nos. 3-
18177, 3-34767, 3-80767 and 3-147480. Various methods can be
employed in accordance with the application at hand.

A case is disclosed above in which the B-component

contained in the original color image data 100 is converted

. into eight gradations using the pra—gradat’on conversion

section 40. Other color components contained in the original
color image data 100 such as the R-component and G-component
are subjected to the pre~gradation number conversion by the
same method so that they can be converted into 16 gradations.

As a result, each component of R, G and B of the original
image data 100 inputted to the pre~gradation number conversion
section 40 is subjected to pre-gradation number conversion as
shown in the following expressions so that each component can
be copyerted into the grid point color image data 110.

R component: lé-coded value of pre_R(0], pre R[l], ---,

pre_R(15]

G component: l6-coded value of pre G(0], pre _G(L], «--

i

copstruction -
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geci nafter referred to as DVD: Digital Video Disc) of the 5 present” -
pdi ment can be explained as follows. Fig. 4 shows an _, . -appearance,
ss-section, an enlarged cross-section, and-pit. - shgpes of.“the -«
The DVD has a dianeter of 120mm "which is the sane;size as "<r -
10 Starting fromthe bottom DVD-107-is formed of d&-first
parent substrate 108 of 0.6mm in thickness, an infornmation
109 which is nade of a reflective filmlike a netal thin film
@nding | ayer 110, a second transparent substrate 111, and a print

| afer 112 on which a | abel i rdnted. 15 The print layer 112 is not
a Réquisite for the DVD 101§%é%%;1§? second transparent substrate 111

cag. be unproteqf &bmponent: : 8%&@\@;%15‘% foajc?m@‘ diitg D2l @®f 135, a r.ead- out

suggf ace A: a I ght beam 113 is shone onto It so that information is
refgroduced. The upper surfagg-ofgihe DVD 107 is a rear surface 20 B
whifch is forned by the print-|ayer 112. As shown in Fig. 4, the
su

ace of the dadstfid anep@iiRNtof Color correction Processing

5 The color correction section 42 conducts color correction
processing on the grid point color data which has been
subjected to the multi-coded preocessing, (the pre-gradation
processing). At the same time, the color correction means 42
(‘ﬂi converts the colorimetric sysiem from R, G, B toe C, M, ¥. 1In
6 other words, in this example, different from the example shown
in Fig. 4, not only the color correction, but also the
conversion of the colorimetric system from R, G, B to C, M, ¥
is simultaneously conducted.
Two cases are taken for examples; one is a case in which
5 the color correction section 42 and color correction table
mémory 34 are implemented in software, and the other is a case

in which they are implemented hardware.

Fig. ll(a) shows an example in which tﬂe color correction
éable memory 34 is implemented in software using programming in
the “C" computer language.- The color correction tables of the
color components of C, M and Y are respectively C_table,
M_tahle and Y table, which are arrayed in three dimensions. In
this.éxample, the unsigned char type array is adopted, so that
the data of eight bits in the range from 0 to 255 can be

accommodated as a result of color correction.
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bstrate 108 in contact with the information [ayer 109 has pits -and
bj ections. Information is stored by changing the | ength . e and e .
;erval of the pits. In other words, the |nf07ﬂatronfkayer .o c o

i 109 has the pits and projections. ; The ength of a th":;"’
Anges fromO.4pmto 2.13[err]m A whol e serires "of - pits-f orma -
4 ral track with a radial distance of 0.74pm Conpared to the
““@&hvent i onal CDs, the length of pits are shorter and truck pitch is
by r ower , 5 t hereby increasing the storage density. The
fad- out surfapegAh il (fdatis aThE SECORGwifi@NSAArSMmple of WHStESIELIS a
r@i nforcer of the same material as the first transparent substrate
8, havi sgmpefisattihyclemesson 42 in whhehl itplt digiain péInkr eara,l ighsshead
pot illustrated) passes 10 t hrough the read-out surface A and it is

bcused owhdchhés pre R{i], G of which is pre G{jl, and B of which is
pre_B{k}, ié cénvérted intc a CMY value corresponding to an
s amount of ink, referring to the three dimensional color
compensating table shown in Fig. 1ll(a). Only when the array
shown in Fig. 1l(a) is referenced can the C, M and Y wvalues
“subjected to color-compensation be obtained. =
@ﬁp Next, in Fig. 12, an example is shown in which the color
ﬁ correction table memory 3¢ is realized in hardware. In this
example, a color correction table stored in a semiconductor
memory is used. In the ROM 34C for C, ROM 34M for M and ROM
34y for Y are respectively stored the results of color
correction of the color components of C, M and Y. When a value
5 determined in acc&rdance with the grid point color data is

épplied to the ROM as address data, the compensated data of

cyan, magenta and yellow is outputted corresponding to the

value.

Fig. 13 shows a more detailed example of the ROM 34C for
C in Fig. 12.. In this example, a ROM is used in which the
address bus is 11 bits wide (A0 to AlO), and the data bus is
eight:bits wide (DO to D7). Valuas obtained when i, j and k
valueé‘ are respectively set to binary-numbered values in

accordance with the grid point color data of pre R[i], pre_G(]j)
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13

20

25

hation surface 109. The point of the focus is then called,, ...,

$¥change of the reflection ratio,

¥ spot 104. As the phase of the reflection.of thejp&tf roris.”
rent fromthat of the non-pit areas, reflection ratjio ; ;,decrease
@ result of the optical interference. As the 15 -interfetente .does*

in the non-pit areas, reflection
I nformation is reproduced.

: spot 114 on a DVD has a dianeter of around 1/1.6 times the
et | ' ti | 0
o go TRGerT &t (SRR Bhainlds Bifer Bles (PSR

el engt hyxqohi&4dge | HORE PREAM o Al0). The DVDs of the physical
structi on descri bed above can

venti onal CDs.

0 £1is15, 025 j <15, 0 £k <7

Therefore, it is sufficient that four bits be allotted to
i, four bits be allotted to j, and three bits allotted to k.
The color correction data of cyan cqrresponding thereto is
outputted to the data bus as a value of eight bits whiéh is in
the range from 0 to 255. |

In the example shown in Fig. 12, three different ROMs are
provided for each color component of €, M and Y. However, when
the bit number of the address bus is increased and a color
selection signal is added to the buses, it is sufficient to
provide one ROM of large capacity. When a RAM in which data
can bhe written i1s used instead of a ROM, the content of the
mémory'table can be optionally rewritten.

In the examples shown in Figs. 11 and 12, when the color
compensating section 42 refers to the three dimensional table
menory 34 in the manner of software or hardware, the color

correction processing is carried out.

Specific Example of Post-gradation Number Canversion

After-the color correction has been completed, the post-
gradation number conversion section 46 conducts processing on
the C, M and Y data, which has been color-compensated by the

color compensating section 42, by the error diffusion method or
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JCbnstruction t he DVD The whol e data construction stored on

PVD can be expl ai ned as foll ows. . Fig-5 shows"tHe .7, ¢
B data construction of the DVD: a spiral -5 -track re-forhed.into.al:
gngl e. As is apparent fromthis figure, rthe data is-conposed..”

Bl ead-in area, volune area, and | ead- Sut area arranged fromthe

o7 to the edge of the disc. The lead-in area stores operation

¥ i zation data which is used when the DVD pl ayer starts reading

gfromthe optical 10 disc. The lead-out area inforns the
$¥duct i ohhapparaegs 6xror minimieiewg mefthoepnr ciucthath e tBatydacan behe

vol gfe area stores various data which make up an application:

phygkcal | y BpEgkitRy, be binaryrcpdedenpo¥etheds acfotths PEEPEaRTN JBkE be

(sesgors) i n the shape. of a spiral track on the disc, Each | ogical

bl o i s 2K39§Ae|9¢st015he ADARMIIRG AL 1PN iass thieyc R neunbane bEBR5Y 5088 s) |

Thi 4:l ogi cal bl ock Siz€ is the m ni mum read uni,.t of the r%PQPductlon
. process conducted by the error diffusion o 1s

5 approximately the same as the multi-coded process conducted by
the pre-gradation number conversion section 40 shown in Fig. 9.
A different point is that the process to make the data to be

A {

octal is replaced with the process to make the data to be

binary-coded. The ?rocess to make the data to be octal-coded
in the steps of'Sl to S6 shown in Fig. 9 may be changed to the
binary-coding process, and the data B{p]({qg] may be replaced
with data_C{pl}{g]. and then the binary-coding process may be
performed as shown in Fig. 1l4. In this case, when the cyan
data is binary-coded to 255, there are cyan dots, and when the
cyan data is binary-coded to 0, there are no cyan dots. The
fbllowing processes of error computation and error diffusion
are the same as Steps.S7 and S8 shown in Fig. 9. Therefore, a
further explanation will be omigéed here.
* However, if the size of the error diffusion welighted

matrix is made too small in this binary-coding process, a

distinctive dot pattern causing deterioration of image quality
1 tends to occur. For this reason, a matrix, the size of which
is a little larger than the one used in the multi-coding
i processing in the pre-gradation number conversion, may be used -

{for example, the one shown in Fig. 8(b) may be used).
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f at us. The vol une area includes a vol une nanagenent area and

¥ area. 20 For the vol une napagenenb‘area bfocquthat .
@7 fhecessary for managenent of the entire:disc irs aIIocated . R
OfEOrmng to | SO (I'nternational Standards C}géndzatlon) 13346, --"
a&: Vol une managenment area stores information showing the relation
; a plurality of file nanes and addresses of groups of |ogical
bl ocks. The file area stores one Video Manager
Rat | east one. Vi itle Set. In the present enbodi nent, the

. o Manager an&ntshgad of th?/ed?é’rT %Féugéf’naﬁ’% atthf I5-HRG gverage

which the process to multi-code the data is changed to a
binary-coding process.

One of the remarkable characteristics of the above example
will be described as follows:

Even when the size of the error diffusion weighted matrix
used in the process of multi-coding the data®iin the pre-
gradatioh number conversion section 40, is very small as
illustrated in Figs. 8(a) to 8(d), images of sufficiently high
quality can be obtained. Usually, in the case where binary-
coding processing is carried out, if the error diffusing
operation is conducted with a small matrix in which the error
diffusinq.object is only the adjacent two pixels as illustrated
§ in Fig. 8(c}), a pattern peculiar te the error diffusion becomes
femarkable, in which dots consecutively appear forming a line,

so that the image quality is deteriorated. However, in the

case where the gradation number to be converted is sufficiently
large like the pre-gradation number conversion section 40 of
the present invention, the image quality is not so deteriorated
even when the size of the error diffusion matrix is reduced as
il%gstrated in Fig. 8(¢). For this reason, a smaller size
matrix than the error diffusion matri% used in the post-
gradation number conversion section 46 in the later stage may

be used in the pre-gradation number conversion section 40. The
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¥ convenient for explanation; actually, they are storedg in the ceee e
gsecutive files on the track. The reason can- be expkai ned a§ -

S ows. In the case of storing novies, as t he: fil-e gapacity-
gones too large, it is preferable to d|V|de t he information into a
Rrality of consecutive files in order to realize easy 10 managenent of
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& reproduction appar at us. Each Video Title Set stores a Title
h; More specifically, it stores a plurality of video objects
(WBs), each shq¥n fragmepts of the noving picture, audio, and
stil | pi ctRrE of ‘af?fhsw" PLRGHEECANPER SucHeR S ifnféfacti 9EHBIEE: thind

i od f the Title S
nYeneral SFeater pATGeRENLLr GURTRAAN 5 eFRORA CFCYRFED RETSTORAHA 1 he

fﬁ'atgrbversgglr;%fanté aHﬁ%l $§.8§SE$%XE?SQL%V '{g&l éﬁékgg%¥§53f5i°nfi
shgred by &3 ok %ﬁ%l Y1 £FY ”?ﬁY§ﬁ§earﬁ?§%%§' 'fhefgkoTﬁf

any of them i deo S store ypes o

5| arge Slor agencapPaci £y He ;‘?éjﬁ%nsd' 7oqjyt1§1e t %lQ\iD &ed  procSddify @
rallty of Video Title Sets so that a plurality of
conducted in the pre-gradation number conversion section 40'is
much smaller than that of the binary-coded processing conducted
in the' post-gradation number conversion séétion 46. Further,
the color correction conducted in the color compensating
section 42 of the present invention only refers to the content
of the color correction table memory 34. Accordingly, it is
possible to greatly reduce the total amount of data procesSing
conducted in the pre-gradation number conversion section 40 and
color compensating section 42 compared with the amount of data
$ processing conducted in the post-gradation number conversion-
section 46 in the later stage.

In the examples of the color compensating section 42 and
‘b_ color compensating table memory 34 shown in Figs. 11 and 12,
- RGB is converted to CMY simuitaneously with color correction.
% "~ However, RGB may be converted to the four color components of
CMYK for a printer in which black ink K is used as well as the
threge colors of CMY. For example, in the case where the color
corféction table memory 34 in the example shown in Fig. ll{a)
is extended to four colors, the result is shown in Fig. 15.

L When the number of the color correction tables to be prepared
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ke Set.

for selecting the Title

¥ractive applications can be stored such as novies. and. - Lt

T3 acti ve novies. . .- 277 v+ - '
TH EV'deo Manager manages the entire disc: speC|¢|caIIy,fa - "plurallty
of @¥OBs and reproduction managenent information are °* """ stored. The data

co@struction of the Video Manager is the sane as that of the Video
i However, the Video Manager is 5 used for special purposes.
&ifically, the Video Manager manages Title Sets of the entire
‘ Theief bneresbed )i fheois possibboagercspdrestR ¥ YEBEn fliisystea

; Set desired by the user at the outset
he reprunbeti ofi oolors necsstdingfchangidy ¢eprocuidn obs nErnagesead . of
Title Set of the 10 entire vol une.

In the above example, the original color image data 100 is
composed of the three color components of RGB. However, it is
possible to use original color image data 100 expressed by any
colorimetric system such as CMY, L*a*b* of CIE, and XYZ of CIE.
Also, as illustrated in Fig. 6, the color image data may be
converted by the color compensating séction 42 so that it can

be expressed by another colorimetric system.

Example of Pre-gradation Number Conversion Section 40 in

Which Ordered Dither Method Is Used

In the above example, the error diffusion method or the
minimum average error method is used for the pre-gradation
number conversion section. However, it is possible to use a
gradation number conversion method such as the ordered dither
method.

Fig. 16 shows an example of the pre-gradation number
convérsion section 40 in which the ordered dither meﬁhod is
used.

In this example, the following case is assumed:

The B-component of the original color image data 100 has a
value of 64 gradations from 0 to 63. Then the B-component is
converted into 17 gra&agions by the pre-gradation numﬁer
conversion section 40 in which the ordered dither method is

used. In this case, the size of the dither matrix is
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gConstruction of the Video Title Set (Part 1) . Flg,r6rshom5 ‘e

B Title Set nanagement information 15 t hat. manages the réprodictior”
¥ of the Video Cbjects (VOBs). The VOB set is conposed of al
tof a Title Set; that is, VOBs shared by a plurality of titles
QCBS specific to sone of the titles. Each VOB is conposed of the

Wi ng @aba 2hi ch After orderper & oened At 4 LA aR\esNE tPERS Weer it a
“o) of a given 20 time unit, which is called GOP (G oup of

ire); @fpltwcalgityels in bafh Mgitdﬁh_&xatlo apel nepfeatiic el wdanighvd tHud he
nmov @ing picture; a plurality of sub-picture data to be reproduced

data and the threshold value (S82 to S4), and the data is
subjected to gradation number conversion so that it can be
converted to the wvalues of 17 gradations of 0, 1, 2, ---, 16
{S5 to S87). |

That is, thgwls threshold values of slsh_B[i]~are set as

follows:.
slsh_B{i] = (1 + 1) x4 ~ 2 (i =20, 1, -+, 15)

Next, ordered dither noise (dither noise[p%2][{g%2]) decisively
determined by the pixel positions of p and g is added to target
pixel data data B(p][q] (S1). In the above expression, % is an
excess operator, and p%2 is a remainder which means "when p is
¥ divided by 2". When g is an even number, p%2 becomes 0, ard
when q is an odd number, p%2 becomes 1. In this case, for

example, the values of dither noise[p%2][g%2] are determined as

follows:
dither_noise{0][(0] = 1
dither noise({0)[l] = -1
dither noise(l]{0] = -2
dither noise[l](l] = 0

Subsequentlj, when the data is compared with the threshold

value of slsh_B{i], it is converted to 17 gradations (S$2 to
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egoing data. As shown in Fig. 6, a VOB Unit (hereinafter
ierred to as VOBU) consists of a managenent paek, noviig
‘a which corresponds to the GOP, a sets of audro dat &,
of§sub-picture data. The sets of audio data and the -..5 .. sets-of -
suf-picture data are selectively reproduced by the reproduction

e, sﬁBéEFlﬁ?an*sd??? et {ShgtRges
subscripts, Henus ar e anot her, |nport§ L t he subi 15
Bhen d | QAR UL 35t TEflE SG5VSPE GPE BAPESNC exapRhSpRNdsed

Ther ef or
storinghthe nenfe g?gghof an. i nterac

a.

i

e reere
-
”
-

~

A set of audio data "Audio A", "Audio B", and " Audi
store different kinds of audio: such as voices of different

| agguages such as Jaganese and English, and femal e voice and nale 10
' BBLisf waYib- phet bl ee daempommppre BroB thargridi ppint

S4). Ang
at are superi nposed alon? with the noving picture.
can be stored. O her )

use o

€ minimum aveéégg errox ﬁ%%%&&aéhgﬂn in Fig.

e examp
10 in which the data is converted to eight gradations, in the
case of the example of the minimum average error method, the

error diffused from the adjacent binary-coded pixels is added

“to the target pixel data of data_B[p]{qg]; however, in the case

of the present example, the periodic noise
dither noise([p%2]{q%2] decisively determined by the position of
the target pixel is added. Only the aforementioned point is

essentially different between the two examples. Accordingly,

in the example shown in Fig. 10, Step S8 corresponding to the

error computation process is not required. In the case where

.

plcture e
and g setss -

L

o C

For
t han

i cture

the ordered dither method is used as shown in Fig. 16, the .

error diffusion computation is not required as compared with

. the minimum average error method and error diffusion method.

Accordingly, the computation speed can be further increased,
and a memory to store the error becomes unnecessary
Therefore, the invention is greatly advantageous in that
hardware resources can be saved.

. On the other hand, there is no known way to minimize the
errog caused in the case where a local mean value of the region

is utilized. Therefore, continuocus gradation reproductivity

cannot be compensated.
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rmanagenent pack has 2KB data. It stores information which ,, ...panages
i of each VOBU. The managenent pack ,|ncludeS'r2b hizght i ght .
br mat i on for managi ng the button display in the nenu T i mhge Df° tHé”
¥picture data and menu operations. Coupled with “--" --the ménu i"frage by

Esub-picture data, this highlight I nformati on enhances the user’
fing of interactiveness on a VOBU basi s.

Dat a Construction of VOB Fig. 7 shows nore

dcli | ed data oanst i i AEnshr 20 ¥Bra adkbjons_:o BIURAIONY [TaLE0L, K pds

mat erial data are nultiplexed into

aV|ng
the pre-gradation number conversion, the following problems are

caused, and_thgre.is a possibility that the image quality is
deteriorated:

(1) When the matrix size is reduced, the number of
gradations capable of being reproduced is reduced.
Accordingly, there is a possibility of the occurrence of
pseudo~contours.l st

(2) Even when the number of gradations capable of being
reproduced is increased by increasing the matrix size, the
resolution is lowered.

ﬁowever, in the case where the gradation number of the
original image data is reduced to about 1/4 as shown in the
example in Fig. 16, the pseudo-contours are not caused even
when a small matrix size of 2 x 2 is applied. Therefore, the
deterioration of Iresolution can be" minimized, so that
significant advantages can be obtained.

In general, the most appropriate pre-gradation number

conversion method may be employed so that the processing speed,

necessary memory capacity and image quality can be well-
balanced. For example, the pre-gradation conversion method to
be epp;oyed may be determined from the following viewpoints.
.ka) In the case where the resolution of the final output
apparatus is sufficiently high and no problems are caused even

if the resolution is slightly deteriorated in the pre-gradation
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kel ementary streans (1)-(6) are material data to be . mutipl-exed -« -
b a VOB. The el ementary stream (1) i5 a noying: data oonpressedr' .
| accordance with MPEG 2, and it is nultiplexed i.nto each MOBU on_
F a GOP basis by interleaving. Here, thé GOP is -a conpressed

ing picture data of about 0.5 second including at |east | pi cture

‘ ra picture). A GOP is stored in a VOBU. The el enentary streans
(4) are audi o data (audio A-C channel s), each corresponding to
$TOVi Ng rRIrtl @clersibh, tmnbkaaeédaéfz}fﬁer mE&hba 06 £ eRCka @ oL Lhannel
'h al nost corresponds to noving data in terms of tine
tored matrlxrﬁgzétnssgmpidﬁgiJas t he novi ng picture. The
entary streanms (5)-(6) are sub-picture data (sub- picture A B
nel ) correspandizngthe thse akioyee Al Gcg&aﬁakéon AlmbePast ohe eatiyinal

pi cture data corresponding to the novi ng plcture dat a
§t or ed iintagret héasane sVOBhk ad atribe nbydmOthe bediraiine datia.it is notln
mul ti pl exed VOB, each of "video 1", "audio A-1", "audio

5 necessary to greatly reduce the gradation number in the pre-

gradation number conversion, the ordered dither method of a

rather small matrix size is employed.

(c) In the'case where priority is given to image quality,
and also in the case where the gradation number is greatly'
reduced in the pre-gradation number conversion so as to reduce
the capacity of the color correction table, the error diffusion
method is employed.

Of course, gradation number conversion methods other than
the error diffusion method and ordered dither method may be
employed.

' Also, a construction may"be adcpted in which only the
B-component is subjected to the ordered dither method, and R~
and G-compbnents are subjected to the error diffusion method s0
that the pre-gradation number coﬁversion can be performed. In
general, the resolving power of the human eye with respect-to
the B~-component is lower than the resolving power of the human
eye with respect to the R- and G-components. Accordingly, the
above construction is also effective.

As explained above, according to the present invention,

the color image data is subjected to the pre-~gradation number
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1", ... "SP A-1", and "SP B-1" is stored as a collection ef 2KB ek

packs For exanple, "video :£" is stored as a»corlecthom,ot,

acks corresponding to one GOP. The reason(ﬁ the packrng ifs that =

e size is the same as the |ogical block (secfdr) of 2KB of DVD and

t is the mnimumread unit of the reproduction apparatus. 5 Dat a

or mat of Each Pack The followng is nore detail ed expl anati on on

ta format of each pack and nanagenent pack that constitute the

vi ng pootversion by thtatee-gudide tdahanuabdr stinyecs Lok ke ise the tVOBU.
Each pack shown in Figs. 8-11 includes one packet called PES

acket theddEkanmsanabe Stanwegted Badk paiek doresict st arpdcRoint in

the color correction table. Consequently, the color correction
table is only réfeéenced in the later color correction process.
As a result, an image processing apparatus can be provided in
which the color compensating processing of high quality can be

carried out at a very high speed without increasing the

capacity of the color correction table.

Further, the invention may be constructed so that the
conversion gradation number in the pre-gradation number
conversion means is larger than that in the post-gradation
number conversion means. Therefore, the quantization noise
generated in the pre-gradation number conversion is lower than
the quantization noise generated in the post gradation number
i conversion, so that the deterioration of image quality caused
in the pre-gradation number conversion can be neglected.

Further, the error diffusion method or the minimum average

error method can be used for multi—codin@ in the pre-gradation

* number conversion section. Accordingly, although the error

1 caused in the process of pre-gradation number conversion is

added, that is, although the quantization noise is added in

view of each pixel, the excellent color correction result gan
be provxded when a local mean value is taken

Still further, the matrix size of the pre-gradation number

conversion section is set to be small, the matrix size used for
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eader, a packet header, and a data field, having 2KB. As to_fhe..- -e
ck header and the packet header, points stipul atéd Yy MPEG are ..
mtted here. Only information on identifying: types'of ‘t he paqk, 15
pl ained. According to the present enbodi ment, in’order to~r
entify the audi o data, sub-picture data, and nanagenent pack, |
beci al packets are used. They are stipul ated by MPEG 2 as private |
ackets 1 and 2. A private packet is a packet whose contents can be '

gef i ned die agyraBydiffusen PseSeRé RERRUILERAL. 1n2Qhe dbtoPrdyveEespacket 1
s defined as audi o data and sub-picture data; and private packet 2

def i mestiasd eorretteg enBtimpR@verage exror Mekhdd . ShQ\l@cdf@ugﬂIﬁ, fergmat of
the pack which will be the constituent of video 1 of

(her ei nafuréser effeppedatdons of the priedgeapatkpn ffhﬁbutde@nﬁaﬁkmﬂ%a&des a
ck header, a packet . . 31

be reduced, so that the deterioration of image gquality can be

Y=
on

effectively suppressed, and further the color correction
processing can be carried out at a higher speed.
According to still further aspects of the invention, the

_ordered dither method in which thHe number of required

operations is relatively small is employed for the pre-
gradation number conversion method with respect to the color
components to which the resolving power of the eye is low, and
the error diffusion method or the minimum average error method
by which images of high quality can be obtained is used for the
pre-gradation number conversion method with respect to other

: color components. As a result, the deterioration of image

@uality can be more effectively sﬁppressed, and the color

correction processing can be carried out at a higher speed.
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he§der, and a dalt I&,’H“ﬂmém a part of the GOP is witten.,, ,,,, The, . ‘;
st an1ID (for exa ) in the packet <header. i's. « the A

regresentation of the video pac Fig. 19 shovs t-He- data,tonnat of"'”
thg pack which will be the 5 constituent- of'"aude Al incFigrn7 ‘
(heggeinafter referred to as audi o pack) The audi o pack |ncludes a

pa header, packet header, and data field in mhlchm@qg&pHg%%n .
wigten. Stream ID "1011 1111" of the packet header

prigate packet 1. In the sub-stream I D "1100XXX, 10Hm

daty field, 10 t he upper five bits_shows audi o data and

method, and the | ower three bi whi ch channel is used.

Fi 10 is a data format of the pack which is the constituent of "SP

Fiy ] S,sub-pLcture ck) . The
olBackgcon5|sﬁgﬁ%Gpt%?Béggk éade%%aSSEﬁét Qéé Wgé&gr C&ﬁ%“&%ﬁa field
i ch aud|§Q%ﬁﬁIQQ@RﬂﬁﬂﬁQy¢n Ohe lnputteétrea&DrD'Emmgellﬁata in

repjesents t hedqid @i Pagkes %heldbﬂJFarepr%duéygoﬁtb éfg fs t@f data
fleid "10100XXX, 1000XXX", the upper icture

dath and codi AFAHR hodOUERRE t he 3PPREREUS  (20)  and OutPUCS the
color-compensated image data, said image processing

apparatus (30) comprising:

10 a color correction table memory (34) for stdring

gradation compensating data of each colorlbomponent

in accordance with the color reproduction properties

of said image output apparatus (20) at each grid

point in a color space divided into a grid, said

15 color space having coordinate axes corresponding to
each color component of the color image data;

pre-gradation number conversion means (40) for
conducting a pre-gradation number conversion on the
20 values of the coordinates in said color space of the
inputted color image data using a pre-determined
gradation number conversion method so as to convert
said values of the coordinates into values of the
most appropriate grid points in said color space; and

color correction means (42) for compensating the
gradation number of each color component of the color
image data when the gradation compensating data of a
grid point ‘corresponding to the values of the

30 coordinates that has been subjected to a pre-
gradation number conversion is read out from said
color compensating table memory (34).

2. The image processing apparatus (30) according to claim 1,
35 further comprising post-gradation number conversion means
(46) for conducting post-gradation number conversion on

- 52 -
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f bits show whi ch channel is used. 20 Fig. 11 is the dat.a fornat

of he i ennﬂukagglm: The managenent .pack conprrses a pack Coee e
hed sentatlon Control" tnformatien Pagket), DSl ""r"".°
pa et ( ornatlon Packetg. *The data-streami| D™ 1011"" i
11" t he pa der shows private packet 2. 1In the data

fidqd, the sub- strean1ID 32

"0dP0O 0000" represents PClI packet, and the sub-stream | D "0000 ooo1"
regyesents DSI packet. I'n the DSI packet, sets of information is

stored for : i zati,on of the novin
infbrnatlonng%%gég%dat*Q? %E T G ?n?%?ﬂ%?? ?E EﬁgaFP%Pﬁ
spefi al reprdsags odata compemm&ntai fyst shadwacol og mmm ng\_eansSuch
|nfornat|on:¥§§5 so as to convert said gradation number into a final

gradation number in accordance with said image output

5 apparatus (20), wherein the converted gradation number of
said pre-gradation number conversion means (40) is larger
than the converted gradation number of said

post-gradation number conversion means (42).

0 3. The imagé“processing apparatus (30) according-to claim 1
. or 2, wherein said pre-gradation number conversion means

(40) operates in accordance with an error diffusion
method.

Bs 4. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with a minimum average error
method.

20 5. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
operates in accordance with an ordered dither wethod for

. color components for which the resolving power of the eye
’ is low, and in accordance with an error diffusion method
. R5 for other color components.

6. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with an ordered dither method

30 for color components for which the resolving power of the

eye 1s low, and a minimum average error method for other
color components.

7. The image processing apparatus (30) according to one of
5 claims 1 to 6, wherein said post-gradation number

LT, 53 -
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Fl ude return address information showi ng a start position.ofe...  --YGBU
ThicShed éiss BRerRQUESEt Of the sub-picture data’. - The

A r : rl:_eI urrrll': ‘Pr:r
fir ess er to resune reproductjon.of-the 10 I .applicafjon;
o cr b stem nenu caused by the user”s--- “"pr €ssi ng down a
) c

AU key on a ontroller in the course of t he reproduction of
 application. In the system nenu, the audi o streans and
h- pi cture streans can be sw tched. The PCl packet stores the

phlight information for realizing 15 i nteraction between the
blication and the user. The highlight , | nf |oNn iRl udes
nagenemcanviast ST o MepsS ré%ﬁgnd?ﬂﬁg?B‘a? het™ accoorlrjds%{rdes operation when
g enu iJBge- | $ifORs RsiaRstHyd t he sub- pi cture data in the same
V@BU, and auxiliary managenent information for substituting the
uger's operation for the nmenu. 20 Here, the user's operation %&
pqr f orgred dHe Usinagec psaressdyy apparatfed r 630 ke perordaRdk &y, OBfit key on
tige renote controller of the i EPEQYMCt bl -aRpdrativa. nultires:

ci f.ica|<%35/"}”’“?hel-L hit Iiég}ht wherein Pl PRt

ormation can bg ex l%:iirlﬁ'*fi bay neans
off the mergonvegsiemanpeans (46)  PEHRERLED . Yh AP mage, t he

fgllowmng five NRNY-EEESE error method.

9. The image processing apparatus (30) according to claim 2,
) wherein said pre-gradation number conversion means (40)
‘ operates in accordance with an error diffusion method,
and said post-gradation number conversion means (46)
operates in accordance with an error diffusion method,
and wherein a matrix size used for error diffusion in
i5 said pre-gradation number conversion means (40) is

smaller than a matrix size used for error diffusion in
said post-gradation number conversion means (46).

. 10. The image processing apparatus (30) according to claim 2,
10 wherein said pre-gradation number conversion means (40)
operates in accordance with a minimum average error
method, and said post-gradation nuwber conversion means
‘ ) (46) operates in accordance with an error diffusion
method, and wherein a matrix size used for mean errxor in
25 said pre-gradation number conversion means (40) is
smaller than a matrix size used for error diffusion in

said post-gradation number conversion means (46).

11. Tr;.é‘ image processing apparatus (30) according to claim 2,

30 wherein said pre-gradation number conversion means (40)
operates in accordance with an error diffusion method,

and said postgradation number conversion means (46)
operates in accordance with a minimum average error

method, and wherein a wmatrix size used for error

35 diffusion in sald pre-gradation number conversion means

LI
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3 are displayed: 1-golf; 2-ski; 3-tennis; 4-canog,..go to-the
n This as &gfil i ght information fpr thi's «fenu ipage iJficl udes: © -
t therelﬂ Iw ns and that the management :informatign. - °
sHEw ng ea& ection color and acttvation coekor, and **5 " °
c@mands to be executed when each button is activated. In addi tion
t @t hat, as auxiliary managenent infornmation nentioned above, the
highl i ght i nformati on includes managenent information : showi ng a
bufton to be forcedly activated when the user's operation is not

a

a

lied byt ' . . . |
L but Loy S R RS HMadsy SiFe dSka EoPnaBLORKLER BRCUTS
said post-gradation number conversion means (46).

12. The image processing apparatus (30) according to claim 2,
wherein saild pre-gradation number conversion means (40)
operates in accordance with a winimum average error
method, and said postgradation number conversion means
(46) operates in accordance with a minimum average error
method, and wherein a matrix size used for mean error in.

k.
! . . _y . .

0 said pre-gradation number conversion means @ (40) is
| smaller than a matrix size used for mean error in said

post-gradation number conversion means (46).

13. The image processing apparatus (30) according to claim 1
5 or 2, wherein said pre-gradation conversion means (40)
operates in accordance with an ordered dither method for
one portion of color components of the color image data
and in accordance with an error diffusion method for
other portions of said color components.

{0
14. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation conversion means (40)
4 operates in accordance with an ordered dither method for
one portion of color components of the color image data
25 and in accordgnce with a minimum average error method for

other portions aof said color components.

RN
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ta Construction of the Managenent Pack Fig,. 13 shows-mare -

L L

tail ed hierarchical data construction of .= ‘ the nanagénentrpagk' Flg”,

shows that the managenment pack has 15; ° a PGl paqket and sa DS papket

i s al ready expl ai ned, PCl i ncl udes hi ghl--ght i nf orfat i ‘on.
tline of Data Construction of the Highlight Information In Fig{;
, highlight information in the PCl incl udes: hi ghl i ght gener al
formation, button color information for 20 changi ng the display col or
the button in the nmenu, and button i nformati on for defining

ntents of each button. Here, twherract highlight display is a kind of
spl ay by which 34

t §e button selected or activated out of the nenu buttons appear

An image proc9551ng apparatus (30) is described in which the

number of operatlons nacessary for color correction
5 processing is made smaller than the number of operations
necessary for gradation number conversion précessing in a
later process without causing deterioration of image quality,
so0 that color correction processing and gradation number
conversion processing can be conducted.at high speed. The
{0 number of gra@ations capable of being converted in' the
<‘ pre-gradation number conversion section (40) is laxger than
that in the post-gradation number conversion section (46).
The pre-gradation number conversion section (40) conducts
pre-gradation number conversion for converting the gradation
45 number of color compcnents of R, G, B of the original color
image data -into the gradation coordinate wvalue of the most
appropriate grid point in the c¢olor space. The color

compensating section {42) reads out the gradation
compensating data corresponding to the color image data
20 subjected to the pregradation number conversion from the

color compensating table memory (34), so that the gradation

number of eéch color component of Rk, Gk, Bk is compensated

and outputted. The post-gradation number ccnversion section

(46) conducts post-gradation number conversion on the data
25 obtained from the color compensating section s¢ that a
finally desired gradation number can be obtained.
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negsdhf tergetratdoar . This nakes it possible to realize a BN+« - {'{ |
sppay igatdodi ng to the user's operation state. ¢ 5 Debalked Data.l . 1

net:séeLI9%ERT the Highlight Information - ; As shomm-lﬂ,Flg 13, < q
he hi ghlight general information ‘incfkudes-a Hi‘ghlight state, . :
i ghlight start time, highlight end time, button selection end tine,
|1 button nunber, nuneral sel ection possible button nunber,

fforcedly selected button 10 nunbers, and forcedly activated but t on
Ists or not in the video display section (VOBU) of about 0.5

e same as th%-one of the highlight information of the 15 precedi ng PCl
cket . exanple the highlight state is shown by the

|l owi ng two . The hlghllght state "000" neans that a
bytton on the myuprgé&ial colqar: imaet Fatéhe vi deo di spl ay area of the

Unput apparatus @ @F;nal color image data

D '
Q |
\\ — Image output apparatus
\ l .
’ ' Image processing apparatus
Fia. % /30
. [ .
EEE#Compensation table
. Scanner | _
i <ﬁi? . N 32 Computer (éé;Color printer
p 100 g: 200
1 ) - /
!
' ! <§/¥eqory <é§;nisplay
l D I e N
L r 1
._ R |
. - - — L_ ~~~~~ J

This Sheet Has Been R
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cond targeted by the PCl packet, and if so, whether the content S ?

nber . The hi ghlight state shows t he fol | owi ng: whether a button ;'



er

2 Epson'ﬂmrﬁm;ﬂﬁlqﬁn state "01" .neans ‘that a neM/button exirst S’ ¢ . 2j
The Mglightistate "10" neans that the button is the‘same gs . '- the ”
0
t
t

i 0f : 429 prERedi ng VOBU. The highld ght state "11 ,f€ans thar

hg button is the sane as the one of the preéteding VOBU except for

hg hi ghli ght command. 35
The highlight start time, highlight end tinme, and button sel ection
engd time show the start time of the highlight dlsplay, end tinme of
thé highlight display, and end tinme by which the button selection is
possi bl e, respectively. These tines start 5 fromthe reproduction
start time of the VOB. In the reproduction apparatus, as the
standard cl ock ﬁaﬁiLBe entire reproduction operation, systemtine is

measured, with the beginning being the

VAVAN

- >

‘ e o

’ ' ”:. 300
S '
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PEEICte O St aEiod | me of the VOB Due to such

ani ng "ihvalid", it a.
i st at ghe initial 0d 0 m P

0 /,,.__..\l A @

1

1

(@&

Rc
Ge
Be

Post~grada§ion number convers

Color com

|

pensation data

tings, the. rre

Prosiici s opiappar at us can synchroni'ze the, ditspl ay”of the rfena 10 , ijf' f,
jidessupspipture data and the highlight, display for the © «- nmenu..” f
spl ay. Al l button nunber show thesthunber of-buttons bei ng used,

1 ch s up to 36. Each button is aséégned a button nunber out of
t gat nunmeral range. 15 The nunBtal sel ectidn possible button
n@nber all ows sel ection of nuneral s under the follow ng condition:
f @ exanple, when "j" is set, select igin is allowed only when
ngnmeral s between the range from1l to;% are inputted; in other words,
r gardinggbuttons havi ng t he nunber dbove j, selection by the
ngneral k is 20 pr ohi bi t ed. The forcedly sel ected button
ndmber shdfs that the initiglly kel e} ed button when -the highlight
digspl ay starts. When t-he# forcedly | ected button nunber is "O0"

nmeans the forcedly selected button does not
.

Color compensation table

(Ga)

i

Color compensating section

.Gk (Ng gradation)
Rk (Nb gradatioh)

40 ' 749
. Rk (Nr gradation)™

A\
100

‘e-gradation number conversion section

H

point color image data

C;r@{
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. stage. In t hat case, the selected button, munber- storeﬂlln
t @pson_COQR%ﬁ?ﬁﬁﬂﬂlon apparatus is used.- -~ - ¢ °The erQedIy-actrthﬁd
bja PP Yhows the button nunber : rmhlph.should be,autonatlcally
afitliasateedd none of the buttons 5 are-sel etted when the button
s¢l ection possible section ends. The nuneral "63" and "0" are magic
ngnbers that are not button nunbers. In other words, "0" neans not
sgecified (invalid) as well as the forcedly sel ected button nunber,
afd "63" neans the forcedly activated button which'is in the
sdl ected state at the 10 button selection end tine without specifying a
sgecific button nunber. In this way, the nenu used in the
ifteractive novie application nekes it possible to continue the
r dpr oducti on FiQ¢W t5hout causing interruption even if there is no user's

-

| (8,24,32) (I8, 24,32)
‘ X .
(8,24,16) (6,24,18)
D
(12,20,24)
X,.._./
(8,16, 32!
(16,16 ,32)

(8,15,15) <R!G:B)=“5,18,15)
G coordinate i ¥ original image data

B A B coordinate

! :: -R.coordinate
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agtivation. 15 Detailed Data Construction of he,ButtoanDrbr e
I prsnnlﬁmrporatlon Fig. 14 shows detailed data cantructlon-of t he butt,

c§p okpplicati@formati on and button informatidn. v, The 'butfon c8To r
i pibe n3829H"EPncl udes button col or _information 1, button col or

I nformation 2, and button color 20 I nformation 3. Three types of button
colors are prepared for each button on the nenu and one of themis
act’'ivated for each button. In the present enbodi nent, the nunber of
usabl e buttons is 36 at the nost. As it is not efficient to allocate
di fferent 37 colors to

all the buttons, each button is aIIocated one of the
infornatioq 1, button coljor information 2, and

button col or

cp O or 1Y)
Mp({Oor i)
}Yp(OorH
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=
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bu;tgggdxﬂégrééﬁgwfgﬁlon 3. Each of the Qutton color fnflormation
1- Q)@@@Hiéﬁ$l§@|ectlon 5 col or information and actlvatlon culor'qéiwif

i NfDYered 4 299 -EP The sel ection col or informatiton shows corors to be
di spl ayed when a button is selected. by-an arrow key (the button is
in the selected state). The selection color information includes an

enphatic color code 1, enphatic color code 2, pattern color code, 10
and background col or code. Fig. 12 shows how the four colors are

enpl oyed. Suppose that "4-canoe"” button is in the selected . State.
The box enclosing "4" is displayed by the enphatic col or code 1.
The box encl osi ng "4-canoe" is displayed by the enphatic col or code
2. The letter of "4-canoe" is displayed by the 15 pattern col or code.
The backgrougd pf the letter is displayed wi th the background col or.
The activation color information shows a color to be displayed when
the button in the selected state is put int e activated state.
As- well” as the selection color infor n, the 20 activation
color information consists of the @yphﬁtty gylgj ggde
T N-coded region C T
. 'O O{x|0 OO
} 000000

Q. x-coded region

+ marget pixel

400

i/ > * Target pixel

f/j §lq)

400

Fﬁjg(b) NERE

F,-'j. 7()

This Sheet Has Been Replac

T




1, enphatic col or ,code 2, pattern color code, and background- eccc coOl or
codBpson Corpor ﬁ&\?/“each col or code and nenu ; button correspond te e.ach,ef/lf‘r

ofReppplicat (gé'n be expl ai ned as fol | ows. - . feor .-
3§ile:56299-E The nmenu i mage by the’ - subr pi Gtufe data IS i mage data,
each pi xel being two bits. The two-bit code of each pixel designates
one of the enphatic color 1, enphatic color 2, pattern color, and
background col or. The following is an exarrpl e of a bit 5

assi gnnent . The two bit code "00" shows background col or (pixels
of the background);/ﬁ-‘? The two bit code "01" shows pattern

color (pixels that

&
.

pre_B=pre(0]

Ss
P

pre_B=preli+1]

Se6
{

pre_B=pre(7]

1

DATA ERROR

S7
{

arripl {ql= dara B{p] (qJ-pre_&;

(Se
data.BCp+i1lql =dataBlp+ilig]l +err(p] (@l X (2/49)

data_B(pllq+i]l =data BLpilq+!] Aerr(pliql X{I1/4)
data_B{p*1] {qr1l=dato_Blp+* ] (q+11+err [pI1(ql X{1/4)
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r

constltutgﬁc%%egggggs) -10 The two bit code."10" shomsrenphat|¢ q@?ﬁr

xﬁ%&PES% the button, one of-the déubl e bokes). : -
_ggﬁt "11" shows enphatic color 2- (Thp dther of "the - "

d&U&%e ) The enphatic col of coede 1;° enphatlc col or code 2,

pattern 15 col or code, and background col or code in the button color

information are used for converting the 2-bit-code specified for
every pixel of the sub-picture data into the actual color data

specified by the 24 bits. Ngiﬁéfppoifically, t he enpat hic col or " code
1, enphatic, color code 2, p h' col or code, and background 20 col or
code are four-bit code, respectively, (hereinafter referred to as
four bit co‘or code) and specjfies one of the 16 col ors. I n ot her
wor ds, the enphatic color code 1, enphatic col or code 2, pattern

col or code, and background,c e are four bit, Sode, respectively, for
converting the £

39 data_BlpICal = data_Blpllql +

r err EP"'IJ rq3/2 +
err (p]l [q~11/4 +
err(p-t1la-1174

Ss
{

pre_B=prel0]

s{sh{ii=d ntn,pr]Eq]<:slshC1+l]

pre_B=prali+|]

S7
|
pre_B=pre(7]

DATA ERROR

| 58

le rrCpl [q) = data_Bpl (g - pre, B}

This Sheet Has Been Replaced .
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pi xel DO bl e 1.9 %gparate four types of colors) into one of tdre; B

C@I§P§ gnu it codes are further converted rnto 24-% e r.bit” cg} -
or conversion table in the; reproductron - appgratus ~ll[r

dJﬁ % pro ucti on. 5 Det ai | ed Data Construeficon of the Button

I nf or mati on As shown in Fig. 14, the button information stores

i nformation corresponding to the button 1-36 information (nmaximum

36). For t he expl anatory conveni ence, each of the buttons 1-36

i nformation will be represented by button n information. 10

The button n information includes button position information,

nei ghbori ng-button information, and button conmand. The button

position information includes a button col or nunber, start X-Y

coordi nates, "end X-Y coordi nates, and "sel ected=acti vated" fl ag.

&

Frg. /%)

#define Nr |6

#define Ng i6

#define Nb 8 ;

unsigned:char C_table [NrliNg]Nb];

‘ : unsigned char M_table [INFIINgl (NbT ;
unsigned char Y._table[NrlINgIIND]

Fir /1 (4)
C = C.tablelil (§Ik]}

M =M_table[il(j1(k]]
Y =Y._.table[i]{j] (k]

 Fig. 12 :
ROM for C 34
. 34C /f
._ Address data - ' . © j Cyan data
C ROM
. ROM for M
Address data - ijﬁ,J Magenta data
- —— M. ROM —
ot ROM for Y
Address_ data : 34Y Yellow data
Y ROM

This Sheet Has Been Replaced
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15 The button col or nunber specifies which of t he button c;pJ,or .
ikef @gErin dodpSahieil d be enpl oyed. .As showrin Fi- 9.7 12,° start I,

cEE diptesat b X- Y coordi nat es show top ~I ef t coor;ll nat s an@l\ﬂ
batitlemSa3 YhtEP coordi nates of a rect angul ar, respectlvelfy, “for-

specifying a 20 . highlight area. Both eoordi nat es show the range of
button to be col ored according to the selection color information and

activation color information. The "sel ected=activated" flag shows,
when the button is 40

sel ected, whether the button should be placed into the activated
state'or not. Instead of user's pressing down the ENTER key this

flag reduces the Q.lirg)er ﬁ the user's key input. The monent

&~

e

-- +-Address bus

.Data bus
' AO
i Al .
A2 DO
A3 Bé L S .Cyan data
A4 D3 S :
j A5 D4
L AG ' D5
AT DS |
D7 /
A8
e |
: A O
.. N
_ 34C
Rom fo C
Fig . 14 '
= When data _Cip](g] 2 slsh, result_C = 235
_ data_C(pl (q] = sish s " result_C =255
® ' dataClRl(q] < sish ., | resulf_C=0
B \JWhen'data__C[p] {g] < slsh, result_ C = 0

Flér 1§

#define Nr (6

#define Ng 16

#define Nb 8

unsigned char C_table[Nrl{Ng]INb] |
unsigned char M_able[Nrl{NglINB]

unsigned chor Y_rablaNrJ{NgIONb] |
unsigned char K_table[Nr JINgJINb];
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t hsobBpEon FOTREXESEEH by an arrow key, the button is aptl vated ¢ e r"'
Wit I’ﬁ‘-@uﬁpa’ééf:aé‘lﬂﬁ‘rther pressing down the enters: key r' £ ¢ TFhe*, . ".-

—111\

.
‘
.
st

nei gHBer:issd BitEFon i nfornati on shows Other'bUtiOHrHUHbQFS - v';Jku exi's
above, below, and on both sides of 'the correspbndlng aorr but t on. Due
to the neighboring button information, the reproducti on
appar at us -can nove the button sel ection by operating 10 t he arrom/key
The button conmand stores the commands to be execut ed when the

button .is in the activated sta exanples are an
instruction for designating brangﬁ.agg |nstruct|on for

desi gnating operations for the régis i nsi de the reproduction- 15

appar at us. Det ai | s of the But t on Command Fig. 15 shows
exanpl es of instructions used as button comuands set for every
button in the button informé&tion. Each instruction i s conmposed of
operation code and at | east one operand. 20 In Fig. 15, the

"Link" instruction designates |a branch

Si
{

data_Blpllql=d ata B8(pllql+
* dither_noise(p%2}(q%2]

Ssn
St
pre_8=pre{0]

‘Ss

Y

pre_B=preli+!]

DATA ERROR
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reproduction to the program chain (PGC) desi ghated by the [0 aciars 00 2

Here, the programchain (PGC) is a string of the VOBs to be
reproduced successively or a reproduction route of the

41 - VOBs. The details of PGC will be explained later.

The "CnpRegLi nk™ instruction havistpg a register nuhber, an i integer g a
branch condi tion and a kyanch deg%inatlo? PGC nutfber as gperands

i nstruc to branch to the PGC oggurs onl'y when ¥he 5 regi sjer yaIU@“
satisfiéi the branch contlition for' the integer. v Branch cenditions _
are =(edual ), >(larger)® <(snallet). The "Set RegLi nk" i nstruction
havi ng a regi ster nunber, an I nteger, an operation content, .and a
branch destinati on PGC nunber as operands instructs to br&é% to the
PCC after storing IMAGE PROCESSING APPARATUS :

The present invention relates to an image processing
apparatus.

Conventionally, an image processing apparatus is well
known in which color documents and the like are read out by an
image input section such as a scanner, and the image data read
out by the scanner is reproduced, for example, by a display or
a color printer.

However, an image output apparatus such as a display or
coloxr printer has its own specific color reproduction
properties. Therefore, it is difficult to reproduce the colors
of an inputted color image precisely using an input device such
as a scanner.

For this reason, conventionally a method has been proposed
in which color correction processing is conducted in accordance
with the color reprﬁducing properties of the image output
apparatus. One such color correction method is described

in Japanese Unexamined Patent Publication No.
63-2669. According to this method, a three-dimensional color
correction table of RGB is prepared corresponding to all

combinations of three-color components of red (R), green (G)

AL e S it aas u e

TN | e e
ey B2 i 4
RE’ IS KRR o o

P
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10 the" juéﬁdﬁﬁa‘ eﬁﬂ@y‘pperatlng the regi ster value and the

I nt eger to the egirsher]. Here, the operands that show
operatioJ onﬁéh%@y 306 ‘Es bstltutlon) +(plus), -(mnus),

*(mul tiplfi gation), /(d i on), MOD (nodul us), AND(I ogi cal

product)[ (T"ogT™ XCR(echu5|ve20R) 15 The " Set Reg"

I nstruct ke a regls er nunber, an integer, and an operation
contest as operan ST cts to store the oper at i on- per f or ned
regi ster nunber and integer into the regi ster. Here, the operand

that shows fhe QP agé?n Cgaﬂﬁaﬁt%sof 8rh?8r§é€%iéﬁ bRA! Qo at a1l

" Set RegLi nk opera
and gg.. gﬁénsmnal aa@aﬂg%g@ Q:l%%SOpQﬁén@élbfséé%ét.{&n is

romito the integer value to be

nunber
generate an |ntegr

operati on having a register

random nu

Zgored i Nt ocbh@ucted ref€8ESHhE to this table.

However, according to this color correction method, the
capacity of the memory for the color correction table is large.
Therefore, the above color correction method is not suitable
for practical use. For example, when the gradation of an
inputted oxiginal color image data is expressed with eight bits
(256 gradations) for each color of R, G and B, the number of
colors is 16,780,000 (= 2563).' Thus, it is necessary to
provide a memory capacity of 48 megabytes foxr the color
correction table to store the R, G and B data.

Iin order to reduce the memory capacity of the color
correction table, proposals have been made in Japanese
Unexamined Patent Publication Nos. 4-144481 and 4-185075.  In
one such apparatus, a color correction table is not provided
for all combinations of R, G and B. When only the results of
color correction are sto;éé with respect to the grid points
formed by dividing the ﬁhree—dimensional color space of R, G
and B at appropriate intervals, the capacity of the table
memory is reduced. In the case of color data wnich is not
precisely coincident with the grid points, reference is made to
the color correction data of a plurality of adjacent grid

points so that color interpolation processing can be performed.
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Dat a CondEBERIrORIAfT EHEEYIideo Title Set (Part 2) The Video Title

Set mana g*ygéégg%gi%gﬂgbglcan be expl ai ned as follows, which

manages tihg reprodyuctionirdute of the VOB. Fig. 16 shows

hi er ar chilcal g%%gggd%%?rdction of the Video 5 Title Set managenent

i nformatijon_of_each.Vided Title Set in Fig. 5. Fromleft to right,

t he setsgofmlayers are reférred to as the first layer to the fifth

| ayer, reéespectivel-yr———mm! The first layer is already explained in Fig.

6. ASpbg éﬁ&é&@l@?’ ihegapeeend bareamihbe VhdeatTrPibeiSetiodto.

managenent information includes a Video Title Set managenent t abl e,

title seargbhipgpnterard abkempaad iBCdéesdtoibed | an twibieh color cordwidrdeo

Title Set nanagenent table is the header information of the Video

Title Set,pasdestngs joi ricerdidteat showtls¢ orageyinal cogesi t inagef date PGC

I nf ormati on managenent table and the title 15 search pointer table.
expressed by L*, a* and b* using the CIE uniform color space

colorimetric system, and at the same time a conversion of the
colorimetric system is conducted from L*, a* and b* to CMYK.
In this case, in order to convert the values of L*, a* and b*
of the original color image into C, M, Y, K corresponding to
the amounts of ink of c¢yan, magenta, yellow and black,
compensation data of eight grid points adjacent to the original
color image data is referenced, and a color interpolation
calculation is performed with respect to the inputted original
color image data.
For example, an expression of interpolating operation to
find a Y component is expressed as follows:
Y= (1 - y)(1 - va)(l - v5)¥(1l, a, b)

+ oyl - va) (1 - ye)¥Y(1 + 1, a2, b)

+ (1 = yi)va(l = vu)¥(1l, a + 1, Db)

+ (1 - i) (1 - va)ve¥(2 + 1, a, b+ 1)

* Yiva{l - vp)¥(1 + 1, a + 1, b)

+oyi(l = va)Yve¥(l + 1, 2, b+ 1)

+ (1 - y1)vaYs¥(1, @ + 1, b + 1)

+ v vaYe¥(1l + 1, a + 1, b + 1)
(Detailed descriptions of the variables can be found in the

cited reference.)
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ble is an i ndex of the PGCs stored in the

PGC |nfornat|on nanageneﬂt abl e, and stores pointers for t he

st orage pOSltgg@N@W whi ch shoul d be executed firstly for
each title,;:for exanple a jpoi nter which shows the storage 20 posi tion
of the PAC infornatlon bHat shows the | eadi ng PGC of the I nteractive

novi e. The nfornatlon nanagenent table is a table for

the Video Title é%ﬁt"%fus%@ %% o1 o ernzS‘e?#;ﬁ# iy E YL pe 1 o
43 e i TRE20E8e e | D Wokic oL o REL L1 wbl chs WBS1 sireosonbiand

according to a grven or d ows the PGC. In't figure,

the PGC#l gho [ d uteg, f . tAKBR#2winh t he
Video Titl %QS\thS féﬁlel%péGC#P#gngs?anF %ekﬁept{%%?ggir{%% t:a%tlon
The

respect to eight grid points adjacent to the target data.
interpolating operation is conducted in such a manner that
these values are multiplied by a weight which is in inverse
proportion to a distance in the color space so as to f£ind the
mean.

Although it is possible to reduce the capacity of the
color correction table according to the prior art described
above, it is necessary to perform multiplication 24 times and
also to perform addition seven times for conducting a
compensating operation with respect to one color component.
Therefore, the number of operations is greatly increased, so
that the processing time is increased.

Especially when image data is subjected toO gradation
number conversion in accordance with the gradation number
(number of possible gradations) of the image output apparatus
in addition to the color correction processing described above,
the color correction processing requires a very large number of
operations compared with the gradation number conversion
processing. Therefore, the processing time is greatly
incre;sed.

That is, in the case where a color printer or a display is

used for an image output apparatus in which color image data
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5 route-ffonTthe" -ég”_o VOB#14 via VOB#13. In order to
realize thls,p tthe third layers in Fig. 16, the PCC
|nfornat|m néﬁgﬁggéﬁgét blie conprises the PGC i nformati on #1-#m
Each PGCglmtornatlon,§p§ i fli es construction of one PGC and
de5|gnatd% the PGC to be rgproduced next.” 10 As is shown by the
fourth Idyefs~+ﬁ—F+g--%6—~ each PGC I nformati on conprises a col or
conversi on tahl e PEztpaRReat i O each ipisIBknEN, £ P Ehr 0ERSS| ifa EHPTEA
group, post-processing command group, and route information.

The route |nbﬁb@&t|@apasleasoﬁhmﬁ)g urputteebnpki sasfdesent 15romof tMEB
position information, and they are arranged according to t he order of
reproductlonerQhaexaﬁDbe ihdge rdate, i itf dsmakcessary toogpetherP@OHda nidn g.
17 consists of the VOB#1 position i nformati on and VOB#2 position

i nf or mat i onnufberpashteasion proceseimgt ibgn wWhiclhudds tdrdaiyieal nwdelre ssf of
the | eadi ng sector 20 of the VOB and all the sector nunbers occupi ed by
t he VOB. the orifHimgbstoprocessigr demannics gredpcshovis® cshfarigadar imn

executed after the reproduction of the PGC. This command can be
number N capable of being outputted, that is, it is necessary

to perform N-gradation processing. For example, in the case
where a color printer is used for the image output apparatus,
in which gradation control cannot be conducted for each dot,
the gradation number capable of being outputted is N = 2. 1In
this case, binary-coded processing is required, by which the
gradation number of each color component of the original color
image data is reduced to two, which corresponds to ON/OFF
printing of dots.

Various methods are emploved for processing in which the
giadation number is made to N. In order to obtain the best
image quality, the error diffusion method and the minimum
average error method in the same group are well known. The
error diffusion method and the minimum aﬁerage error method are
characterized in that the resolution is high and it is possible
to continuously reproduce the gradation.

According to the minimum average error method, the
follo&ing pixel data is corrected by the weighted mean value of
the gquantization errors which have occurred in the adjacent

pixels, the values of which have already been N-coded. On the
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frgnd i n the highlight information, which IS

shown i n| F g %% 'Qé exianple, in Fig. 17, the PGC#1 branches

44 2 @tWer the PGC#2 or PCGCH3. In order to realize this,
after g the PCGCHIL "CnpRegLi nk" i nstruction nmay be set to the
proce55|rg command gr oup. The ﬁ#e-processing command group shows
comrands ed—5 before the reproduction of the PGC starts.
Thi s commasdhean ledsd, accodibirget tbhethastawmid odifiamidm mpghode. ther

used as th

exanpl e, the pre- processin connand gro%P can be used for
initializiggathézation Eegbgt@hl@% |Whﬁﬁtﬁnq%ﬁFaln pixel Ige
PGC connection informati on shows one PGC nunber to be repr oduced

next. Howdvepdedhés Bifhsisedcter $h@uadiecamr aetels which hav® ngE yet
been N-coded.

It can be considered that the minimum average error method
and the error diffusion method are precisely eguivalent except
for the handling at the image end. An example of binary-coded
processing by the error diffusion method is disclosed in
Japanese Unexamined Patent Publication No. 1-284173, entitled
"Image Processing Method and Apparatus Thereof"”. Examples of
multi-coded processing in which the value of N is not less than
two are disclosed in Japanese Unexamined Patent Publications
Nos. 3-18177, 3-34767, 3-80767 and 3-147480.

The aforementioned gradation number conversion in which
the error diffusion method is used is relatively complicated as
cémpared with other methods of gradation number conversion, and
the number of operations required for conversion processing is
large.

However, the aforementioned color correction processing,
for example, the color correction processing disclosed in
Japanese Unexamined Patent Publication No. 4-18507 requires a
much larger number of operations than the gradation number
convegsion processing in which the error diffusion method is
used. Therefore, in the prior art in which gradation number

processing is performed by the error diffusion method after the
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I nstruction kﬁ AL ~TTCmpRegLi nk") in the post-proc hegy Has Been Replaced
conmand gr oup, tg%%g l,@@?ﬂ cqion I nformation i s neglecte e
col or converisilon& ”*%@”f r lconverting the foregoing

color code o he_ sub-picture [data into,actual color 15 data speciTled
by 24 bits. i's col or converision tablg, as shown - by the fifth

| ayers in Fig. 16,-steres—24-Dit col or code conprising lumnosity
data, col ondillftalcpnee dalorlcandeltieachit is nebessaiiyt tookonsdade £gel ors
1-16) corresponding to any of the 24- bit-codes. How to specify the
color is siropasatied kymeldeRBuReed £2¢ bothnthé0deler correctiSp &ad, thde
data construction of the optical disc has been expl ai ned. Next,
expl anat i gradatiios nepbeducbnyrrapparatbecordinglyy gkkg, processing time

45
is greatly increased.
It is therefore the object of the present invention to provide an image

processing apparatus which avoids the drawbacks of the abovementioned
known products. This object is solved by the image processing apparatus
according to independent claim 1. Further advantageous features, aspects
and details of the invention are evident from the dependent claims, the
description, the examples and the drawings. The claims are to be
understood as a first non-limiting approach to define the invention in

general terms.

The present invention particularly refers to an image forming apparatus
which conducts color correction processing on inputted color image data
§nd ou;pggi_phe processed C°1Pr_%Ti§§_§i§?; o
A;;ordingly, a first aspect of the present invention is to
provide an image processing apparatus capable of conducting
color correction of high image quality at high speed while the
memory capacity of a color correction table is reduced, and
further no complicated interpolating operation is required.

A second aspect of the present invention is to provide an
image processing apparatus capable of conducting color
correction of high image qguality at high speed while the number
of operations necessary for color correction processing is
reduced to be smaller than that necessary for the gradation
number conversion processing in the later process without
deteriorating image guality.

In order to accomplish the above and other aspects, the
present invention provides an image processing apparatus which

conducts color correction on inputted color image data in

accordance with the color reproduction properties of an image
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Appear ances ot~ t"he Reproductlan System Fig. 18 shows the

appear ancesjo E@ Sﬁﬁp uc |Dn system conprising the reproduction
apparatus, a renot e .controller of the present

enbodi nment . : i gure, the reproductlon apparatus 1

repr oduces ftthe fore90|1g opti cal Qi sc (DVD) according to the

I nstructi on “rofr thre-renote controller 91, and outputs a video
signal and gu€het apparasihgnahs. ouﬂ$§t5n§ﬁéLEBldELédﬁﬁﬂﬁiﬁkééwEﬁébe data,
controller 91 iIs recei ved by the remote controller reception unit 92
of the 10 theephagdecpiroBeappagabppakatus comprikh@gdi splay nonitor 2
receives a video ,signhal and audio signals fromthe reproduction
appar atus, and oait puetlod nageseatiion tableudlemorFhifoxdi spbayngoridaatattiash be
a comon TV nonitor. Appear ance of the Renote Controller 15

Fi g. 19 showsmpenextipyedetaa dfeyearh arghboentonporért r énokecordance with

the color reproduction properties of the image output apparatus
at each grid point in a color space divided into a grid, the
color space having coordinate axes corresponding to each color
component of the color image data;

pre~gradation number conversion means for conducting pre-
gradation number conversion on the vaiues of the coordinates in
the color space of the inputted color image data using a
predetermined gradation number conversion method so as to
convert the values of the coordinates into values of the most
appropriate grid point in the color space; and

color correction means for compensating the gradation
number of each color component of the color imagé data when the
gradation compensating data of a grid point corresponding to
the values of the coordinates that has been subjected to pre-
gradation number conversion is read out from the color

compensating table memory.
The image processing apparatus according to the present invention may

further
include post-gradation number conversion means which conducts

post-gradation number conversion on the gradation number of
each color component of the color image data compensated by the

color correction means so as to convert the gradation number
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2
controll ei‘)gﬁé /\ﬁ-@é‘%‘v{‘ g7riel ated to the present invention are
expl ai ned] ffhe MENU key ils for calling the system menu by the Vi deo
Manager _eg DY ¥96s bf| an interactive novies are repr oduced.
The Ten key [ [ arrow) keys Are for 20 sel ecting nenu-
i tens. Thé—ENTER K€Y TS fpr activating the sel ected nenu item
O her key$ are the sane _as 1hose of other AV appar at uses.
46 . T Entire Construction of the Reproduction Apparatus
Fig. 20 shbmeot e fintdY egeadstiont nombelr tihre aepopdaatieorwith theapp@ieas us
shown in Fig. 18. The reproduction apparatus 1 conprises the
not or 81, dugbttEppayr B, nbehaistheontnvertaiitgradation number of the

pre-gradation number conversicn means is larger than the
converted gradation number of the post-gradation number
conversion means.

The pre-gradation number conversion means may employ an
error diffusion method or a minimum average error method.

The post-gradation number conversion means may also employ
an error diffusion method or a minimum average error method.

The matrix size used for errcr diffusion or mean error in
the error diffusion method or the minimum average error method
in the pre-gradation number conversion means is smaller than
that used in the post-gradation nuﬁber conversion means.

Further, the pre-gradation conversion means may employ a
ordered dither method as a pre-~gradation number conversion
method for one portion of color components of the color image
data, and an error diffusion method or a minimum average error
method as a pre-gradation number conversion method for the
other portion of color components.

In the image processing apparatus of the present
invention, the coordinate position of inputted color image data
in the color space is subjected to a pre-gradation number
conversion so that it can be converted into the coordinate
position of the most appropriate grid point satisfying a

predetermined condition using the pre-gradation number
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~ AR AR QLR
5 83, @ﬁﬁé@&@@%ﬁﬁ%ﬁ%gﬁ; unit 84, AV decoder unit 85, renote
controlleri reception unitfi 92, and systemcontrol unit 93.
Furt hernorie,| t be§ RYYAESHddr junit 85 conprises the system decoder - 86,
vi deo decoPer 87, sub-pi ctjurie decoder 8 audi o decoder 89, and
i mge conbj ni-rng-unit—907==1(Q The nechani smcontrol unit 83 controls
t he nechanj cal system i ncluding the notor 81 which drives the disc
and the |i @hJGKWR means. Sehavhj ahhe eadsrodbribetsibgnabanst coepensatse
di sc. Mor e specifically, the mechanismcontrol unit 83 adjusts the

speed of the grhBatiehohumbesrdi nepdio ddiex casipopesit iodn thescghateiimbyet he
15 systemcontrol unit 93, and noves the position of the pickup 82 ,
by control barg tWeeractuat gradétibe [cogipensiaciep gata of tiwergnitke pedurate

track is detected by servo control, the ~mechani smcontrol unit 83
wai ts duri mgrides pontdmigorootheheodrgénate poghtipnt febdesteddtphyBecare-
sector cones, and reads the signals 20 successively fromthe desired

position. gradationTheusibgmal cppyesssPRg Gifi t T8a9pePrbr nEXPRe FBEI oFPHYT

processing on the signal read fromthe |ight pickup 82;
correction table memory. .

According to the present invention, when color image data
is subjected to pre-gradation number conversion, the
complicated interpolating operation required in the prior art,

" in which a plurality of pieces of grid data is used, can be
omitted. As a result, the color correction operation can be
performed at high speed in accordance with the image output
apparatus. Therefore, an image processing apparatus can be
provided by which color images are excellently reproduced.

In this case, the error diffusion method or the minimum
aﬁerage error method is preferably used for the pre-gradation
number conversion method.

In the case where the gradation number of each color
component of the inputted color image data is different from
that of each cbior of the image output apparatus to be used,
the gradation value of each color component, which has been
subjected to color correction, is subjected to the gradation
numbe£ conversion using the post-gradation number conversion

means so that the gradation value of each color component can
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anplificat%§§;§g5§%§%&ﬁﬁ§ﬁgping, changi ng to binary, decoding, and
error corredtion. After that, the signal processing unit 84

47 | 28 NBW89% t hejdata obtained by the above processing in the
buf f er . | nmenory (Qgiji lustrated) {pto the systemcontrol unit 93. In
t he ufter nenory;-Video Title Set control information of the data
Is held i _fhe systemcontrel unit 93, and the VOB of the data 5 S
transferred to the system decoder 86 by the system control unit 93.
The AV decd&ferco@yegdrering:q e MoRt iada bioni Ranber dép accordagpgnuiith
audi o signal, and sub-picture signal. The system decoder 86

j udges t he t¥& d&idgeD AP AhERRAF2 T eam 10 I D in each |ogical block
(data) included_jn the VOB transfgrred ., fromthe buffer nmenory. And
the system deco @FnBQ: t?ﬁﬁg“ﬁﬁ% ation number conversion processing is

performed as described above, quantizaéion necise occurs during
the conversion processing.

In order to reduce the quantization error generated in the
pre-gradation number conversion processing compared with the
guantization error generated- in the post-gradation number
conversion processing, the gradation number converted by the
pre-~gradation number conversion means is larger than that of
the post-gradation number conversion means capable of being
converted. As a result of the foregoing, the deterioration of
image quality produced as a result of the pre-gradation number
conversion processing, that is, in accordance with the color
correction processing, can be reduced to a negligible low
level.

As explained above, an image processing apparatus can be
provided characterized in that, while the deterioration of
image qguality is suppressed, the number of operations required
for color correction is reduced to be smaller than that
required for the post-gradation number conversion processing
performed in the later process, so that color correction
processing and gradation number conversion processing can be

performed at high speed. 1In this case, it is preferable that
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vi deo dat a f{{ h@C?Wﬂd$ gﬁ ber 87, the audio data to the audio
C

decoder 89, w"sub picturel data to the sub-picture decoder 88, and
t he managengn é%g oipge systemcontrol unit 93. At this 15 tinme, the
syst em decogle outp "S thel audi o data,and the sub- pi cture data,
each havi nglt ke-nurber—(ehannel ) desi gnated by the system contr ol
unit 93 fromthe sets of the audio data and sub- picture data to the
audi o decoder—89 and Sub-pi cture i mage decoder 88, respectively, and
di scards ottee efater dibfusion mEtdhad duo tdec oderingi deEuthel® ERraxd dedhdat a
I nputted fromthe syst em decoder 86,. expands the decoded vi deo dat a,
and out put sbe employe@ flefotke- RAEL eYFARAEHCY| HBBPEAL SONYSEFAGE EG#BiSni ng
unit 90 as a digital video signal. The sub-picture data

i nputted from t hEn syBeemagecotrgetie matrix size of the pre-gradation

48 .
number conversion means is set to be smaller than that of the

post-gradation number conversion means, wherein the matrix size
is used for error diffusion of mean error in the error
diffusion method or the minimum average error method.
Accordingly, the number of operations required in the pre-
gradation number conversion can be made smaller, so that the
deterioration of image quality can be effectively suppressed
and color correction processing can be performed at higher
speed.

Moreover, in the case where the ordered dither method, in
which the number of operations is relatively small with respect
to color components to which the resolving power of human eyes
ié low, is used for the pre-gradation number conversion method,
and the error diffusion method or the minimum average error
method is used, images of high quality can be provided with
respect to other color components. As a result, the
deterioration of image guality can be effectively suppressed,
and color correction processing can be performed at higher

speed.
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an i mage data whkEiTiagibedn perfornmed run-length conpression. The
sub-picturg%ggéggéﬁﬁgg%ﬁ“%g es the inputted sub-picture data,
expands tHe deggéd\?@@% piicture data, and outputs the decoded-
and- out putjt §d sub St eldata to the iyge conbining unit 90 in 5 t he
sanme formijag _the digital video signal. The audi o decoder 89
decodes tHe audi o data inpudted from system decoder 86, expands the
decoded audi-e—data;—and--eutputs the decoded- and- expanded audi o data
as a digital audio signal. The i mage conbi ning unit 90 outputs
the video signal_in which 10 t he out put of the videq decoder 87 and
out put of the subk$ict dred block @é@&d@“‘p§§‘°é{’rlé‘9mai’e6’u§éé6\%i%t@@ thege
rati o desi gnated by the systemcontrol unit 93. This present signal
i s convert RFITRTFING SYSLAN G YLTTIRAF LRECRhpoRied into the display
apparat us. nstructi,on,of , t he S%st m_Decoder

f

. . 15 Fig, 21 is
a bl ock diagyam%ﬁﬁm&?gl?hg &ﬁﬁhwﬁﬁ§3ﬁF °thé sPele%@s?%ﬁ$ﬂﬁ%ogért$8 in
Fig. 20 Asinllasgeap rac{ceensfsjfr{gons]§smésm fé%nr e’in_ Fig. 1;

Fig. 3 is a schematic illustration of a color space

divided into a grid;

Fig. 4 1s a functional block diagram of the image
processing apparatus shown in Fig. 1;

Fig. 5 is a schematic illustration showing the positions
of color image data and adjacent grid point color data in the
color space;

Fig. 6 is a functional block diagram of the image
processing apparatus in the case where a.color printer is used
for the image output apparatus;

Fig. 7 is e schematic illustration showing an outline of
the gradation number processing df image data;

Figs. 8(a), 8(b), 8(c) and 8(d) are schematic
illustrations of examples of the weighted matrix in the case
where the gradation number conversion processing is conducted
using the error diffusion method;

Fig. 9 is a flow chart of an example in which the error

diffusion method is used for pre-gradation number conversion;
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the syste Qﬁ@&%ﬁﬁwﬁéé‘éﬁ_ ses the MPEG decoder 120, sub-

pi ct ure/ a@idiio separati on t 121, sub-picture selection unit 122,
and audi oiseél e28iNDY @§st B. 20 The MPEG decoder 120 judges the
type of each data pack included {n the VOB streamtransferred from
the buffey fenory by —- referring to the streamID in the pack. If it
is the video ___ packet,fthe MPEG decoder 120 outputs it to the V|deo

decoder 87; 49

is the private pagkelOlistad fkev SRy Qfuddy 56&?“@19 in whighathei ’Bhnb’ﬁP’E‘

121; if it is the private packet 2, to the syg ntrol unit, 93,
o5 pre-graqa

and if it RYSFRESVPESTAN &bt i¥o PA&Yau %19%n ORFPPex23.

5 The sub-picture/ audi o separation unit 121 judges the type of
conversion;

Figs. 1ll{a) and 11(b) are schematic illustrations showing
an example in the case where the color correction table is
implemented in software;

Fig. 12 is a schematic illustration showing an example in
the case where the color correction table is implemented
hardware;

Fig. 13 is a schematic illustration of a more detailed
example of the ROM for use in C shown in Fig. 12;

Fig. 14 is a schematic illustration of an example of post-~
gradation number conversion means;

Fig. 15 is a schematic illustration of an example of the
color correction table used in the case where four color
cbmponents are subjected to gradation number conversion; and

Fig. 16 is a flow chart of an example in which the ordered

dither method is used for pre-gradation number conversion.

Next, with reference to the accompanying drawings, a
preferred embodiment of the image processing apparatus of the

present invention will be explained in detail.

(1) Coloxr Image Processing System
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t he packet ﬁy-inerrrhg fe}gﬁe sub-stream ID in the pack regar di ng
the privatd fdac %H%év @ﬁgtte fronlthe MPEG decoder 120. If it is
t he sub- pi gt Ure% plcture/audlo separatlon unit 121 outputs
it to the subj-pi cture selectlon unit 1 and 10 if it is the audio
data, to the audio sel'ectionjunit 123. a result, the sub-picture
dat a 'and audio.-data-of--all nunbers are outputted to the sub-picture
selection unit 122 and audi o selection unit 123, res ectlvel
The sub- pi ct ur e eFésti én ﬁﬁl%xémEl%nR§nﬁﬁ? cOdPTofmARE PEEC s§bBFp?§?E?E
decoder 88 fromthe sub-picture /audJo aration unit 121, only the
sub- pi ct ur @LddEe PRASERY RV N desi "‘f‘bd by the system control

t 93 to th h- t d 88. ,The t
lrjlﬂlrrber ot ﬁer tehz}% aln%c}gggﬁﬂg%g&%r%e‘?a& looaroeurt}‘l))utg%%%eé‘icga(?% Oimégﬁ

audi o selectl unit 123 oufputs, ouf of .th u t he
MPEG decodéP Pgﬁfﬁ%Pﬁegguﬁ?C;QBH%F%%Vf’%ntﬁegbg 8£8C€ﬁglngdes?gnatg% by
the system Qpntrol unit 93. And the audio selection unit 123 outputs
t he audio &%ta fromthe sub-

In the image processing apparatus 30, the inputted

original color image data 100 is subjected to color correction
in accordance with the color reproduction properties of an
image output apparatus 20. In the case where the gradation
number capable of being outputted from the image output
apparatus 20 is smaller than the gradation number of color
image data 100 capable of being outputted from the image input
apparatus 10, the color—compeﬁsated color image data is
subjected to post-gradation number conversion processing in
which the gradation number is converted into a final value in
accordance with the image output apparatus 20. The converted
data is outputted to the image output apparatus 20 in the form
of the final color image data 200.

In accordance with the inputted final color image data
200, the image output apparatus 20 reproduces and outputs the
color image data with colors faithful to the original image.

In Fig. 2, an example of the color image processing system
illustrated in Fig. 1 is shown.

The image input apparatus 10 is provided in the form of a

scanner 12 which optically reads out a color image from a
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IP“F éi'wii {Engj 121. The audi o data of the nunber

than t he desi gnated nunber are discarded.

Constructi g¢n ofygﬁﬁj%ﬁéf nagenment Unit Fig. 22 is the bl ock
diagran1sh0mﬂng t he construc i on of th systemcontrol unit 93 in
Fig. 20. 5 The syste controltﬂnﬁ 93 conprises the button contro
uni t —930——sysLenlstate managenent unit 935, command interpretation
execution r G0 | n 937 tt n_state

control unit §§§ q:nd%'%e %%%Bﬂgg}ggeg%géﬁggn 89553 ﬁ??ﬁéfﬁgFge data ingpge

button contigl 8?%‘%95%5&6%8‘1}1 P%ka%g cades 1 ?% cotibosdll 99t Bt e

I nformati on anal ysis unit I Spl a
color components of R, G and B.

pi cture/ audi 6~
50

Except for the scanner 12 described above, for example, a
video camera, a host computer used for the formation of
computer graphics and other units can be employed for the image
input apparatus 10.

For the system shown in the drawing, a color printer 22 is
used for the image output apparatus 20, which cannot perform
gradation control at the unit of a pixel.

As described before, in this color printer 22.1it is
necessary to conduct binary-coded processing by which the
gradation number of each color component of the original color
image data 100 outputted from the scanner 12 is reduced to two
gradations corresponding to ON/OFF of each pixel.

Except for the aforementioned apparatus, for example, a
color display 24 may be used for the image output apparatus 20.
In the case of a color display 24 for computer uée, the
gradation number capable of being displayed is usually smaller
than that of a common television set for domestic use. Even
when the color display 24 is used as described above, it is
necessary to convert the gradation number of the original color
image data 100 into a gradation number corresponding to the

display 24.
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? 3&rﬁﬁg%bé&5 to the highlight information in the

nanagenent ack, the buttdnijcontrol unit 930 controls response to
the user's| nend&pe¥489bng. The PCl decoder 931 separates the PCl
packet fromithe 15 mandganent pack ty-ansferred fromthe MPEG decoder

B

control unitY

120, and | 77 Ttransfers tlthe highlight information to the highlight
|nfornatlohn_______analySJsﬁ unit 932 As the nanagenent pack is
performed |nterleaV|n ach VOB as shown i,n _Fi.g. 7,

nmanagement n oERE |¥‘°ttreg?1 é‘ﬁlué&ré\f'g @lﬁ:oﬁ& J‘%‘@ ﬂa}‘:"Th’é“age
hi ghl i ght nfornation anal naI ses th .
|nfornat|oﬁrPﬁﬁﬁF%88 AR5 gﬂidﬁ%%ﬁ% 853 cgﬁgu%er 3 c’re%&L BN
state tran ta n 0 lLected state of the button
transfers %g&gl 2guﬂ’o \sano%n%hﬁ{egr?rénf%s

51 The compensation table memory 34 stores a color table in

which the three-dimensional color space composed of three
colors of R, G and B is divided into gfid—like sections, as
illustrated in Fig. 3. The gradation compensation data of R,
G, B obtained when the gradation data of R, G, B of each grid
point is subjected to gradation value conversion, is stored at
each grid point of the color table, so that, for example, the
color of a color document to be read by the scanner 12 can be
the same as that of an outputted color image printed on a
recording sheet by the color printer 22.

The computer 32 conducts compensation processing on the
original image data 100 inputted from the scanner 12, using the
cbmpensation data stored in the compensation table memory 34.
Further, the computer 32 conducts post-gradation number
conversion processing in which the color-compensated color data
is converted into a final gradation number coincident with the
gradation number N of the image output apparatus 20 such as the
color printer 22. The final color image data 200 subjected to
conversion processing in this way may be outputted to the color
printér as it is. Alternatively, the final color image data

200 may be outputted to the color printer after one image plane
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by the SLlﬁﬁﬁiéLEhg,m&é ﬁ%"i‘
Jghe button £§taf€“-~ S

The button state control unit 933 stores
nsfer table created by the highlight information
anaIyS|s |tw8 10 32% tores the button nunber in the selected state
(current %9%&(5% amd;the button pgnber in the activated state, and
manages -~mm~the-state o! change. Fig. 23 shows concrete
exanpl e of the button statg transfer table. This table is based on
t he nmenu Tmage by the=su icture data shown in Fig. 12. 10
In Fig. 23cf"€eynheninmahat 8at80kyoN hsRoWsedl Istbiedbuht ahe wiatory 36, Heuld
be in the selected state. In other words, each of the Si- S5 shows
that the buhéanthenbets hadp be bhepﬁnmedlM&gehareo&nrt@exnter sel ected
state. The nunber of the "current state" is created by t he nunber of
all the buttons{shomnaby pPhechsghhhghbpertansati on 15 anal ysis unit 932
in Fig. 13. The "arrow key transfer information" colum shows to
whi ch sthle.t He showenta sfabtetiocaaif érisokhediadranr ridw kby dimagse
renote controller is inputted. The arrow key transfer

processing apparatus 30 described above.

r

The image processing apparatus 30 of the example includes
a pre-gradation number conversion ssction 40, color correction
section 42, post-gradation number conversion section 46, and
color correction table memory 34 described before.

First, the compensation data stored in the color
correction table memory 34 will be explained as follows.

As illustrated in Fig. 3, a color space is set, which has
coordinate axes corresponding to the color components of R, G,
B of the inputted original color image data 100. Each
coordinate axis is set in such a manner that the gradation
number of each color component is represented by a coorxdinate
value. This color space is divided into grid-shaped sections,
and the gradation number compensating data of each color
component is stored at each grid point 300.

Various methods are available for determining the
compensating values to be stored in the color correction table
memory 34. However, the process to determine the compensating
value; and to store them in the table is not essential to the
present invention. Therefore, the details of such processes

will be omitted here.
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infornatioﬁ“ﬁéfbﬂé‘.ed Byiﬂhe hi ghlight information analysis unit 20
932 accord np to the nelghbqung button information in the hi ghl i ght
i nformatiopn. | 282M?i%@ghe ”hlghllght di splay information" col umm shows
hi ghl i ght of! each butiton. The Rigghl i ght di splay information is set
by the t“‘I’ilghTI“gh‘f"lﬁfc:rrnatlon analy5|s unit 932 according to the
52 hlghllgptlarea conposed of the start X-Y coordinates and
end X-Y ' coordinatés i'n Fig. 14. The "numeral key
al | owance" col udsughdws, fivst eaflelst atvgrious R, GheBhealuhe svtegivem ty
t he nuneral key can be allowed. This 5 information is set by the

hi ghl i ght Eheopkdecsavanahyans: upysteB2 (for examplstdi RSt 6OH9E mmibeyenf

t he nuneral sel ecti on possi bl e
. 2), and the actually outputted results are subjected to color-

measurement. Then, the relations hetween the R, G, B values
given to the output system and those obtained when the output
results are measured, are compared.

Next, the relations are viewed reversely, and the
gradation number compensating data of each color component of
R, G, B necessary for obtaining a corresponding color is
determined for each grid point 300 and stored in the
compensating table memory 34 to be used as compensating data.

As described above, the color compensating result
corresponding to each grid point 300 is stored in the color
compensating table 34 The larger the number of the divided
sections of the color space, the more the image gquality is
iﬁproved. On the other hand, the capacity of the color
compensating table memory is increased. Accordingly, an
appropriate number of divided sections is determined from the
balance between the capacity of the color compensating table
and the image gquality.

The image processing apparatus 30 of the example conducts
image processing on the original color image data 100 as
follows, using the compensating data stored in the color

compensating table memory 34.
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but t ons. Irgnﬁi ]e:af iﬁbgg 23, button selection is allowed for t he

buttons 1-4, but, | ) e button 5. The "sel ected=activated"
col utm shows, gﬁ%ﬁgﬂﬁé%§ § ton, 10 whether the buttons set in the

sel ected state should be hcmged to activated state i medi ately.
This inforjmtion is set by the ﬁighlight I nformati on anal ysis unit
932 accor di-ng-to-the selected activated" flag shown in Fig 14. In
the case of Fig. 23, the ' Iected t|v %gd" IS se% butt on
5. 15 The F“‘lﬁfttt'oﬁlst’ﬂ}%r “ho t DR %Fo?oﬁv BLOBf

h b d I
:E;IyzfgtﬁﬁaF ’ t?@%o?%?ﬁ%r?%thgtbuzp% lﬁﬁgré%uﬁmgér1 |;?%nconducii.
T "butt " a2 h
Porton | PR ol Wk lo R CPIg ; hﬁﬁ“?gﬁéﬁ b\ G ayie on Rnbe e

i ghl i ght iy ew‘eg_ 8BrRAkKELSoE k! ©3% Aeand Bghe the cotor AUEROBars

command shown Actor gtot utton state transfer

tabl e, thel@bgg&%ngnverted‘yﬁﬂg‘%héxﬁgé&atiﬁﬂtcéﬁ%ﬁfﬁﬁLér@hf@égan the

i nterpretation execution
most appropriate grid points in the color space shown in Fig.

3. Then, the converted data is outputted to the color
compensating section 42 so as to be used as the grid point
color image data 110. In this éase, each color component of
the original color image data 100 is subjected to pre-gradation
number conversion so that R can be an Nr gradation, G can be an

Ng gradation, and B can be an Nb gradation. The obtained
results are outputted as Rk, Gk and Bk.

In this connection, various methods such as a multi-coded
exror diffusion method, means error minimizing method and
multi-coded ordered dither method may be employed for the
gradation number conversion method in the pre-gradation number
conversion section 40. The details will be described below.

The color compensating secticn 42 reads out the gradation
compensating data of a grid point corresponding to the inputted
grid point color image data 110 from the color compensating
table memory 34. Then the gradation numbers of color
components Rk, Gk, Bk of the grid point color image data 110
are compensated, and outputted to the post-gradation ﬂumber

conversion section 46 to be used as the color compensating data
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53 manage response to the user's menu operations.

The highlitght di splay confrol unit 934 controls the highlight
di spl ay | by ﬁé@ﬁﬂ%ﬁﬁ@%th i ghl i ght area of the button in the _
sel ected gtate, activatedjstate, and cglyor information designated 5 by

the butfon col or numbér tp the sub-picture decoder 88 according to
t he but tan-.state transferjtable. The system state nmanagenent unit
935 tenporarily stores the dugital dat a inpuéted fromthe signal
processi ng 1#flt 841 Bhpar€ase, theditie Bhf PEFNaFER s TURANRIY: a8T pEae

i nformation huffer 935a 10 whi ch ores PCC inﬂgrnatéon. When t he
digital dat®idpRamensating qatd thed I RREEET BNt For FEnagSrent

S S VOBl icst-gradad i ANHEHEES d6n 008 YR E0L 260085 B8nRYCLE®

a post-gradation number conversion on the color correction data
120 provided from the color correction section 42 by the error
diffusion method or the minimum average error method so that a
target gradation number can be obtained, and the converted data
is outputted in the form of the final color image data 200 in
which each color data is expressed by Rp, Gp and Bp.

Consequently, when this final color image data 200 is
outputted, for example, to the color printer'22, a color image
having excellent color reproducing properties can be printed
out by the color printer 22.

The construction described above is conventionally known,
in which the color space is divided into grid-shaped sections
and color correction data is recorded at each Qrid point so
that the color correction table memory 34 is prepared.

However, the present invention is different from the
1example of the prior art in the following points:

Before the color correction table memory 34 is referenced,
a pre-gradation number conversion is conducted by the pre-
gradation number conversion section 40 so that the inputted
origihal color image data 100 can become the color data at the
grid point in the color correction table memory 34. Due to the

foregoing, there can be omitted a complicated interpolating
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unit 9 REE&%@EM@@%iéﬁééﬁ information, it is stored in the PGC
i nformatiion buffer 935&4.] 15 The command interpretation execution unit
936 execyt egd8aN0Y 1994 button command when the button is put into the

activate state The rgproduction control unit 937 having a
regi stgr set—937a~ """ j{interprets the key-inputted data fromthe key

i nput rieception 20 _ upit 938, and controls other reproduction
managenent onardB€on whicH R4St Yectf! c60VRAL 86Ra 21! Wet fd e &ﬁghstt?{é |
(Rlerr]-Rerr]). One of _ the registers store a channel nunber of the
sub- pi ct ur go@akacorrect 1881 flb I &N Hdtesk adl, as ¢ hatne| cheindiRirof i drhe: i 0
data, and notifies themto the sub-picture selection unit 122.and

the audi 0 necessary for color correction proceS4ing can be greatly

shortened.

(3) Comparison between the Present Invention and the

Prior Art

The color correction processing conducted by the apparatus
of the present invention is explained as follows in comparison
with the color correction processing of the prior art.

First, an examplé will be explained in which the error
diffusion method or the minimum average error method is applied
to the pre-gradation number conversion processing conducted in
the pre-gradation number conversion section 40.

Assume that a color region having the gradation of R = 12,
G = 20 and B = 24 continues over a predetermined area in the
ofiginal image data 100 inputted from the image input apparatus
10. Then, consideration is given to a case in which the color
data in this color region is inputted into the image processing
apparatus 30.

In Fig. 5, eight grid points close to coordinate positions
in the color space of the original color image data 100 are
shown: Each grid point is located at each apex of the cube
shown.in Fig. 5. The coordinate positions are given by the
following expressions:

(R, G, B) = (8, 16, 16)
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selectlorwyhiﬁ?iﬁgi Tégﬁééélvely The key input reception unit
938 receijvés a key code Whilch designates a key inputted fromthe
renote ccntrogﬁﬁmqug%ptuon unit 92, and notifies it to the button
state contriol unit 933 amd' 5 the ry productlon control unit 937.
Det ai | ed |Const ructi-om-of 't he Sub- Pi ct ufé Decoder Fig. 24 is a
bl ock di agram show ng detaned construction of the sub-picture
decoder 88. The sub-picture decoder 88 conprises t he i nput buffer
881, sub-picturgreco@e Bener atbonléni 16§82, sub- 10 pi cture displ ay
control unit 883, sub-pictute code conversion tabl e 884, conpressed
vi deo signal ge(®ra®i oR)uni (888384, ,hitghl i ght code conversion table
886, highlight area managenent unit 887, sub- pi cture signal
generation unit(B88G,aBll Tok &f ,corder i69n table 889. 15 The
I nput buffer 881 stores sub-picture data of the channel sel ect ed by
t he sub-picture(Bel@ctBdbn=ufft 162 BA)the system decoder 86.

(R, G, B) = (16, 16, 32)

(R, G, B)Y = (8, 24, 32)

(R, G, B) = (16, 24, 32)

In the color correction ﬁable memory 34, the color
correction values of the color components R, G, B are prepared
with respect to the color data of each grid point 300.

In the case where color correction processing is performed
using the prior art approach (for example, as disclosed in
Japanese Unexamined Patent Publication No. 4-185075), the color
data compensating value at the eight grid points close to the
coordinate positions in the color space of the original image
data 100 is referenced. After that, using the eight referenced
color compensating values, interpolating operation processing
is carried out for finding the weighted-mean in accordance with
the distance between the coordinate position of the original
color image data 100 and each grid point. In this way, color
compensating processing is conducted. In the example shown in
Fig. 5, the distance between the coordinate position of the
original image data 100 and each grid point is set to be equal.
Therefore, in the interpolating operation, the color

compensating values of eight grid points are simply averaged,
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The sub-pictyre code generation unit 882 converts the inmage dat a
whi ch has Beg¢n @é@ﬂm[@g% r@n}length conpression into a bit- 20 map dat a
i n which eac@_pixel IS expressed by 2-bit code by expandi ng.

The sub-pi¢turé“6r5p+ay"coht}ol unit 883 controls display start/end
of inmage data; carries out i mge processing such as

55 col or change when karaoke is used; and generates
sub- pi cture code conversi.on %fble §g4 q¥ t he, col or inforpmation
stored in BRet&gh the compansafidiqfata of each cejpr GAPPaBeRY BfcRur
signal generation unit 885 converts the 5 two-bit code of each pixel
outputted BPGME AE S Victure code generation unit 882 into 16
tcg'bf’; gggef g‘; fﬁ}é}' ;%\g%q%rfufgﬁé%,t%he color' Wompdi Y S L0808 SOy eLs! on

the present invention is carried out according to the following

procedure.

First, the pre-gradation number conversion section 40
conducts pre-gradation number conversion using the error
diffusion method oxr the minimum average error method so that
the inputted original color image data 100 can be either of the
color data at the eight grid points.

Next, the color compensating section 42 conducts color
compensating processing with reference to the color
compensating table memory 34.

In the error diffusion method or the minimum average error
method used in the pre-gradation number conversion section 40
of this example, each piece of data is converted into a data
value of the adjacent grid point so that the local mean value
in the color region can become equal to the original image data
as precisely as possible.

Accordingly, in the example shown in Fig. 5 in which the
coordinate positions of the original image data are located at
the same distance with respect to.each grid point, as a result
of thé pre-gradation number conversion, a color region can be
obtained in which each data of the eight grid points

respectively exists at the same ratio of about 1/8. As a

| - 24 -
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part and tthe hi ghli ght” toge conversion table 886 for the hi ghl i ght
ar ea. oi 28N Wsghli ght code conversion table 886 is a color
conversioﬁ_ tabl ej f pr converting 2-bit code of the highlight part
whi ch i a part—of|the i mage datg into a 4-bit code. ~ The
hi ghl i ght—area managenent; unit 887 stores the start X-Y coordi nat es
and end X-Y coordinates of the highlight area, and 15 prepares for
readout of the_ conpressed_video,signal generation . unit 885.
The sub- pi EFﬁFéts%n sh@ge?n‘é?%??bﬂgunV}‘egB§%ﬁ/eﬁ“P§r‘FﬁEl.‘iG 1s condyfiegrd
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be E6PEPIUEESon can be obtained in which the color compensating
values of the eight grid points exist ét an approximately same
rate.

As described above, the result obtained in the color
compensating processing in which a conventional interpoiating
operation is performed and the result obtained in the color
compensating processing of the present invention are
approximately the same in the case where a comparison is made
with respect to a mean value in an appropriate image area.
That is, in the color compensating section 42 of the present
invention, quantization noise is added at each pixel when pre-
gradation number conversion is carried out. In spite of this,
in the case where a local mean value is obtained, approximately
the same color compensating result as that in the case where
the conventional interpolating operation is carried out can be
obtained.

In the case where the gradation number of the image output
apparatus 1is sufficiently large, problems are caused because
the image guality is deteriorated by the quantization noise
generated in the pre-gradation number conversion processing.
In the present invention, after this pre-gradation number

conversion processing, post-~gradation number convexrsion

This Sheet Has Been Replaced

AR



rErLALE i
56 g‘ OJt| I ne "of | 'Processi ng Fl ow of the Reproduction by the
System Q@%ﬂ@@|@%@lt 93 Fig. 25 is a schematic fl owchart
show ng rdp&oductlon - lmanagenent by the systemcontrol unit 93 in
Fig. 20. 5------~-On-dete€titng that th isc is set into the reproduction
apparatus,f the system contrd)l uni t 93,30y managi ng t he nmechani sm
control unit—83 and tHe signal processing unit 84, controls t he di sc

rotation until a stable readout .is carrkﬁ

bIe
readout is RERGESIAL 15y 209U RS HYt | 585- |nlé3rrea g{%at&eﬁomage %ta%

the |ight
vol une man
informatio

r epr oduces m

pICkUE I}Jﬁ@a(;];fﬁertvt_hat %éhgnsxé cggﬂgg}spghtsgggégn %% @EﬁQ§é&he

nager

i n %{% V_OCLAJ?E?,{J%@?% é‘raeaaca( % ?‘P%e converited J.]r?t?a a Efrl(ikal

QFOU sys em menu
gradation number corresponding to a number of gradation of the

image output apparatus 20. Therefore, guantization noise is
generated in accordance with the gradation number conversion.
Consequently, if the quantization noise generated in the pre-
gradation number conversion of the preparation stage is
sufficiently reduced as compared with the guantization noise
generated in the post-gradation number conversion of the final
stage, no problems are caused in practical use. For this
reason, the apparatus shown in the example is constructed in
such a manner that the gradation number capable of being
converted in the pre-gradation number conversion section 40 is
sufficiently larger than the gradation number capable of being
converted in the post-gradation number conversion section 46.
Due to the foregoing, deterioration of image quality can be
prevented in the pre-gradation number conversion processing.
Especially, in this example, since the error diffusion
method or the minimum average evror method is used foxr the
gradation conversion in the post-gradation number conversion
section 46, the amount of errcr can be minimized through both
proce;ses of the pre-gradation number conversion and the post-
gradation number conversion in the case where a local mean

value of the region is taken. For this reason, when the
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123). 15[“%&2&@&&%%%L%%§-5 the user's operations to the system nenu, the

system comtrol 93 reprodufep the PGC for the title menu in the

sel ected Vi decd BiNOe196t (Sfep 124), based on the user's sel ection
(Step 125%, reads the Videoj Title Set ngnagenent i nformation
correspongi ng'to the sél'gcted title (Step 126), and 20 branches to the
leading BRGC _of _the _title (Step 127). Furthernore, after the PGC
group is reproduced and finished, the system control unit 93 goes

ot o orPadgLioR! Wurtdd) - capable FP"bRingPPESRYELLER PLCOEHLC Bl I NC
Fig. 26 isgea@ﬂmeﬁu&&eyﬂ:e%geggiépgpi-gggggs;@gi 34 ngmcmfyire%tly larddy the

program chain group 1n Step
than the gradation number capable of being converted in the
post-gradation number conversion processing as described in
this example, an image guality can be obtained which is equal
to that of the conventional compensation processing in which
the interpolating operation is performed.

As an actual example, color correction and gradation
number conversion were carried out under the following
conditions:

In the case where the number of gradations of each coloxr
component of the original image data 100 is 256, the gradation
number capable of being converted of the pre-gradation number
conversion section 40 is 32 for each color component, and the
gradation number capable of being converted of the post-
gfadation number conversion section 46 is two for each color
component.

As a result of the experiment, reproduced images of high
quality were obtained in which the image quality was the same
as that of conventional images obtained when color correction
was conducted after an interpolating operation and then the
data was reduced to two gradations. Further, it was confirmed
that an image quality appropriate for practical use was

obtained even when the gradation number capable of being
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gqu 124 in Fig. 25. In Fig. 26, the

t hi ngs ap:' 3

syst em con un|t 93 reddd the correspondi ng 5 PGC information from
t he V'deo,TPtlgaéﬁﬁ W¥r mati on (Step 131). This PGC information is
stored intpo {the PGC |nfornat|on buf f er 935a. Next, initia
setting ig carried out’ accordlng to the PGC information in the PGC
I nf or mat i huffer 935a. Fxecution of the 10 pre- processi ng conmand
group and | f th coI he
Pnital set%i%fl%gl%e 5 PR hunber, ¢ oh B84 pppELUdTHy Vol
pre- procesgl, rLQu r exanple, initial value of the
register |§ ggfgaT cggb% & gr5|on tabl e shown by the fourth
layers in Fig. 38 bSscaldely % ’th%t %’nf‘a‘héP thd %é&kﬁeﬂ@é ré@é@wn' n
t he system st at e nanagenent unit I's transferred to the

sub- pi ct ur g, Gede CQENGH%dE‘t§@|Gt§§4 pre-g raHQt&Bﬁ S YRtk UT Corfhpe0diesn 88

in Fig. 24. ter that, the systenfcontrol unit successively
repr oduce5processm@e m@ lein@ Yiet QRO MasRe & et dacife sOUe color
information in 20 the PGC i nformation buffer 935a, and manages

reproduct i edrgbceaeh table memory 34. For example, in the case where the
number of color components of the output data after the color
correction in the color compensating section 42 is three and
the data is composed of eight bits (one byte) for each color -
component, the capacity necessary for the color correction
table memory 34 can be expressed by the following expression
when the gradation number capable of being converted in the
pre-gradation number conversion processing is 32 (5 bits) for
each color:

2°(5 ([bits] x 3 [number of original image color

components}) x.3 [number of output color components] x 8

(width of output data]) = (98,304 x 8 [bits]) = 98 K

[bytes].

In the above expression, ~ indicates an exponential.

In the same manner, in the case where the gradation number
capable of being converted in the pre-gradation number
conversion is 16 for each color component, the memory capacity
of the color compensating table is calculated in each case of
eight gradations.

Then the obtained results are as follows:
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Towp [ SHEETY _
VOB#i (izl-%?h%ééﬁﬂﬁ% §3§- pgcifically, the systemcontrol unit 93
starts readi j éﬁi?%ﬁ ﬁe mechani smcontrol unit 83 and “the
si gnal proge S|§§5& ? wﬁcéording to the position i nformati on set

in the routie LnfornBiLQnm. he read V _
58 separated gnd reproduced by the AV decoder 85. At this
noment , ot EPAr-at vi deo and sub-picture I s displayed on the

d h di th di o dat
Sthrced. 1T the Bt diieh SARS o oo RCeHRTIBNS b RRoReEG R PRe L Cug 18 13 K
execut ed d%f %%dFQBF%%%CEEQQ 8& %hgrggg QﬁgnCFhEOngggg gFESClty is

t
specified b d Branch instructi of oceurs (TFORT S

131). Wen 4 epr q§g&g on of all the VOB is conpleted the post-
proceSS|nnggﬁﬁg group is executed (Step 134), and if there is

In the above explanations, the error diffusion method or
the minimum average error method is used for the gradation
number conversion in the pre-gradation number conversion
section 40. The pre-gradation number conversion section 40 can
convert the gradation number by other methods such as the
ordered dither method, other than the above erior diffusion
method or the minimum average error method.

In this case, in the pre-gradation number conversion
section 40, the amount of error cannot be minimized in the case
where the local mean value in the region is taken.
Accordingly, there is a possibility of the image guality being
deteriorated. The deterioration of image quality may occur in
the case where the gradation number 256 of original image data
is greatly reduced to eight gradations. However, in the case
where the gradation number used for expression of the original
image data is not so different from the gradation number
capable of being converted in the pre-gradation number
conversion section 40, for example, in the case where the
gradagion number 64 of original image data is reduced to 32
gradations or 16 gradations in the pre-gradation number
conversion processing, the image quality is not so strongly

affected by the guantization noise. In the above case, a
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a PCCto delexecuted next

;;L¢ IS reproduced (from Step 135 to 10 Step
d

131). Thel PGC?§pN qggg duced next is specified by the branch
|nstruct|ﬁ i nthe “pos -pﬂode55|ng command group or the PCGC :
connectio |h+0rnatron~rn4tﬁe PGC i nf or mat i on. Repr oducti on of the

Fig. 27 is a filowchart shgw ng the reproduction nanagenent
15 proceSS|ng of each VOB (VOB#i) shown by the Step 133#i in Fig.
26. simpAetogttadg tiont hember peosividraidmmerthdd sudhn édeaneprodyedi on
i nformation, the systemcontrol unit 93 controls the start of the
readout frdithee mheattiodg reddriessemploped VOBsteodt off ithe erfererdiffusion

that, the digital data string of the VOB# is read by the mechani sm
control unimetB®dand the signal processing unit 84. This digital data
string is successively inputted into the system decoder 86 via the
system control (At HereThévegdifdm ddxaegwmle of the Image Processing
59

Apparatus

Next, a more specific example of the image processing
apparatus of the present invention will be considered.

In this case, the following conditions are assumed:
The original image data 100, each.color of R, G, B of which is
composed of eight bits and 256 gradations, is inputted into the
image processing apparatus 30 from the scanner 12 shown in Fig.
2. The original image data 100 1is subjected to image
processing by the image processing apparatus 30, and then the
final color image data 200 is outputted to the color printer
22. In ﬁhe color printer 22 used here, three color ink colors,
némely, cyan (C), magenta (M) and yellow (Y), are used, and the
printing operation is conducted with two éradations, i.e., when
each color dot is turned on there is a dot and when each color
dot is turned off there is no dot.

Fig. 6 is a specific block diégram of the image processing
apparatus 30.

The pre-gradation number conversion section 40 and the
color compensating section 42 conduct color correction on the
inputted original color image data 100, and convert <the

colorimetric system from R, G, B to C, M, Y, and then outputs
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86 decodes gi&%g\@%“ff?&%@?ﬁrl ng and judges the video pack,

sub- pi cture pack of any chanrel, audi o-pack of any channel, and
managenment packZ 8 KOW Bh& syst em decoder 86 outputs themto the

vi deo. deco 87, sub-pictuyrg decoder 8% audlo decoder 89, and 5 t.he
PCl decoder '“Pﬁ*rhe*sygﬂenwcontrol tt o respectively. Then
reproduction of the noving pijcture, audio, and sup-picture starts.
The managenent pack 1s Inputfed into the decoder 931 every 0.5

second. th 160 A8iAgct DENT & £6a tHep MRaOsTENLs RAF K HSRIb ¢ i
according to el%? t he hl%h|lght s?ate shown by ﬁ 13, Eﬁ% P r%%iﬁ%(ﬁ

931 judges number &hie¢desibLWEETDOONE, |fﬁé”d6§df”hdété%%1¢ﬁldiﬁh 120 is

managenent pack (Step i3), and if it is new hi ghlight information,
t he PCl binafecatesdS3lit ransdedsndd wixH thdighdaion nfwiad ice able
anal ysi s unit 932. The highlight infornmation analysis unit 9

creates of being expressed with the printer 22, so that the final color

image data 200 is outputted.

In this case, the compensating data is set in the color
compensating table memory 34 in the following manner.

In order to determine the compensating data, first, only
the post-gradation number conversion seﬁtion 46 is taken out
from the image processing apparatus illustrated in Fig. 6, so
that a system with which the objective color printer 22 is
combined is obtained. Then varioﬁs C, M, ¥ values are applied
to the post-gradation number conversion section 46 so that the
data is binary encoded. After that, the data is outputted to
the objective color printer 22, and the result subjected to
color measurement. Then, the relation is investigated between
the C, M, Y wvalues given to the post-gradation number
conversion section 46, and the R, G, B values obtained when the
output of the color printer 22 is measured.

Next, the relation is reversely viewed, and the C, M, Y
values are found which are necessary when the colors of the R,
G, B values corresponding to the grid point color data in the
color.space are obtained. Then the obtained values are set in
the color compensating table memory 34 so as to be used as the

color correction data.
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t he tuf?ﬁﬁ&&ﬁﬁﬁ@ bﬁéﬁ§?er table fromthe transferred highlight

I nf ormati on. The butth co trol unit 930 carries out the hi ghl i ght
processi ng i1 E% ?%%ﬁ n the button state . transfer table (Step
i 4). Here, {the hig gﬁt p ogessing me the highlight display and

t he i nt er agt ivve--rrafagementd based on the ™ 20 hi ghl i ght information.
Mor eover, the systenlcontrollunlt 93 waits for the input of t he
managemnent pack | T_.1he algrral data string read fromthe DVD

the last of thel¥CBF R=& eqorqdz‘atl% ke 50BVerRdoRpgFetion 40, waghef ng

i s not

I S repeat
60
system
VOBH#i

: he | h
“he cblofosrimal o R vesa 4 Torihe aPuted ariainane

imagézocig{é)l 161(5” s gssukgjjeetc rer’g & gvz\géar{:lon nu etrhecolnavsetrsonfor;[,heln
which R and G are converted into 16 gradations and B is
converted into eight gradations. Then, each of color
components of Rk, Gk, Bk is outputted as the grid point color
image data 110. This is the case illustrated in Fig. 4, in
which Nr and Ng are respectively 16 and Nb is 8. Therefore, in
this example, the data is multi-coded by the error diffusion
method or the minimum average error method. In this case, a
method of the prior art may be used for multiple encoding of
the data.

Specific Example for Multi-coding the Data

Next, a specific example for multi-coding the data will be
explained, wherein a case in which.the B-component is converted
into eight gradations is taken as an example.

The following case is assumed here:

The B-component of the original color image data 100 has
256 gradations from 1 to 255, and these gradations are octal-
coded by the pre-gradation number conversion section 40 so that
the values are eight types of values of pre B shown below.

?re~B[O}, pre_B[(l], «--, pre B(7)

Specifically, the B-component of the original color image
data 100 is subjected to pre-gradation number conversion in the

following manner. In this specific example, the eight values
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or not from the |RuPhACTAENF BHEEF ors of the VOB#i included in t he
posi tion informatifprr~~"=-"5--"<gagll i ght Processing Fig. 28 is a
schemati c fl owcharit 2%9%6?q9&§e;h@ghlight processi ng nenti oned above

(Step 4 in Fig. {27). nfnébeingxgransferred t he hi ghli ght
information from tthe—RCl.. . .....___lde¢coder 931, the highlight information
analysis unit 932 anal yses 10 the highlight information, creates the
buttbn state tramsfer tabte in Fig. 23. and stores it in the button

tat trol unit . 933 (St 0l 202 The_but tat

ot rol _uni % gdgternined 8L, AREbRRE Yy (1o k% £AEPYRASbt TR eveE,
ding tg the. f | ' i ghl i ght

ot or mat {ort 45 Stanesout Gk 3BT AESRLBLITy M UBR s hed Cal Bhiile

state iné%%@éfg.unit 933 conpares the highlight start tinme and the
system Ime 1n the reproduction apparatus. At the highlight start
tinme (St @0?:0Leieé to Fig. 30), the button state control unit 933
carries out the "high Eg t display processing via the highlight

pre_B[1] = 36

pre_B[2] = 73

pre_B[{3] = 109

pre B[4] = 146

pre B[5] = 182

pre B(6] = 219

pre_B{7] = 255

Also, seven types of threshold values used for the pre-
gradation processing are defined as follows:

slsh_B{0], slsh_B[1l]}, +-+, slsh_B[6]

Then, each threshold value is determined in the following
manner :

pre_B[i] < slsh_B[i] < pre_B{i+l]

(L =10, 1, 2, +++,06)

In many cases, the threshold value is determined in the
following manner:

slsh_B{i] = (pre_B[i] + pre_B{i+1]})/2

In this case, each threshold wvalue described above is
expressed as follows:

18

slsh B[0]

54

slsh_B[{1]
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20 disp|a‘n'?LﬁﬁﬁkgﬂﬁLﬁﬁﬁéﬁ}(Step 205). After that, until the
button sel e¢tion énd”trﬁé“(ﬁﬁ’p 205), every tine the state transfers
according th {hed G ©Wey| oEerations (Steps 207 and 208: refer to
Fig. 33), theibutton state Fortrol uni 4,933 carries .

61
processi ng

out thetighl i ght di splay: processing, and ends the
the buttjon selection end tine (Step 206, refer to Fig.

31). Button Initial State Activation Processing Fig. 29
is a nore detaidieth f@yxchargl showi ng the button 5 initial state
activation processing nentioned above (Step 203 in Fig. 28).
After creatingslsh B[tIjorr stEte transfer table, if the forcedly
sel ected button nunber is specified in the highlight

slsh_B[4] = 164

slsh B{5] = 200

slsh B{6] = 236

The original color image data 100 inputted to the image
processing apparatus 30 as image data is usually inputted from
the left end pixel to the right end pixel, wherein the left
upper pixel is used as a starting pixel. After one line of
pixels have been inputted, the operation is shifted to the left
end of a lower line, and the resiaual data is inputted toward
the right end of the line in the same manner. When the image
input operation is repeated in the above manner, image data
corresponding to one image plane can be inputted,

The pre-gradation processing conducted by the pre-
gfadation number conversion section 40, that is, the order in
which the original data 100 is octal-coded, is coincident with
the order of image data input as described above. That is,
while the pixel in the left upper corner of an image is used as
a starting pixel, pixels are octal-coded from the left to the
right end. After one line of pixels have been octal-coded, the
operation is shifted to the left end of a lower line, and the
pixelg are octal-coded toward the right end in the same ménner.
The above operation 1is repeated, so that the image data

corresponding to one image plane can be octal-coded.
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i nf or mat i on t\tﬂﬁi&ﬁﬁiﬁ% g‘hﬁife‘ control unit 933 holds the button 10

nunber of the current stat QSteps 211, 212), If the forcedly

sel ected buit ggy ot specified, the button state control

unit 933 ho} ds any of u it on nurrberzﬁs(for exanpl e, the button

nunber hel di ak=t-he- set—ee,t— state) as the current state (Steps 211,
213). 15; Highlight D spl y Processing ' Fig. 30 is a nore
detai | ed f| CWEHEFE=SHET e foregoing hI|ghé di sp

processi ng (Ste%SZBklPﬁtFPEEdZBY Flg 7y lnvﬁ@ﬁstﬁ SBut & ﬁlﬂﬁﬁéiﬁ ahiofie is

deternmine or the curren t e, change t he _but te.contro
unit 933 rElfist ?ﬁ@etzﬁlxelln g%q gfrﬂ ars PthEE B (Gif si%&e aﬁg'lee i e

t hat t stat tt | ect St
221), “and AV alggady; e (RBLHF GRS arbit tanBdendioetin « BRI Hithe

sup- target pixel 400 and the pixels on %he right of the line have

not been multi-coded.

As the pre-gradation processing, that is, as the method to
make values to be octal-coded, £for example, a case is
considered in which the weighted matrix of error diffusion
shown in Fig. 8{a) is used.

This weighted matrix shows that the pixels generated in
the target pixel 400 in Fig. 8(a) are .dispersed in such a
manner that the ratio of dispersion is 2 (right adjacent
pixels) : 1 (lower pixels) : 1 (right lower pixels).

Fig. 9 shows a flow chart of the processing (the pre-
gradation conversion processing) in which data is octal-coded
by the pre-gradation number conversion section 40 using the
error diffusion method.

In this case, a pixel located in the p-th line on the g-th
row is targeted. The original color image data 100 of the B-
component of this pixel is expressed by data B[p][g], and
consideration is given to a case in lwhich this data B{p][q], is
made to be octal~coded. In this connection, the gquantization
erroxr caused when the pixel in the p-th line on the g-th row is

made to be octal-coded, is expressed by err{p]{q].

First Process: Octal Coding of Data [(Steps S1 to S6)
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BEBT ACRV "
pi cture decoc“t{géggﬁéaghgiﬁJth|ght di splay control unit 934 (Step
222). At thd 4 t, acc@rdlng to the button col or nunber in the
button state tqan é%%éfa the button state control unit 933 sets
t he selection QQLQLWLnﬂqrnatlom in the 365 hi ghl i ght cpde conver si on
table 886 in|the sub-picture d’coder 88 via the highlight display
control unit “934-—{Step-223). this way, the sub-picture decoder
88 changes the color of the ghlight_area of the sub-picture inmage
being di spl ayed. Fizst, Wheﬂl&@%gﬂﬁrQ%H PEoebsdRRg %ﬁ)compa¥$@ withj ¢he

det ai | art. show ng the fore . I ght end
g‘r)(rjgesgi ﬁlg t?@f%?}"‘;%g Y348 of 5128)SP §3). gﬁ%eA%attﬁe lﬁuf‘F ﬁl§é:|°€@(q 0REhEhe

ot vat ed RO OP U ErioY H8ta, prp et ARCBLIST Tt o o { BPVe3SE

(Step 231)d5¥¥§§fﬂf¥b] shown in Fig. 9 is-not the target pixel data
itself, but is compensated data subjected to error diffusion
from the pixel which has already been octal-coded. The error
diffusion method will be explained in the third process.

Second Process: Error Computation (Step S$7)

Exroxr err[p}(g] is found which has been caused in the
target pixel in the process in which data is octal-coded.

Third Process: Error Diffusion {(Step S8)

The error is diffused to the adjacent pixels which have
not been octal-coded yet. In this case, in accordance with the
weighted matrix shown in Fig. 8{z2), ;/2 of the error is
diffused to the right adjacent pixels, 1/4 is diffused to the
lower adjacent pixels, and 1/4 is diffused to the right lower
adjacent pixels, so that the diffused error is added onto the
original color image data 100.

The target pixel data data_B[p]}{g] used in the first
Process described above is the data to which the error has been
diffused in the above manner.

An example is described above in which data is octal-coded
by the error diffusion method. A specific example in which the
minimum average error method is used will be explained as

follows.

This Sheet i

Wi



- ;
15 t he fJP ghf iil&ab utton nunber, if the nunber is any of 1-

36 and 63, i{iti means that atfgrcedly activated button nunber exist; if
t he nunber {i 02 8di@bragedl y activated button nunber does not exi st.
When the for¢edly ‘activated putton nunbgﬁ is invalid (the 20 value-is
0), the button state Cunr10| unit 933 érases the hi ghl i ght di spl ay
via the hi Lght di spl ay control unit 934 at the highlight end tine
(St eps 235, 236)‘““““""'—“ﬂ%en the forcedly activated button nunber is

valid (the vmtmag

other than 0), the button state control unit 933 puts the
into the agdtyaiedootalecoded spegftie buihomunuaberabeo@rror metim% i's
designated, and puts the button in the selected state

First Process: Error Compensation (Step S1)

In this process, the target pixel is compensated by the
error caused in the adjacent pixels when the data is made to be

octal~-coded.

Second Process: Octal Coding of Data (Steps S2 to 87}

Whereas this process is the same as Steps Sl1 to S6 shown
in Fig. 9, a further explanation will be omitted here.

Third Process: Error Computation (Step S$8)

In this process, error err[p]{qg] is found which has been
caused in the target pixel in the process in which data is
octal-coded. This process is the same in detail as Step 87
shown in Fig. 9. .

A difference between the error diffusion method shown in
Fig. 9 and the minimum average error method shown in Fig. 10 is
described as follows:

In the error diffusion method, the error diffusing
operation is performed right after error computation has been
completed, and in the minimum average error method, the error
diffusing operation is performed right before the target pixel
is N-coded. Except for the processing conducted at both image
ends, the two methods are equivalent.

Concerning the weighted matrix of the error diffusion

method, other than the example shown in Fig. 8(a), an example
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into the;%ﬁﬁﬁ@&%@éhﬁ%t%ﬁ%ﬁiﬁ the button nunber 63 is designated 5 (Step
233), anfl carries out tTe jputton activation processing (Step 234).-
Button Act)v $g@§.ﬂ§9&essi ng Fig. 32 is'a nore detailed flowhart
showi ng the bu T activation pggcessing nmenti oned above. (Step 234
in Fig. 81y——10-—-—- ~FhRe [button state control unit 933 displays the button
inthe | activated stlate wwth-the activation color via the highlight

di splay control unit- 932~ (Step 241), reads the button conmand of t he
correspondi ng button fromthe button state transfer table and makes
t he commanghowheiprigt % ediecwhiloh dhietm@BBigasiyeiis giade 1R rgex Stagpl
242). Furthernore, the button state control unit 933 det er m nes
whet her brexnghpiasubbowscdn digsot & tand H(d) in whiebuthen meftnike is
button command (Step 243%: I f that is not the case (for exanple,

"Set Reg", fruRber! §imphilbedt orexthe einyed if necesppiy o3 @ranple
button actiyvation processing, and if that is 20 £ the case (for exanp|e,
"Link"), g%%@w?o*@igkgﬂjﬁiq)nshpgs aemaphyix which is most s;mpllfled, and

only one pixel adjacent on the right is an object, the error of

which is to be diffused.

Examples ©of the multi-coded error diffusion method are
disclosed in Japanese Unexamined Patent Publication Nos. 3-
18177, 3-34767, 3-80767 and 3-147480. various methods can be
employed in accordance with the application at hand.

A case is disclosed above in which the B-component
contained in the original color image data 100 is converted
into eight gradations using the pre-gradation conversion
section 40. Other color components contained in the original
color image data 100 such as the R-component and G-component
are subjected to the pre-gradation number convérsion by the
same method sc that they can be converted into 16 gradations.

As a result, each component of R, G and B of the original
image data 100 inputted to the pre-gradation number conversion
section 40 is subjected to pre-gradation numbexr conversion as
shown in the following expressions so that each component can
be converted into the grid point color image data 110.

R component: l6-coded value of pre R[0], pre R[1l]}, <--,

pre_ R[15]

G component: lé6-coded value of pre G(0], pre G(1l}, ---,

b
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brancheéﬁtn m@ﬁh&m?@(ﬁ if 5T Button State Transfer Processing

64 : ' ““““‘““FI }33 is a nore detailed flowhart show ng the
foreg0|pg‘ 25;@@“) Eonjstate transfer processing (Step 208 in Fig. 28).

On bein |nputt ey} code fromthe kegy i nput reception unit 938,
t he butEon—s{ate -contral lunit 933 judgés the inputted key 5 fromthe
key code (Steps 251, 254,! and 257). When the input key is a
nuneral key (Step 1517 """" -and t he "nuneral key all owance" colum
corresponding to the "current state” in the button state transfer

table is YES (Step 252), the Pre_G{1Bitton state control unit 933 hol ds the

nunber as the buétcomponent- 8~coded value of pre B{0], pre_B{l}, ---,

pre_G[7]

Specific Example of Color correction Processing

The color correction section 42 conducts color correction
processing on the grid point color data which has been
subjected to the multi-coded processing (the pre-gradation
processing). At the same time, the color correction means 42
converts the colorimetric system from R, G, B to C, M, Y. In
other words, in this example, different from the example shown
in Fig. 4, not only the color correction, but also the
conversion of the colorimetric system from R, G, B to C, M, Y
is simultaneously conducted.

Two cases are taken for examples; one is a case in which
the color correction section 42 and color correction table
mémory 34 are implemented in software, and the other is a case
in which they are implemented hardware.

Fig. 1l(a) shows an example in which the color correction
table memory 34 is implemented in software using programming in
the "C" computer language. The color correction tables of the
color components of C, M and Y are respectively C_table,
M_table and Y_table, which are arrayed in three dimensions. 1In
this example, the unsigned char type ariay is adopted, so that
the data of eight bits in the range ffom 0 to 255 can be

accommodated as a result of color correction.
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23, mhe

GT“THE‘SEﬂE tLd state (Step 253) For exanple, in Fig.

} REPLACEMENT SHEFT|
-
¥§§§§F8tatb Is S1 and the nuneral key 2 is an I nput

key, urreh sj changed to S2. After changing t he sel ected
state if +-he-- "seLected.a tivated" col ygn is YES, the button state
control funit 933 stores the nunmber of the 15 nuneral key as the button
nunber offTthactrvated:srate (Step 256), and carries out the button
activation processing (Step 258) . If the input key is an
arrow key (StepF2g4),11fte) biist @ sieveshowing cumt eebmpiiet @B3thet chdsdt he
button nunber of the transfer 20 destination according to the "arrow
key transfepmpansabingorsedtion 42 fdhe Wiihontke agsidr pesiiny dabke Bnpf

stores the button nunber as the selected state (Step 255). If the
"sel ect ed=#BLFDat&dPre_R[iloolCumE i HES 15 nRrBf h. stade BcOft MO Sniis 933

hol ds t he nunber of the nupmeral key as th%.button nunber..in the
activat ed BF8tB[k]l, is converted into CMY value corggsponding to an

amount of ink, referring to the three dimensional color
compensating table shown in Fig. 11(a). Only when the array
shown in Fig. 1l{a) is referenced can the C, M and Y values
subjected to color-compensation be obtained.

Next, in Fig. 12, an example is shown in which the color
correction table memory 34 is realized in hardware. In this
example, a color correction table stored in a semiconductor
memory is used. In the ROM 34C for C, ROM 34M for M and ROM
34Y for Y are respectively stored the results of colox
correction of the color components of C, M and Y. When a value
determined in accordance with the grid point color data is
épplied to the ROM as address data, the.compensated data of
cyan, magenta and yellow is outputted corresponding to the
value.

Fig. 13 shows a more detailed example of the ROM 34C for
C in Fig. 12. In this example, a ROM is used in which the
address bus is 11 bits wide (A0 to Al0), and the data bus is
eight bits wide (D0 to D7). Values cbhtained when i, j and k
values are respectively set to binary-numbered values in

accordance with the grid point color data of pre_R[i], pre_G[j]
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REFLACEMENT SHUHT -
(Step 256)f and carriéSpbut the button activation processing (Step
| hput key is the activated key, the button state
t hej button nunber being stored as the 5 current

ggﬁ%fol N t2%§§ﬁa%ﬁﬁg

state as|the-activated-butfon nunmber (Spep 257), and carries out the
button ag¢tivation processing (Step 258). Call and Return

Processi ng For~t he-Systenarivenu So- far, reproduction managenent
processi ng of the PGC group, especially, highlight processing, has
been expl ai #8d. pre Nepk] dfe re£¥OEENAELPNapS1AEQULo CRbpeANEi €1 KM to A3
processi ng regardi'ng the system nmenu which is call ed when the NENU
key on the s#edioheddle bitsophsotben193.is pressed during the reproduction
of the PGC. Fig. 34 is a flowhart showing call and return

processing for In thid lexampdfeemtirenfiolld®ing indtheal ibbed/EMte leatiisfied:
pressed, the reproduction control unit

0 €115, 0< j <15, 0 <k <7

Therefore, it is sufficient that four bits be allotted to
i, four bits be allotted to j, and three bits allotted to k.
The color correction data of cyan corresponding thereto is
outputted to the data bus as a value of eight bits which is in
the range from 0 to 255.

In the example shown in Fig. 12, three different ROMs are
provided for each color component of C, M and Y. However, when
the bit number of the address bus is increaséd and a color
selection signal is added to the buses, it is sufficient to
provide one ROM of large capacity. When a RAM in which data
can be written is used instead of a ROM, the content of the
mémory table can be optionally rewritten.

In the examples shown in Figs. 11 and 12, when the color
compensating section 42 refers to the three dimensional table
memory 34 in the manner of software or hardware, the color
correction processing is carried out.

Specific Example of Post-gradation Number Conversion

After the color correction has been completed, the post-
gradation numbex conversion section 46 conducts processing on
the C, M and Y data, which has been color-compensated by the

color compensating section 42, by the error diffusion method or
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937 deter&REEEA@EkﬁhﬁFSHEET nu by the sub-picture data is being
di spl ayed jorf " ot~ Step261) If so, the reproduction control unit
937 stores ﬁhgggﬁ@ﬂg%g%pdfe s of the sub-picture data set in the DSI

packet of 'the frEnager®rt patk into the puffer menory 20 in the system

state managément--unit.-935 (Step 262). et her the menu by the
sub-pictufe data is being displayed or not can be det er m ned by
j udgi ng wherher the-systemtine is within the "~ highlight section (from

the hi ghl | Bt 15b3kke! gfqgﬁg).n;ihmmg Hithod, so fhat the data can b

66 'S because it menu inmage is Al i zed

by the L .4e Sc%b-tpécwpgrgékediea.t heyMOBHARN i {Ret BSiGH rept ¥BUpd N

or der to resune e“current nenu ISp| ay, It | necessary t resune

ts Eg_ apbEPEQILS LR {5OFR LHSe) RHER% S Ukd) M & Gl bilry TR
process conducted by the error diffusion method is
approximately the same as the multi-coded process conducted by
the pre-gradation number conversion section 40 shown in Fig. 9.
A different point is that the process to make the data to be
octal is replaced with the process to make the data to be
binary-coded. The process to make the data to be octal-coded
in the steps of-Sl to S6 shown in Fig. 9 may be changed to the
binary-coding process, and the data_B[p][q] may be replaced
with data_C{pl[g], and then the binary-coding process may be
performed as shown in Fig. 14. In this case, when the cyan
data is binary-coded to 255, there are cyan dots, and when the
cyan data is binary-coded to 0, there are no cyan dots. The
fbllowing processes of error computation and error diffusion
are the same as Steps S$7 and S8 shown in Fig. 9. Therefore, a
further explanation will be omitted here.

However, if the size of the error diffusion weighted
matrix is made too small in this binary-coding process, a
distinctive dot pattern causing deterioration of image quality
tends to occur. For this reason, a matrig, the size of which
is a little larger than the one used in the multi-coding
processing in the pre-gradation number conversion, may be used -

{for example, the one shown in Fig. 8(b) may be used).
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5 pi cture data“'rn“-fhe-ﬁscrre VOBU as the current managenent pack.

If the «?%QQ sQ@An di spl ayed, the reproduction control unit
937 stor@s:t Ftent YOBU start address into the buffer menory in
t he systuem st-at-e. manage[rert unit 935 (§ep 263). Furthernore, the
reproduction control unit {937 stores the 10 system state show ng the
current reproducttofr—state (Step 263). This system state includes

t he button nunber in the selected state. After that, the

reproduction conghakoWRi &£ 98He BPALESH iIf s ion methBRN,08HEIH ORI Rhml d\fe SY 5L €M
menu (Step 265). The managenent of 15 t he reproduction of the syste

Menu i s theeggaee &%th@a(aﬁ3éﬂeté&hmRE? sh&@ OR OBRgShQONmay g .usdly, if
t he user, again, presses the NU key on the system nmenu bei ng
di spl ayed, #hecheptiglugirioeRsef to multiheciest Elemelatad sievethankhsn, tbhey -

reproduction control unit 937 returns to the system state (Step
266), and bieawgesodiheg p2@cessr.eproduction fromthe return address (Step
267) . Qper ati ons

One of the remarkable characteristics of the above example
will be described as follows:

Even when the size of the error diffusion weighted matrix
used in the process of multi-coding the data in the pre-
gradation number conversion section 40, is very small as
illustrated in Figs. 8(a) to 8(d), images of sufficiently high
guality can be obtained. Usually, in the case where binary-
coding processing is carrxied out, if the error diffusing
operation is conducted with a small matrix in which the error
diffusing object is only the adjacent two pixels as illustrated
in Fig. 8(c), a pattern peculiar tc the érror diffusion becomes
femarkable, in which dots consecutively appear forming a line,
so that the image quality is deteriorated. However, in the
case where the gradation number té be converted is sufficiently
large like the pre-gradation number conversion section 40 of
the present invention, the image quality is not so deteriorated
even when the size of the error diffusion matrix is reduced as
illustrated in Fig. 8(c). For this reason, a smaller size
matrix than the error diffusion matrix used in the post-
gradation number conversion section 46 in the later stage may

be used in the pre-gradation number conversion section 40. The
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The e multinmedia optical disc and its

reprodu¢t| can be expl ai ned as foll ows.

67 fgf@ﬁf%%%k e of a Forcedly Activated Button Here is
an exaang“QL“gn,gpgﬁ_t on in which forgedly activated button is
used. j[Fig. 35 is atitlp exanple of an interactive application in
whi ch'la—gragen--and-a-kni ght fight with each other. 5 The scene 1 by

t he PGCH1l shows a display image 1 in which a kni ght encounters a
dragon. Theeggeped 2f bysibe P¥dScéSs sétomen an Step Sdi $pl Bygl nBigscSup lesieh a
menu by the sup-picture data is superinposed. The scene 3 by the
PGC#3 showsgaedtepl pyrtimye3 the operianivnhi ob d¢hmwoknlighfugets mwayessHarg t he
expl anatory reason, also 10 in this exanple, each PGC is supposed to be
one VOB. and the number of the opeérations is approximately proportional

to the size of the error diffusion weighted matrix. Therefore,
the number of operations of the multi-coded processing
conducted in the pre-gradation number conversion section 40 is
much smaller than that of the binary-codeﬁ processing conducted
in the post-gradation number conversion section 46. Further,
the color correction conducted in the c¢olor compensating
section 42 of the present invention only refers to the content
of the color correction table memory 34. Accordingly, it is
possible to greatly reduce the total amount of data processing
conducted in the pre-gradation number conversion section 40 and
color compensating section 42 compared with the amount of data
processing conducted in the post-gradation number conversion-
section 46 in the later stage.

In the examples of the color compensating section 42 and
color compensating table memory 34 shown in Figs. 11 and 12,
RGB is converted to CMY simultaneously with color correction.
However, RGRB may be converted to the four color components of
CMYK for a printer in which black ink X is used as well as the
three colors of CMY. For example, in the case where the color
correction table memory 34 in the example shown in Fig. 1ll{a)
is extended to four colors, the result is shown in Fig. 15.

When the number of the color correction tables to be prepared
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The su -[—eture dat a° he PGC#2 is a nmenutinage conposed of a"l -
Fi ght" butpﬁgﬂggf "2t - CGet away" button. For the button command .
of thej* i utton "Link" instruction to the-PGC (not

il lustyated) for_show'nhg the fighting seene is set. For the 15 button
commangl of the "2 - Get Away" button, "Link" instruction to the
PGC#3 ow-rg—t-he-scene. B Is set. Furthernnre, in this exanpl e, "63"
is set as the forcedly activated button in Fig. 13. The forcedly
activated button nunmber "63" neans_ that the current button in the

sel ect ed éﬁaﬁéci‘f?aﬁéﬁieeé}l‘iylﬁcPPx?&tl?&e It1° Fﬁ@eué’étth ?Ocas%déb HotChre® t he
activation key until .the button sel nme even if he/she had

pressed "DURbRE; ORWG9LOFF PRESSEARY or ¢olor Fﬁérﬁﬁﬁf6ﬁbéﬁ<ﬁPﬁﬁﬁﬁ§%ﬂ uni t
937 pl aces the " utton sel ected 3 a 166“f§the

activated staté&® t&ﬁ&%bove gkam@&ﬁwu§h? °§lﬁéBF&dﬁ§§8r image

68 composed of the three color components of RGB. However, it is

possible to use original color image data 100 expressed by any
colorimetric system such as CMY, L*a*b* of CIE, and XYZ of CIE.
Also, as illustrated in Fig. 6, the color image data may be
converted by the color compensating section 42 so that it can
be expressed by another colorimetric system.

Example of Pre-gradation Number Conversion Section 40 in

Which Ordered Dither Method Is Used

In the above example, the erroxr diffusion method or the
minimum average error method is used for the pre-gradation
number conversion section. However, it is possible to use a
gradation number conversion method such as the ordered dither
method.

Fig. 16 shows an example of the pre-gradation numberx
conversion section 40 in which the ordered dither method is
used.

In this example, the following case is assumed:

The B-component of the original color iﬁage data 100 has a
value of 64 gradations from 0 to 63. Then the B-component is
converted into 17 gradations by the pre-~gradation number
conversion section 40 in which thé ordered dither method is

used. In this case, the size of the dither matrix is
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REPELACERENT b |
AtitlelCre :iﬁ§§££{i§§$%%1ne whi ch button should be the forcedly

activat pd] butt on dependi ng on the devel opment of the story, contents
of the scen g%ﬂﬂﬂ“ﬁﬁﬁu mﬂEHB. In the foregoing exanpl e, the
"activalipn button" is iactivated based the user's 5 sel ection
state. { However, "théle # are cases i1 which the reproduction can
proceed-nore effectively |f the title creator directly designates

t he activated button nunber. The following is an exanple, which
i s shown i n2tke2lower Afver orderedfdRihpr ewcdSe Fhéchcearisbytttiee RERHDI
shows the display imge 10 2" in which a nenu i s superinposed, the nenu
conpri sing ¢hetwd pixels inFbghh" lbagisndinzl- acdt lAneya lbytimectians tas
Do Not hi ng" button. The scene 3 by the PGC#3 is the branch

dest i nati onbesenadded tot hhe"gdatpo (Rt hi BgcompRréAons isemasieedatvagre the
PGC#2. What is di spl ayed on the scene is a dragon com ng closer to
t he kni ght.dats and fthe ditha@sherd.dof valyeorlp 2nhteh SéHoul @ndoritichuda bt dis

the "3 - . Do Nothing" button is desired in the scene_2, what is
necessary Subjected to gradation number conversion so that it can be

converted to the values of 17 gradations of 0, 1, 2, ---, 16
(S5 to S7).

That is, the 16 threshold values of slsh_B[i] are set as
follows:.

slsh B[i] = (i + 1) x4 -2 (i =20, 1, -+, 15)
Next, ordered dither noise (dither noise{p%2]{g%2]) decisively
determined by the pixel positions of p and g is added to target
pixel data data_B[p]}{qg] (S1). In the above expression, % is an
excess operator, and p%2 is a remainder which means "when p is
divided by 2". When g is an even number, p%2 becomes 0, ard
when g is an odd number, p%2 bacomes 1. In this case, for
example, the values of dither noise[p%2][qg%2] are determined as
follows:

dither noise{0][0] = 1

dither noise[0}({1] = -1

dither_noise[l1][0] = -2

dither noise[l](1)]) = 0
Subseéuently, when the data is compared with the threshold

value of slsh B[i], it is converted to 17 gradations (S2 to
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i s to|BEPLAGE ﬁf‘:&rf,‘?&,:f ‘activated button number for the menu in t he
PGCH#2 jag "3" . 1'n this: may even if there is no activation operation
by th sq@ggﬁ?egﬁyene 2 changes to the scene 3. As 20 aresult, even
if th ser is n 1nterested in pursuipg the course of story,
ef f ecti ve—stoty-devel- oprrent can be reali zed. The next expl anation
I s abput the case in mhuch hi dden buttons exi st other than the MENU
button Tn thHe" foreyornyg’ PCCs#1- #3 in Fig. 35. The hi dden buttons
do not ned&dgsar iliny thdeaiayon e blue component pre B of the grid point g9
screen. In all scenes, the sane function is allocated to the hi dden
button. F&Olotamslte is et agdecor SndSttlus button exi st as hi dden
buttons. The map button is a button f callin of the

advent ure wor| #PER ﬁhFEﬁPFHésﬂérFFoWang€§tw g?%t esent example and

the example of the minimum average error method shown in Fig.
10 in which the data is converted to eight gradations, in the
case of the example of the minimum averaée error method, the
error diffused from the adjacent binary-coded pixels is added
to the target pixel data of data_B{p]}{g]; however, in the case
of the present example, | the periodic noise
dither noise{p%2][g%2] decisively determined by the position of
the target pixel is added. Only the aforementioned point is
essentially different between the two examples. Accordingly,
in the example shown in Fig. 10, Step $8 corresponding to the
error computation process is not required. In the case where
the ordered dither method is used as shown in Fig. 16, the .
error diffusion computation 1is not required as compared with
the minimum average error method and error diffusion method.
Accordingly, the computation speed can be further increased,
and a memory to store the error becomes unnecessary.
Therefore, the invention 1is greétly advantageous in that
hardware resources can be saved.

On the other hand, there is no known way to minimize the
error caused in the case where a local mean value Qf the region
is utilized. Therefore, continuous gradation reproductivity

cannot be compensated.
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5 butto qg% @f@@@ﬁﬁﬁﬁﬁ ﬂ&alling | mages whi ch di splay paraneters
such as physt€ sf%engt 10ff t he kni ght and points of the gane.
In this case, N@ d@% i ned that the nuneral key of the map
button is |7 N e ioft the status Qutton is "8". These are
realized by the. buLLonwLnioﬂnatlon showk®i n Fig. 14. In other 10 words,
the "LINK"} command to the PGC for dispalying the foregoing map
shoul d be set--in-t-he- butt+en-information 7 shown in Fig. 14, and the
"LINK" command tgidie £ Aenbdispkayirddattionzoregaigessivel !sk—aau&eahw d
be set in the button information 8. I'n addition to that, if
"sel ect ed=aciie pired grhldag iioh hiiRbbut ¢onvens oonptiesn folllowing qmbﬂﬂm@ﬁ%d n
t he button |nfornat|on 8 are set, the user can see the map or the
status by pR&E%éﬁ}tiﬁdnUMEfa|xk6§.pB@Edhﬁlity thato e Dmagenghaddegeis
fromthe map or the status can be realized by the return address
shown in Fi gletlriorated: Moreover, it is possible to determ ne that the
map button and 20 the status button are selected only by nuneral keys,
prohi biting (1 )sekWaen obhéy mrtoix keyze | hssucédacedse, thde rhutiaansof
and 8 shoul d not be set for any neighboring button in the button
gradations capable of being reproduced is reduced.

Accordingly, there is a possibility of the occurrence of
pseudo-contours.

(2) Even when the number of gradations capable of being
reproduced is increased by increasing the matrix size, the
resolution is lowered.

However, in the case where the gradation number of the
original image data is reduced to about 1/4 as shown in the
example in Fig. 16, the pseudo-contours are not caused even
when a small matrix size of 2 x 2 is applied. Therefore, the
deterioration of resolution can be minimized, so that
significant advantages can be obtained.

In general, the most appropriate pre-gradation number
conversion method may be employed so that the processing speed,
necessary memory capacity and image éuality can be well-
balanced. For example, the pre-gradation conversion method to
be employed may be determined from the following viewpoints.

(a) In the case where the résolution of the final output
apparatus is sufficiently high and no problems are caused even

if the resolution is slightly deteriorated in the pre~gradation
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i nf or mat ijo 3. Then hi dden buttons will not be
sel ected |by a ' I'n other wor ds, buttons not bein
R :

70 ayed on the screen will not be placed into the
selection | ___ . state. .. . Al so, ,the follow ng setting nay be
possible.| "2 - Get Amay" : may be 'set as an initially selected button.
A "sel ectled-—-5—--agtivated" flag may be set for .each of "1 - Fight" and

"3 - Do Not hi ng". Then, en the na s di sp] ayed, the
user n&a*ﬁ%ﬁ@agseféwnen, 55" Brtores: AthhE BRUpPaserng HORROEnLATES,
arrow key or g arrowk%%l whi ch gives a | ot of excitenent and

real i sm of Fﬁé fofy2e 16 €PLo¥e%not her setting as fol | ows may be

possi bl e. The T%R In the case where the gradation number of the original
image data is not large from the beginning and it is not
necessary to greatly reduce the gradation number in the pre-
gradation number conversion, the ordered dither method of a
rather small matrix size is employed.

(c) In the case where priority is given to image quality,
and also in the case where the gradation number is greatly
reduced in the pre-gradation number conversion so as to reduce
the capacity of the color correction table, the error diffusion
method is employed.

Of course, gradation number conversion methods other than
the error diffusion method and ordered dither method may be
employed. |

Also, a construction may be adopted in which only the
B-component is subjected to the ordered dither method, and R-
and G-components are subjected to the error diffusion method so
that the pre-gradation number conversion can be performed. In
general, the resolving power of the human eye with respect to
the B-component is lower than the resolving power of the human
eye with respect to the R- and G-components. Accordingly, the
above construction is also effective.

As explained above, according to the present invention,

the color image data is subjected to the pre-gradation number
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button R§P§ﬁ0§@ﬁ$ﬂf@ﬁEﬁT |ght" button, "Get Away" button, and "Do

Not hi buttom-may-beyse¢t for "1™, "2", "3", "4", and "5" in the
button i fog eip ctively, and the "nunmeral sel ection possi bl e
buttoninunbégfﬁgg39%i as "2". In is case, the 15 . hidden map
but t on ‘ard..st.at us . butténqcan be sel ectéd by a nuneral key. The
"Fight" button, the "G£t4Amay" button, and the "Do Not hi ng" button
can be sel ect ed: On-y-- byufhe right arrom/key or the left arrow key.

20 eration Sel ecti on, Activation.
"Seleg?ed = RODVEEEPn E§ TRe S Pr?*%ra%%t+%“dH”@%%ﬁdHQ?Wﬁr%%quﬂﬁé“STﬁPstbﬁtIe

sports, EnE s Gt ST Hytt HBCRCERS, cp3e A che 914 Rebrteino.
n the color correction table. Conseguently, the color correction
table is only referenced in the later color correction process.
As a result, an image processing apparatus can be provided in
which the color compensating processing of high quality can be
carried out at a very high speed without increasing the
capacity of the color correction table.

Further, the invention may be constructed so that the
conversion gradation number in the pre-gradation number
conversion means is larger than that in the post-gradation
number conversion means. Therefore, the quantization noise
generated in the pre~gradation number conversion is lower than
the quantization noise generated in the post gradation number
conversion, soO that the deterioration of image quality caused
in the pre-gradation number conversion can be neglected.

Further, the error diffusion method or the minimum average
error method can be used for multi-coding in the pre-gradation
number conversion section. Accordingly, although the error
caused in the process of pre~gradation number conversion is
added, that is, although the quantization noise is added in
view of each pixel, the excellent color correction result can
be prévided when a local mean value is taken.

Still further, the matrix size of the pre-gradation number

conversion section is set to be small, the matrix size used for
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under 'E?E%{@h@p@x- pHerireadily, each PGC is supposed to be

const | t yted-By-one-VGB. The scene 1 by the PGCH1 is the

intro ubt%&é. “% fithis title. The scene 2 by the PGCH2 is the

part cls B%@;#%'the fun of golf andgiski. The scene 3 by the 5 PGC#3
is thelpart which_apgpegals the fun of baseball and vol | eybal I .
The after the PGC#4 introduce what each of the sports is. In
each ReC—-n-the-figure;' the white part shows video data, black part
shows the nmanagenent pack, and the slanting-1line part shows the
Sub-picture data. The PGC #1 does not need a nenu 10 I mge, so there is
no sub- pi cthe eedatn. diffusion ofh&hPGE#ZhaEscsub-in ctieeedara oL fsisdwinng

| mge data of nenu image 1 in the second VOBU. The managenent pack
in the sametyOBU or the miRimamideekRghl eHhHeri REbhadt i oACEOrAsIdNdi et o

t he nenu i mage 1. This menu image 1 is the same as the one in Fig.
12. The mBwmdayefoRPeFBALENSt PANEHIRPTY g2 thunrabesy GANVEFSias gan ght

information is the sane as the one in Fjg. 23. The highlight _ . section
(From t he Bf gRIHHRD o15h (L3 HeEh® GHEERIGHATHIR ShATPARE) Quality can be

effectively suppressed, and further the color correction

processing can be carried out at a highef speed.

According to still further aspects of the invention, the
ordered dither method in which the number of required
operations is relatively small is employed for the pre-
gradation number conversion method with respect to the color
components to which the resolving power of the eye is low, and
the error diffusion method or the minimum average error method
by which images of high quality can be obtained is used for the
pre-gradation number conversion method with respect to other
color components. As a result, the deterioration of image
qﬁality can be more effectively suppressed, and the color

correction processing can be carried out at a higher speed.
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- [RERLACEMENT gé@«;«} . .
I s} ihtﬁ§naﬁf;p :the third VOBU reproduction to end of the PGC#2
reproduction. In the VOBUs after the third VOBU in the 20 PGC#2, the
hi ghl i gh® dI\a86i ni t he highlight information is "10"; i n ot her

e T L L M
reproduction_in the PGC#2, the menu inmmge is superinpodedt L = @nte the

vi deo dat a being displayed. During that display, the

72 user's operations b&LiBRBShi ghlight processing is
possi bl e. As the nmenu image 1 is managed by the button state
transfer

PO (1 RN L R i

5 and 2, asdldowooapdngavesant aonciuphtiged hecblbion ikagelhigats in
accordance with the color reproduction properties of an
image output apparatus (20) and outputs the
color-compensated image data, said image processing
apparatus (30) comprising:

a color correction table memory (34) for storing
gradation compensating data of each color component
in accordance with the color reproduction properties
of said image output apparatus (20) at each grid
point in a color ‘space divided into a grid, said
color space having coordinate axes corresponding to
each color component of the color image data;

pre-gradation number conversion means (40) for
conducting a pre-gradation number conversion on the
values of the coordinates in sald color space of the
inputted color image data using a pre-determined
gradation number conversion method so as to convert
said wvalues of the coordinates dinto wvalues of the

most appropriate grid points in said color space; and

color correction means (42) for compensating the
gradation number of each color component of the color
image data when the gradation compensating data of a
grid point corresponding to the values of the
coordinates that has been subjected to a pre-
gradation number conversion is read out £from said
color compensating table memory (34).

2. The image processing apparatus (30) according to claim 1,
further comprising post-gradation number conversion means
(46) for conducting post-gradation number conversion on
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beca SE?EAEE@%%@ESHEE@ prohi bition of transfer of the button

sel egtifon, Ts set fot the neighboring button information shown in

Fig. |14 (pen fically, for the button nunber above the button 1
and _ujto%@é@@?g%%%cﬂl ely, and the button nunber below 10 t he button
3). { = - -~tn-Frg! 23, the "buttongx' for showi ng the next nenu is
stored as an ehtry of the "button 4 in the selected state" and
"downwar d novenent' of the arrow key transfer information". The

colum of "m nkeapgrhénrtabhomamber sHowsdthatoldre tempomsnti-dfcahe tolor be

sel ected wth, Juyre al c
the button 5 cgg&ge séﬁg ?%éﬁbéégﬁ\m th%?Legg%anﬁ% nn3¥§éf§btl°n mea?’"the
arrow key frohﬂ?heS@uﬁﬁmiﬂlC¢mN%Whe5amérandﬁhéomuﬁwwmﬁr into a- fimed
used for cont ﬁ&&&glgﬁVQEQQ&EPtJQI h@%o%ﬁ%h&e a@ﬂtﬁf“%ald im QR DS

used for swt Ea e nenus Therefore, it 1s. possible to use
operation key3PBATRRES' drfte UHREEIM dihen G ERHd gradaFBOFhéuﬁéﬁFeﬁ#% of

the menu and ggafi peechrbhathdh! oRSed @tRfdrsion meHEELN€40) is larger
Mor eover, in tg "selﬁfted =activa g" colum, only the utton
an conver gradation nuw of said

post-gradation number conversion means (42).

3. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with an erroxr diffusion
method.

4. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with a minimum average error
method.

5. The image processing apparatus (30} according te claim 1
or 2, wherein said pre-gradation number conversion means
operates in accordance with an ordered dither method for
color components for which the resolving power of the eye
is low, and in accordance with an error diffusion method
for other color components.

6. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with an ordered dither method
for color components for which the resolving power of the
eye is low, and a minimum average error method for other

color components.

7. The image processing apparatus (30) according to one of
claims 1 to 6, wherein said post-gradation number
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5 has "yRBPLABYMENG §dWBYRrd novenent of the arrow key fromthe

73 r ""'“‘button-4 In the selected state, the activation processing
autonatlc % %ﬁ%£§§ﬁ this time, "Link PGC#3" set as a button

commnd o] % 5/i5 executed. g4 this way, w thout pressi ng
down the ctivation key, [t is possible to branch to the 5 scene 3
fromthe mddl e of the reproduction of the scene 2. Therefore when
the "setected=activatred™ set t he producti on

appar at us. SubIOTUFEELThe THRAL | HiFor GRS ddunacoPtRRER Feh agron
key. The "sel estedcadiffased meéahedil ag is a set of auxiliary
managenent data for substituting the user's 10 oper ati ons. I n

the buttons 1-4, branch instruction to different PGCs (Link
8. The image processing apparatus (30) according to one of

claims 1 to 6, wherein said post-gradation number
conversion means (46) operates in accordance with a
minimum average exror method.

9. The image processing apparatus (30) according to claim 2,
wherein said pre-gradation number conversion means (40)
operates in accordance with an error diffusion method,
and said post-gradation number conversion means (46)
operates in accordance with an error diffusion method,
and wherein a matrix size used for error diffusion in
said pre-gradation number conversion means (40) is
smaller than a matrix size used for error diffusion in
said post-gradation number conversion means (46).

10. The image processing apparatus (30) according to claim 2,
wherein sald pre-gradation number conversion means (40)
operates in accordance with a minimum average error
method, and said post-gradation number conversion means
(46) operates in accordance with an error diffusion
method, and wherein a matrix size used for mean error in
said pre-gradation number conversion means (40) is
smaller than a matrix size used for error diffusion in

said post-gradation number coriversion means (46).

11. ThHe image processing apparatus (30) according to claim 2,
wherein said pre-gradation number conversion means (40)
operates in accordance with an error diffusion method,
and said postgradation number conversion means (46)
operates in accordance with a wminimum average error
method, and wherein a matrix size used for erroxr

diffusion in said pre-gradation number conversion means
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i nstructi qPMéM&NT Epli ch mekes it possible to realize
~-F

I nteracti ranch t@ |nage desired by the user. Call of a
System Men The foll owi ng explanation is about

oper ati ors ifor systeggmenu and returning to the original
scene durfi g~ the_.- A e roduction of the PGC#2 in Fig. 36. Fig. 37
shows. only t the in Fig. 36. In Fig. 37, for the explanatory
conveni ence, T Tteee—t 2 iSs su posed to he nade of one VOB. 20

| n VOBU#2, thef%hul?rrﬁaél&eﬁytlnﬁ& uB‘aﬁF&'PﬁuséZ@atue?%% IQTrBEAR erroxY| fnt he
sub- pi cture pagkid|posbigra@seionsnatiosn byn(@rsienDBkans (46)packet in

each managenent pack in the highlight section stores a start address
of the VOBU #2 shown by (3) as return address.
74 12. The image processing apparatus (30) according to claim 2,

wherein said pre-gradation number conversion means (40)
operates in accordance with a minimum average error
method, and said postgradation number conversion means
(46) operates in accordance with a minimum average error
method, and wherein a matrix size used for mean error in
said pre-gradation number conversion wmeans (40) is
smaller than a matrix size used for mean error in said
post-gradation number conversion means (46).

13. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation conversion means (40)
operates in accordance with an oxdered dither method for
one portion of color components of the color image data
and in accordance with an error diffusion method for
other portions of said color components.

14. The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation conversion means (40)
operates in accordance with an ordered dither method for
one portion of color components of the color image data
and in accordance with a minimum average exrror method for
other portions of said color components.
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Here, slpg W N‘%Q’ in Fig. 37, in other words, during t he
reproduutf P‘E E 6, the MENU key on the renote controller

i's presgeq. Atl tihis time, the reproduction control unit 937
interrupthk t2ENOV5I994 qe roduction of the PGC#2, and as it is in the

hi ghl i ghtt secti on, j stores the return address set in the DSI packet
i n the managenent ‘ Jpack of the VOBYU#6 into the buffer nenDrK in the
systemstate. _ managdemnent It Thi t address is the start
aédress of the VOBU#2. IM%%r@%@%P§Im%a%éﬁﬁzﬂgduction control unit
937 10 stores the systemstate such as the button nunber being in the

sel ected state at that tine. Ag%%¥$%&hat t he reproduction control
unit 937 controls reproducti o syst em nenu. When t he

system nmenu i s conpl eted, the reproduction control 15 unit 937 returns

to the origl nahasysLeR-aLaLe ibe romthe

VOBU#2 speC|f|e% %ybthe retu nqggﬁ{ess > 55 is EESCIQ oneggéggv%h gb

i f the subBWpikaure afat adpeyatiioms o necessary  for color correction
processing is made smaller than the number of operations

necessary for gradation number conversion processing in a
later process without causing deterioration of image quality,
so that color correction processing and gradation number
conversion processing can be conducted at high speed. The
number of gradations capable of being converted in the
pre-gradation number conversion section (40) is larger than
that in the post-gradation number conversion section (46).
The pre-gradation number conversion section (40) conducts
pre-gradation number conversion for converting the gradation
number of color components of R, G, B of the original color
image data into the gradation coordinate wvalue of the most
appropriate grid point in the color space. The color
compensating section (42) reads out the gradation
compensating data corresponding to the color image data
subjected to the pregradation number conversion from the
color compensating table memory (34), so that the gradation
number of each color component of Rk, Gk, Bk is compensated
and outputted. The post-gradation number conversion section
(46) conducts post-gradation number conversion on the data
obtained <from the color compensating section so that a

finally desired gradation number can be obtained.

Figure 2 & 4
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the | 53'? {; or stored at the |eading of the highlight

sect ; "'ughggﬁ%rily calling the systemnenu during the 20

r epr bd ction of the hijghl i ght section, it is possible to return to
t he frenu 2 \NOI 1886 di Spl ayed when the reproduction was i nt errupt ed.
As ip plready explaijngd, the nultinmedia disc and its reproducti on
appafafﬁ§"6f“rﬁé“ﬁrés§nt enbodi nent readily realize

75 ¢ respansi ve interactiveness. In the present
enbodi nent, even if there is no user's branch designation by the
user in the mddle of reproduction, automatic branchi ng occurs so
that a nmenu which does not interrupt the . 5 course of interruption can
be reali zed. In the present enbodi nent, when there is no

activation

FIG. 1

ORIGINAL
10 COLOR IMAGE 30 FINAL COLOR 20
L DATA & IMAGE DATA 4
100 200
IMAGE v IMAGE v IMAGE
INPUT -+ PROCESSING »| QUTPUT
APPARATUS APPARATUS APPARATUS
- - 30
34 |5
COMPENSATION |3
TABLE ,
12 32 22
- 12? ‘ 590 COL0§V
SCANNER »|  COMPUTER | PRINTER
j?ﬁ 3 o Jygf
MEMORY . t-- DISPLAY
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oper ALEGTS BV RERIEEE| the button being sel ected by the user at
that'RF§QQ£§¥ZEBSRQ£FI£IIy activated so that the reproduction keeps
h

goin n. Mboreover, automatic activation button can 10 be a button
whi ch ifs 2Bdﬂaﬁﬁﬁ%ki?d‘by an application creator or can be a button
selected by a user. {lm the present enbodinent, by setting two types
of buttons, one dT“m%i%h can be sel ected by nunerals and the ot her
cannot, m soperations by the user can be prevented. Even if all the
buttons are sinply managed by 15 button nunbers, due to this function,
nuneral keys and arrow keys can be jointly used for input.

In the present enbodi nent, by setting a "sel ected=activated" flag,

it is possible to reduce the two-fold operations conprising

selection and activation into a single operation. 20 The present
enbodi ment nmakes it possible to reproduce a system menu or ot her
applications in the course of the reproduction of an interactive

appl i cation. The highlight information in the present enbodi nent
can be categorized into two types in view of the functions: button
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appl i ed 7 onto tthg button on the nenu; and auxiliary nmanagenent data
for

76 EﬁflACE@E§?.. g!nent data for responding to the user's operation
b 2 B NBY PGt iing the user's operations applied onto the menu. The
Ir

exampl es of the auxilliary nanagenent data are the button 5 sel ection
end times-the forcedly @ctivated buttoanunber, t he numer a
sel ecti on possi bl e_buttbn nunber, and t'he sub-picture return

addres§s that are shown in Fig. 13, and the

"sel ected=activated" flag in Fig. 14. The button nanagenent data
corresponds to other highlight information. 10 In the present
enbodi ment, nuneral keys are uged forasel ectjng X buttons, but they can

A

be used for determ ning button$. In sgch acadg inthe flowin Fig.
33, Step 258 (activation pro&e$si ng P
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shou|Rf ---;_-.v‘ j’“‘ rr r Step 253. At this time, in the auxiliary
manapefreTt uner al sel ection possible button 15 nunber shoul d
be rgegp §%$ @ﬂ,%gg ®ral activation possible butt on nunber.

Mor epve % ecte.—actlvated" flag works only for arrow keys
(refprito FEig..33).. ‘Nbreover if all the nuneral keys are the buttons
whi ch can be activated by nuneral s, ' there will be a huge danage when
t he user—mirsoeperates—the 20 buttons, because the buttons sel ected by
the user will be i mredi ately put into the activated state. Therefore,
by setting the nuneral sel ection possible button nunber, in other

wor ds, by di stingui shing the buttons which can be activated by the
nuner al s wi th other buttons, the danage can be reduced.

77 In the present enbodi ment, each of the buttons which
can be

FIG § (8,24,32) (16, 24, 32)

(8, 24, 16)

M/
(16,24, 16) | AA12.20,24)

X

(8, 16, 32)
B

(18, 16, 32)

(8,16,16) (R, G, B)=(186, 16, 16)
G COORDINATE x ORIGINAL IMAGE DATA

, B COORDINATE
R COORDINATE
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selec@ﬁﬁiﬁi? ﬁﬂ@?&% gEYs i s assigned the button nunber out of the

nuneria 1" 1to "the numeral selection possi bl e button

nunber "} Zgg%@» otther nmet hods of setting the buttons may be 5

possiiblie !eﬁ it is possiblecto set an offset value in t he
hi ghlji ht npnpraJ i nflorimat i on If the offset value is "3" and the
nunerial sel ection poss”ble button nunber is "5", the five buttons
havi ng—-4*—to—"8 =4)e selec&ed by nuneral s. In the present

enbodi nment , the optlcal discS % theohD. However, as long as a |arge
anount of digital noving pi e dag? oz |can be stored ot her nedia can
substitute for the DVD. Moregver, pﬁ% sane effects as the ROM can be

obt ai ned from an EPROM 7; re not necessarily have to be
i nformation storage ned|a |i¥e dISES So | ong as i mge
information and its 15 cont+ol 1 N nScah be interleaved into the
medi um the nedi a may Je wirel ss tranfm ssion nmedia |like
broadcasting or wred u>¢\transnissﬁen medi f |i ke comunication line.
Here, exanples of fheltransn®ssisdn_nedi b are tel ephone Iines,
internet, LAN, and safel | i t ehe@d&asti hg.  As the video objects of
b <L LU
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20 s@&ﬂé&ﬂﬁﬂ%i§ r% type of MPEG data called "systemstrean, in the

case f the above™ HEnnloned transm ssion nedia, the video object
will 2@@@9§qﬁ%§d ai transport streaminto which the system
strdans are nul't I pl In the presgnt enbodi nent, a video
obj gct*--st-or-ed +--a- |ﬁferent position on the disc is selected as
78 the jbranch destination in the nmenu. On the other hand, in
the ™ case of THe transport stream what is selected as the branch
destination is an other systemstreamwhich is multiplexed into t he
transport stream In this case, inste t hggnmotor 81, the 5 l'i ght
pi ckup 82, and nechani sm control unlt;g thereproduction appar at us
shoul'd have a reception unit for receiving the transport stream

400

OOOSOOO
/

T N-CODED REGION O O *|O O O

NOT N-CODED
I, O00O0O0O0

* : TARGET PIXEL

FIG. 8a FIG. 8b:

400 400
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* | 2 x| 2] 1
1] 1121

FIG. 8¢ FIG. 8d

400 400
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* |1 * |1
1
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3, ugag ‘gmﬂgﬁﬂ peNt, the digital noving picture data under
L5L uﬁ _E noving picture data. However, other 10 Ki nds of
picture data such as the digital noving picture dat a under

VPE nds ghepvngng al froving picture data with a conver si on
algorlthn1other than DCT (Discrete Cosine Transform under MPTEG may
be use -f-ar-as "t'Hé noving picture data can be the multinedi a data
with i he audi o data and the sub-picture data. 15 In the present
enbodimentT Whi ['e the menu by the sub-picture data is being

di spl ayed, branch to the system nenu occurs by the user's pressing
down the MENU key, and return to the original menu di spl ay occurs by
the user's sane operation. The call of the system nmenu may occur
while a caption by the su ieed Ur eydata 20 i's being displayed. I n such
a case, Step 261 in Fig.759Z§f det erm nes whet her the caption by the
sub-picture is being di spl ayed or not. . In the present

enbodi ment, the nmanagenent packs are included in every GOP, which is

the unit of reproducing noving picture

Si y
data Bp] [q]<slsh[0] ?
A /V'Sd
N pre_B=pre [0]
S2
Y
slsh{i]=data B{p] [g]<slsh[it1]
(.0 i=0,1, <weee- 1) ? Ss
v i
pre_B=pre[it1]
N i
Ss >
Y
slsh[7] sdata Blp] la] ?
// ‘ /‘/Sﬁ
N pre_B=pre[7]
DATA ERROR
y ;ST
err [p] [a] =data B[p] [a] -pre_B

* S
data Blpt+1] [q] =data Blpt1] [q] +terrp] [q]x(2/4) 5 ’
data_B[p] [qt1] =data Blp] [a+1] +err{p] [a]x(1/4)

data_B[pt1] [qt1] =data_Blpt1] [qt1]+err [o] [a]x(1/4)

|
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79 el 3tk However, if the nethod for conpressing digital
nnvi‘v?&ﬁﬂﬁyﬁﬁﬁgéﬁﬁ’- changes, the unit of the managenent information pack
chanpég—accordi ng t g tlhe conpressi on net hod. In the present

enbodgli | o NORee6t ur np address of the sjb- 5 picture data was stored in
t he PS :ﬁ%ﬁét. However, it can be & -stored in the PCl packet.

The ga ment--packs’ for storing highlight information should not
necegsarily be included in every VOBU. - They should be i ncluded in,
for exanpte;”"&Very 1/ 30 second of picture frane 10 unit, which is
smal | er synchronous unit of picture reproduction than 0.5-1.0
second. In the present enbodi nent, one VOBU incl udes one GOP.

However, one VOBU can include a plurality of GOPs. In order to

FIG. 10
i 54

data_B[p] [q]=data_Blp] [a] + P
err [p-1] [a] /2 +
err [p] [g-1]/4 +
err [p-1] [g-1] /4 -

4 82

DATA ERROR N

v Q/SB

err [p] [a] =data Blp] [a]l -pre B
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Fos g
reaI|1@§PLI wgﬁi: E$=ss characteri zed by excellent 15

respomsiiveness, repr odugction tinme of the noving pictures should be
| ess fhan DB&DY 560 setonds. In this case, the managenent pack is
placed at the lead of jthe GOPs, storing effective reproducti on
managenent i nformation for the GOPS. Met hod of Producing an
Optical_Disc__20_ The following is a sinplified explanation of the
construction of an optical disc in.the enbodi nent of the present

i nventi on. Fig. 38 shows a flowhart for the manufacturing process
of the 80

FIG. 11.a

fidefine Nr 16
fidefine Ng 16
#define Nb 8 |
unsigned char C_table{Nr] [Ng] [Nb] ;
unsigned char M _table[Nr] [Ng] [Nb] ;
unsigned char Y _table[Nr] [Ng] [Nb];

FIG. 115

C=C_table[i] [i] [k} ;
M=M_table[i] (3] k] ;
Y=Y_table{i} [i] k] ;

FIG. 12

3
L 34C 3
ADDRESS DATA CYAN DATA
DDRES ROM FOR C :
. 30M
ADDRESS DATA ROM FOR M MAGENTA DATA
. 38Y
ADDRESS DATA ROM FOR Y YELLOW DATA
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—=esent enbodi nent . First, the data in the
.-p. 6 is generated by a logical data stream

optical disc..in-the-y
vol ume area shown '@

generatlon appar at us1( $t ep 191). This | ogical data stream
generatlo é%gé-\u-es 5 mul ti ngdia data editing software on a
perso aI 2%5@@?’ i wor kst ati on and can generate volune data of the
data ¢ofstruction L ishown in Fig. 6. This volune data is recorded onto
a transfer such as magnetic tape, and is then converted into

DS HaBatareter ream by a physical data stream generation 10
apparatus (Step 192). Thi s physical data streamincludes an ECC
(error checking code), data for the lead-in region, data for the
| ead-out region and the like, in addition to the vol une dat a. A
master disc cutting process then cuts a master disc ?%ﬂ opti cal

di scs using this physical data s;ggﬁmiggtep 193). . 8 é%ly, opti cal

di scs are manufactured fromthe St—by Ssi ng appar at us.
Conventional CD act ng nmac may be wused h A
manuf act uri ng t he e- truct d-oept+dall di sc excebgug part
' ’ Al
11-——*- A2 DO
— A3 D1
Mo D3
S— !
N [P by D4 CYAN DATA
e D5
—t A7 D6
07 J
~——1 AB '
k{-—~———~ Ag
— AlD

WHEN data Clp] [q] zslsh, result (=255
F/G 7 4 data Clp] [g]zslsh .". result (=255
. data_Clpl la}<slsh .". result (=0

WHEN data Clp] [a]<slsh, result C=0

fidefine Nr 16
#idefine Ng 16
F/G 75 #define Nb 8
unsigned char C_table[Nr

] [Ng
unsigned char M_table[Nr]

]

]

]
Ng]
Ng]
Ng}

Nb] ;
Nb} ;
Nb] ;
Nbj ;

unsigned char Y table[Nr
unsigned char K table [Nr

[
[
[
[

Framey gy gy ey

This Sheet Has Been Replaced

LTI




- of IogiggL,ﬂa@i-§$Vuence related to the data construction of the 20

e SERF ] f'hgﬁﬁ Concerning this point, please refer to Heitaro
%ﬁ}%@ﬁhﬁf sit Qgawa: Conpact Di sc Dokuhon, Chnu Ltd. and
S

fed'Ph§§@@g soci ety Optics Meetingq Optical Disc System Asakura
o] erg%%\k@s w79 Al though the present invention has been fully described by

VA ) e .81 of exanples wth
r'JgﬁenGé’f6“Fhe acconpanying drawings, it is to be noted that various
chlanges and ifications will be apparent to those skilled in the
ar erefore, unless ot herwi se such changes and nodi fications
depart fromthe scope 5 of the present invention, they should be
construed as being i ncl uded therein.

FIG. 16

! ‘.

data_B[p] [ql =data_B[p] [q] + 4

dither noise[p%2] [q%2]

- - ~ -

S2 "
data Blp] [a]<slsh[0] ?
z Vid S 5
N pre_B=pre|[0]
Ss3
Y
slsh{i] =data_Blp] [a]<slsh{it1]
{*." 1=0,1, --eee- L1 ? Se
_ : ) 4 Vid
pre B=pre[it1]
N 1
S >
. Y
slsh[7] sdata Blp] [a] ?
v Vi S d
N pre B=pre[7]
DATA ERROR 2
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IMAGE PROCESSING APPARATUS FOR
COLOR-COMPENSATING ACCORDING TO
COLOR REPRODUCTION PROPERTIES OF

AN IMAGE OUTPUT APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an image processing
apparatus, and more particularly to an image forming appa-
ratus which conducts color correction procassing on inputted
color image data and outputs the processed color image data.

Conventionally, an image processing apparatus is well
known in which color documents and the like are read out
by an image input section such as a scanner, and the image
data read out by the scanner is reproduced, for example, by
a display or a color printer.

However, an image output apparatus such as a display or
color printer has its own specific color reproduction prop-
erties. Therefore, it is difficult to reproduce the colors of an
inputted color image precisely using an input device such as
a scanner.

For this reason, conventionally a method has been pro-
posed in which color correction processing is conducted in
accordance with the color reproduncing properties of the
imege output apparatus. One such color correction method
described disclosed in Japanese Unexamined Patent Publi-
cation No. 63-2669. According to this method, a three-
dimensional color correction table of RGB is prepared
corresponding 1o all combinations of three-color compo-
nents of red (R), green (G) and biue (B). Contents of color
correction are stored at all three-dimensional coordinate
positions, and color correction is conducted referring to this
tabie.

However, according to this color correction method, the
capacity of the memory for the color cormrection table is
large. Therefore, the above color comrection method is not
suitable for practical use. For example, when the gradation
of an inputted original color image data is expressed with
cight bits (256 gradations) for each color of R, G and B, the
number of colors is 16,780,000 (=256). Thus, it is necessary
to provide a memory capacity of 48 megabytes for the color
correction table to store the R, G and B data.
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[l ST

82 . U viRat 1y ol ai med i s: 1. A nultinedia optical

conpri siing addéMaRapes fjor| storing at |east one object that has
sub- pi ct;ur.e data and noVi g picture data, wherein S _

area indl udés™a prurali-ty fof small areas, each of ~which includes a
first su'lb.;arga___and a second sub-area, with the object in the data
area being st ored over-tohsecutive snall ar eas; . . .
sub-area stores the moving picture datd having a 10 certain tinme period
and the sub-picture dma bei ng reproduced at _the same timng as the
novi ng picture data, Uherdehieireducs thatmemory capacity of the color

correction table, proposals have been made in Japanese
Unexamined Patent Publicaion Nos. 4-144481 and
4-185075. In one such apparatus, a color correction table is
not provided for all combinations of R, G and B. When only
the results of color correction are stored with respect to the
grid points formed by dividing the three-dimensional color
space of R, G and B at appropriate intervals, the capacity of
the table memory is reduced. In the case of color data which
is not precisely coincident with the grid points, reference is
made to the color correction data of a plurality of adjacemt
grid points so that color interpolation processing can be
performed.

For example, in Japanese Unexamined Patent Publication
No. 4-185075 an example is described in which color
correction processing is conducted on the original color
image data expressed by L¥*, a* and b* using the CIE
uniform color space colorimetric system, and st the same
time a conversion of the colorimetric system is conducted
from L*, a*-and b* to CMYK. In this case, in order to
convert the values of L*, a* and b* of the original color
image into C, M, Y, K corresponding to the amounts of ink
of cyan, magenta, yellow and black, compensation data of

cight grid points adjacent to the original color image data is
referenced, and a color interpolation calculation is per-
formed with respect to the inputted original color image
data.

For example, an expression of interpolating operation to
find 2 Y component is expressed as follows:

Y= (I-y)l=v)¥1 - 1)1, a &) +
N = YaXl ~)¥(i+ 1,4 B) +
(1 -1)a(l =¥l a+1,b)+
(l-v)!l-YJnyl+l,ab+1)+
NYAl =¥l +l,a+ 1, B)+
1~ Yo Y(1+ 1,8 b+ 1) +
(I -vvapX{l,a+l,b+1}+
Nl +1l,a+1,b+1)

(Detailed descriptions of the variables can be found in the
cited reference.)
Eight values of Y(1, a, b), ..., Y(1+1, a+1, 30 1) on the

t he data

the first
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nu,, § whi ch ijncludes a plurality of buttons for show ng
menu itegng f%re-é b ﬁ?%; and t he second sub-area stores control
i nformatli dn_including 15{ button control data for responding to a user's
operatign applied nto a nenu i mage reproduced in the first sub-area
in the same——-.-__smal |l _area and auxiliary control data for substituting
the user's operation applied ont ¢ fhe nenu. 20 2. The
mul ti media optical disc of daim1l, wherein t he button control

data i ncl udes a sighesite of thokxpression are valuesofyelgwoshtaindae buttons in a
sel ected state, aresuttafrafareice to the colreorfeetios edbsle with mepeatf the buttons
in an activated g &8t gfidthoints adjdcst WK 1drpét @4 T ihiBrpo-t he command
bei ng executed Wogiko! Bferation is conducted in such a manner that these 83
values are multiplied by a weight which is in inverse
proportion to a distance in the color space so as to find the
mean.
Although it is possible to reduce the capacity of the color
correction table according to the prior art described above,
it is necessary to perform multiplication 24 times and also to
perform addition seven times for conducting a compensating
operation with respect to one color component. Therefore,
the number of operations is greatly increased, so that the
processing time is increased. _

Especially when image data is subjected to gradation
number conversion in accordance with the gradation number
(number of possible gradations) of the image output appa-
ratus in addition to the color correction processing described
above, the color correction processing requires a very large
number of operations compared with the gradation number
conversion processing. Therefore, the processing time is
greally increased.

That is, in the case where a color printer or a display is
used for an image output apparatus in which color image
data can be outputted for each pixel and further the gradation
number capable of being outputted is different from the
original color image data, it is necessary to perform grada-
tion number conversion processing by which the gradation
number of the original color image data is reduced to the
gradation number N capable of being outputted, that is, it is
necessary to perform N-gradation processing. For example,
in the case where a color printer is used for the image output
apparatus, in which gradation control cannot be conducted
for each dot, the gradation number capable of being output-
ted is N=2. In this case, binary-coded processing is required,
by which the gradation number of each color component of
the original color image data is reduced to two, which
corresponds to ON/OFF printing of dots.

Various methods are employed for processing in which
the gradation number is made to N. Iz order to obtain the
best image quality, the error diffusion method and the
minimum average error method in the same group are well
knowa. The error diffusion method and the minimum aver-
age error method are characterized in that the resolution is
high and it is possible to continuously reproduce the grada-
tion.
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button i §{i?s Heed' & 't-la‘f-‘é.tl‘t"gct I vated state; and the auxiliary
control glaﬁ;ac.i a%! des anfend tinme of the user's operations applied
onto the; men# & i B98ed y activating button i nformati on showi ng a

but ton whi th _shoul d_be fprcedly placed into 5 the activated state at
the end tine. 3. The nultinmedia gptical disc of Claim2, wherein
t he forceshyp—————-activated button i ntof mati on desi gnates at | east one of

a button havi a eci fic button nunmber as a forcedly activated
button 10 and a bCERRINE PHECBHRERER SYRIES STOF HBSOR: Uise.

4. The mul tinedi a §piowing rixeldais iscommesier by esighicdsnesmovaluee i s
measured from a st af the quentidatios promts ctiiion have toceumd e the adjais 5. The
nul timedi a optical cemtsixels, Gleaiaiuch, ofWoigichitave already beeri Necddéd on cont r ol
data includes a selrfife0fthePhid, a@Eording to tHebrotr Mighueith Mkdigde buttons in a
selected state, anyaCti ¥alln error which has occurred when a certain
pixel is N-coded is diffused to the adjacent pixels which
have not yet been N-caded.
It can be considered that the misimum average crror
method and the error diffusion method are precisely equiva-
lent except for the handling at the image end. An example of
binary-coded processing by the error diffusion method is
disclosed in Japanese Unexamined Patent Publication No.
1-284173, entitled “Image Processing Method and Appara-
tus Thereof”’. Examples of multi-coded processing in which
the vaiue of N is not less than two are disclosed in Japanese
Unexamined Patent Publications Nos. 3-18177, 3-34767,
3-80767 and 3-147480.
The aforementioned gradation number conversion in
which the error diffusion method is used is relatively com-
plicated as compared with other methods of gradation oum-
ber conversion, and the number of operations required for
conversion processing is large.
However, the aforementioned color correction processing,
for example, the color comrection processing disclosed in
Japanese Unexamined Patent Publication No. 4-18507
requires a much larger number of operations than the gra-
dation number conversion processing in which the error
diffusion method is used. Therefore, in the prior art in which
gradation number processing is performed by the error
diffusion method after the completion of color correction, it
is pecessary to consider the processing time required for
both the color correction and the gradation number conver-
sion. Accordingly, the processing time is greatly increased.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
above problems of the prior art.

Accordingly, a first object of the present invention is to
provide an image processing apparatus capable of conduct-
ing color correction of high image quality at high speed
while the memory capacity of a color correction table is
reduced, and further no complicated interpolating operation
is required.

A second object of the present invention is to provide an
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col or fartEelioriing one e r"’fthe buttons in an activated state, and a
command {f dr each buttonj the command being executed when the 20  button
is pl aced |i n2c MAR 3998 vated state; and the auxiliary control data
i ncl udes automatic actiyation button information for specifying which
but t on s;hdu'l"'d“'bé"*f'crr‘cedl’y pl aced into an activated state when a
user's dperation for . placing the butston into the selected state is
applied.' T 4 6. The

- 8
[ ti medi ti I ‘ﬂnﬁ al wher ei n e autonmati.c activation
but t on i nfor nation E%IE%);SW ng?f Appt it ‘F‘fpé‘bg 825“1"&526‘4‘%59 cglarh butt on,

each flag showi ng F@H high imagg qualiy iah bighe sperk tbils Beate shoul d be
placed into the act B#H9€H of eperatignsapecessary for color correction pro-
cessing is reduced to be smaller than that necessary for the
gradation number conversion processing in the later process
without deteriorating image quality.

In order to accomplish the above and other objects, the
present invention provides an image processing apparatus
which cenducts color correction on inputted color image
data in accordance with the color reproduction properties of
an image output apparatus and outputs the color-compen-
_satad image data, the image processing apparatus compris-
ing:

a colar correction table memory for storing gradation
compensating data of each color component in accor-
dance with the color reproduction properties of the
image output apparatus at each grid point in a color
space divided into a grid, the color space having
coordinate axes corresponding to each color compo-
nent of the color image data;

pre-gradation number conversion means for conducting -
pre-gradation number conversion on the values of the
coordinates in the color space of the inputted color
image data using a predetermined gradation number
conversion method so as to convert the values of the
coordinates into values of the most appropriate grid
point in the color space; and

color correction means for compensating the gradation
number of cach color component of the color image
data when the gradation compensating data of a grid
point corresponding to the values of the coordinates
that has been subjected to pre-gradation number con-
version is read out from the color compensating table
memory. _
The inventive image processing apparatus may further -
include post-gradation number conversion means which
conducts post-gradation number conversion on the gradation-
number of each color component of the color image data
compensated by the color correction means so as to convert
the gradaton number into a final gradation oumber in
accordance with the image output apparatus, wherein the
converted gradation number of the pre-gradation number
conversion means is larger than the converted gradation
number of the post-gradation number conversion means.
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7. The ﬁra;ltt:i_ﬂ'em"a:\opt i cal disc of daimb5, wherein the auxiliary
control 'déﬁ"‘" THCTudes” plgohl bition informati on that shows which

but t ons isho da selected with a numeral key by the user. 10

8. The r'rultl edia optlcél I'disc of aim7, wherein the auxiliary

control !data--preludes:- end time of the user's operation applied
onto the nenu; and ! forcedly act | vated button information that
shows the—buttom 15— [ ch shoul d be T & cedl y placed into an activated
state at the i cal disc of
Claim1, wherein 'Pﬁ@pxte e aUXI ??%g%ﬁpg%w § s prohibition
i nformation 20 tH T&@%Hndaﬁﬁ{agﬁe"%ut ted with

t he nuneral mes "dby t he user the prohibition information
is a threshol d: and The post-gradatipntnumiher donyersiormdank epapyelsche user is
pr ohi bi t ed regardlctgploy an erforedifffutsionn mefidd 0f a0fe@ibim ivickgie nunber t han
t he threshol d. error method.
The matrix size used for error diffusion or mean error in

the error diffusion method or the minimum average error

method in the pre-gradation number conversion means is

smaller than that used in the post-gradation number conver-

sion means.

Further, the pre-gradation conversion means may employ
a ordered dither method as a pre-gradation number conver-
sion method for one portion of color components of the calor
image data, and an error diffusion method or 2 minimum
average error method as a pre-gradation number conversion
method for the other portion of color components.

In the image processing apparatus of the present inven-
tion, the coordinate position of inputted color image data in
the color space is subjected to a pre-gradation. number
conversion so that it can be converted into the coordinate
position of the most appropriate grid point satisfying a
predetermined condition using the pre-gradation number
conversion means. Then, the color correction means com-
pensates the gradation number of each color component of
the color image data when the gradation compensation data
of the grid point corresponding to the coordinate position
subjected to the pre-gradation number conversion is read out
from the color correction table memory.

According to the present invention, when color image
data is subjected to pre-gradation number conversion, the
complicated interpolating operation required in the prior art,
in which a plurality of pieces of grid data are used, can be
omitted. As 2 result, the color correction operation can be
performed at high speed in accordance with the image
output apparatus. Therefore, an image processing apparatus
can be provided by which color images are excellently
reproduced.

In this case, the error diffusion method or the minimum
average error method is preferably used for the pre-grada-
tion number conversion method.

In the case where the gradation number of each color
component of the inputted color image data is different from
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novi ng pic¢ture data; and ! 5 the auxiliary control data includes
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shows storage position of the first small
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optical disc conprising a data area for storing at | east one object
that has sub- pi ct ur dhabebeachoecoles hifepiaags utput apparaus 40 barHsedi n

the gradation value of each color component, which has
been subjected to color correction, is subjected 1o the
gradation number conversion using the post-gradation num-
ber conversion means so that the gradation value of each
color component can be converted into a final gradation
number in accordance with the image output apparatus.

When the post-gradation number conversion processing is
performed as described above, quantization noise occurs
during the conversion processing.

In order to reduce the quantization error generated in the
pre-gradation number conversion processing compared with
the quantization error generated in the post-gradation num-
ber conversion processing, the gradation number converted
by the pre-gradation number conversion means is larger than
that of the post-gradation number conversion means capable
of being converted. As a result of the foregoing, the dete-
rioration of image quality produced as a result of the
pre-gradation number conversion processing, that is, in
accordance with the color comection processing, can be
reduced 0 a negligible low level.

As explained abave, an image processing apparatus can
be provided characterized in that, while the deterioration of
image quality is suppressed, the number of operations
required for color correction is reduced to be smailer than
that required for the post-gradation mumber conversion
processing performed in the later process, so that color
correction processing and gradation number conversion pro-
cessing can be performed at high speed. In this case, it is
preferable that the error diffusion method or the minimum
average crror method be employed for the post-gradation
number conversion means.

In the case where the matrix size of the pre-gradation
number conversion meaas is set to be smaller than that of the
post-gradation numsber conversion means, wherein the
matrix size is used for error diffusion of mean error in the
error diffusion method or the minimum average eryor
method. Accordingly, the number of operations required in
the pre-gradation number conversion can be made smaller,
so that the deterioration of image quality can be effectively
suppressed and color correction processing can be per-
formed at higher speed.
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i ncl udes J}.ﬁl‘é‘tﬁ strb hre é d a second sub-area, with the 15 object in
the data area bei ng store ver consecutive small ar eas;

the first g E ?@Mﬁ@{ ¥b8s the noving picture data having a gi ven

time perio¢ ¢ the sub-pigture data being reproduced at t he sane
timng as thé-moving pircturejdata, the_sgh-picture data 20 bei ng a nenu
i mage whi ch i ncl udes ity of buttons for showi ng nenu itens

for display; nfor mation
i ncl udi I?\g tv} #éﬁggﬁ grf&ga %C% pond] Ey?gm géri‘ operation
applied ontoa{11 9#5@ pg qu,;wrl’rf V alnthe
sane respect to color nents to wh e msolvmg powcr of

human eyes is low, is used for the pre-gradation number

conversion method, and the error diffusion method or the

minimum average error method is used, images of high

quality can be provided with respect to other color compo-

nents. As a result, the deterioration of image quality can be

effectively suppressed, and color correction processing can

be performed at higher speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1is a block diagram showing an outline of the image
processing system of the present invention;

FIG. 2 is a block diagram of a specific example of the
image processing system shown in FIG. 1;

FIG. 3 is a schematic illustration of a color space divided
into a grid;

FIG. 4 is a functional block diagram of the image pro-
cessing apparatus shown in FIG. 1;

FIG. § is a scheratic illustration showing the positions of
color image data and adjacent grid point color data in the
color space;

FIG. 6 is a functional block diagram of the image pro-
cessing apparatus in the case where a color printer is used for
the image/output apparatus;

FIG. 7 is a schematic illustration showing an outline of the
gradation number processing of image data;

FIGS. 8(a), 8(b), 8(c) and 8(d) are schematic illustrations
of examples of the weighted matrix in the case where the
gradation number conversion processing is conducted using
the error diffusion method;

FIG. 9 is a flow chart of an example in which the error
diffusion method is used for pre-gradation number conver-
sion;

FIG. 10 is a flow chart of an example in which the

minimum average error method is used for pre-gradation
number conversion;

FIGS. 11(a) and 11(b) are schematic illustrations showing

an example in the case where the color correction table is
implemented in software;
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smal | jarea—a d auleary control data for substituting the user's

oper at |(5n @QfM%EQQ nt o the menu, the button control data includes
a selec i ohb or i k coloring one of the buttons in a selected
state, é;n _aQtl_BLatJ_OIL__i %5 color for coloring one of the buttons in an

activated state, a 1 command for each button, the command being
execut A—the-———>" button is pld@aced into an activated state, and a

Qlelgglclt Iggtn iglcglronmc umisﬁhe&t&igjms&aﬁ@hgﬁoﬁ}g@imnagpklmn ofthge
nﬁ:é R}EF U zs lerhénted
auxiliary contrg wlher? es?aan gn time of the user's oper ati ons

applied onto th and for cedl y, activated button I nformati on
showi ng a but t on FiGcA3stsoalsthematisr dhutration sefea mary detailed he activat ed
state at the enexdmplke of Lht'.lROM ftz.usthia Ghshowmeiti Bl@pl2ical disc of Claim

11, wherein FIG. 14§ % %ﬁg&&m@@&%&%ﬁw Bedgerde Line of

reproduct i on of the forcedly activated
but t on i nf or mat PB?F‘E@Q?E)% Ci"&(&sm means;
FIG. 15 is a schematic illustration of an example of the

color correction table used in the case where four cgior
components are subjected to gradation number conversion;
and

FIG. 16 is a flow chart of an example in which the orde:'rcd
dither method is used for pre-gradation number conversion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, with reference to the accompanying drawings, a
preferred embodiment of the image processing apparatus of
the present invention will be explained in detail.

(1) Color Image Processing System

In FIG. 1, an example of the color image processing
systemn of the present invention is shown.

Original color image data 100 outputted from an image
input apparatus 10 is inputted to an image processing
apparatus 30.

In the image processing apparatus 34, the inputted origi-
nal color image data 100 is subjected to color correction in
accordance with the color reproduction properties of an
image output apparatus 200. In the case where the gradation
number capable of being outputted from the image output
apparatus 20 is smaller than the gradation number of color
image data 100 capable of being outputted from the image
mput apparatus 10, the color-compensated color image data
is subjected to post-gradation number conversion processing
in which the gradation number is converted into a final value
in accordance with the image output apparatus 20. The
converted data is outputted to the image output apparatus 20
in the form of the final color image data 2040.

In accordance with the inputted final color image data
200, the image output apparatus 20 reproduces and outputs .
the color image data with colors faithful to the original
image.

In FIG. 2, an example of the color image processing
system illustrated in FIG. 1 is shown.
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data in the form of original color image data 100 composed

of three color companents of R, G and B.

Except for the scanner 12 described above, for example,

2 video camera, a host computer used for the formation of

computer graphics and other units can be employed for the

image input apparatus 10.

For the system shown in the drawing, a color printer 22
is used for the image output apparatus 20, which cannot
perform gradation contro} at the unit of a pixel.

As described before, in this color printer 22 it is necessary
to conduct binary-coded processing by which the gradation
number of each color component of the original color image
data 100 outputted from the scanner 12 is reduced to two
gradations corresponding to ON/OFF of each pixel.

Except for the aforementioned apparatus, for example, a
color display 24 may be used for the image output apparatus
20. In the case of a color display 24 for computer use, the
gradation number capable of being displayed is usually
smaller than that of a common television set for domestic
use. Even when the color display 24 is used as described
above, it is necessary to convert the gradation number of the
original color image data 100 into a gradation number
corresponding to the display 24.

In the system illustrated in the drawing, the image pro-
cessing apparatus 30 includes a computer 32, compensation
table memory 34, and memory 36.

- The compensation table memory 34 stores a color table in
which the three-dimensional color space composed of three
colors of R, G and B is divided into grid-like sections, as
llustrated in FIG. 3. The gradation compensation data of R,
G, B obtained when the gradation data of R, G, B of each
grid point is subjected to gradation value conversion, is
stored at each grid point of the color table, so that, for
example, the color of a color document to be read by the
scanner 12 can be the same as that of an outputted colar
image printed on a recording sheet by the color printer 22,

The computer 32 conducts compensation processing on
the original image data 100 inputted from the scanner 12,
using the compensation data stored in the compensation
table memory 34. Further, the computer 32 conducts post-
gradation number conversion processing in which the color-
compensated color data is converted into a final gradation
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image daza 200 bas been stored in the memory 36, and then
the data may be outputted to the color printer.

(2) Image Processing Apparatus
FIG. 4 shows a functional block diagram of the image
_processing apparatus 30 described above.

The image processing apparatus 30 of the example
includes a pre-gradation number conversion section 40,
color correction section 42, post-gradation number conver-
sion section 46, and color correction table memory 34
described before.

First, the compensation data stored in the color correction
table memory 34 will be explained as follows.

As illustrated in FIG. 3, a color space is set, which hag
coordinate axes corresponding to the color components of R,

G, B of the inputted original color image data 100. Each
coordinate axis is set in such a manner that the gradation
number of each colar component is represented by a coor-
dinate value. This color space is divided into grid-shaped
sections, and the gradation number compensating data of
each color component is stored at each grid point 300.

Various methods are available for determining the com-
pensating values to be stored in the color correction table
memory 34. However, the process to determine the com-
pensating values and to store them in the table is not
essential to the present invention. Therefore, the details of
such processes will be omitted here.

Usually, first of all, various R, G, B values are given to the
objective output system (for example, the color printer 22),
and the actually outputted results are subjected to color-
measurement. Then, the relations between the R, G, B values
given to the output system and those obtaired when the
output results are measured, are compared.

Next, the relations are viewed reversely, and the gradation
number compensating data of each color component of R, G,
B necessary for obtaining a corresponding color is deter-
mined for each grid point 300 and stored in the compensat-
ing table memory 34 to be used as compensating data.

h button

es flags
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wherejn: ~~~ the data area includes a plurality of small areas, each
of ~ which includes; a first sub-area and a second sub-area, with the
obj ec :Ln_ﬂm__daLa_aLﬁaf bei ng stored over gonsecutive smal | ar eas,
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time period and the sub-picture data being reproduced 10 t he sane
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i mage whi ch i ncl uspemdingitar eddht grigf pointt 30 i oytored 1o fig nmenu itens
for display; and compensating tilile 36eThedargabthermunbirmidbe dwided| i nf or mati on
I ncl udi ng sections of the color space, the more the image quality is

improved. On the other hand, the capacity of the color

compensating table memory is increased. Accordingly, an

appropriate number of divided sections is determined from

the balance between the capacity of the color compensating

table and the image quality.

" The image processing apparatus 30 of the example con-

ducts image processing on the original color image darta 100

as follows, using the compensating data stored in the colar

compensating table memory 34.

First, using a predetermined gradation number conversion
method, the pre-gradation number conversion section 40
conducts pre-gradation mumber conversion in which the
gradation numbers of color components of R, G, B of the
original color image data 100 are converted into the grada-
tion coordinate values at the most appropriate grid points in
the color space shown in FIG. 3. Then, the converted data is
outputted to the color compensating section 42 so as to be
used as the grid point color image data 110. In this case, each
color component of the original color image data 100 is
subjected to pre-gradation oumber conversion so that R can
be an Nr gradation, G can be an N, gradation, and B can be
an Nb gradation. The obtained results are outputted as Rk,
Gk and Bk

In this connection, various methods such as a2 multi-coded
error diffusion method, means error minimizing method and
multi-coded ordered dither method may be employed for the
gradation number conversion method in the pre-gradation
number conversion section 40. The details will be described
below.

The color compensating section 42 reads out the gradation
compensating data of a grid poimt corresponding to the
inputted grid point color image data 110 from the color
compensating table memory 34. Then the gradation numbers
of color components Rk, Gk, Bk of the grid peint color
image data 110 are compensated, and outputted to the
post-gradation number conversion section 46 to be used as
the color compensating data 120. In this case, the data of
each color component of the color compensating data 120 is
expressed by Re, Ge, Be.



but t ¢ EE ,h'tiﬁiziiifii_ﬁ‘at%ﬁiﬁﬁfﬁa responding to a user's operation applied 15

ont o ja (et i mage reprgduced in the first sub-area in the sane smal |
ar ea _arid ?UWJ%"% fiog CON rol data for substituting the user's

oper &t ijon” appli e onl%o,_the menu, t he reproducti on appar at us
CONpri SRgE-—————--- - readout means for reading data on the nmultinmedi a
optigal 20 di sc; ' repr‘o@iﬁc‘tion means for reproducing the
novi Ng-prcrare - data and sub-picture data in the first sub-area read
by the r eadouT hepmst-gratdtiont munben gos yessiony sewyiqn 46 wwan-dat a and sub-
picture data as a ﬂué@oaspﬁﬂ%kgdﬂ{ondlnﬁﬂim;convcra;ion on the color _

2§p|  od comrectiSF WBH 1120 PENIded Froh SR VidlEr Toikition OPEration

gection 42 by the error diffusion method or the minimum
average error method so that a target gradation number can
be obtained, and the convertad data is outputted in the form
of the final color image data 200 in which each color data is
expressed by Rp, Gp and Bp.

Consequently, when this final color image data 200 is
outputted, for example, to the color printer 22, a color image
having excellent color reproducing properties can be printed
out by the color printer 22.

The construction described above is conveationally
known, in which the color space is divided into grid-shaped
sections and color correction data is recorded at each grid
point so that the color correction table memory 34 is

prepared.
However, the present invention is different from the
example of the prior art in the following points:

Before the color correction table memory 34 is refer-
enced, a pre-gradation number conversion is conducted by
the pre-gradation number conversion section 40 so that the
inputted original color image data 100 can become the color
data at the grid point in the color correction table memory
34. Due 1o the foregoing, there can be omitted a complicated
interpolating operation which has been conventionally per-
formed when the color correction table is referred, so that
the operation time necessary for color correction processing
can be greatly shortened.

(3) Comparison between the Present Invention and the
Prior Art

The color correction processing conducted by the appa-
ratus of the present invention is explained as follows in
comparison with the color correction processing of the prior
art.

First, an example will be explained in which the error
diffusion method or the minimum average error method is
applied to the pre-gradation number conversion processing
conducted in the pre-gradation number conversion section
40.

Assume that a color region having the gradation of R=12,
G=20 and B=24 continues over a predetermined area in the
original image data 100 inputted from the image input
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following expressions:

R. G, Bx(3, 14, 16)
(R, G, B)=(16, 18, 16)
(R, G, B)=(8, 24, 16)
R, G, B)¥(16,124, 16)
{®, G, B}, 16, 32)
R, G, B}16, 16, 32)
(R, G, B)=(8, 24, 32)

R. G. Bx=(16, 24, 32)

In the color comrection table memory 34, the color cor-
rection values of the color components R, G, B are prepared
with respect to the color data of each grid point 300.

In the case where color correction processing is per-
formed using the prior art approach (for example, as dis-
closed in Japanese Unexamined Patent Publication No.
4-185075), the color data compensating value at the eight
grid points close to the coordinate positions in the color
space of the original image data 100 is referenced. After that,
using the eight referenced color compensating values, inter-
polating operation processing is carried out for finding the
weighted-mean in accordance with the distance between the
coordinate position of the original color image data 100 and
each grid point. In this way, color compensating processing
is conducted. In the example shown in FIG. 8, the distance
between the coordinate position of the original image data
100 and each grid point is set to be equal. Therefore, in the
interpolating operation, the color compensating values of
cight grid points are simply averaged, so that the compen-

+ sating data of each color component of R, G and B is found.

On the other hand, the color compensating processing of
the present invention is carried out according to the follow-
ing procedure.
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that the inputted original color image data 100 can be either
of the color data at the eight grid points.

Next, the color compensating section 42 conducts color
compensating processing with reference to the color com-
pensating table memory 34.

In the error diffusion method or the minimum average
error method used in the pre-gradation number conversion
section 40 of this example, each piece of data is converted
into a data value of the adjacent grid point so that the local
mean value in the color region can become equal to the
original image data as precisely as possible.

Accordingly, in the example shown in FIG. 5 in which the
coordinate positions of the original image data are located at
the same distance with respect to each grid point, as a result
of the pre-gradation number conversion, a color region can
be obtained in which each data of the eight grid points
respectively exists at the same ratio of about ¥%. As a result
of the foregoing, when color cormrection is conducted with
reference to the color correction table on the color data
subjected to pre-gradation number conversion processing, a
color region can be gbtained in which the color compensat-
ing values of the eight grid points exist at an approximately
same rate.

As described above, the result obtained in the color
compensating processing in which a conventional interpo-
lating operation is performed and the result obtained in the
color compensating processing of the present invention are
approximately the same in the case where a comparison is
made with respect to a mean value in an appropriate image
area. That is, in the color compensating section 42 of the
prescnt invention, quantization noise is added at each pixel
when pre-gradation number conversion is caried out. In
spite of this, in the case where a local mean value is
obtained, approximately the same color compensating result
as that in the case where the conventional interpolating
operation is carried out can be obtained.

In the case where the gradation number of the image
output apparatus is sufficiently large, problems are caused

because the image quality is deteriorated by the quantization
noise generated in the pre-gradation number conversion
processing. In the present invention, after this pre-gradation
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gradation of the 1mage output apparatus 20.

Therefore, quantization noise is generated in accordance

with the gradation number conversion. Consequently, if the

quantization noise generated in the pre-gradation number

conversion of the preparation stage is sufficiently reduced as

compared with the quantization noise generated in the

post-gradation number conversion of the final stage, no

problems are caused in practical use. For this reason, the

apparatus shown in the example is constructed in such a

manner that the gradation number capable of being con-

verted in the pre-gradation number conversion section 40 is

sufficiently larger than the gradation number capable of

being converted in the post-gradation number conversion

section 46. Due to the foregoing, deterioration of image

quality can be prevented in the pre-gradation number con-

version processing.

Especially, in this example, since the error diffusion
method or the minimum average erxor method is used for the
gradation conversion in the post-gradation number conver-
sion section 46, the amount of emror can be minimized
through both processes of the pre-gradation number conver-
sion and the post-gradation number conversion in the case
where a local mean value of the region is taken. For this
reason, when the gradation number capable of being con-
verted in the pre-gradation number couversion processing is
sufficiently larger than the gradation number capable of
being converted in the post-gradation number conversion
processing as described in this example, an image quality
can be obtained which is equal to that of the conventional
compensation processing in which the interpolating opera-
tion is performed.

As an actual example, color correction and gradation
number conversion were carried out under the following
conditions:

In the case where the number of gradations of each color
component of the original image data 100 is 256, the
gradation mumber capable of being converted of the pre-
gradation number conversion section 40 is 32 for each color
component, and the gradation number capable of being
converted of the post-gradation number conversion section
46 is two for each color component.
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and then the data was reduced to two gradations. Purther, it

was confirmed that an image quality appropriate for practi-

cal use was obtained even when the gradation number

capable of being converted in the pre-gradation number

conversion processing was reduced to about eight.

As described before, the smaller the converted gradation
number is made in the pre-gradation number conversion
processing, the smaller can be made the capacity of the color
correction table memory 34. For example, in the case where
the number of color components of the output data after the
color correction in the color compensating section 42 is
three and the data is composed of eight bits (one byte} for
each color component, the capacity necessary for the color
correction table memory 34 can be expressed by the fol-
lowing expression when the gradation number capable of
being converted in the pre-gradation nmumber conversion
processing is 32 (5 bits) for each color:

2°(3(bits] x 3{number of original image color components]) x

3{number of output color componeats] x
8{width of output dataf) = (98,304 x Blbits]) = 98K[bytes].

In the above expression, * indicates an exponential.

In the same manner, in the case where the gradation
aumber capable of being converted in the pre-gradation
number conversion is 16 for cach color component, the
memory capacity of the color compensating table is calcu-
lated in each case of eight gradations.

Then the obtained rasults are as follows:

In the case of 16 gradations, the memory capacity is 12K
bytes, and in the case of 8 gradations, the memory capacity
is 1.5K bytes.

In the above explanations, the error diffusion method or
the minimum average error method is used for the gradation
pumber conversion in the pre-gradation number conversion
sectiont 40. The pre-gradation number conversion section 40
can convert the gradation number by other methods such as
the ordered dither method, other than the above error dif-
fusion method or the minimum average error method.

In this case, in the pre-gradation number couversion
section 40, the amount of error cannot be minimized in the
case where the [ocal mean value in the region is taken
Accordingly, there is a possibility of the image quality being
deteriorated. The deterioration of image quality may occur
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of the original image data is not so different from the
gradation pumber capable of being converted in the pre-
gradation mumber conversion section 40, for example, in the
case where the gradation number 64 of original image data
is reduced to 32 gradations or 16 gradations in the pre-

~ gradation mumber conversion processing, the image quality

is not so strongly affected by the quantization noise. In the
above case, a simpler gradation number conversion method
such as an ordered dither method may be employed instead
of the error diffusion method

(4) More Specific Example of the Image Processing
Apparatus

Next, a more specific example of the tmage processing
apparatus of the present invention will be considered.

In this case, the following conditions are assumed: The
original image data 100, cach color of R, G, B of which is
composed of eight bits and 256 gradations, is inputted into
the image processing apparatus 30 from the scanner 12
shown in FIG. 2. The original image data 100 is subjected
to image processing by the image processing apparatus 30,
and then the final color image data 200 is outputied to the
color printer 22. In the color printer 22 used here, three color
ink colors, namely, cyan (C), magenta (M) and yellow (Y),
are used, and the printing operation is conducted with two
gradations, i.c., when each color dot is turned on there is a
dot and when each color dot is turned off there is no dot.

FIG. 6 is a specific block diagram of the image processing
apparatus 30.

The pre-gradation number conversion section 40 and the
color compensating section 42 conduct color correction on
the inputted original color image data 100, and convert the
colorimetric system from R, G, B to C, M, Y, and then
outputs the color correction data 120. Then, using the
post-gradation number conversion section 46, the color
correction data 120 is binary encoded in accordance with the
gradation number capable of being expressed with the
printer 22, so that the final color image data 200 is outputted.

In this case, the compensating data is set in the color
compensating table memory 34 in the following manner.
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a plic LO e post-gradanon numbcr conversion section 46
so thal the data is binary encoded. After that, the data is
outputted to the objective color printer 22, and the result
subjected to color measurement. Then, the relation is inves-
tigated between the C, M, Y values given to the post-
gradation number conversion section 46, and the R, G, B
values obtained when the output of the color printer 22 is
measured.

Next, the relation is reversely viewed, and the C, M, Y
values are found which are necessary when the colors of the
R, G, B values comresponding to the grid point color data in
the color space are obtained. Then the obtained values are set
in the color compensating table memory 34 so as to be used
as the color correction data.

In the pre-gradation number conversion section 40, each
of the color components of RO, GO, BO of the inputted
original image data 100 is subjected to gradation number
conversion, in which R and G are converted into 16 grada-
tions and B is converted into eight gradations. Then, each of
color components Of Pk, Gk, Bk is outputted as the grid
point color image data 110. This is the case illustrated in
FIG. 4, in which Nr and Ng are respectively 16 and Nb is 8.
Therefore, in this example, the data is multi-coded by the
error diffusion method or the minimum average ervor
method. In this case, 2 method of the prior art may be used
for multiple encoding of the data.

Specific Example for Multi-coding the Data

Next, a specific example for multi-coding the data will be
explained, wherein a case in which the B-component is
converted into eight gradations is taken as an example.

The following case is assumed here:

The B-comporent of the original color image data 100 has
256 gradations from 1 to 255, and these gradations are
octal-coded by the pre-gradation number conversion section
40 so that the values are eight types of values of pre_B
shown below.

pre_B{Q], pre_B[1], . ., pre_B(7]

Specifically, the B-component of the original color image
data 100 is subjected to pre-gradation number conversion in
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pre_B[0]=0

pre__B[1]=36

pre_B[2]=73

pre__B([3}=109

pre__B[4}=146

pre__B[5]}=182

pre__B[6]=219

pre__B{7}=255

Also, seven types of threshold values used for the pre-
gradation processing are defined as follows:

sish_B{0], sisk_B(1], . . ., slsh_B{6]

Then, each threshold value is determined in the following
manner:

pre_B(ij<slsh__B[ij<pre_B[i+]
(i=0, 1, 2,...6)

In many cases, the threshold value is determined in the
following manner: :

sish__B(i j=(pre__B{i[+pre__Bfi+1 ]2

In this case, each threshold value described above is
expressed as follows:

sish__B[0]=18

sish__B[1]=54

sish_ B{2]=91

sish__B(3}=127

sish_B[4]=164

sish__B[5]=200

sish_ B{6]=236

The original color image data 100 inputted to the image
processing apparatus 30 as image data is usually inputted
from the left end pixel to the right end pixel, wherein the left
upper pixel is used as a starting pixel. After one line of pixels
have been inputted, the operation is shifted to the left end of
a lower line, and the residual data is inputted toward the right



byl the user,
hoj di ng HHARSIPFD

shd
coj oy, command fori &

by{ anal'yzi'ng control
read by the readout.

%dt|t ons shoul d not be I nputted with the nuneral

the first control
| di ng button nunber,
ach button,

nmeans;

controlling change of state of ] .
operation recei veshdogf theeline in the sameppamner.TBées; the image input
noperatidmris i fepletnedt i ahé hbove manneg pi tdatn neans on the
plane(‘dih%e iputieg. button on the menu

The pre-gradation processing conducted bythe pre-gra-

di spl ay control

sel ection col or angrdsBEndil! Ak Inage

i mage; and

20

end tinme, and forced
I nformati on every tine the

- 21button control
each button according to the user's

key
means conprising: 15
sel ection col or, activation
butt on nunber
second sub-area is

means for

button

dation number conversion section 40, that is, the order in
which the original data 100 is octal-coded, is coincident with
the order of image data input as described above. That is,
while the pixel in the left upper corner of an image is used
as a starting pixel, pixels are octal-coded from the left to the
right end. After one line of pixels have been octal-coded, the
operation is shifted to the left end of a lower line, and the
pixels are octal-coded toward the right end in the same
manner. The above operation is repeated, so that the image
data corresponding to one image plane can be octal-coded.
As illustrated in FIG. 7, in this case, all pixels above the
tarpet pixel 400 and the pixels on the left of the line have
already been multi-coded. Also, all pixels below the target
pixel 400 end the pixels on the right of the line have not been
multi-coded.
As the pre-gradation processing, that is, as the method td
make values to be octal-coded, for example, a case is
considered in which the weighted matrix of error diffusion
shown in FIG. 8(a) is used.

This weighted matrix shows that the pixels generated in
the target pixel 400 in FIG. 8(a). are dispersed in such a
manner that the rato of dispersion is 2 (right adjacent
pixels):1 (fower pixels):1 (right lower pixels).

FIG. 9 shows a flow chart of the processing (the pre-
gradation conversion processing) in which data is octal-
coded by the pre-gradation number conversion scction 40

using the error diffusion method.

In this case, a pixel located in the p-th line on the g-th row
is targeted. The original color image data 100 of the B-com-
ponent of this pixel is expressed by data Blpl{q], and
consideration is give to a case in which this data Blp]{q] is
made to be octal-coded. In this connection, the gquantization
error caused when the pixel in the p-th line on the g-th row
is made to be octal-coded, is expressed by emr{piiql.

First Process: Octal Coding of Data (Steps S1 1o S6).

First, when the target pixel data is compared with the
threshold value (S1, S2, S3), the data is octal-coded, and the
grid point color data pre_B is obtained (S4, S5, S6).
However, data_ B[p]{q] shown in FIG. 9 is not the target
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target pixel in the process in which data is octal-coded.

Third Process: Error Diffusion (Step S8)

The error is diffused to the adjacent pixels which have not
been octal-coded yet. In this case, in accordance with the
weighted matrix sbown in FIG 8(a), % of the error is
diffused to the right adjacent pixels, % is diffused to the
lower adjacent pixels, and % is diffused o the right lower
adjacent pixels, so that the diffused error is added onto the
original color image data 100.

The target pixel data dawz_B[p}{q] vsed in the first
process described above is the data to which the error has
been diffused in the above mammer.

An example is described above in which data is octal-
coded by the error diffusion method. A specific example in
which the minimum average error method is used will be
explained as follows.

FIG. 10 is a flow chart showing the processing in which
data is octal-coded using the minimum average error
method.

First Process: Error Compensation (Step S1)

In this process, the target pixel is compensated by the
error caused in the adjacent pixels when the data is made to
be octal-coded.

Second Process: Octal Coding of Data (Steps S2 to S7)

Whereas this process is the same as Steps S1 to S6 shown
in FIG. 9, a further explanation will be omitted here. -

Third Process: Error Computation (Step S8)

In this process, error erx{p][q] is found which has been
caused in the target pixel in the process in which data is
octal-coded. This process is the same in detail as Step S7
shown in FIG. 9.

A difference between the error diffusion method shown in
FIG. 9 and the minimum average error method shown in
FIG. 10 is described as follows:

In the error diffusion method, the error diffusing operation
is performed right after error computation bas been com-
pleted, and in the minimum average error method, the error
diffusing operation is performed right before the target pixel
is N-coded. Except for the processing conducted at both
image ends, the two methods are equivalent.
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‘example shown in FIG. 8(b) in which the matrix size is made
larger, and examples shown in FIGS. 8(c) and 8(d) in which
the matrix is further simplified, may be employed if neces-
sary. The example shown in FIG. 8(d) shows a matrix which
is most simplified, and only one pixel adjacent on the right
is an object, the error of which is to be diffused.

Examples of the mniti-coded error diffusion method are
disclosed in Japanese Unexamined Patent Publication Nos.
3-18177, 3-34767, 3-80767 and 3-147480. Various methods
can be employed in accordance with the application at hand.

A case is disclosed above in which the B-component
contained in the original color image data 100 is converted
into eight gradations using the pre-gradation conversion
section 40. Other color comporents contained in the original
color image data 100 such as the R-component and G-com-
ponent are subjected to the pre-gradation number conversion
by the same method so that they can be converted into 16
gradations.

As a result, each component of R, G and B of the original
image data 100 inputted to the pre-gradation number con-
version section 40 is subjected to pre-gradation number
conversion as shown in the following expressions so that
each compounent can be converted into the grid point color
image data 110.

R component: 16-coded value of pre__R{0], pre__R[1],..

. pre__R[15]
G component: 16-coded value of pre_ G[O], pre__G[1], .
.. pre__G[15]
B component: 8-coded value of pre__B{0], pre__B(1], ..
. pre__G{15]

Specific Example of Color correction Processing

The color correction section 42 conducts color correction
processing on the grid point color data which has been
subjected to the multi-coded precessing (the pre-gradation
processing). At the same time, the color correction means 42
converts the colorimetric system from R, G, Bto C, M, Y.
In other words, in this example, different from the example
shown in FIG. 4, not only the color correction, but also the
conversion of the colorimetric system from R, G, Bto C, M,
Y is simuitaneously conducted.

Two cases are taken for examples; one is a case in which
the color correction section 42 and color correction table
memory 34 are implemented in sofiware, and the other is a
case in which they are implemented hardware.
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color correction.

FIG. 11(b) is a view showing an example of the color

compensating section 42 in which the grid point data, R of

which is pre__R[{], G of which is pre__G[j], and B of which

is pre_ B[k], is converted into a CMY value corresponding

to an amount of ink, referring to the three dimensional color .

compensating table shown in FIG. 11{ag). Only when the

array shown in FIG. 11(a) is referenced can the C,M and Y

values subjected to color-compensation be obtained.

Next, in FIG. 12, an example is shown in which the color .

correction table memory 34 is realized in bardware. In this
example, a color correction table stored in a semiconductor
memory is used. In the ROM 34C for C, ROM 34M for M
and ROM 34Y for Y are respectively stored the results of
color correction of the color components of C, M and Y.,
When a value determined in accordance with the grid point
color data is applied to the ROM as address data, the
compeasated data of cyan, magenta and yellow is outputted
corresponding to the value.

FIG. 13 shows a more detailed example of the ROM 34C
for C in FIG. 12. In this example, 2 ROM is used in which
the address bus is 11 bits wide (A0 to A10), and the data bus
is eight bits wide (D0 to D7). Values obtained when i, j and
k values are respectively set to binary-numbered values in
accordance with the grid point color data of pre_R[i],
pre__G[j] and pre_B{k] are respectively applied to upper
bits (A0 to A3) and middle bits (A4 to A10).

In this example, the following inequalities are satisfied:

0Si=15,05]515,05ks7

Therefore, it is sufficient that four bits be allotted to i, four
bits be allotted to j, and three bits allotted to k. The color
correction data of cyan corresponding thereto is outputted to
the data bus as a value of eight bits which is in the range
from 0 to 255.
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a RAM in which data can be written is used instead of a
ROM, the content of the memory table can be optionally
rewritten.

In the examples shown in FIGS. 11 and 12, when the color
compensating section 42 refers to the three dimensional
table memory 34 in the manner of software or hardware, the
color correction processing is carried out.

Specific Example of Post-gradation Number Conversion

After the color correction has been completed, the post-
gradation number conversion section 46 conducts process-
ing on the C, M and Y data, which has been color-compen-
sated by the color compensating section 42, by the error
diffusion method or the average error minimizing method, so
that the data can be made to be binary-coded. Methods of the
prior art may be applied to the above operation as they are.
The binary-coding process conducted by the error diffusion
method is approximately the same as the multi-coded pro-
cess conducted by the pre-gradation number conversion
section 40 shown in FIG. 9. A different point is that the
process to make the data to be octal is replaced with the
process to make the data to be binary-coded. The process to
make the data to be octal-coded in the steps of S1 1o Sé
shown in FIG. 9 may be changed to the binary-coding
process, and the dara__B{pl{q] may be replaced with data__
Clpllqg], and then the binary-coding process may be per-
formed as shown in FIG. 14. In this case, when the cyan data
is binary-coded to 2535, there are cyan dots, and when the
cyan data is binary-coded to 0, there are no cyan dots. The
following processes of error computation and error diffusion
are the same as Steps S7 and S8 shown in FIG. 9. Therefore,
a further explanation will be omitted here.

However, if the size of the error diffusion weighted mamix
is made too small in this binary-coding process, a distinctive
dot pattern causing deterioration of image quality tends to
occur. For this reason, a matrix, the size of which is a little
larger than the one used in the multi-coding processing in the
pre-gradation number conversior, may be used (for
example, the one shown in FIG. 8(b) may be used).

Instead of the error diffusion method, the minimum aver-
age error method of the example shown in FIG. 10 may be
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example will be described as follows:

Even when the size of the error diffusion weighted matrix
used in the process of multi-coding the data in the pre-
gradation number conversion section 40, is very small as
llustrated in FIGS. 8(a) to 8(d), images of sufficiently high
quality can be obtained. Usually, in the case where binary-
coding processing is carried out, if the error diffusing
operation is conducted with a small matrix in which the error
diffusing object is only the adjacent two pixels as illustrated
in FIG. 8(c), a pattern peculiar to the error diffusion becomes
remarkable, in which dots consecutively appear forming a
line, so that the image quality is deterorated. However, in
the case where the gradation number to be converted is
sufficiently large like the pre-gradation number conversion
section 40 of the present invention, the image quality is not
so deteriorated even when the size of the error diffusion
matrix is reduced as fllustrated in FIG. 8(c). For this reason,
a smaller size matrix than the error diffusion matrix used in

_ the post-gradation number conversion section 46 in the later
stage may be used in the pre-gradation number conversion
section 40. The error diffusion process shown in Step S8 in
FIG. 9 occupies the greater portion of the operation of error
diffusion processing, and the number of the operations is
approximately proportional to the size of the error diffusion
weighted matrix. Therefore, the number of operations of the
multi-coded processing conducted in the pre-gradation num-
ber conversion section 40 is much smaller than that of the
binary-coded processing conducted in the post-gradation
number conversion section 46. Further, the color correction
conducted in the color compensating section 42 of the
present invention only refers to the content of the color
correction table memory 34. Accordingly, it is possible to
greatly reduce the total amount of data processing conducted
in the pre-gradation number conversion section 40 and color
compensating section 42 compared with the amount of data
processing conducted in the post-gradation number conver-
sion section 46 in the later stage.

In the examples of the color compensating section 42 and
color compensating table memory 34 shown in FIGS. 11 and
12, RGB is converted to CMY simultaneously with color
correction. However, RGB may be converted to the four
color components of CMYX for a printer in which black ink
K is used as well as the three colors of CMY. For example,
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of CIE, and XYZ of CIE. Also, as illustrated in FIG. 6, the

color image data may be converted by the color compen-

sating section 42 so that it can be expressed by another

colorimetric system.

Example of Pre-gradation Number Conversion Section 40
in Which Ordered Dither Method Is Used

In the above example, the error diffusion method or the
minimum average error method is used for the pre-gradation
number conversion section. However, it is possible to use a
gradation number conversion method such as the ordered
dither method.

FIG. 16 shows an example of the pre-gradation number
conversion section 40 in which the ggdered dither method is
used.

In this example, the following case is assumed: The
B-component of the original color image data 100 has a
value of 64 gradations from 0 to 63. Then the B-component
is converted into 17 gradations by the pre-gradation number
conversion section 40 in which the ordered dither method is
used. In this case, the size of the dither matix is 2x2. After
ordered dither noise which varies at the period of two pixels
in both longitudinal and lateral directions has been added to
the data (S1), a comparison is made between the data and the
threshold value (S2 to S4), and the data is subjected to
gradation number conversion so that it can be converted to
the values of 17 gradations of Q, 1, 2, . . ., 16 (S5 to §7).

That is, the 16 threshold values of slsh__B[i] are set as
follows:

sish__B(i]=(+1)x4~2 (i=0, I, .. , 15)

Next, ordered dither noise (dither_noise{p%2](q%2]) deci-
sively determined by the pixel positions of p and q is added
to target pixel data data__B{p]{q] (§1). In the above expres-
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becomes 1. In this case, for example, the values of dither
nolse(p%2][q%2] are determined as follows:

dither__noise[0]{0]=1
dither__noise{0}{1 }=—1
dither__noise{1}{0}=~2
dither__noise{1]{1]=0

Subsequently, when the data is compared with the threshold
value of sish_B{i}, it is converted to 17 gradations (S2 to
S4). In this way, the blue component pre_ B of the grid point
color data is obtained (S5 to S7).

When a comparison is made between the present example
and the example of the minimum average error method
shown in FIG. 10 in which the data is converted to eight
gradations, in the case of the example of the minimum
average error method, the error diffused from the adjacent
binary-coded pixels is added to the target pixel data of
data_B[pl{q]; however, in the case of the present example,
the periodic noise dither noise{p%2]{q%2] decisively
determined by the position of the target pixel is added. Only
the aforementioned point is essentially different between the
two examples. Accordingly, in the example shown in FIG.
10, Step S8 comresponding to the error computation process
is not required. In the case where the ordered dither method
is used as shown in FIG. 16, the error diffusion computation
is not required as compared with the minirmum average error
method and error diffusion method. Accordingly, the com-
putation speed can be further increased, and 2 memory to
store the error becomes unnecessary, Therefore, the inven-
tion is greatly advantageous in that hardware resources can
be saved.

On the other hand, there is no known way to minimize the
error caused in the case where a local mean: value of the
region is utilized. Therefore, continuous gradation reproduc-
tvity cannot be compensated.

When the number of gradations is excessively reduced by

the pre-gradation number conversion, the following prob- .

lems are caused, and there is a possibility that the image
quality is deteriorated:
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(2) Even when the number of gradations capable of being
reproduced is increased by increasing the matrix size,
the resolution is lowered.

However, in the case where the gradation number of the
original image data is reduced to about % as shown in the
example in FIG. 16, the pseudo-contours are not caused
even when a small matrix size of 2>2 is applied. Therefore,
the deterioration of resolution can be minimized, so that
significant advantages can be obtained.

In genernl, the most appropriate pre-gradation mumber
conversion method may be employed so that the processing
speed, necessary memory capacity and image quality can be
well-balanced. For example, the pre-gradation conversion
method to be employed may be determined from the fol-
lowing viewpoints.

(a) In the case where the resolution of the final output
apparatus is sufficiently high and no problems are caused
even if the resolution is slightly deteriorated in the pre-
gradation number conversion, the ordered dither method of
a rather large matrix size is employed.

(b) In the case where the gradation oumber of the original
image data is not large from the beginning and it is not
necessary to greatly reduce the gradation number in the
pre-gradation number conversion, the ordered dither method
of a rather small matrix size is empioyed.

(c) In the case where priority is given to image quality,
and also in the casec where the gradation number is greatly
reduced in the pre-gradation number conversion so as to
reduce the capacity of the color correction table, the error
diffusion method is employed.

Of course, gradation number conversion methods other
than the ermor diffusion method and ordered dither method
may be empioyed.

Also, a construction may be adopted in which only the-
B-component is subjected to the ordered dither method, and
R-and G-compouents are subjected to the error diffusion
method so that the pre-gradation number conversion can be
performed. In general, the resolving power of the human eye
with respect to the B-component is lower than the resolving
power of the human eye with respect to the R- and G-com-
ponents. Accordingly, the above construction is also effec-
tive.
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color comrection table is only referenced in the later color

correction process. As a result, an image processing appa-

ratus can be provided in which the color compensating

processing of high quality can be carried out at a very hfgh

speed without increasing the capacity of the color correction

table.

Further, the invention may be constructed so that the

conversion gradation number in the pre-gradation number

conversion means is larger than that in the post-gradati_on

number conversion means. Therefore, the quantization noise

generated in the pre-gradation number conversion is lovyer

than the quantization noise generated in the post gradation .

sumber coaversion, so that the deterioration of image qual-

ity caused in the pre-gradation number conversion can be

ne:‘glected.

Further, the error diffusion method or the minfmmm aver-
age error method can be used for multi-coding in the
pre-gradation number conversion section. Accordingly,
although the error caused in the process of pre-gradation
number conversion is added, that is, although the guantiza-
tion noise is added in view of each pixel, the excellent color
correction result can be provided when a local mean value
is taken.

Stll further, the matrix size of the pre-gradation number
conversion section is set to be small, the matrix size used for
the error diffusion of the mean error in the error diffusion
method or the minimum average error method. Accordingly,
the number of operations of the pre-gradation number con-
version can be reduced, so that the deterioration of image
quality can be effectively suppressed, and further the color
correction processing can be carried out at a higher speed.

According to still further aspects of the invention, the
ordered dither method in which the number of required
operations is relatively small is employed for the pre-
gradation pumber conversion method with respect to the
color cormponents 10 which the resolving power of the eye is
low, and the error diffusion method or the minimurm average
error method by which images of high quality can be
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obtained is used for the pre-gradation number conversion
method with respect to other color components. As a result,
the deterioration of image quality can be more effectively
suppressed, and the color correction processing can be
carried out at a higher speed.
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sented by gradation numbers, the image processing appara-
tus comprising:

a color compensation table memory for storing gradation
compensating data of each of the plurality of color
components at grid points in a color space divided into
a grid, wherein said color space has coordinate axes
corresponding to each of the plurality of color compo-
pents of the color image data, and wherein said grada-
tion compensating data relates to the color reproduction
properties of the image output apparatus;

pre-gradation number conversion means for converting
the gradation numbers of the input color image data
into values corresponding to the most appropriate grid
points in said color space by using a pre-detexmined
gradation number conversion method based on a pre-
determined condition; and

color comection means for compensating the gradation
numbers of the plurality of color components of the
input color image data based on the gradation compen-
sating data of the grid points comresponding to the
converted gradation numbers converted by said pre-
gradation number conversion means.

2. The image processing apparatus according to claim 1,
further comprising post-gradation number conversion means
for conducting post-gradation mumber conversion on the
gradation number of each color component of the color
image data compensated by said color correction means so
as to convert said gradation number into a final gradation
number in accordagce with said image output apparatus,
wherein the converted gradation number of said pre-grada-
tion number conversion means is larger than the converted
gradation number of said post-gradation number conversion
means.

3. The image processing apparatus according to claim 1,
wherein said pre-gradation number conversion means oper-
ates in accordance with an ervor diffusion method.

4. The image processing apparatus according to claim 1,
wherein said pre-gradation number conversion means oper-
ates in accordance with a minimum average error method.

5. The image processing apparatus according to claim 1,



RIEL L CoRHET
tinmef rreans for det eirm ni ng whether the end ti and
f or cpd yZam‘pr\Raf@g@g Imeans for placing the button shown umuuull“wull l"l
101 a-ﬁ tShe forcedly activated button infor
actiyvatred——-stat'e jat the end tine. 32. The reproductlon
apparatus of Cl aim 24,} wherein 5 the auxiliary control data includes
prohi bition 1 hformation t hat shows W ch buttons should not be
i nputted with the nuneral key by the user, the first

control means compr i flh@&m said pre-gradation M8 b VeRR8n RLadiYpdkn9 button
number, sel ection co a18$ in accordance with an ordered dither methad for color
components for which the resolving power of the eye is low,
and in accordance with an error diffusion method for other
color components.

6. The image processing apparatus according to claim 1,
wherein said pre-gradation number conversion means oper-
ates in accordance with an ordered dither methad for color
components for which the resolving power of the eye is low,
and 2 minimum average error method for other color com-
ponents,

7. The image processing apparatus according to one of
claims 1 to 6, wherein said post-gradation number conver-
sion means operates in accordance with an error diffusion
method.

8. The image processing apparatus according to one of
claims 1 to 6, wherein said post-gradation number conver-
sion means operates in accordance with a minimum average
error method.

9. The image processing apparatus according to claim 1,
wherein said pre-gradation qumber conversion means oper-
ates in accordance with an error diffusion method, and said
post-gradation number conversion means operates in accor-
dance with an error diffusion method, and wherein a matrix
size used for error diffusion in said pre-gradation number
conversion means is smaller than a matrix size used for error
diffusion in said post-gradation number conversion means.

10. The image processing apparatus according to claim 1,
wherein said pre-gradation number conversion means oper-
ates in accordance with 2 minimum average error method,
and said post-gradation number conversion means operates
in accordance with an error diffusion method, and wherein
a matix size used for mean ermror in said pre-gradation
number conversion means is smaller than 2 matrix size used
for error diffusion in said post-gradation number conversion
means.

13. The image processing apparatus according to claim 1,
wherein said pre-gradation number conversion means oper-
ates in accordance with an error diffusion method, and said
post-gradation number conversion means operates in accor-
dance with a minimum average error methad, and wherein
& matrix size used for error diffusion in said pre-gradation
nurnber conversion means is smaller than a matrix size used
for mean error in said post-gradation number conversion
means.
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'\)h %l}dr. command for each button, end tinme, and forced

buttorrnunber by anal yl2| ng control information every ti S
sub-{dat azi sMAR gDy .t He input neans; butt@!ﬂ Mr,mu"ﬂ
n

I

contjrdl I i ng change of istate of each button accor
operlatormr-received By ithe 15 recepti on neans;

di splay control

nmeans ifor instructing the

button

econd

reproducti on neans on the

sel ection ¢olor and tThe activation %:%I or of the button on the nenu
execution neans for executing the conmand of the

I mage; and

button 20 pl aced into the activated state,

and the second

control neans conpri d2ngheimhgbdptdcessing apparhoas according whilhint kng change to
the sel ected state swertiisdid o gradanion ekmber coPERton heidio

related to the prohygdy

user’s operation r el et by ion number conversion means operates

in accordance with a minimum average error method, and
wherein a matrix size used for mean emor in said pre-
gradation number conversion means is smaller than a matrix
size used for mean error in said post-gradation number
conversion means. _

13. The image processing apparatus according to claim 1,
wherein said pre-gradation conversion means operates in
accordance with an ordered dither method for one portion of
color components of the color image data and in accordance
with an error diffusion method for other portions of said
color components.

14. The image processing apparatus according to claim 1,
wherein said pre-gradation conversion means operates in
accordance with an ordered dither method for one portion of
color components of the color image data and in accordance
with a minimum average error method for other portions of
said color components.

15. The image processing apparatus according to claim 1,
wherein said. predetermined condition is a2 condition in
which each of said gradation numbers of the input color
image signal is within a range of predetermined threshold
values.

16. The image processing apparatus according to claim 1,
wherein said predetermined condition corresponds to a
weighted matrix, wherein weights of said weighted matrix
are predetermined.
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rece i rating a nuneral, the prohibition i nformation
bei n? 3@%’ %}qﬁ: prohi bi ti on nmeans prohibiting I nput with the
nunef a @%{%g user regardi ng the buttons havi ng greater button
nunber | t feiAr eshiol d. 5 33. A reproduction nethod for

repr Dd&g_c_rjg mul tinedi a data ITBI’I sing a plurality of objects, each
havi hg "sub- pi cture data and nov g pi cture data, wherein

the multinedia dataintludes a plurality of small data, each 10 of whi ch
includes a first sub-data and a second sub-data, with t he obj ect

bei ng constructed over consecutive BBSfRadat a; the first sub-data
I ncl udes the noving picture data having a given tine period and the

sub- pi ctiMASE AROGRSTENG cbP PARATUS aFOR COLOR+OGMBENBATINGNECEORDIRG Y NJ
pi cture d&UOR REERMNYCEION cPROPERTIES OPehANgIMAGENOUIrPFEgeaAvPaRATUSC! Udes
a plurality of buttons for showi ng nenu itens for display; and

An image processing apparatus in which the number of
operations necessary for color correction processing is made
smaller than the number of operations necessary for grada-
tion number conversion processing in a later process without
cansing deterioration of image quality, so that color correc-
tion processing and gradation number conversion processing
can be conducted at high speed. The number of gradations
capable of being converted in the pre-gradation number
conversion section is larger than that in the post-gradation
number conversion section. The pre-gradation oumber cop-
version section conducts pre-gradation number conversion
for converting the gradation number of color components of
R, G, B of the original color image data into the gradation
coordinate value of the most appropriate grid point in the
color space. The color compensating section reads out the
gradation compensating data corresponding to the color
image data subjected to the pre-gradation number conver-
sion from the color compensating table memory, so that the
gradation number of each color component of Rk, Gk, Bk is
compensated and outputted. The post-gradation number
conversion section conducts post-gradation number conver-
sion on the data obtained from the color compensating
section so that a finally desired gradation number can be
obtained.

Fig. 6



trra e toPd raibidaEal i ncl udes control information includin but t on
ccﬁ\:f_'%?%g@ggﬁf‘%ﬁg—%gspondi ng to a user's operation appli edg onto the
mgny i 2pr.oduced in the first sub-data in the same 20 smal | area
and aﬁ%‘%@ﬁ %%{é)bnt,r bl data for substituting the user's oper ation
agpliied _onta the_frenu, t he reproduction nethod conprising the
stteps of: I nputting the nmultimedi ai data via a data obtaining
U= _ 103 - maki ng
a decoder reproduce the noving picture data and sub-picture data in
the inputted first sub-data and o tin the noving picture data
and sub-picture data as a video % ? for display;
ORIGINAL
10 COLOR IMAGE 30 FINAL COLOR 20
L, DATA 4 IHAGE DATA ¢
100 2040
IMAGE 7 IMAGE L7 IMAGE
INPUT PROCESSING ~» QUTPUT
APPARATUS APPARATUS APPARATUS
- - 30
34 |5
COMPENSATION {5
TABLE ,
12 32 22
. 120 ¢ Zzoo cowaﬂ
36| 24
5 S S :
MEMORY . t--a DISPLAY




{RERLACENTNT SHEET)

T T Urecelving the user's operation applied onto the menu by

hd s Aot dat a; first controlling the data obtaining
niit gﬁﬁﬁ%%éyﬁic d%r so that the reproduction apparatus responds to

he-r.ecei-ved-=-— user's operation according to the button control data
n the 10 i nput tlted second sub-data; and - second
controttiTyThe dat a obtai ning unit and2the decoder so that the
reproductiipaﬁgpara S substitutgs for a gi ven user's operation

o I\e

15

—~ — —~ (pq

according t awliliary contrpl data in the inputted second
sub- dat a. 34. The repfoduction nethod of C aim 33, wherein
the button control data includestsa selection color for col oring one

of the buttons in a sel ected @b an activation color for coloring
one of the buttons in an 1@»@ and 20 a command for each

button, the conmmand beikRg Jopp button is placed into an
oiels

activated state; and sontrol data includes an end
time of the user's 300

FIG. 5 (824,32 (16,24,32)

(8, 24, 16) /

<l | (12,20, 24)

(8, 18, 32)

~/:16' 32)

(8, 18, 16) (R, 6,B)=(18, 18, 186)
x ORIGINAL IMAGE DATA

G COORDINATE

! B COORDINATE
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act he button on the nmenu imge, reflecting the
updat ed. 334/%%1?%3ate and executing the conmand pl aced into
th cté ted by the updating if there is any, 15 and
th _g__(_:__gr_]_q____g_:_o_r]_t_l_r.ol .step conprising sub-steps of: j udgi ng
whét her the end time has cone; and updating the nmenory so as
to !place.t.he. button shown by t he-f 8reedly activated button
information into the activated state at the end tine. 20 35.
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ated state is applied, the first control step

but AOH
conggpgénéﬁsagéQggfg of : storing neans for storing button
nurber , %ﬁ% tion ¢golior, activation color, conmrand for each button,
enﬁ 4| 98 - utonatlc activation button |nfornat|on into the nenory
by! {_. . __analyzing. control information every tinme the second sub-data is
i nputted by the input neans; updating the button state
i nf-er-pation--n.the nenory by judglﬁg-the change of state of each
button according to the 10 éﬁ? ration received by the reception
st ep; instructinzgy d|ng unit on the selection color
and activation color of the button on the nenu i nmage, reflecting the
updat ed button state; and exeé&@ing t he conmand pl aced into
the activated stated 15 by the updatlng there i s any, and
the second control step conprising $ub-& ef3\dD O
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outton Iin the selected state is specified by the
formati on or not when the button information in

d; and 20 pl acing the button in the selected
activated state if the button is specified by the

At iC ... buiton information and witing onto the nenory that the
is in the activated state.

the auxiliary control

The reproduction nethedéof C aim 33, wherein
data includes prohibition information t hat

shows whi ch buttons should not be inputted with the nuneral key by

t he us

er, and 5

data_Blp] lq]<slsh[0] ?

slsh[i ]sdata B[pl{q](slsh[1+1]
g

}:/z;e fE;st control step conprising sub-steps of:

St

pre_B=pre (0]

S2

1 2
pre_B=pre[i+!]

Y
¥ Vid S 6
LN pre_B=pre(7]
DATA ERROR .
err [p] [q] =data B p] [q] -pre_B
. 1 - ..

data Blpt+1] [a] =data Blpt!] [a] +errip] [a]x(2/4) S
data Blp] {q+1] =data Blp] [at1] +terr(p] {a]x(1/4)
data B[p+1] [q+1] =data_Bpt1] [g+1] +err [p] [a]x(1/4)

|



storii EFBMQQM@N@? (‘H ZEng button number, selection color, activation

color connﬁhd‘f button, end tine, and automatic activation
butt@nlly *%F§ % t he nenory by anal yzing control information
every i et HE® &eBond sub data is 10 inputted by the input neans;
j udgi ng—whet-her_the luser's operation received by the reception step
is operating a nuneraH key; updating the button state
i nf ormation~in-the-werory by j udgi ng ghange of state of each button
according to the user's 15 operation when the user's operation is not
operating the nuneral key; instructing the decodi ng
unit on the selection color and activation color of the button on
the nenu inage, reflecting the updated button state; and 20-
executing the command_placed into the activated stated by the
updating if there is/;ﬁé? and the second control step conprising
t he sub-step of: ‘ ignoring the user's operation if it is
operating the

l Si

data B(p] [al =data Blp] [q] + 5
err{p-1] [d] /2 +
errp] [q~-1]/4 +
err [p-1] [o~1] /4

v S
: Y
data_B{pl [q]<slsh{0] ?
h 4 yid Ss
N pre B=pre(0]
S3
Y
slsh{i]=data B(p] [q]<slsh[i+1]
(0 1=0, 1, eeeeee , 1) 2 - Ss
: 9 Y il _
. pre_B=pre[it+1]
Sa y I
slsh (7] sdata B[p] [q] ? '
! )y S:
! N pre_B=pre{7]
DATA ERROR B
¥ Wid Se

err [p] [q] =data_B[p] [q] -pre B




nunef@is ke MBLENGESr ohi bi ted by the prohibition information,

and praciE ’Wé%@ﬁ: into the selected state and storing the

sel eptpd button i nt o t"ue menory if the user's operation is operating
the hujre@all ¥8&988i ch 1s not prohibited by the pr ohi bi tion
infofmption. 5 37. A reproduction nethod for reproducing a

mul t| medi a optical™ di sc conpri si ngga_data area for storing at |east
one bbject that_._.... ~has sub-picture data and noving picture data,
wherein t he dFErea i au es a plurality of small areas, each of
10 whi ch i ncludes affi . suz-lf Jjand a second sub-area, with the

object in the data area being stored over 'consecutive small ar eas;

the first sub-area infHahee Npe1goving picture data having a
#define Ng 16
#define Nb 8
unsigned char C_table[Nr] [Ng] [Nb];
unsigned char M_table[Nr] [Ng} [Nb] :
unsigned char Y_table(Nr] [Ng] [Nb} ;

FIG. 11(b)

0=C_table[i] [i] [kl :
M=M_table [i] (i] kI
Y=Y _tablel(i] [i] kI
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giv _-@ ibéN ohﬁ’EHH;the sub-pi cture data being reproduced at 15 t he
same fim. ng as the Thoving picture data, the sub-picture data being a
men ”@ﬁ@m%@' nel bdes a plurality of buttons for showi ng nmenu
itemsifor display; and t he second sub-area includes control
i nf or mat-+on—incl udi'ng’ button control data for responding to a user's
openation applied 20 onto the menu image-r gproduced in the first
sub-area in the sane smal|l area and auxiliary control data for
substituting the user's operation appli eROhiFOR Be nenu,
the reproduction nmethod comMDBESS t he steps of: . 34C readi ng the
mul ti medi a data onthe rrult@{rj@dla opt 1 cal S
108 , DATA
FIG. AQ BUS
| —— Al
—t A2 00
| o A3 D1 }—
D2
- I 03 L CYAN DATA
31 —— 46 D5 fb—r
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WHEN data_Clp] [a] 2slsh, result_(=255

F/G 74 data Clp] [g]zslsh .. result_(=255
. data Clp] [g]<slsh .. result _C=0
WHEN data Clp] [a]<slsh, result_C=0

#define Nr 18

_ . #define Ng 16

FIG 75 #define Nb 8
unsigned char C_table [Nr] [Ng] |
unsigned char M_table Nr}[Ng}[
unsigned char Y_tableN ir] INg] [
unsigned char K_table[Nr] [Ng] [Nb

Nb] ;
Nb} ;
Nb} ;
l:



nak|?5£? &CE&@@@@@H’Eé oduce the noving picture data and sub-picture

dat a THe™ FHF3ST "S- gdata read by the reading step and outputting
the n ta and sub-picture data as 5 a video signal for

di splia Q@ﬁ%@&%%ﬁﬁ, s receiving the user's operation applied onto the
nenu,b ———t-he-shb- pi cture data; first controlling the
decoder so that the repr oducti on apparatus responds to the received
user 'sToperatTemacceording to 10  the butiton control data in the second
sub-data read by the readi ng step; and second
controlling the decoder so that the reproduction appar at us
substitutes for a given user's operation according to the auxiliary
control data in the second sub-data read by the 15 readi ng step.

FIG. 16
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data_B [} [q] sdata Ble] lal + s
dither_noise {p%2] {q%2]

b 4 S 2
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pre_B=pre{(]
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(.0 =0, 1, eweree x 1 /Vs,,
pre_B=pre[itl]
S« v L
slsh[7] =data B1p] [q] ?
/ 1 /VSI
(N _ pre_B=pre[7]

DATA ERROR
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