1 COLOR DI SPLAY DEVI CE, COLOR COVPENSATI ON METHOD, COLOR COVPENSATI ON
PROGRAM AND STORAGE MEDI UM READABLE BY COWPUTER FI ELD OF THE | NVENTI ON
The present invention generally relates to a color display device.

Preferably

carrying out color conpensation of color inmage signals. BACKGROUND OF THE
known col or; conpensation techni ques for col or
i mage signals, for obtaining brighter colors upon display. One exanple of
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BACKGROUND OF THE INVENTION

There are several known color compensation
techniques for color image signals, for obtaining brighter
colors upon display. One example of such a technique can
be found in Japanese Laid-Open Patent Application
Tokukaihei 03-266586/1991 (published on November 27,
1991, hereinafter referred to as Document 1). In this
example, color compensation is performed by using six
color components of a signal: the three primary colors, R
(Red), G (Green), and B {Blue); with Y (Yellow), M (Magenta},
and C (Cyan) as complementary colors of those primary
colors.

The color compensation of Document 1 is carried out
as follows. For the RGB image signal components of a
signal, the components of the three primary colors and the
components of the three complementary colors are
individually extracted. Then, the component of each color

is multiplied by an adjustment coefficient which is



Is multiplied by an adjustnent coefficient which is 2 determ ned
differently for each color in advance. Further, the calculated value for
col or conpensation is added to the original RG signals so that new
corrected color signals R GB are created. For exanple, a color inmge
signal in which the respective signals of RR G B are contained by a ratio
of 0.8:1.0:0.2, respectively, is expr@ssed as 0.8R+1.0G+0.2B. This
expression can be nodified as 0.2 (R+tG+tB) + 0.6 (R+tG + 0.2G After the
nodi fication, the original signal is divided into three conponents:
(R+G+B), (de@rmmined differentlyRicrBacemles nwkdvencenpoRarthand (R+G
denotes an Y conponent. V Since the white conponent is not used for

cal cul ati othe tdlewnitgdnedlisé doal colordoonmeen satiorans Yaddedotentheand a G
conponent. The Y conponent and the G conponent are then respectively

mul tipli edobigipméd®@Brisigratonsd athat namd ddrrecesfdeciclue sigmalation
results are then added to the original R& signals. Thereafter, the R G B
si gnal havRhG'Beemetdreaitgh.col or conpensation, is outputted. Wth reference
to Figures 13 and 14, the following w | describe a change of gradation

level of a signafothrexitghiplé heacddlbreimensasighal iA tWRiIERT @di ng

technol ogy of Docunent 1. Figure 13 shows a so-called HSL col or nodel,

whi ch respective signals of R, G, B are contained by a ratio of
0.8:1.0:0.2, respectively, is expressed as 0.8R+1.0G+0.2B.
This expression can be modified as 0.2 (R+G+B) + 0.6 (R+G)
+ 0.2G. After the modification, the original signal is
divided into three components: (R+G+B), (R+G) and G.
Here, (R+G+B) denotes a white component and (R+QG)
denotes an Y component.

Since the white component is not used for calculation,
the original signal is divided into an Y component and a G
component. The Y component and the G component are
then respectively multiplied by predetermined constants,
and the respective calculation results are then added to the
original RGB signals. Thereafter, the R'G'B' signal having
been through color compensation, is outputted.

With reference to Figures 13 and 14, the following
will describe a change of gradation level .of a signal through
the color compensation with the foregoing technology of
Document 1.

Figure 13 shows a so-called HSL color model, which

indicates distributions of luminance and saturation of the



I ndi cates distributions of |um nance and saturation of the 3 color.
13(a) is a perspective view of the HSL (a col or nodel expressed by
Sat uration and Lum nance), while Figure 13(b) shows a circle as an
view of the inverted-cone-shaped HSL, and a triangle as a . cross-s
view taken along a |ine between a point of Y (Yellow 1303 and a point of

B (Blue) 1304. The closer to

(the greater the gradation |level denoting saturation), and the nor

upward (the center_of circle 1302 is white) fromthe to
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Figure 14 is a schematic view showi ng a change in gradation |evel
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the col or

conpensation with the foregoing technol ogy of Docunent 1

Fi gure
Hue,

upper
ecti onal

the circdnference, the greater the saturation

e

301 (bl ack) of

nance) .
of

Fi gure 14 (Migugieows3(e showmoaentiroiet s i aputupplor viemagefsitheal with
enhanced gradation level. As shown in the Figure, in the color imge

si gnal haviingebtaddadnesdiaped| or H&Inpenaatd on,a coltoitanglee pasper by
nodified for the domain close to the center (the center denotes an
achromat i c crolssrseatidniaievies arkdrac citesgrar Hnd bedwieedma poiat dsf Yo i nsi de
the circle) of HSL. However, the color-in the vicinity (the circunference
denotes a rf¥etiow)oN@O3 andl arpoimtl dfhB ¢Blae) bEBO4ES Theechay@choomati c

from

the circumference, the greater the saturation (the greater
the gradation level denoting saturation), and the more
upward (the center of circle 1302 is white) from the top
1301 (black) of the cone, the greater the luminance
(gradation level denoting luminance).

Figure 14 is a schematic view showing a change in
gradation level of luminance and saturation of the Y
component and the B component through the color
compensation with the foregoing technology of Document 1.
Figure 14 (b) shows the Y component of the input color
image signal with enhanced gradation level. As shown in
the Figure, in the color image signal having been through
color compensation, colors are properly modified for the
domain close to the center (the center denotes an
achromatié color, and the color becomes more mixed from
outside to inside the circle) of HSL. However, the color in
the vicinity (the circumference denbtes a monochromatic
color, and the color becomes more monochromatic from

inside to outside the circle} of the circumference of HSL may



inside to outside the circle) of the circunference of HSL may 4 fall
outside the circunference (see 1401 in Figure 14) of the <circle. For
exanpl e, assum ng that the maxi mum saturation is 255 in gradation |evel,
and the Y conponent after separated fromthe input signal is nultiplied by
a constant, the obtained value may exceed the gradation |level of 255.

Thus, the coI or image signal with the @l or outside the range wll fail to
properly display an i mage As descri bed, since the color conpensation
according toq Docunent is performed by calcul ation in which

monochr onatfiad! @Mté‘#@eaﬁm misamderenseaiseecdfdcindriguesetifer of ithefail s to
obtain a desired inage, or falls to create and display an image with

hi gher qualgirgle.nore ciedasaple, tassugtingl dhagompbesamaxnimiutn  t he

f oregoi ng technol ogy, the cal cul ated val ue nmay becone higher than the
upper |im tsaffursdionais @borin (@nadatdeni hkevelneand stheeYcobmponemdnents. As
such, color conpensation fails in domains of nmonochromatic colors or

domai ns cl csféer osapaoehedmiitorn dbleorimpBy signalg ishenuttipbiedvibir a col or
conponent inproperly corrected, the displayed inmage contains both properly
modi fi ed piceahstany themhtpéney watinéimaypexeked flné griddistioasldwed in the
di spl ayed i nage becomi ng partially unnatural. Further, in color

conpensat i af @660 t Fadgr dgeiordortienhgeasigndlhwithithe colporaniside not used

for col or
the range will fail to properly display an image.

As described, since the color compensation according
to Document 1 is performed by calculation in which
monochromatic colors and mixed colors are corrected
together, it fails to obtain a desired image, or fails to create
and display an image with higher quality.

More specifically, through color compensation with
the foregoing technology, the calculated value may become
higher than the upper limit of saturation or luminance in
one or some color components. As such, color
compensation fails in domains of monochromatic colors or
domains close to monochromatic colors. By having the
color with a color component improperly corrected, the
displayed image contains both properly modified pixels and
improperly modified pixels. This thus results in the
displayed image becoming partially unnatural.

Further, in color compensation with the foregoing

technique, the white component is not used for color

conversion calculation after extracted from the input signal.



conversion calculation after extracted fromthe input signal. 5 Therefore,
there will be an only small difference in saturation or |um nance between
nmonochromatic colors and m xed colors. Thus, nonochromatic colors fail to
be enhanced to generate a bright inmage. SUWARY OF THE | NVENTI ON An

enbodi nent of the present invention isqmade in view of one or nore the
foregoi ng conventi onal problens, and grovides a col or display device which
determnes a relationship between the RG conponents of an input color

i mage signal in terns of their gradation levels. This is done so as to
carry out dhggsferent thereul willonbsperat i 0RlY orsmadkndiffsaenesi oin i nage

si gnal dependi ng on whether, the input color inmage signal belongs to one of
si x patter satgration eeluminame bataresn snpawaby agnpticegotens iBatdween t he

t hree conponents excluding a conponent with the smallest gradation |evel.
This is dodBixed ngolarsabl eBhtisat manpchregpationgcolprsal {adf 60 the three
gradation | evels. An enbodi nent of the present invention carries out color
conpensat i émhdngedi tipgencopde sibghght imagmsi deration of RGB conponents,
YMC conponents, and al so white conponent in sone cases, contained in the
signal. As such, it achieves a desired color conversion operation. Wth
this arrangenent, the color display device of an enbodi nent of the present

invention is suitable fogsUMSPARYSOF THE INVENTION

An embodiment of the present invention is made in
view of one or more the foregoing conventional problems,
and provides a color display device which determines a
relationship between the RGB components of an input color
image signal in terms of their gradation levels. This is
done so as to carry out a different calculation operation for
each input color image signal depending on whether the
input color image signal belongs to one of six patterns of
the relationship. Calculation is carried out between the
three components excluding a component with the smallest
gradation level. This is done using variables that vary
depending on values of the three gradation levels.

An embodiment of the present invention carries out
color compensation of an input color signal in consideration
of RGB components, YMC components, and also white
component in some cases, contained in the signal. As
such, it achieves a desired color conversion operation.
With this arrangement, the color display device of an

embodiment of the present invention is suitable for displays




6 of, for exanple, nobile phones, nonitors of personal conputers, inage

di splay devices of liquid crystal TVs, etc. Additional objects, features,
and strengths of the present invention will be made cl ear by the
description of the various exenplary enbodi nents stated bel ow. Further,

t he advantages of the present invention wll be evident from the follow ng
expl anation of the exenplary enbodinent's, in reference to the draw ngs.

BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block diagram schenmatically
showi ng an arrangenent of a col or display device according to an

enbodi nent off tflee pexaeple, nuspbibn. pHones, 2nmenitdrsowst hgrersemadi ng a

fl ow of color conversion operation according to the first enbodi nent of

t he presentcampartieireninfigridesplay devcawi ofjlishod ogy staleX¥splatcof a

rel ati onshi p between saturation and coefficient in calculation to obtain a
conpensation val veldRignaé ébjects,driaditogeshoaind) stvercgilos ddémahes of an
enbodi nent of the present invention in the formof a color triangle.

Figure 5 i presdrawingealion ngillhbecmrade tciearglby ithe deiselriptivirg
conponent of flesh color is being divided into 7 a R conmponent and an Y
conmponent. the various exemplary embodiments stated below. Further,

the advantages of the present invention will be evident from

the following explanation of the exemplary embodiments, in

reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram schematically showing an
arrangement of a color display device according to an
embodiment of the present invention.

Figure 2 is a flow chart showing a flow of color
conversion operation according to the first embodiment of
the present invention.

Figure 3 is a drawing showing an example of a
relationship between saturation and coefficient 1in
calculation to obtain a compensation value.

Figure 4 is a drawing showing six color domains of an
embodiment of the present invention in the form of a color
triangle.

Figure 5 is a drawing showing the color triangle in

which a signal component of flesh color is being divided into



Figure 7 is a flow chart showing a fl ow of col or
according to the second enbodi nent of jhe present invention. Figure 8 is a
schemati c view show ng an exanpl e of xtraction of the col or conponents
froman input signal for <carrying out color collection calculation.
9 is a cross-sectional view of a HSL color nodel for show ng a change of
gradati on |&Ricoghpansingnand apf$recmmbraénbr the col or conpensation
operation in the second enbodi nent of the present invention. Figure 10 is
a bl ock di agram Jtigaret ikald yashoosaeseationad amiewemtf ef HSdol osledi spl ay
devi ce according to the sixth enbodi ment of the present invention.
11 is a craossddcfonrsdiowirgy af cha@e aodl gradawttet fevel sbbva ngigmalhange of
gradation level of a signal before and after the col or conpensation
operation ibefdre asiktéfterboHenenionfcéhpgiesdon iopenition. ihi ghee 12 is a
bl ock di agram schenmatically showi ng an arrangenent of a col or display

devi ce accdirdthgniivodiraenti ghthe gpbsimenthvehtidie present invention.
Figure 13 (a) shows a perspective view of a HSL col or

Figure 7 is a flow chart showing a flow of color
conversion operation according to the second embodiment
of the present invention.

Figure 8 is a schematic view showing an example of
extraction of the color components from an input signal for
carrying out color collection calculation.

Figure 9 is a cross-sectional view of a HSL color
model for showing a change of gradation level of a signal
before and after the color compensation operation in the
second embodiment of the present invention.

Figure 10 i1s a block diagram schematically showing an
arrangement of a color display device according to the sixth
embodiment of the present invention.

Figure 11 is a cross-sectional view of a HSL color
model for showing a change of gradation level of a signal
before and after the color compensation operation in the
sixth embodiment of the present invention.

Figure 12 is a block diagram schematically showing
an arrangement of a color display device according to the

eighth embodiment of the present invention.

Figure 6 is a cross-sectional view of a HSL color nodel for showng a
change of gradation |evel of a signal before and after the color
conpensati on operation in the first enbodi nent of the present invention.

conversi on operation

Fi gure

Fi gure
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nodel and Figure 13 (b) shows a cross-sectional
Figure 14 is a cross-sectional view of a HSL color nodel for show ng a
change of gradation |evel of a signal before and after the col or

conpensati on operation.

view of a HSL col or

nodel .

Figure 15 is a drawi ng show ng an exanple of a

rel ati onshi p between saturation and co?‘sf icient in calculation to obtain a

conpensation value. Figure 16 is a cro

-sectional view of a HSL col or

nodel for showi ng a change of gradation level with or wthout flesh col or

control .

Figure 17(a) shows a graph with the m ninum | um nance = 0, and

Figure 17(b) showigargr afh(a)i $hote a pexspemtiverviewce! @ OESLteblolre maxi mum
gradation value. Figure 18 is a cross-sectional view of a HSL color
for show ngnadeboagd Piggradasi (1) IseMabsoh ercdgdcti®ghbrdeandfahter the
col or conpensation operation with a weighting function according to the
third enboiSeEdéoRr IHsdelpr esent invention. Figure 19 shows a graph where

t he nmaxi mum
the fourth enbodipyp
wher e the nmaxi nrum

9 decreasednpbRel Mo AHIw HRIPLNSRALYR BFCOFAHRTidP TehR1f 84 Nsignal

before and after the color compensation operation.

Figure 15 is a drawing showing an example of a
relationship between saturation and coefficient in
calculation to obtain a compensation value.

Figure 16 is a cross-sectional view of a HSL color
model for showing a change of gradation level with or
without flesh color control.

- Figure 17(a) shows a graph with the minimum
luminance = 0, and Figure 17(b) shows a graph with the
maximum luminance close to the maximum gradation value.

Figure 18 is a cross-sectional view of a HSL color
model for showing a change of gradation level of a signal
before and after the color compensation operation with a
weighting function according to the third embodiment of the
present invention.

Figure 19 shows a graph where the maximum
luminance is increased in the color compensation according
to the fourth embodiment of the present invention.

Figure 20 shows a graph where the maximum

luminance is increased and also the minimum luminance is

nodel

| um nance is increased in the col or conpensation according to

Qre0f1 4 N RF Q5VYs-B¥EIHN AN viEWIWE LOHSIPVE 18" aph
| um nance is increased and al so the m ni rum | um nance is



enbodi nent of the present invention. Figure 21 shows a graph show ng a

rel ati onship between |um nance of an input inage signal and the actual

| um nance of a display device. Figure 22 shows a graph showing a

rel ati onship between transmttance and a change in chromaticity. Figure 23
I's a block diagram m nutely showi ng an_, arrangenent of a col or display

devi ce having an outside |ight detectPng device shown in Figure 12. Figure
24 is a flow chart showing a flow of color conversion operation according
to the seventh enbodi nent of the present invention. Figure 25 is a draw ng

showi ng an de@@sedinahd ¢oldt @orhpensstion adderdigigto adiy €6
operation according to the seventh enbodi nent. Figure 26 is a draw ng

show ng an@hebdixie®t ofche pResédndhivemtidh. used in the col or conversion
operation according to the seventh enbodi ment. Figure 27 is a bl ock

di agram il | ustratgjggran 2 Br sdgesert gfaphCAbwihgplaayrdaticesspgsording to
the ninth enbodinent. Figure 28 is a block diagramillustrating an

ar r angementy by e g Auh i fh pekayf @8V iiAHIAC HAHeNdigRal Bthd @b acerhedi nent .
10 Figure 29 I1s a block diagramillustrating an
luminance of a display device.

Figure 22 shows a graph showing a relationship
between transmittance and a change in chromaticity.

Figure 23 is a block diagram minutely showing an
arrangement of a color display device having an outside
light detecting device shown in Figure 12.

Figure 24 is a flow chart showing a flow of color
conversion operation according to the seventh embodiment
of'the present invention.

Figure 25 is a drawing showing an example of a
function fnr used in the color conversion operation
according to the seventh embodiment.

Figure 26 is a drawing showing another example of
the function fnr used in the color conversion operation
according to the seventh embodiment.

Figure 27 is a block diagram illustrating an
arrangement of a color display device according to the ninth
embodiment.

Figure 28 is a block diagram illustrating an

arrangement of a color display device according to the tenth

embodiment.



arrangenment of a color display device according to the eleventh

enbodi nent. Figure 30 is a block diagramillustrating an arrangenent of a
col or display device according to the twelfth enbodi ment. DESCRI PTI ON OF
THE EMBCODI MENTS [ First Enbodi nent] One enbodi nent of the present invention
will be described belowwth referenc? to Figures 1 through 5. The present
enbodi nent uses an input col or signal frade up of three colors, R G and B,
of N gradations (Black O to white (N-1)). Mre specifically, the input

i mage signal is a color digital signal of 3n bits and is made up of a

digital signal Rmgutebi oandsN gradabRn diEgpant hatludtiditiag esan
gradation level of Ted with an integer r in a range of 0 to 1, a digital

si gnal G ofgsrdiigernetitN " adatbr ANy thabidddasabrdig 9t@daheon | evel
of green with an integer g in a range of O to N1; and a digital signal B

of n bit gdvhnhrad/Mbsmirhdngn) that indicates a gradation |evel of blue
wth an integer bin arange of O to N1. Further, the gradation |evel of

saturation is deng by sighe di f Ler gngex baiMeeant hedraypyal 48 and the
m ni mum val ue of rfg%ge angj‘lb,1 and the gradation |evel of rI um%ance S

denoted by éﬂraﬁ%r@gﬁ A VAl UEIY disFialddvidesS 8008I FtgUtRel. 2

col or display
twelfth embodiment.

DESCRIPTION OF THE EMBODIMENTS

[First Embodiment)

One embodiment of the present invention will be
described below with reference to Figures 1 through 5.

The present embodiment uses an input color signal
made up of three colors, R, G and B, of N gradations (Black
0 to white (N-1)). More specifically, the input image signal
is a color digital signal of 3n bits and is made up of a
digital signal R of n bit and N gradation (N=27} that
indicates a gradation level of red with an integer r in a
range of 0 to N-1; a digital signal G of n bit and N gradation
(N=2n) that indicates a gradation level of green with an
integer g in a range of O to N-1; and a digital signal B of n
bit and N gradation (N=27») that indicates a gradation level
of blue with an integer b in a range of O to N-1. Further,
the gradation level of saturation is denoted by the difference
between the maximum value and the minimum value of r, g

and b, and the gradation level of luminance is denoted by



includes a color liquid crystal display panel 102 and a color conversion
operation circuit 101 for processing the input color imge signal RG and
outputting the processed color imge signal RGB to the color liquid
crystal display panel 102. The color liquid crystal display panel 102

I ncludes a backlight 103 as a |ight iggrce, a color liquid crystal

di splay el enent 106 having a | arge nu r of TFTs (Thin Film Transi stors)
for switching a liquid crystal layer, a source driver 104 for supplying
di splay signal's to the source electrodes of the TFTs, a gate driver 105

for suppl wHW ngi@kEnvieh vades os¢apnhng Bi.gnals) to the gate el ectrodes of
the TFTs, and a timng controller 107. The timng controller 107 supplies

the color image HPnshoWrS i Figutdel soar eslel i dplhe4, dé@riteal BOOCONt rol s
the source driver 104 and the gate driver 105 by supplying a control

signal theRligded 4Bk 114818 @SATh] BPAS panel SO SHEdi 4 cdler unction

with a liquid crystal display panél as the color display device, it should

be Underst%ﬂ?&sp iohh%\;fyr%%%&a cirMARt 10N 3bs0pPBKeB8ingerhENifBRtUNCt i ON

wi th ot her ay devices capable of color display, including but not

1189, ! D B bR By B ol o G, et ¢ 12
into six p%ﬁ&égssi%ﬂdi R BRI % color liquid crystal display panel
102.

The color liquid crystal display panel 102 includes a
backlight 103 as a light source, a color liquid crystal
display element 106 having a large number of TFTs (Thin
Film Transistors) for switching a liquid crystal layer, a
source driver 104 for supplying display signals to the
sgurce electrodes of the TFTs, a gate driver 105 for
supplying gate voltages (scanning signals) to the gate
electrodes of the TFTs, and a timing controller 107. The
timing controller 107 supplies the color image signal R'G'B'
to the source driver 104, and also controls the source driver
104 and the gate driver 105 by supplying a control signal
thereto. Although the present example is discussed in
conjunction with a liquid crystal display panel as the color
display device, it should be understood that the present
invention also may be used in conjunction with other
display devices capable of color display, including but not

limited to a cathode ray tube (CRT), a plasma display panel

(PDP), etc.




depending on the |l evel relationship between the respective gradation
levels r, g and b thereof, so as to carry out different calculation
operations for each input color image signal depending on whether the

i nput col or inmage signal belongs to which of six patterns of the

rel ationship. Figure 2 shows an operata n flow of the color conversion
operation circuit 101. Wen an i mge signal R&B is inputted (S201), the
col or conversion operation circuit 101 determines the level relationship
of the gradation levels r, g and b of the respective color signals in the

ot o qual (SO Boigs Saasi R Yopk 08Bl oigsARY LR oy BEEL OT
B B T
o0 LG 6300 LRGN e i, chEhOEIE, 1L
[nto six PULNThS 189514 1 (§9abd & FheHESE! IR LCGW ALy MBY, P Other
different calculation operations for each input color image
signal depending on whether the input color image signal
belongs to which of six patterns of the relationship.
Figure 2 shows an operation flow of the color
conversion operation circuit 101. When an image signal
RGB is inputted (S201), the color conversion operation
circuit 101 determines the level relationship of the
gradation levels r, g and b of the respective color signals in
the input signal (S202). More specifically, the color
conversion operation circuit 101 determines whether the
input signal belongs to which of the following six patterns
(six hue domains) of the relationship between the gradation
values r, g and b of the respective color signals in the input
signal.
[1]r>g>b
[2]r>b>g
[3]b>r>g
[4]b>g>r
[S]g>b>r
[6]g>r>b

It should be noted that the assortment of the



exanple, the [1] through [6] may instead be r[err]g, g<r, r[err]b, b<r
g> b, and b<g, as long as the respective fornulas denote different ranges,
i.e., their ranges are not overl apped with each other. Next, conpensation
val ues ro, go, bo, yo, no and co are calculated for carrying out color
conpensation of the respective color ¢ormponent s: R G B, Y, Mand C
(S204). The conpensation values for the"domains [ 1 ] through [6] are
cal cul ated according to the following forrmulas, For the domain [1]
expressed as (:gab): ro=Krg (r-g)Nr, yo=Kyg (g-b)Ny go=bo=npb=co=0 For the
domei n [ 2] gen@heidYetdlsdr oy an8osKNR ol éi’;p)plﬂrtt%f'i‘i’sﬂf%bn%g'l%xrl}lﬁ%% 19 b

go=bo=yo=c0=0 For the domain [3] expressed as (b>ng):

mo=Knr (r- TI96%Q= t [ r):
bo=Kbg Eb- 3%}%%% dco:chggg‘-ére%:ﬁg:lzgpézg‘giﬁ?Pmﬁgﬁofgﬁ%ﬁg%ﬁg’irﬂé[(S]tﬁgipi essed

?E] (g’x?g:re)s:S%:éagr;ﬂﬁ?g>§tge-_gg1whp&&gﬁbf@r A s PGy P =P<rFq- he domain
b<r, gzb, and b<g, as long as the respective formulas denote
different ranges, i.e., their ranges are not overlapped with
each other.

Next, compensation values ro, go, bo, yo, mo and co
are calculated for carrying out color compensation of the
respective color components: R, G, B, Y, M and C (S204).

The compensation values for the domains [1] through
[6] are calculated according to the following formulas,

‘For the domain [1] expressed as (rzgzb):

ro=Krg (r-gj¥r, yo=Kyg (g-b)"¥

go=bo=mo=co=0

‘For the domain [2] denoted by (rzb>g):

ro=Krb (r-b)¥r, mo=Kmb {b-g)Nm

go=bo=yo=co=0

'For the domain [3] expressed as (b>rzg):

bo=Kbr {b-r)¥, mo=Kmr (r-g)im

ro=go=yo=co=0

‘For the domain [4] expressed as (b>g>r):

bo=Kbg (b-g)N?, co=Kcg (g-r)Nec

ro=go=yo=mo=0

‘For the domain [5] expressed as (gzb>r):

go=Kgb (g-b)Mg, co=Kcb(b-r)N¢c




go=Kgr (g-r)Ng, yo=Kyr (r-b)Ny ro=bo=npb=co=0 where Krg, Krb, Kbr, Kbg,

Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg and Kcb are constants or vari abl es, and
Nr, Ng, Nb, Ny, Nmand Nc are constants not |less than 0. The ratio of
enhancenment degree of saturation between the white side and the nonochrone
side may be controlled by providing v?kues to Nr, Ng, Nb, Ny, Nmand Nc,
and raising the difference between r, g and b by the powers of the val ues.
For exanple, when the value of Nr is larger than 1, the red on the white
side (achromatic red) is nore enhanced; conversely, when the value of Nr
is smaller than rd=bohsggmpecdyone red is nore enhanced. This change in
ratio of saturation is"shown in Figure 3. In the case where Nr=1, for

exanpl e, the conpgpsiHd 8oyl el @x¥ressed LY g [ 1] beconmes ro=Krg
(r-g) and linearly changes accoﬁdyn(ﬁ{ro Stsﬁe di ﬁgg?g?ge between r and g, as

shown in Figure 3,=-Rbt (e udesobRRG (r-bivst he case where Nr> 1, the degree
of saturation isér(%ogg‘g g@nég%oi ngy'(tiih(er vr::i nity of nmonochromatic col or

conpared to that,LRtheovic-p ty of achromatic color, as shown in Figure
3. Further, in the case where Nr<l, the degree of saturation is nore

crhanced L e WAL ! KB RELI pko RBOTERTIIETK ! e
Kmr, Kcg and Kcb are constants or variables, and Nr, Ng,
Nb, Ny, Nm and Nc are constants not less than 0.

The ratio of enhancement degree of saturation
between the white side and the monochrome side may be
controlled by providing values to Nr, Ng, Nb, Ny, Nm and Nc,
and raising the difference between r, g and b by the powers
of the values. For example, when the value of Nr is larger
than 1, the red on the white side (achromatic red) is more
enhanced; conversely, when the value of Nr is smaller than
1, the monochrome red is more enhanced. This change in
ratio of saturation is shown in Figure 3.

In the case where Nr=1, for example, the
compensation value ro of r in the domain [1] becomes
ro=Krg (r-g} and linearly changes according to the difference
between r and g, as shown in Figure 3. On the other hand,
in the case where Nr>1, the degree of saturation is more
enhanced in the vicinity of monochromatic color compared
to that in the vicinity of achromatic color, as shown in

Figure 3. Further, in the case where Nr<l, the degree of

saturation is more enhanced in the vicinity of achromatic




By thus setting up each value of Nr, Ng, Nb, Ny, Nm and Nc upon

cal cul ation of conpensation values, it is possible to independently and
finely control r, g, b, y, m and c. The follow ng describes a preferable
exanple for setting the value of Nb. In view of a tendency such that the
degree of enhancement of saturation is gom1mhen the difference between.the
rgb val ues of an input inage signal é smal |l and an input inmage signal is
close to achromatic color; a conditlon Nb< 1 is satisfied so that the
conpensation value bo for perform ng the col or conpensation above

increases, @@rt *&%zﬁ?é?éat k8N tAGRT ma@Heomléﬁ [\ﬁn%@r Bmﬁlo@ﬁrsiﬁ&ﬁw vely
enhanced. It is desirable to set Ng, , not nmore than 1 as
wel | .. HOWEE’cﬂbT its 5B oR 1ﬁe?i%1§f°é% to set Nr and Ny to be not nore than
1, as the Nr ‘and Ny are coef lents for deternini ng the col or

corrpensatlon val %g%tg&wma%eﬁlde a)fffﬁgt N% ?Tesh - a_flesh

color as an achromatic col or e specifically, S

e o d AN 2k 2faldald o™ e o a%gge%s;LQSn | PELED! O R%COWES

deeper when appeare ay pane naty appear to a

e aceq HESaLIb SR ﬁ'xocié;ée%%pxtl}?aa/ﬂd FRAYP coRlelSP ' &5 "b0% O'm! °
and c.

The following describes a preferable example for
setting the value of Nb. In view of a tendency such that
the degree of enhancement of saturation is low when the
difference between the rgb values of an input image signal
is small and an input image signal is close to achromatic
color; a condition Nb<l is satisfied so that the
compensation value bo for performing the color
compensation above increases, and the saturation near
achromatic color can be effectively enhanced. It is
desirable to set Ng, Nc, and Nm to be not more than 1 as
well.

However, it is not desirable to set Nr and Ny to be not
more than 1, as the Nr and Ny are coefficients for
determining the color compensation values ro and yo which
greatly affect in expressing a flesh color as an achromatic
color.

More specifically, if a flesh color is enhanced in

saturation as in the manner above, the flesh color becomes

deeper when appeared in the display panel. As such, it




extent in the displayed i mage when reproduced with a display panel having
a wi de color reproduction range. This problem may be solved by setting
smal | values for the coefficients Krg-Krb-Kyg-Kyr. However, if these
coefficients are set small, then the degree of saturation of a red for
expressing an "apple" or an yellow for gxpressing a "mandarin orange" wll
not be enhanced. Thus, it is better foa nonochromatic colors, i.e., red or
yell ow, to enhance in saturation as much as possible, whereas achromatic
colors, i.e., flesh color, should be mninmally enhanced. Then, as shown in

Figure 15, jfay sa,isvﬁg?rbt& househance o &ty MeLkhoWdIBr Safivhatedyas much

as possible. “Fur this should be done while mnimlly enhanci'ng

achromati ¢ ﬁfalaélgp" | sihee 'f1€5R £B1SF -isﬂ}%%)ifo%ifl%’édj &ﬁ-ec{i}yni el éddrrﬁ)hanced

by setting Nr and" Ny to be not nore than Mor eover, Nr an are set

{Tooh col or eyt ikt Tar| SRR R ImAcy K SRR bl &2 L Ie"

flesh color may not ly be € n view o esirabl e
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for the coefficients Krg-Krb-Kyg-Kyr. However, if these
coefficients are set small, then the degree of saturation of a
red for expressing an "apple" or an yellow for expressing a
"mandarin orange” will not be enhanced.
Thus, it is better for monochromatic colors, i.e., red
or yellow, to enhance in saturation as much as possible,
whereas achromatic colors, i.e., flesh color, should be
minimally enhanced.
Then, as shown in Figure 15, it is possible to
enhance red or yellow in saturation as much as possible.
Further, this should be done while minimally enhancing
achromatic colors, i.e., flesh color. These should be
minimally enhanced by setting Nr and Ny to be not more
than 1.
Moreover, if Nr and Ny are set larger than 1 as shown
in Figure 15, the saturation of other colors than flesh color
may not fully be enhanced. In view of this, it is desirable

to set coefficients Krg, Krb, Kyg and Kyr twice as great as

other coefficients Kbr, Kbg, Kgb, Kgr, Kmb, Kmr, Kcg and

Kch.




coefficients Krg-Krb-Kyg-Kyr. The following will explain changes in
enhancenent degree of saturation when taking these coefficients into
consideration with reference to the HSL color nodel of Figure 16. As shown
in Figure 16, conparison of a domain 1601 wth a domain 1602 indicates

t hat change of lum nance in colors inythe vicinity of flesh color is
reduced when flesh color is controlleé by setting Nr and Ny not nore than
1. Moreover, referring to the domain 1603 in the color nodel wth the
flesh color control, it turns out that the-degree of saturation is enhanced

in the vicinity mumi@phﬁﬁthCa@@hgu 8pePHEdIMS it 'R GRSGe dhPUo Tl esh
color control. The foregm ng vari abl es may be expressed as fol IN'ows:

Krg=Cr frg $&rfdrm Krbr&r Esto( T, M?&hﬁt&@ﬁ (gnr)coﬁebaggaﬁ%(%ﬁ))
Kbr =Cbf br ('b,r), Kbg =Cbfbg (b, g) yg=Cy fyg (r,b), r,qg)

Knr =Cm f nr é@eﬂ?cleﬁ‘ig @ré ‘KQ‘H‘K ya-Kyeb= C‘?hfeCl}'o(lH)v{ring KWlﬂQ’e}hyfalﬁg b)

where, Cr, Cm and Cc are constants, br,

fbg, fyg, f@paﬂé%va‘fc‘gﬂhgl?‘t&;efﬁgﬁtﬂﬂegf ’Etf}s%@ﬁr‘é(tﬂi&li' %ﬁ%&?cﬁa‘l&{ 5%/ Change

depending on t ues o e corresponding brac and r,

?h$8R‘?;Edc2&S{oﬁﬁseé’nf‘fsd%?icﬁﬁg?ﬂ%{‘ﬁ?’e?ﬁdsm%qm With' Pefe¥rAdAlORpel €Vel s of
HSL color model of Figure 16.

As shown in Figure 16, comparison of a domain 1601
with a domain 1602 indicates that change of luminance in
colors in the vicinity of flesh color is reduced when flesh
celor is controlled by setting Nr and Ny not more than 1.
Moreover, referring to the domain 1603 in the color model
with the flesh color control, it turns out that the degree of
saturation is enhanced in the vicinity of monochromatic
color as much as the case without flesh color control.

The foregoing variables may be expressed as follows:,

Krg=Cr-frg (r,g), Krb=Cr-frb (r,b)

Kgr=Cg-fgr (g,r}, Kgb=Cg-fgb (g,b)

Kbr=Cb:fbr (b,r), Kbg=Cb-fbg (b,g)

Kyg=Cy-fyg (r,b), Kmb=Cm"fmb (r,g)

Kmr=Cm-fmr (b,g), Kcg=Cc-fcg (b,r)

Kcb=Cc-fcb (g,r), Kyr=Cy:fyr (g,b)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, frg,
frb, fgr, fgb, fbr, fbg, fyg, fmb, fmr, fcg, fcb, fyr are

functions which respectively change depending on the

values of r, g and b in the corresponding bracket, and r, g




signal by a maxi mum gradation value N 1. Further, assum ng that the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg and Kcb
are variables, the coefficients may be expressed as follows:, Krg=Cr far
(r)-fag (g), Krb=Cr far (r) fab (b) Kgr=Cg fag (g)-far (r), Kgb=Cg. fag
(g) fab (b) Kbr=Cb fab (b)-far (r), Kbg=Cb fab (b)-fag (g) Kyg=Cy far (r)
fab (b), Knmb=Cm far (r)-fag (g) Knr= fab (b) fag (g), Kcg=Cc fab (b)
far (r) Kcb=Cc fag (g)-far (r), Kyr=Cy fag (g) fab (b) where C, Ch, Cg,
Cy, Cmand Cc are constants, far, fab, fag, fay, fam fac are functions

whi ch respegid Vel Are Ghaigbleensthedin@ dny kevidineorégidal gragatioan the
correspondi ng bracket, and r, g and b are variables obtained by dividing

original gnagald opf | gyel REB den PR er@Mmmanes idfputhecdRuting@ger i nage
signal by a maxi num gradation value N-1. Further, it is preferable that

t he coeffiﬁgﬁ@q%j‘,q méximiaf diidadns fahué N-@are continuous functions
whi ch gi ves when r, g, b (O[err]r,g,b[err]1l) are O or 1. As a specific

o e 1P ST SRR st el RGP B
Kyg=Cy ar kgh; KEh;ORgR"™ K@, Kyr, Kmb, Kmr, Kcg and Kcb are
variables, the coefficients may be expressed as follows:,
Krg=Cr-far (r)-fag (g), Krb=Cr-far {r)-fab (b)
Kgr=Cg-fag (g)-far (r), Kgb=Cg-fag (g)-fab (b)
Kbr=Cb-fab (b)-far (r}), Kbg=Cb-fab (b} fag (g)
Kyg=Cy-far (r)-fab (b), Kmb=Cm:far (r):-fag (g)
Kmr=Cm-fab (b)-fag (g), Kcg=Cc-fab (b)-far (r)
Kcb=Cc-fag (g)-far (r), Kyr=Cy-fag (g)-fab (b)
where Cr, Cb, Cg, Cy, Cm and Cc are constants, far,
fab, fag, fay, fam, fac are functions which respectively
change depending on the values of r, g and b in the
corresponding bracket, and r, g and b are variables
obtained by dividing original gradation levels of the RGB
components of the input color image signal by a maximum
gradation value N-1. Further, it is preferable that the
coefficients far (r), fag (g), and fab (b) are continuous
functions which gives 0 when r, g, b (Osr,g,bg<1) are O or 1.
As a specific example, the functions may be
expressed as follows:,
Krg=Cr-ar-ag, Krb=Cr-ar-ab

Kgr=Cg-ag-'ur, Kgb=Cg-ag-'ab



Knm=Cm ab ag, Kcg=Cc ab ar Kch=Ccagar, Kyr=Cyagab where Cr, Ch, (g,
Cy, Cmand Cc are constants. Further, the foregoing ar, ag and ab nay be
functions (weighting function) which change dependi ng on the gradation

|l evel s r, g and b, and are expressed as: ar=foxrk(0:5r<M)
ar=fix(1l-r)k(Msrsl) ag:goxgk(O:59<N@)1?g:glx(1-g)k(wlg:5 g<-1)
ab=hoxbk( 0: 5b<Md) ab=hxx(Il-b)k(M<_b:5 1) where, fo, fi, go, gi, ho, hi,
M, My, My, and k are constants, and r, g, and b are obtained by dividing
original gradation |evels of the RG conponents of the input color inmage
signal by a maxi rRiprecadab-af, val UKbE=ICbIdBsegar, ag and ab are functions
where the values of gradation levels r, g and b (obtai ned by dividing

ori gi nal gradatiqqyéeggLarQ&b,the ReBoegmmoaendg of the input color inmage
signal by a nmaxinum gradation value N-1, and is standardi zed as 1)

nonotoni cal |y | ng{@FST N od -k@hde oKdpeictess-4pan 0 and less than M (Mis
an integer from0O to 1), and nonotonically decrease in a range of not |ess

than Mand |ess t@=&c-48-BY, t hUSKGALCYi-g-ayt weighting with a
coefficient
where Cr, Cbh, Cg, Cy, Cm and Cc are constants.
Further, the foregoing ar, ¢g and ab may be functions

(weighting function) which change depending on the

gradation levels r, g and b, and are expressed as:

ar=foxrk (0<r<Mr)
ar=fix(1-r)x  (Mrsrsl)
ag=goxgk (Osg<Mg)
ag=gi1x{1-g)* (Mg=g<l)
T ab=hoxbk (Osb<Mb)

ab=h1x{(1-bjk (Mbsbsl)

where, fo, f1, go, g1, ho, hi1, Mr, Mg, Mb, and k are
constants, and r, g, and b are obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1. These ar,
ag and ab are functions where the values of gradation levels
r, g and b (obtained by dividing original gradation levels of
the RGB components of the input color image signal by a
maximum gradation value N-1, and is standardized as 1)
monotonically increase in a range of not less than 0 and

less than M (M is an integer from O to 1), and monotonically

decrease in a range of not less than M and less than 1.




nmonot oni cally increase or nonotonically decrease depending on the
gradation level of the input signal, it is possible to carry out color
conpensation in which saturation of mxed color is enhanced while
saturation of the domain in the vicinity of nmonochromatic color is
reduced. More specifically, the functigps ar, ag and ab may be expressed
as follows:, ar=2xr (0< r<0.5) (1) “ar=2x(1-r) (0.5sr5 1) (2) ag=2xg
(0!'59g<0.5) ... (3) ag=2x(1-g) (0.5sg:5 1) (4) ab=2xb (0<_b<0.5) (5)
ab=2 x (1-b) (0.5sbs 1) (6) where r, g and b are functions obtained by
dividing origi ndygehdat icxarryéngl owf weegiRGB g owptineat scadffidienti nput

col or image signal by a maxi num gradation value N-1, and then are

st andar di zqﬂorﬁtrotﬁ‘ieauft heyngeyasal soobe demshedonscdidy| owdecrease
ar=4xr (0O 5r<0.25) . (1)' ar=4/3x(21-r)(0.25:5r51) (2)' ag=4xg(0O 5g<0. 25)
(3)' agrdpending) 68 2hedSgisdatior AkveblsAxheCihphit26)jgnal, i 55" 21

ab=4/ 3x(1-b) (0.25[err]b[err[1)  (6)'
possible to carry out color compensation in which
saturation of mixed color is enhanced while saturation of
the domain in the vicinity of monochromatic color is
reduced.
More specifically, the functions ar, ag and ab may be
expressed as follows:,
ar=2xr (0<r<0.5) +-+(1)
ar=2x(1-r) (0.5=srs1} -+ (2)
ag=2xg {0=<g<0.5) ---(3)
ag=2x(1l-g)  (0.5=gsl) ---(4)
ab=2xb (0<b<0.3) +--(5)
ab=2x(1-b) (0.5<bsl) +-+(6)
where r, g and b are functions obtained by dividing
original gradation levels of the RGB components of the
input color image signal by a maximum gradation value N-1,
and then are standardized.
Further, they may also be denoted as follows:,
ar=4xr (0<r<0.25) ---(1)
ar=4/3x%(1-r) (0.25sr<1} ---(2)
ag=4xg (0<g<0.23) -+-(3)
og=4/3x(1-g) (0.25sgs<1) ---(4)

ab=4xb (0<b<0.25) ---(3)




where r, g and b are functions obtained by dividing original gradation

| evel s of the RGB conponents of the input color imge signal by a nmaxi num
gradation value N1, and then are standardi zed. The foregoi ng Expressions
(1) through (6), and (1)" through (6)' use linear functions. However, the
present invention, in at: |least one engfdlnent, al so allows the use of
exponenti al functlons or trigononetric“tfunctions. Further, the range of

t he domai n where m xed col or nonotonously increases may be controlled by
changing the threshold of 0.5 for dividing the domain of condition to 0.25

or 0.7. Based ona&j%elp@ﬁppimat i(0m8abuday ko; (o, bo, yo, no, and co thus
obt ai ned, color inmage signals R G B after color conversion (having

gradatlon | evel swherd's ?ndnla b despasidtyehy¥) oBt&ircéd C ad R daggording to
foll owi ng Expressions ( through (9) (S204). The resulting values are

then out puigrgidd) (g dotion |leqeld ofyehal mgﬂé\un&@@ﬂéntéoaf(%e&
r'=r+rotyo+no ... (7) ¢ g+go+yo+co ... (8) Db'=b+bo+np+co ... (9) The

respectivej HPERUEodegE'ﬁ‘J agd sig I%I‘(& Pnaﬂ‘cﬁﬁdrhe rd @4 6@% Ralsexndeains [ 1
] through [6] may be expresse 2 follows by |ncorporat| ng the

above-menti WQh@P%?ESé%dardlzed

The foregoing Expressions (1) through (6), and (1)
through (6)' use linear functions. However, the present
invention, in at least one embodiment, also allows the use
of exponential functions or trigonometric functions.
Further, the range of the domain where mixed color
monotonously increases may be controlled by changing the
threshold of 0.5 for dividing the domain of condition to 0.25
or 0.7.

Based on the compensation values ro, go, bo, yo, mo,
and co thus obtained, color image signals R'G'B’ after color
conversion (having gradation levels r', g', and b/,
respectively) are calculated according to following
Expressions (7) through (9) (S204). The resulting values
are then outputted to the color liquid crystal display panel
102 (S205).

r'=r+ro+tyo+mo ---(7)

g'=gtgotyo+co ---(8)

b'=b+bo+mo+co **+(9)

The respective output signals r', g', and b' for the

foregoing six domains [1} through [6] may be expressed as




for calculating the respective conpensation values for the domains [1]
through [6], For the domain [1] expressed as (rig>b): r' =r+ro+yo g' =g+yo
b'=b For the domain [2] expressed as (r>_b>g): r'=r+ro+np g''g b'=b+no
For the domain [31 expressed as (b>r?g): r'=r+no g =g b'=b+bo+nmo For the
domain [4] expressed as (b>g>r): r)= g' =g+co b' =b+bo+co For the domain
[5] expressed as (g> b>r): r'=r g =g+go+co b'=b+co For the domain [6]
expressed as (g>r?b): r'=r+yo 23 @' =g+go+yo
follows by incdrporating the above-mentioned Expressions
for calculating the respective compensation values for the
domains [1] through [6],
For the domain [1] expressed as (rzgzb):
r'=r+ro+yo
g'=g+yo
b'=b
For the domain [2] expressed as (rzb>g):
r’=r+ro+mo
g'=g
b’=b+mo
For the domain [3] expressed as (b>rzg):
r’=r+mo
g'=8
b’=b+bo+mo
For the domain [4] expressed as (b>g>r}):
r'sr
g'=gtco
b’=b+bo+co
For the domain [5] expressed as (gzb>r}):
r’=r
g'=g+go+co
b’=b+co

For the domain [6] expressed as (g>rzb):

r’=sr+yo



b'=b. As described, the foregoing Expressions are to individually perform
col or conpensation for two color conponents of the three col or conponents
of RGB, except for the snmallest conponent. More specifically, the greatest
conponent in gradation | evel anong the three conponents of RGB is
conpensat ed by using both the conpensa&'on val ue of the greatest conponent
and the conpensation value of the conplenentary col or of the greatest
conponent and the second greatest conponent. Further, the second greatest
conponent in gradation |evel anong the RGB conponents is conpensated by
using the conpeg$egt+got+yal ue of conplenentary color of the greatest
conponent and the second greatest conponent. For exanple, when an input
signal of the dome&b.[ 1 ] is inputted, color conmpensation is perforned
with respect to the greatest signal R and the second greatest signal G
with a manner sugh dealcribedsi ghal BorregaionpeBaprssdipnssi nge t be
conpensation value ro of a conponent R and the conpensation value yo of

an Y conpongdividfualle ﬁ@ﬁwr@ﬂ'ertt(ﬂb)‘ cobRipefisation héosi goad Golsr
conpensated by using the conpensation value yo of Y conponent. The process

of the col oripByRIisOdfbihé Nh@RoBlopPesBig e REPI G ROB, wektepe
schematically expl ai ned below 24 with reference to Figures 4 and 5. Figure
4 is a schqgptife smallest component. More specifically, the greatest

component in gradation level among the three components

of RGB is compensated by using both the compensation

value of the greatest component and the compensation

value of the complementary color of the greatest component

and the second greatest component.

Further, the second greatest component in gradation
level among the RGB components is compensated by using
the compensation value of complementary color of the
greatest component and the second greatest component.
For example, when an input signal of the domain [1] is
inputted, color compensation is performed with respect to
the greatest signal R and the second greatest signal G with
a manner such that the signal R is compensated by using
the compensation value ro of a component R, and the
compensation value yo of an Y component of the
complementary color Y; and the signal G is compensated by
using the compensation value yo of Y component.

The process of the color conversion by the above

operation expression will be schematically explained below



view in which the foregoing six patterns are expressed as a Mxwell's
color triangle. The foregoing six patterns [1] through [6] correspond to
the domains [11 through [6] in the <color triangle, respectively. A color
triangle is made by allotting the three primary colors of red (R), green
(G, and blue (B) to each vertex of an, equi lateral triangle, so as to show
hues made by m xture of three primry %ol ors. The hues are shown as
different positions in a coordinate system The intersection of three

| i nes connecting each vertex and the m ddle point of each side expresses
whi te, and wheh refeitirecepapbnFighrdédel laime onfiguireg4 Rsagdschenpidsses
yellow (Y) as conpl enentary color which contains of R conponent and G
conponent iviesguial wariohnthe Jorieaihy, six patiechds eaiexdprefsselde alsi ae
connecting R and B expresses magenta (M as conplenentary col or which

contai ns R Mexwellentcalod BrionglenentThe €gtedoidPpusix pattdrmes [mjddl e
point of the line connecting B and G expresses the cyan (O as

conpl enent ahraggle6Micrreepoinal 16 the corpanest]1dnthrie @i &) ar the equal
anount. Further, the gradation |evel beconmes higher fromthe intersection

to the verdsorRrianglé heeypetdnepp. (saturation) of a color becones
stronger fromthe vertex Rto the intersection. The sanme holds true with

'[rGiQZ:ISI te o G B W Mloandidngkbifiante By A109Eting eXThreeohridiaryo! or
colors of red (R), green (G), and blue (B) to each vertex of an
equilateral triangle, so as to show hues made by mixture of
three primary colors. The hues are shown as different
positions in a coordinate system.

The intersection of three lines connecting each vertex
and the middle point of each side expresses white, and the
middle point of the Iline connecting R and G expresses
yellow (Y) as complementary color which contains of R
component and G component in equal amount. Similarly,
the middle point of the line connecting R and B expressés
magenta (M) as complementary color which contains R
component and B component in equal amount, and the
middle point of the line connecting B and G expresses the
cyan (C) as complementary color which contains B
component and G component in equal amount. Further,
the gradation level becomes higher from the intersection to
the vertex R, and the vividness (saturation) of a color

becomes stronger from the vertex R to the intersection.

The same holds true with regard to G, B, Y, M, and C.



showi ng a pixel in an inmage of a people's face. The position of the pixel
on the color triangle changes depending on the shooting circunstances, the
i ndi vidual difference, and the race etc. However, in this exanple, the
flesh color of the inputted i nage belongs to the domain 111, and is

mai nly expressed with the yellow (Y) c onent and the red (R) conponent.
When a col or display device displays afi"inage taken by a digital canera,

or a picture of television broadcasting, the inage or the picture are

di spl ayed in sone cases with color conversion so as to increase saturation
and/ or | um nanc&igurbe Jgr shoers t ann cxteangiegiofalthieregdoirn toiaegld,o obtain
nore colorful picture or nore vivid colors. People's eyes generally have a
charact eri stHewingi mreplixatlelipn nohi demage delfi @at peapbeige faket he Thesh col or
of people's face. Therefore, if the saturation is uniformy perforned by
the sanme gamwiemidfnthegiret crothe ¢coluut triamggdesilgangesi dbpaadiagount of
the type of color, it wll appear that only the flesh. color of people's

face is exeasstivel yheﬁh@edircmmaaade\ed,thht:henda@ikm@hrtﬁfmmncd,hus
resulting in an wunnatural picture. Then, in order to suppress such defect,

the coeffigiénhe Kabge &, KowatdrKyn tlelsatkAgnple,r th@Mllesh @ilor
controll ed i ndependently, and are set smaller than other 26 coefficients.
As a resul tof the ¢AbateeaeMnale SBE1HES Ofb i the domain [1], and is
mainly expressed with the yellow (Y) component and the red
(R) component.

When a color display device displays an image taken
by a digital camera, or a picture of television broadcasting,
the image or the picture are displayed in some cases with
color conversion so as to increase saturation and/or
luiminance to be greater than the original image in order to
obtain more colorful picture or more vivid colors. People's
eyes generally have a characteristic to immediately notice a
delicate change of the flesh color of people's face.
Therefore, if the saturation is uniformly performed by the
same degree with respect to an input image signal with no
amount of the type of color, it will appear that only the
flesh color of people's face is excessively enhanced
compared with the background etc., thus resulting in an
unnatural picture.

Then, in order to suppress such defect, the

coefficients Krg, Krb, Kyg and Kyr relating to r' and y' are

controlled independently, and are set smaller than other




suppressed only in the domain [11, while maintaining the. sane degree of
saturation in other domains, thus suppressing enhancenent of saturation of
the flesh color. Further, in this manner, enhancenent of saturation nmay
not sufficiently work to other colors than the flesh color, such as red or
yel | ow. .However, this problemcan be z | ved by enhancing only the
nonochrone side of the red or vyellow @ I ncreasing the constants of Nr and
Ny. Moreover, as another method of suppressing the above-nentioned defect,
the foregoing coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Knr,

Kcg, Kcb, atskffieney. 06 issiresilg=khb=hhaleriehtkel setifatipmisonst ant),
and Kyg=Knb=Knr =Kcg=Kcb=Kyr=C/ 2. That is, the coefficients for

conpensat i rtm%fége@@éwomm sirdlthesdommmh! ¢1],t b@mil_tehmamgfih'ﬁﬁgeﬂhé_ for
conpensati ng conponents. In this nmanner, it is possible fo suppress

the Y compapigile: delgrieker oft hgatarBtivdl UdnMBb i rselddhifsch Mahye of the
coefficient for conpensating YMC conponents, as well as each value of the

coef fici entgy; hpreSOIMENSH ARG BiEht COM@RERFR%ion Nof ihe TR coRHancenent
degree of saturation may be unifornmed in the three primary colors RGB and

t he conpl enep CoLOokR;i Ma h RASTi Ohe hod, the
coeffici en'[rgdl‘(%%/r’K?%, rtﬁKt)SF %ﬁbrg‘?éigﬁ@%ﬁfeﬁ%@%ng%m, %?thng&ch and

Kyr are expigsshgrriSendly aPbeR bY 48h88 &8¥®rs than the flesh color,

such as red or yellow. However, this problem can be
solved by enhancing only the monochrome side of the red or
yvellow by increasing the constants of Nr and Ny.

Moreover, as another method of suppressing the
above-mentioned defect, the foregoing coefficients Krg, Krb,
Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb, and Kyr may
satisfy Krg=Krb=Kbr=Kbg=Kgb=Kgr=C (C is a constant), and
Kyg=Kmb=Kmr=Kcg=Kcb=Kyr=C/2. That is, the coefficients
for compensating YMC components are set smaller than the
coefficients for compensating RGB components. In this
manner, it is possible to suppress the Y component.
Further, the same value may be set for each value of the
coefficient for compensating YMC components, as well as
each wvalue of the coefficients for compensating RGB
components. In this manner, enhancement degree of
saturation may be uniformed in the three primary colors
RGB and the complementary colors YMC.

Furthermore, as another possible method, the

coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,



above-nenti oned wei ghti ng functions, and each value of C, Cg, Ch, Cy, Cm
and Cc is set to satisfy Cr=Cg=Cb=C and Ch=Cy=C=C/2 (Cis a constant),
and then calculation is <carried out according to the foregoing Expressions
(7) through (9). In this case, since calculation is performed wth the
vari abl es whi ch change according to th§7gradation | evel , the gradation

| evel after the calculation will not €Xceed the maxi num gradation |evel.
For exanple, when calculation is performed by using conventional constants
wWith respect to an input signal R ((r, g, b) = (200/255, 0, 0)) as a
monochr omatKeg cMabs 4vadi Kyrt hee emprensedradavaniabsles2by, ulsiagceaheul ation
cones out as = (r, g, b) = (300/255, 0, 0). Since a |arger value than 255

gradat i on igbewbirteheibried ovepghtiggdfentceidhe, aest eaeh ealubasedron 8-bit
digital circuitry, the resulting display becones (r, g, b) = (255/255, O,

0). On the ©gh@bhag, CheandalCeulist s€n tbosaeifor c&emgeakicpraﬂ&
performed using the different constants for the respective six domains,

the displ @ybeeyHEmPaTPpEeC(is #.cdstafB00ABESthen @hlchlatiBhsiscase, the
value after the calculation stays the sane as before, and thus the

saturationdarried eihansedordi@ves, tHdi sorsadiagedEXpreldaibasa (trmat the

degree of enhancement should be set snmall or it 'shoul'd not be enhanced at
all in theh¢gaegPf(93. Sipnathid téhé’é,gﬁ_iﬁé‘éUéﬁIdLﬂ}[&t?(!?]nhikaé%ﬁ?é&e’ 28 so
e

as not to danage expression of the entire view o
with the variables which change according to the gradation
level, the gradation level after the calculation will not
exceed the maximum gradation level.

For example, when calculation is performed by using
conventional constants with respect to an input signal R ((r,
g, b) = (200/255, 0, 0)) as a monochromatic color having the
maximum gradation of 255, the calculation comes out as =
(r, g, b) = (300/255, 0, 0). Since a larger value than 255
gradation is subjected to clipping due to the restriction
based on 8-bit digital circuitry, the resulting display
becomes (r, g, b) = (255/255, 0, 0). On the other hand,
when calculation for coler compensation is performed using
the different constants for the respective six domains, the
display result becomes (r, g, b) = (200/255, 0, 0). In this
case, the value after the calculation stays the same as
before, and thus the saturation is not enhanced. However,
this is based on the idea that the degree of enhancement
should be set small or it should not be enhanced at all in

the case of a signal with high saturation or high luminance,




| mage. Therefore, in this manner, it is possible to individually control
the RGB conponents and the YMC conponents, and to prevent the gradation

| evel from exceeding the nmaxi mum val ue, thus displaying a picture wth
the colors desirably conpensated. Incidentally, the foregoing cal cul ation
operation in the col or conversion praﬁ ssing circuit 101 may be perforned
by software which enforces a program h a CPU included in the color

di splay 100. Alternatively, it may also be perfornmed by hardware using
logic circuits including but not limted to FPGA and/ or ASIC. \Wen the

cal cul ati onsg saatidépried nagef cwpresside ofrdus agmeiae keewowit edeto a
conputer (including, but not limted to any type of personal conputer

device) by inhagd. theherefsm) iih enhos celanMyrgovier ,issi peesdphy atbon tine
will be shorter with the use of hardware, it is suitable for a display

requiring Hin@vePeaHyPraHee®lNghe tRGB okeripafentelGds)thesUEM@s a
liquid crystal television for displaying TV prograns. However, on the

ot her hand,cothponddtes,Cagd! ald OpreRes@Meth d1D e adliRb hC alet 1Whirdaar I'i ed
out by hardwarée, the nunber of [ogics increases. In this case, the

structure &Ofcafidpeth e BraRemUMP VAdRd PYueXRIigpIAHIngaah yli':thh@
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Knr, 29 Kcg, Kcb and

Kyr in the {RHMRE ddloks ™ EASALIPWRI mPlerPated. NCE

Incidentally, the foregoing calculation operation in
the color conversion processing circuit 101 may be
performed by software which enforces a program with a CPU
included in the color display 100. Alternatively, it may
also be performed by hardware using logic circuits
including but not limited to FPGA and/or ASIC.

When the calculation is performed by software, the
program can be mounted to a computer {including, but not
limited to any type of personal computer device) by which
the program is enforced. Moreover, since operation time
will be shorter with the use of hardware, it is suitable for a
display requiring high-speed processing within one frame
(16.7ms), such as a liquid crystal television for displaying
TV programs.

However, on the other hand, since the calculation
becomes more complicated when carried out by hardware,
the number of logics increases. In this case, the structure
of hardware may be simplified by expressing each of the

coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,



this color image signal is a binary digital signal, and the calculation
for multiplying the digital signal by 1/(integer power of 2) can easily
performed by shift. Moreover, the structure of hardware may be sinplified
by using the same val ue for each conpensation coefficient of six-color
conponents. Mre specifically, the n er of logics for calculating the
conpensati on values of six-color conponents can be reduced by satisfying
Kr g=Kr b=Cr, Kgr=Kgb=Cg, Kbr=Kbg=Cb, Kyg=Kyr=Cy, .Knb=Knr=Cm and
Kcg=Kcb=Cc. Moreover, if the sane value is set for the coefficients of- -
t he three KegpKybcahadr KyRGh ahe fdent bf &4 (irtagdrepentar gf )| ainc¥MC such
as in the case of Cr=Cg=Cb=Crgb or Cy=Cnm=Cc=Cyne, the structure of

har dwar e cahibecbdlort harage pigrfdleds &ubihary digical tdighadatamdt the
enhancenment nethod of the present enbodi nent allows fine control of
enhancenentcalegilatioef foat taltiplying ttan digsmilbaignal abyyl /(issndgker nobile
phones including half-transmssion liquid crystal with | ow contrast,

and/ or for pywer dfi ucdnceysilgl pedfytirned bpcdhiding but not limted to
liquid crystal display televisions with high contrast. In these cases, the

paranet er of enhapeesdvér,deghee oftreiturat i @ MyakbBraed wiapefpveehand, or
may otherw se allow a user to arbitrary 30 and desirably set up upon actual
usage. simplified by using the same value for each compensation
coefficient of six-color components. More specifically, the
number of logics for calculating the compensation values of
six-color components can be reduced by satisfying
Krg=Krb=Cr, Kgr=Kgb=Cg, Kbr=Kbg=Cb, Kyg=Kyr=Cy,
Kmb=Kmr=Cm, and Kcg=Kcb=Cc.
Moreover, if the same value is set for the coefficients
of° the three primary colors RGB and the three
complementary colors YMC such as in the case of
Cr=Cg=Cb=Crgb or Cy=Cm=Cc=Cymc, the structure of
hardware can be further simplified.
Further, since this saturation enhancement method
of the present embodiment allows fine control of
enhancement degree of saturation, it can also be suitably
used for mobile phones including half-transmission liquid
crystal with low contrast, and/or for other liquid crystal
devices including but not limited to liquid crystal display
televisions with high contrast. In these cases, the

parameter of enhancement degree of saturation may be set

up beforehand, or may otherwise allow a user to arbitrary




[ Exanpl e 11 The foll ow ng descri bes an exanpl e based on the present

enbodi nent. In this exanple, color conpensation is carried out with
reference to the foregoing formulas (1) through (9) with respect to an

i mge of one's face received fromtelevision broadcasting. Each of the

I nput color image -signals RGB is an 8-.Qhit signal (n=8) of 256 gradation
(N=256). Further, by using the weighti ﬁg functions (1) through (6) above,
the foregoing coefficients satisfy C=Cg=Cb=0.5, Cy=Cm=Cc=0.25, and
Nr=Ng=Nb=Ny=Nm=Nc= 1. __ When an inmage is sent, the display device perforns
col or conpamdhtdenirahlly seduapl ypbor actuhl sisapgd. corresponding to the

pi xel s of the display device. The follow ng explains process of color
conpensation in {Bzamapk 1§f conpensating a signal of a pixel expressing
flesh color of the face. This signal includes RG conponents expressed as
= (r, g, b) (192M2&5, fdlbéwehg, dkXRr2bby. diheekansplestbased paif eheed to
determine a relationship of the RG conponents in terns of their

gradati on Ipreslent! anihodiraxaitpl elnithiiss edanephs,nedldhaiorhpensatich
relationship is r>g>b, neaning that the signal belongs to the domain [ 1 ]

The gradagi oarrieduesit wvitherdfuwaincd tb theaferegeirgs fesndgld9! (19ws
according to the above-nenti oned 31 Expressions.
through {9) with respect to an image of one's face received
from television broadcasting. Each of the input color
image signals RGB is an 8-bit signal (n=8) of 256 gradation
(N=256). Further, by using the weighting functions (1}
through (6) above, the foregoing coefficients satisfy
Cr=Cg=Cb=0.5, Cy=Cm=Cc=0.25, and
Nr=Ng=Nb=Ny=Nm=Nc=1. .
B When an image is sent, the display device performs
color compensation individually  for each signal
corresponding to the pixels of the display device. The
following explains process of color compensation in the case
of compensating a signal of a pixel expressing flesh color of
the face. This signal includes RGB components expressed
as = (r, g, b} (192/255, 160/255, 128/233).

The first step is performed to determine a
relationship of the RGB components in terms of their
gradation level. In this example, it is determined that the
level relationship is r>g>b, meaning that the signal belongs

to the domain [1]. The gradation values in the domain [1]

are expresses as follows according to the above-mentioned




r'=r+ro+yo ¢,=g+yo b' =b r'=r+rotyo g =g+yo b'=b Further, referring
to r=192/ 255, g=160/255, b=128/255, in the domains (1) through (6), r, g,
b are calculated by using (2), (4) and (6), as follows. ro=Krg (r-g)
yo=Kyg (g-b) Further, Krg and Kyg are expressed as foll ows.
Krg=Crx2(1-r)x2(1-g) Kyg=Cyx 2 (1-r) X g (1-b) Accordingly, wth the val ues
of r, g and b above, the gradation Ieé |s of the R G B conponents after
col or conversion may be nodified as follows. r'=r+ro+yo=210/ 255

g' =g+yo=167/255 b'=b=128/255 Further, follow ng explains the case of
conpensat i N@xpresgivsfor expressing a pixel of a |andscape image nade of

a | arge anount of B conponent. This signal includes RE&B 32 conponents
expressed as = (rp'=g+rédys (128/ 255, 160/255, 192/255). The calculation is
perfornmed as in the case

g'=g*yo

b' =b
r'sr+ro+yo
g'=gtyo
b'=b

Further, referring to r=192/255, g=160/255,
b=128/255, in the domains (1) through (6), r, g, b are
calculated by using (2}, {4) and (6}, as follows.

ro=Krg (r-g)

~  yo=Kyg (g-b)

Further, Krg and Kyg are expressed as follows.

Krg=Crx2(1-r)x2{1-g)

Kyg=Cyx2(1-r)x2(1-b)

Accordingly, with the values of r, g and b above, the
gradation levels of the R'G'B' components after color
conversion may be modified as follows.

r'=r+ro+yo=210/233

g'=g+yo=167/255

b'=b=128/255

Further, following explains the case of compensating
a signal for expressing a pixel of a landscape image made of

a large amount of B component. This signal includes RGB




above, and the gradation levels of the R G B conponents after color
conversion are nodified as = (r', g, b') = (128/255, 167/255, 210/ 255).
This series of calculations are perforned with respect to the all pixels
of the input imge, and the signal R GB as the calculation result is

di spl ayed on the display panel 102. Figure 6 is a schematic cross-sectional
view of a HSL col or nodel, show ng a g#locess of a change in gradation

| evel of the B conponent and the Y conponent of the input image of the
present Exanple. As shown in Figure 6, it can be seen that the enhancenent
degree (602¢omfposents abiparessed s ¥ ¢pmgonenht= (A28 PBBsSI G/ DS ,f | esh
color of people's face is suppressed conpared with the enhancenent degree
(601) of sal@edqtdsH).of The Babowkddent isi pelrfichatieidn ss backtieupdsei ew etc.
That is, in the present Exanple, the enhancenent of saturation was fully
carried outabbvb, r&sdechet gradatidandlerels eglii tHenR'TE'EHt ebnspbreaitson, such
as a background view, while suppressing the enhancenent of saturation of a

col or  not afigei rddlergreaiwirsiahuratd omodifiédens sénqe,va| ablps= ware
used for the col or conpensation cal cul ation, each gradation |level after

col or conpepispg f 285d0e67755,akl1 0 02%65) de THI§ Hekied MfScaRNiMtignaut the

col or conpensation 33 wi t hout” exceedi ng the maxi num saturati on and

lum nance. aMNorgOMRIrmédi wibkarPipedt S RHRvedlt Patelshdf the input
image, and the signal R'G'B' as the calculation result is
displayed on the display panel 102.

Figure 6 is a schematic cross-sectional view of a HSL
color model, showing a process of a change in gradation
level of the B component and the Y component of the input
image of the present Example. As shown in Figure 6, it
can be seen that the enhancement degree (602) of
saturation of the Y component for expressing the flesh color
of people's face is suppressed compared with the
enhancement degree {(601) of saturation of the B component
included in a background view etc.

That is, in the present Example, the enhancement of
saturation was fully carried out with respect to the domain
requiring greater saturation, such as a background view,
while suppressing the enhancement of saturation of a color
not requiring greater saturation. Further, since variables

ware used for the color compensation calculation, each

gradation level after color compensation does not fall

outside the HSL, thus carrying out the color compensation




di spl ayed i mage has no defects of a discontinuous line even in the
vicinity of borderlines for dividing domains [1l] through [6], since the
col or conpensation according to the present enbodinment is perforned by
enhancing saturation froman achromatic color toward a nonochrone col or.
[ Second Enbodi nent] The following wll ﬁxplain anot her enbodi nent of the
present invention with reference to Figures 7 through 9. In conparison
with the first enbodi ment, the color conversion operation circuit 101
carries out different operation in which the calculation is carried out

with the adchoot efceddirg chepenretimain tsaaurapién cohdrivghimahcas wel |l as
the six conmponents RGBYMC. Since this enbodinent has a simlar structure

to the first enbMbrmsver, atield al Exadplag Ahw egqptorddntthanctilons as
those shown in the drawings pertaining to the first enbodi nent above will

be given dHhgphared iHFentes Hokfectanst ax@istmitiamdlenané evdn | be
omtted here for ease. of explanation. Figure 7 shows an operation flow of

the color jgonwer syRin®Berafi Horderdinds 19dr oMy | HRILathNgl] RB is
i nputted (S701), the color conversion operation circuit 101 determ nes the

| evel rel athpgabhp 6B ebandiRlar @%gi&%/ﬁéétibn GRtding! 8 hend espect i ve

color signals i e I nput signal ( More specifically, the color

conversi onpepgEAti O ddisHeht 1AL f&lBehie Ab ¢ Ne RRENRiAgCkaturation
from an achromatic color toward a monochrome color.

[Second Embodiment]

The following will explain another embodiment of the
present invention with reference to Figures 7 through 9.
In comparison with the first embodiment, the color
conversion operation circuit 101 carries out different
operation in which the calculation is carried out with the
account of white component of the input color signal as well
as the six components RGBYMC. Since this embodiment
has a similar structure to the first embodiment, materials
having the equivalent functions as those shown in the
drawings pertaining to the first embodiment above will be
given the same reference symbols, and explanation thereof
will be omitted here for ease of explanation.

Figure 7 shows an operation flow of the color
conversion operation circuit 101. When an image signal
RGB is inputted (S701), the color conversion operation
circuit 101 determines the level relationship among the

gradation levels r, g and b of the respective color signals in




the six patterns: [1]=r>g>b, [2]=r>b>g, [3]=b>r>g, [4]=b>g>r, [5]-g>b>r

and [ 6] =g>r>b corresponds to the pattern of the gradation values r, g and
b of the input signal. Next, conpensation values ro, go, bo, yo, nbo and co
are calculated for carrying out color conpensation of the respective color

conponents: R, G B, Y, Mand C (S704) Here, wo expresses a white
conponent of the input color signal. %e conpensati on val ues of the
respective domains [ 1 ] through [6] are cal culated according to the
followi ng Expressions. For the domain [1l1l expressed as.(r?g?b):

r o=Kr g( r - gthgo-ikyg{1g- Bignab={SLOR). go=Mureo=-epeificatly, heiomeotof 2]
expressed as (r>b>g): ro=Krb(r-b) no=Knb(b-g) wo=fw(g) go=bo=yo=co=0
For the dogBnWelr8ioxppesatidasirbait D01 deestds (Whishmpafiefsn- 8f 35

wo=fw(g) ro=go=yo=co0=0
the six patterns: [1]=r>g>b, [2]=r>b>g, [3]=b>r>g, [4]=b>g>r,
[5]=g>b>r and [6]=g>r>b corresponds to the pattern of the
gradation values r, g and b of the input signal.

Next, compensation values ro, go, bo, yo, mo and co
are calculated for carrying out color compensation of the
respective color components: R, G, B, Y, M and C (3704).
Here, wo expresses a white component of the input color
signal. The compensation values of the respective domains
[1] through [6] are calculated according to the following
Expressions.

- ‘For the domain [1] expressed as (rzgzb}:

ro=Krg(r-g)

yo=Kyg(g-b}

wo=fw(b)

go=bo=mo=co=0

‘For the domain [2] expressed as (rzb>g):

ro=Krb(r-b)

mo=Kmb(b-g)

wo=fw(g)

go=bo=yo=co=0

‘For the domain [3] expressed as (b>rzg):

bo=Kbr(b-r)

mo=Kmr{r-g)



For the domain [4] expressed as (b>g>r): bo=Kbg(b-g) co=Kcg(g-r) wo=fw(r)
ro=go=yo=npb=0 For the domain [5] expressed as (gzb>r): go=Kgb(g-b)
co=Kcb(b-r) wo=fw(r) ro=bo=yo=np=0 For the domai n[6] expressed as
(g>r?b): go=Kgr(g-r) yo=Kyr(r-b) wo=fw(b) ro=bo=nb=co=0 where Krg, Krb,
Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr 5ch and Kcb are constants or

vari ables, and fw(X) (X is one of r, 3 and b) is a constant which changes
depending on the values of r, g and b. The function fw(x) may be expressed
as, for exanple: fwX)=CwXZ where Cw and Z are constants, and X is one of
the r, gandb. 36v@riw(gli se, the function fw(x) nmay be expressed as:

fw( X) =OnoX ((0sX<Mnw)
ro=go=yo=co=0
‘For the domain [4] expressed as (b>g>r):
bo=Kbg(b-g)
co=Kcg(g-r)
wo=fw(r)
ro=go=yo=mo=0
‘For the domain [5] expressed as (gzb>r):
go=Kgb(g-b)
co=Kcb(b-r)
wo=fw(r)
ro=bo=yo=mo=0
- ‘For the domain[6] expressed as (g>rzb):
go=Kgr(g-r)
yo=Kyr(r-b)
wo={w(b)
ro=bo=mo=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are constants or variables, and fw(X) (X |
is one of r, g and b) is a constant which changes depending
on the values of r, g and b.
The function fw(x) may be expressed as, for example:
fw(X)=CwXZ

where Cw and Z are constants, and X is one of the r,

g and b.




fwX)=Cwl(1l-X) (MwX: 51) where Cw, Owt, Mwv are constants. Further, the
foregoing coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr,
Kcg and Kcb may be constants or variables. If they are variables, the
variables adopted in the first enbodi nent may be used to obtain the sanme
effect. That is, the variables may be %pressed, for exanple, as follows:,
Krg=Cr far(r) fag(g), Krb=Cr far(r) ab(b) Kgr=Cg fag(g) far(r),
Kgh=Cg fag(g) fab(b) Kbr=Cb fab(b) far(r), Kbg=Cb fab(b) fag(g)
Kyg=Cy far(r) fab(b), Knb=Cm far(r) fag(g) Knr=Cm fab(b) fag(g),

Kcg=Cc fab(b) fGtlé¢wisbefe furgion (@) (may Beretpredsed @s: fab(b)
where, C, Ch, Cg, C, Cmand Cc are constants, far, fab, fag, fay, fam

and fac are functfiugX§=@wsX respegdX¥®w) change dependi ng on the val ues of
r, gand b in the corresponding bracket, and r, g and b are vari abl es

obt ai ned by divi cme)edvgi(qab()qmm@n | evel s of the RGB conponents of
the i nput color inmage signal by a maxi num gradation value N-1. Further,

the coefficients Rerd Qwofl @, (Mw @8 chxtatsmay be expressed as
continuous functions which gives 0 when r, g, b (0<.r, g, b!'51) are 0 or
1. Further, 37 th8,M¥dANIRS 10RYg bR £RcTReeEN 85 KrF, ORED, Khr, Rbg,
Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb may be
constants or variables. If they are variables, the variables
adopted in the first embodiment may be used to obtain the
same effect. That is, the variables may be expressed, for
example, as follows:,
Krg=Cr-far(r)-fag(g), Krb=Cr-far(r)-fab(b)
Kgr=Cg-fag(g)-far(r), Kgb=Cg-fag(g)-fab(b)

- Kbr=Cb-fab(b)-far(r}), Kbg=Cb-fab(b)-fag(g)
Kyg=Cy-far(r)-fab(b), Kmb=Cm:"far(r)-fag(g)
Kmr=Cm-fab(b)-fag(g), Kcg=Ccfab(b)-far(r)
Kcb=Cc-fag(g)-far(r), Kyr=Cy-fag(g)-fab(b)
where, Cr, Cb, Cg, Cy, Cm and Cc are constants, far,

fab, fag, fay, fam and fac are functions which respectively
change depending on the values of r, g and b in the
corresponding bracket, and r, g and b are variables
obtained by dividing original gradation levels of the RGB
components of the input color image signal by a maximum
gradation value N-1. Further, the coefficients far (r), fag
(g), and fab (b) may be expressed as continuous functions

which gives O when r, g, b (O<r, g, b<l) are 0 or 1. Further,




Kgr=Cg ag ar, Kbr=Cb ab ar, Kyg=Cy ar ab, Km=Cm ab ag, Kcbh=Cc
ag ar, Krb=Cr ar ab Kgbh=Cg ag ab Kbg=Cb ab ag Knb=Cmarag Kcg=Cc
ab ar Kyr=Cy ag ab where Cr,Ch,Cg,Cy,Cmand Cc are constants. The ar,
ag and ab may be expressed as follows:, ar=foxrk (0:5r<M) ar=fix(1l-r)k

oS, sk (300 sl k (eegel e x o oS
constants, and r, g and b are vari abI es obtai ned by di vi di ng original
gradation | evels of the RG conponents of the
the variables may be expressed as:

Krg=Cr-ar-ag, Krb=Cr:ar-ab

Kgr=Cg-ag-ar, Kgb=Cg-ag-ab

Kbr=Cb-ab-ar, Kbg=Cb-ab-ag

Kyg=Cy-ar-ab, Kmb=Cm-ar-ag

Kmr=Cm-ab-ag, Kcg=Cc-ab-ar

Kcb=Cc-ag-ar, Kyr=Cy-ag-ab

where Cr,Cb,Cg,Cy,Cm and Cc are constants. The ar,

ag and aob may be expressed as follows:,

ar=foxrk (O<r<Mr)
ar=fix(1-r})k  (Mrsr<l)
ag=goxgk (O<g<Mg)
ag=g1x(1-g)* (Mgsgsl)
ab=hoxbk (O<b<Mbj)
ab=hi1x{1-b)x (Mb<bx<l1)
where fo, f1, go, g1, ho, hi, Mr, Mg, Mb and k are
constants, and r, g and b are variables obtained by dividing
original gradation levels of the RGB components of the

input color image signal by a maximum gradation value N-1.

Further, more specifically, ar, ag and ab may be expressed

as:
ar=2xr (0=r<0.5) ---(1)
ar=2x(1-r) (0.5<r<1) --+(2)
ag=2xg (05g<0.5) --+(3)

ag=2x(1-g) (0.5=<g<l) ---(4)




I nput col or inmage signal by a maxi num gradation value N-1. Further, nore

specifically, ar, ag and ab nay be expressed as: ar=2xr (0sr<0.5) (1)
ar=2X(1-r) (0.5srsl) (2) ag=2 x g (0sg<0.5) ... (3) ag=2 x (1-9)
- (0.5< g<_ 1) .... (4) 38 ab=2 xb (05b<0.5) (5) ab=2 x (I -b) (0.5sb51)

(6) where r, g and b are variables obtag,ned by dividing original gradation
| evel s of the RGB conponents of the ig%ut col or image signal by a maxi num
gradation value 1. Oherwise, ar, ag and ab may further be expressed as
follows: ar=4xr (0sr<0.25) (1)' ar=4/3x(1-r) (0.25:5r:51) (2)'. ag=4xg
(05g<0. 25) (3pb=2¢fx4/ 3x(| {@¥bk0.3b< ydb) ... (4)' ab=4xb (0<_b<0. 25)
(5" ab=4/3x(1-b) (0.255b:51) (6)" where r, g and b are vari abl es

obt ai ned by di vi eibwx(dr-ibjyi nél.Sgtasld) i o fl(6yel s of the RGB conponents of
the input color imge signal by a maxi num gradation value N-i. Next,
based on the conmensed igngvahded raxe yaridbleymbtained by dividing

original gradation levels of the RGB components of the
input color image signal by a maximum gradation value N-1.

Otherwise, ar, og and ob may further be expressed as

follows:
ar=4xr (0sr<0.25) ---(1)
ar=4/3%(1-r} (0.25srs1) ---(2)
ag=4xg (0O=g<0.25) ---(3)'
ag=4/3x(1-g) (0.25<g=<1l) ---(4)
ab=4xb (0<b<0.25) ---(5)
ab=4/3%(1-b) (0.25<sb<l) :--(6)

where r, g and b are variables obtained by dividing
original gradation levels of the RGB components of the
input color image signal by a maximum gradation value
N-1.

Next, based on the compensation values ro, go, bo, yo,
mo, co and wo thus obtained, color image signals R'G'B’
after color conversion (having gradation levels r', g', and b,
respectively) are calculated according to following
Expressions (10) through (12) (8704). The resulting values
are then outputted to the color liquid crystal display panel

102 (S705).

r'=sr+ro+yo+mo+wo *-+{10)




no, co and wo thus obtained, color imge signals R GB after color
conversion (having gradation levels r', g, and b', respectively) are

cal cul ated according to followi ng Expressions (10) through (12) (S704).
The resulting values are then outputted to the color liquid crystal

di spl ay panel 102 (S705). r' =T +1 0ty 0+gp+Wo (10) 39 g, =g+go+yo+co+wo ...
(11) b' =b+bo+nb+co+wo (12) As descfibed, with the foregoing

Expressi ons, color conpensation is perforned by dividing the three col or
conmponents of RGB into six hue donmains according to the |level relationship
of them and obt @'ag+gbrtee+tma+tmoy - co(bl) conponents RGB, conpl enentary

col or conponents YMC and a white conponent W each of which are then

mul tiplied by a ddebfmemio+ciemp the{X2) ginal primary three col or
conponents RGB are nodified through addition/ subtraction according to the
result of multi s caeseribed, Wighr ah® fohegaingaEkyprebsisnshacolespecti ve
col or conponents for color conpensation extracted froman input color
signal in tdsmgrersaviene ishepefformedgrisy dfividimg del@i nhirée icolorput t ed.
The extracted val ues here are (r-g) for the R conponent 801, (g-b) for the
Y conponentci3fponais bff RGBh MW airpPhAMRNdoifdins according to the

level relationship of them, and obtains three primary color
components RGB, complementary color components YMC

and a white component W, each of which are then

multiplied by a coefficient. Then, the original primary
three color components RGB are modified through
addition/subtraction according to the result of
multiplication.

- Figure 8 schematically shows the respective color
components for color compensation extracted from an input
color signal in the case where the input signal of the
domain [1] is inputted. The extracted values here are (r-gj
for the R component 801, {g-b) for the Y component 802,
and b for the W component 803.

More specifically, the primary color components are
compensated based on the difference between the greatest
component and the second greatest component of the input
three primary color components RGB. Further, the

complementary color components are compensated based on

the difference between the second greatest component and

the smallest component of the input three primary color




More specifically, the primary col or conponents are conpensated based on
the difference between the greatest conponent and the second greatest
conponent of the input three primary col or conponents RGB. Further, the
conpl ementary col or conmponents are conpensated based on the difference
bet ween the second greatest conponent d the smallest conponent of the
I nput three primary color 40 conponents RGB. Still further, the white
conponent is conpensated based on the snall est conponent of the input
three primary col or conponents RGB. As can be seen in the cal cul ation
results of ¢édmpdngressRGB. (1tilhrhughert) thandrl{ite) compoglentl2y, the

| um nance level in a domain close to an achromatic color my be reduced

when the fuweiipshdared) based buncheosmalbésy songpeneegad! thevihpatunder
X=r, g, b. Consequently, the nonochromatic colors have greater |um nance

than that ired peiinaeyarsloragsmpenéatsEEBon of nonochromatic colors is
visual |y enhanced. This thus creates a nore bright and vivid picture than

the original pictagecahurbdeseeny igettiengediddlianest tabudss fof the six
col ors conmponents, it is possible to obtain particular brightness for a

speci fic cobRpre§Siorixay ehrdsagiet (6))0 4 (TOpf thebaphs (g, atHeKrb for
conpensating red color to be greater than the other coefficients, only the
red color WirhiR&ncBPIévdlr ighal dodhait ®ede tHUANCERMrJMHaRidicPl8Ee having
may be reduced when the function fw(X) is a function
returning a negative value under X=r, g, b. Consequently,
the monochromatic colors have greater luminance than that
of mixed colors, and the saturation of monochromatic colors
is visually enhanced. This thus creates a more bright and
vivid picture than the original picture.
- Further, by setting different values for the six colors
components, it is possible to obtain particular brightness
for a specific color. For example, by setting the
coefficients Krg and Krb for compensating red color to be
greater than the other coefficients, only the red color will be
more brightly displayed, thus creating a picture having
bright colors.
{Example 2]
The following describes an example based on the
present embodiment. In this example, color compensation

is carried out with reference to the foregoing formulas (1)

through (6), and {10) through (12}, with respect to an image

of a landscape received from television broadcasting. Each




bright colors. [Example 2] The follow ng descri bes an exanpl e based on the
present enbodi nent. In this exanple, color conpensation is carried out
with reference to the foregoing fornulas (1) through (6), and (10) through
(12), with respect to an image of a | andscape received fromtel evision
broadcasting. Each 41 of the input colgf I mage signals RGB is an 8-bit
signal (n=8) of 256 gradation (N=256)." Further, by using the weighting
functions (1) through (6) above, the foregoing coefficients satisfy
Cr=Cg=Cb=0.5, Cy=Cm=Cc=0.25, and fw (X)=-0.0625-X. When an inmage is sent,
the di spl apfddd tepperdslorsimagkosignmiseREG iignahngli vitdsigiial free8pach
signal corresponding to the pixels of the display device. The follow ng

expl ai ns po@ce56 gradaltivn CAMBRB6A! iIRuiriHed, hbycaséngofh@nwasgkeirgt i ¢ si gnal
of a pixel with the RG& conponents expressed as = (r, g, b) (255/255,

255/ 255, 2%Qhéthins i) shrough |(6)aaben@i nthé ofdriegodlgy eoltftioneas
Expressions (11" through (6), a relation where ro=go=bo=yo=nb=co0=0 is

found. Thegatidfyh refecenpsacbeothe EX@rschpasctdO2s, threuph (13w the
foll owi ng ExpreSsions are further found. r' =r+ro+yo ¢ =g+yo b' =b
(X)=-0.0625-X.

When an image is sent, the display device performs
color compensation individually for each signal
corresponding to the pixels of the display device. The
following explains process of color compensation in the case
of an achromatic signal of a pixel with the RGB components
expressed as = (r, g, b) (255/2585, 2557255, 255/255).
First of all, according to the above-mentioned Expressions
(1} through (6), a relation where ro=go=bo=yo=mo=co=0 1s
found. Then, with reference to the Expressions (10}
through (12), the following Expressions are further found.

r'=r+ro+yo

g'=gtyo

b' =b

Further, referring to the relation where
wo=-0.125x255/255=-16/255 (the formula below the
decimal point is omitted), a relation where (r’, g,
b’)=(239/255, 239/255, 239/255) is found. As described,

in the case of an achromatic signal, no positive

compensation values are contained, as the compensation




Further, referring to the relation where wo=-0.125x255/255=-16/255 (the
formula below the decinmal point is omtted), a relation where (r', g,
b')=(239/255, 239/255, 239/255) is found. As described, in the case of an
achromatic signal, no positive conpensation values are contained, as the
conpensation 42 values ro, go, bo, yo, 440 and co all becone 0. Accordingly,
t he negative conpensation value of the white conponent wll| becone nore
effective. Thus, lum nance |evel after the color conpensation can be
reduced. Furthernore, the follow ng escriP s the qise of coppensating a

monochr onatiddUEE I &i §RalP %y Bi&@nd £q gdl Degamedde iMagerdmelysi gnal
I ncl udes the RGB conponents expressed as = {)r, g, b). = (255/255, 0, 0). In
this case, thee negHpEasaPMPERsRtion ralyp obdhe white apamporeEntpecone 0.
Further, since the snallest value of the rgb conponents is Q, wo also
becones 0. Widk&egiomas ynofgeelifestiggsat Thn ool ipanass leyel after phy
--(255/255, 0, 0). As described, in the case of a nonochromatic signal,
gradati on [colar agmpepsatiomicamdr §§duéieﬁi-gh val ue since there is no
i nfl uence of the_negative conpensation value of the white conponent.
Simlarly, in thEudbersiormnpdisafoHgwing xdgsesittes shgnatase sifgnal
bet ween an achromatic color and a nonochromatic color) of a pixel in the
| andscape icoggpeasdating a monochromatic red signal of a pixel in the
landscape image. The signal includes the RGB components
expressed as = (r, g, b) = (255/255, 0, 0). In this case, the
compensation values ro, go, bo, yo, mo and co all become 0.
Further, since the smallest value of the rgh components is O,
wo also becomes 0.
Accordingly, the compensation comes out as (r', g', b')
= . (255/255, 0, 0). As described, in the case of a
monochromatic signal, gradation level will be maintained as
a high wvalue since there is no influence of the negative
compensation value of the white component.
Similarly, in the case of compensating a mixed color
signal (a signal between an achromatic color and a
monochromatic color) of a pixel in the landscape image and
including the RGB components expressed as = (r, g, b) =
(202/255, 159/255, 120/255), the calculation is performed
as in the case above, and the result comes out as = (r', g',

b') = (202/255, 159/255, 120/255). As can be seen in this

example, a mixed color is under influence of both the

negative compensation value of the white component and




I ncluding the RGB conponents expressed as = (r, g, b) _ (202/255, 159/ 255,
120/ 255), the calculation is performed as in the case above, and the
result cones out as = (r', g, b') = (202/255, 159/255, 120/255). As can
be seen in this exanple, a m xed color is under influence of both the
negative conpensation value of the whije conponent and 43 the positive
conpensation value of the primary color  conponent and the conpl enentary
col or conponent. The |evel of influence depends on the val ues of rgb of
the input signal. The color conpensation is carried out by |lowering the
gradat i on theelpositivelommmpeinssdion achhummaofc tdoe oprimady bgolowkr easi ng
the gradation level in a domain close to nonochronmatic color. This series
of cal cul atbanponeat ped dheedomphemesgacy tolehecahpogiere.s dha he i nput
imge, and the signal RGB as the calculation result is displayed on
t he di spl ajeysnef ihfPuefrcguiepOnids ansthemedliue codsegls adt thadnpukew of a
HSL col or nodel, showi ng a process of a change in gradation |evel of the
R conponengigmdl.t he C conponent when the saturation is enhanced by the
foregoing calculations. It can be seen in Figure 9 that the distribution
of gradation |eyvdle tbloxigbnipensativrtisoraribdnoundyplowesingdins a
V-shape (901 in Figure 9), extending fromthe white conponent to reach the
vertexes ofrhfatiRanével cignonriithaiin close to achromatic color, and

by increasing the gradation level in a domain close to

monochromatic color. This series of calculations are

performed with respect to the all pixels of the input image,

and the signal R'G'B' as the calculation result is displayed

on the display panel 102.

Figure 9 is a schematic cross-sectional view of a HSL

color model, showing a process of a change in gradation

level of the R component and the C component when the

saturation is enhanced by the foregoing calculations. It

can be seenl in Figure 9 that the distribution of gradation

level through the saturation enhancing process forms a

V-shape (901 in Figure 9), extending from the white

component to reach the vertexes of the R and C components.

This distribution form results from subtraction of the white

component from the coefficient fw (x) above by a function

returning a negative value. In this manner, by reducing

the white component after the color compensation, the

enhancement of saturation becomes stronger for

monochromatic colors compared with mixed colors.




This distribution formresults fromsubtraction of the white conponent
fromthe coefficient fw (x) above by a function returning a negative
value. In this manner, by reducing the white conponent after the col or
conpensation, the enhancenment of saturation becomes stronger for
nmonochromatic colors conpared with mxggd colors. 44 [Third Embodi ment] The
followng will explain still another enbodi nent of the present invention
with reference to Figures 17 and 18. In conparison with the first and
second enbodi nents, the color conversion operation circuit 101 of the
present enbodi méAhizdrEmboduneaitt f erent operation in which the
calculation is carried out by taking the mninmum|um nance and the maxinum
| uni nance into addveidellooring wiskexphain ditil| agotl¢r eambedimemy ofo t he
present enbodi ment has the sane structure as that of the col or display
devi ce 100 tdfe piresenitr mvemtiodi vaith, rafereres dpoFégunes el 7atndndd.ng t he
equi val ent functions as those shown in the drawings pertaining to the
first enbodinmeempboisomi Withhdhyi Vistt hed seeendfeanboeddmsmtsl sheand
expl anation thereof will be onitted here for ease of explanation. As a
feat ure of adlerpresewtrsesodoperatiame cicovif i di0dnt ofKrtde Kpiveskbit, Kbg,
Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg and Kcb (weighting functions) are
deci ded bassdbodimert ofartiesRoud atidferonmperatibaviing whiechmaghaum

calculation is carried out by taking the minimum luminance

and the maximum luminance into account. Otherwise, the

display device according to the present embodiment has the

same structure as that of the color display device 100 of the

first embodiment, and therefore, materials having the

equivalent functions as those shown in the drawings

pertaining to the first embodiment above will be given the

same reference symbols, and explanation thereof will be

omitted here for ease of explanation.

As a feature of the present embodiment, the

coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,

Kmr, Kcg and Kcb (weighting functions) are decided based

on one of the R, G and B component having the maximum

luminance and the one of them having the minimum

luminance. The following explains a theory of this manner

for setting the weighting functions based on the R, G or B

component having the maximum luminance or the minimum

luminance with an example in which an input image signal

belongs to the domain [1] (rzg=2b).




| um nance and the one of them having the m nimum |um nance. The foll ow ng
explains a theory of this manner for setting the weighting functions based
on the R, G or B conponent having the maxi mum | um nance or the mninmm

| umi nance with an exanple in which an input inmge signal belongs to the
domain [11 (r[err]g[err]b). 45 As sho in Figure 17(a), when the val ue of
b as the mninmum/|um nance is 0, the value of b should not be enhanced
since a nonochromatic color already has the strongest saturation and
therefore requires no nore enhancenent. Further, as shown in Figure 17(b),
when the val ue dfs showwussicifigaret d 728k Wi nyrtheavabue eddi aisothef ro or
yo to the inputted r conponent will result in a value (output inmage signal
r') |arger mhnim268/ 185ngranaci oh, Ot hilse vebradaf i bnshioailgr aiat | be
expression since by causing color saturation. In view of this problem the
wei ghti ng fambanced ssiecedexi deenbebednuatithedkor Gadre®lyodpsebihe havi ng
the mnimmlumnance (b) or the maxi num | um nance (r). Accordingly, the
wei ghti ng fastronigesti ssatdrasdmhemd hethesslifare ofraquioess clcosenote 255/ 255
gradation and when the value of r conmes closer to 0. As a specific

exanpl e, trkaaktkiérnt s Rughdf, s KhrownkimgFiggbe Koih), KyhenKihe Knb,

Knmr, Kcg and Kcb for obtaining the conpensation values ro, go, bo, yo, npD
and co, value of r comes closer to 255/255 gradation, addition of ro

or yo to the inputted r component will result in a value
(output image signal r') larger than 255/255 gradation, thus
degradation the gradation expression since by causing color
saturation.

In view of this problem, the weighting functions are
decided based on the R, G or B component having the
minimum luminance (b) or the maximum luminance (r}.
Accordingly, the weighting function is reduced when the
value of r comes closer to 255/255 gradation and when the
value of r comes closer to 0.

As a specific example, the coefficients Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb for
obtaining the compensation values ro, go, bo, yo, mo and co,
as in the step S204 of the first embodiment, are calculated
according to the following Expressions,

Krg=Cr-frg (r,b),Krb=Cr-frb (r,g)

Kgr=Cg-fgr (g,b),Kgb=Cg-fgb (g,r)

Kbr=Cb-fbr (b,g),Kbg=Cb-fbg (b,r)

Kyg=Cy-fyg (r,b),Kmb=Cm*fmb (r,g)




as in the step 5204 of the first enbodiment, are calculated according to
the foll owi ng Expressions, Krg=Crfrg (r,b),Krb=Cr-frb (r,g) Kgr=Cgfgr
(g, b), Kgb=Cgfgb (g,r) Kbr=Cbfbr (b,g),Kog=Cbfbg (b,r) Kyg=Cyfyg
(r,b), Knb=Cnfnb (r,g) 46 Knr=Cnfmr (b, g), Kcg=Ccfcg (b,r) Kcb=Cc fcb
(9,r), Kyr=Cy fyr (g,b) where, O, Cb, gg, Cy, Cmand Cc are constants, frg,
frb, fgr, fgb, fbr, fbg, fyg, frmb, fmr,“fcg, fcb, fyr are functions which
respectively change depending on the values of r, g and b in the
correspondi ng bracket, and r, g and b are obtained by dividing the
ori-gi nal gradati KmfeCGehsfmof(byghKrg<Cantes(kdiponent s of the input image
signal by the maxi num gradation value N-1. The coefficients nay al so be
expressed as: KKgh@&Ccflzb (g.x).KarCp)inried) far (r) fab (g) Kgr=Cg
fag (g)-far (b),Kgh=Cg fag (g) fab (r) Kbr=Cb fab (b)-far (g), Kbg=Cb fab
(b)-fag (r) Kygw®ere,f@ryGhH, Cd,aby( B nKardof cfare consthays, gre, Knr =Cm
fab (b)-fag (g),Kcg=Cc fab (b)-far (r) Kcb=Cc fag (%far (r), Kyr=Cy
fag (g) f&bb(bjgmhdge, €br, Chg,Cofygy fn0m afehrCe fage stfyn sar¢rg, frb,
fgr, fgb, fbr, fbg, fyg, fnb, fnr, fcg, fcb, fyr are functions which
respecti velfynchangs depiuidi ngspecthely change depending on the
values of r, g and b in the corresponding bracket, and r, g
and b are obtained by dividing the original gradation levels
of the R, G and B components of the input image signal by
the maximum gradation value N-1.
The coefficients may also be expressed as:
Krg=Cr-fa r{r)-fag (b),Krb=Cr-far (r)-fab (g
Kgr=Cg-fag (g)-far (b),Kgh=Cg-fag (g)-fab (r)
Kbr=Cb-fab (b)-far (g),Kbg=Cb'fab {b}-fag (r}
Kyg=Cy-fa r(r}-fab (b}),Kmb=Cm~-far (r)-fag (g)
Kmr=Cm-fab {b)-fag (g)},Kcg=Cc-fab (b)-far {r)
Kcb=Cc-fag (g):far (r),Kyr=Cy:fag (g):fab (b)
where, Cr, Cb, Cg, Cy, Cm and Cc are constants, frg,
frb, fgr, fgb, fbr, fbg, fyg, fmb, fmr, fcg, fcb, fyr are
functions which respectively change depending on the
values of R, G and B in the corresponding bracket, and r, g
and b are variables obtained by dividing original gradation
levels of the RGB components of the input color image

signal by a maximum gradation value N-1.

[00120] By thus setting the coefficients, the weighting

functions are decided based on one of the R, G and B




values of RR G and B in the corresponding bracket, and r, g and b are
vari abl es obtai ned by dividing original gradation |levels of the RGB
conponents of the input color image signal by a naxi mum gradation val ue
N-1. [001201 By thus setting the coefficients, the weighting functions are
deci ded based on one of the R, G and B,,47 conponent having the maxi num
| um nance and the one of them having %e m ni mum | um nance. For exanpl e,
in the case of an input signal belonging to the domain [1], the color is
conpensated by using the coefficients Krg and Kyg. As can be seen in the
Expr essi onsoahpenenthdayinghthegmaniniusnslwmgnamdekpg chrtéie loaten deci ded
based on the r conponent having the naxinmum | um nance and the b conponent
havi ng t he theimi raving theantgimumhéugsinamce¢l]. On this account, the
wei ghting function is reduced when the value of the color conponent having
t he maxi mum | unm Rorcexaonpte, th dder caset né amxinpuh gignlal belonging, and
when the value of- the color conponent having the m ni mum|um nance cones
closer to @o Thiesdwehhon pilevthescdbireds obmpénsated ubut usingnthhe case
where an output color image signal has a greater gradation |level than the
maxi num gr aefficienas ueKrandamtsoKygr evemds erdmanceeerdeari dat uthei on when
the input signal 1is a nonochromatic color, thus outputting (displaying) a

Expressions above, the weighting functions Krg and Kyg are

both decided based on the r component having the

maximum luminance and the b component having the

minimum luminance in the domain [1]. On this account,

the weighting function is reduced when the value of the

color component having the maximum luminance comes

closer to the maximum gradation value, and when the value

of- the color component having the minimum luminance

comes closer to O.

This method prevents defect of color saturation in the

case where an output color image signal has a greater

gradation level than the maximum gradation value, and also

prevents enhancement of saturation when the input signal

is a monochromatic color, thus outputting (displaying) a

color image with appropriate gradation.

Further, it is preferable that the functions far, fab
and fag are continuous functions which return 0 when the
values of r, g and b are 0 or 1 (under (Osr, g, b<1). In this

case, the weighting function becomes 0 when the value of

the maximum luminance comes closer to the maximum




color image with appropriate gradation. Further, it is preferable that the

functions far, fab and fag are continuous functions which return 0 when

the values of r, g and b are 0 or 1 (under (Jerr]r, g, b[err]l). In this

case, the weighting function beconmes 0 when the value of the maxi num

| um.nance cones closer to the maxi num ? gradation val ue, and when the

val ue of the m ninmum | um nance cones oser to 0. Accordingly, it is

possible to nore securely prevent the defect of color saturation, and

al so nore securely prevent enhancenent of saturation when the input signal

i s a nonochradation celadue, t usd seduer! theouvpliig i vd (thies phaiyiinghna col or
~image with appropriate gradation. As a specific exanple, the functions may

be d f [|lugiihiardrcosiesasioselfrgr@. AccoaldinklP-or isaposeiblégteCgagab,

more securely prevent the defect of color saturation, and
also more securely prevent enhancement of saturation when
the input signal is a monochromatic color, thus securely
outputting (displaying) a color image with appropriate
gradation.

As a specific example, the functions may be
expressed as follows:

Krg=Cr-ar-ab, Krb=Cr-ar-ag

Kgr=Cg-ag-ab, Kgb=Cg-ag-ar

Kbr=Cb-ab-ag, Kbg=Cb‘:ab-ar
Kyg=Cy-ar-ab, Kmb=Cm-ar-ag
Kmr=Cm-ab-ag, Kcg=Cc-oab-ar
Kcb=Cc-ag-ar, Kyr=Cy-ag-ab
ar=foxrk (O<r<Mr)
ar=fyx(1-r)k (Mrsr<1)

ag=goxgk (O<g<Mg)
ag=gix(l-g)k  (Mg=g<l)
ab=hoxbk (Osb<Mb)
ab=h;x(1-b)x  (Mbs<bsl)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, and

r, g and b are obtained by dividing the original gradation

levels of the R, G and B components of the input image

signal by the maximum gradation value N-1.




Kgb=Cgagar Kbr=Cb ab ag, Kbg=Cb ab ar Kyg =Cy ar ab, Knb=Cm ar ag
Km=Cm ab ag,Kcg=Cc ab ar Kcbh=Cc ag ar,Kyr=C ag ab
ar=foxrk(0:5r<M) ar=flIx(1l-r)k(Msr!!-. 1) ag=goxgk(0 g<My)
ag=gl x(1-g)k(My g 1) ab=hoxbk(0<_b<M) ab=hi x(1-b)k(Msbsl) where, Cr, Cb,
Cg, Cy, Cmand Cc are constants, and é? g and b are obtained by dividing
the original gradation levels of the R G and B conponents of the input
i mage signal by the maxi mum gradation value N-1. 49 Further, the foregoing
ar, ag and ab may be variables expressed as: ar=foxrk(Gsr<Mm) ar=f 1 x
(1-r) k(M <_ r<_ Hued=oxgrg 952en)nagey 108 @R &)aR Mag<be mariables
ab=hoxbk( Gsb<My) ab=hi x(1-b) k( Mo<_bs1) where, fo, fl, go, gi, ho, hi, M,
expressed as:

ar=foxrk (O<r<Mr)

ar={1x(1-r)k (Mrsrs1)

ag=goxgk (0sg<Mg)

ag=g1*(1-g)*  (Mgsgs<l)

ab=hgxbk (0O<b<Mb)

ab=h;x(1-b}k (Mbshs1)

where, fo, f1, go, g1, ho, hi, Mr, Mg, Mb, and k are
constants, and r, g and b are obtained by dividing the
original gradation levels of the R, G and B components of
the input image signal by the maximum gradation value
N-1.

More specifically, the foregoing ar, eg and ab may be

functions expressed as:

ar=2xr (0<r<0.5)  ++-e- (21)
ar=2x(1-r) (0.5=r=s1l)  ceee (22)
ag=2xg (0<g<0.5)  ~+--- (23)
ag=2x{1-g) (0.55gsl)  ---- (24)
ab=2xb (0<b<0.5) -+ (25)
ab=2x(1-b)  (0.5sbsl)  +-«-- (26)

where r, g and b are obtained by dividing the original
gradation levels of the R, G and B components of the input

image signal by the maximum gradation value N-1.

Further, the coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr,




My, Mo, and k are constants, and r, g and b are obtained by dividing the
original gradation levels of the R, G and B conponents of the input inage
signal by the maxi mum gradation value N=1. More specifically, the
foregoing ar, ag and ab may be functions expressed as: ar=2 x r(0<_r<0.5)
ar=2x(l-r)(0.5sr!5 1) ag=2xg(0sg<0. 5) gg:ZX(l-g)(0.5<_g<_ 1) ab=2xb(QO ~
b<0.5) ab=2x(1-b)(0. 5:5b:5 1) where r; g and b are obtained by dividing
the original gradation levels of the R, G and B conponents of the input

i mage signal by the maxi num gradation value N-1. Further, the coefficients

Krg, Krb, Hfyg, KKyr, KdbmtKkgrKnt) Kgg Kgmd K&bp Kmay Kbg andricdiesay be
vari abl es - expressed as follows: Krg=Cr fmax (r) fmn (b), Krb=Cr fnmax

(r) fmn (epprd&pedCgs fatbowgg) fmin (b), Kgbh=Cg fmax (g) fmn (r)
Kbr=Cb fmax (b) fmn (g),Kbg=Cb fmax (b) fmn (r) Kyg=Cy fmax (r)
fmn (b) , Knb=CmKrgreGr (fmhaxf () i) (DKKHSRC rf fmwax( () - ffomn(g)g) , Kcg=Cc
frmax (b) fmn (r) Kcb=Cc fmax (g) fmn (r),Kyr=Cy fmax (g) fmn (b)
Kgr=Cg-fmax (g)*fmin (b),Kgh=Cg:fmax (g)-fmin (r)
Kbr=Cb:fmax (b)-fmin (g),Kbg=Cb-fmax (b)-fmin (r)
Kyg=Cy*fmax (r):fmin (b),Kmb=Cm"*fmax (r)*fmin (g)
Kmr=Cm-fmax (b}-fmin (g},Kcg=Cc-fmax (b)-fmin (r)
Kcb=Cc:fmax (g)*fmin (r},Kyr=Cy:fmax (g)+fmin (b)
where, Cr, Cb, Cg, Cy, Cm and Cc are constants,
fmax and fmin are functions which respectively change
depending on the values of r, g and b in the corresponding
bracket, and r, g and b are obtained by dividing the original
gradation levels of the R, G and B components of the input
image signal by the maximum gradation value N-1.
These weighting functions are decided based on one
of the R, G and B component having the maximum
luminance and the one of them having the minimum
luminance. On this account, as described above, it is
possible to prevent the defect of color saturation in the case
where an output color image signal has a greater gradation
level than the maximum gradation value, and alsc to
prevent enhancement of saturation when the input signal is

a monochromatic color, thus outputting (displaying) a color

image with appropriate gradation.

Further, it is preferable that the function fmax is a




where, G, Cb, Cg, Cy, Cmand Cc are constants,
whi ch respectively change
correspondi ng bracket,

fmax and fmn are functions
depending on the values of r, g and b in the

and r, g and b are obtained by dividing the
original gradation levels of the R G and B conponents of the input
signal by the maxi num gradati on val ue 1. These weighting functions are
deci ded based on one of the R G and conponent havi ng the maxi num

| um nance and the one of them having the mninmm [um nance. On this
account, as described above, it is possible to prevent the defect of. color
sat urati on ¢ontimeascfungden arhinh givesoPowhemdghaivplaeshad v g eater
gradation |evel than the maxi num gradation value, and also to prevent
enhancenentanél baare 4 icon lnpendeke(AsmHug, disghaknids thatntme drostienc col or,

t hus outputting (displaying) a color inage with appropriate gradation.
Further, itfmpiefar aldmtineus hfuhahion owHichx gives 51 sdmennubegs
function which gives 0 when the values of r, g and b are 0 or 1 (under
(0<r, ¢, b<dgluww dfhat, ghanfduiztaom Of mi hni this coasd,nudues Weighitiiag whi ch
gives 0 when the values of r, g and b are 0. In this case, the weighting
functi on befinmedod wbeootrhes v& uwhadn t tbenaxahuwen dfunilmanceaxomesmncl oser to
t he maxi num gradati on value, and when the value of the m nimum | um nance
cones cl osduminadceAcomies ngloseri toi shpoasiimune gradasmaureilugr event

i mge

and when the value of the minimum luminance comes closer

to 0. Accordingly, it is possible to more securely prevent

the defect of color saturation, and also more securely

prevent enhancement of saturation when the input signal is

a monochromatic color, thus securely outputting

(displaying) a color image with appropriate gradation.

As a specific example, the functions may be

expressed as follows:

Krg=Cr'Sr-Thb,
Kgr=Cg-Sg*Th,
Kbr=Cb-Sb-Tg,
Kyg=Cy-Sr-Th,
Kmr=Cm-3Sb-Tg,
Kcb=Cc-Sg-Tr,
Tr=rk

Sr=(1-r)k

Tg=gk

Sg=(1-g)k

Th=bk

Krb=Cr-Sr-Tg
Kgb=Cg-Sg-Tr
Kbg=Cb:Sb-Tr
Kmb=Cm*-Sr-Tg

Kcg=Cc-Sb-Tr

Kyr=Cy-Sg-Tb




the defect of color saturation, and al so nore securely prevent enhancenent
of saturation when the input signal is a nonochromatic color, thus
securely outputting (displaying) a color inage with appropriate gradation.
As a specific exanple, the functions may be expressed as follows: Krg=Cr
Sr Th, Krb=Cr Sr - Tg Kgr=CgSgTb, Kgh=CgSgTr Kbr= Cb Sb Tg, Kbg=Cb
Sb Tr Kyg=CySrTh, Knb=CntrTg Knmr=Cm Sb Tg, Kcg=Cc - Sb Tr Kcb=Cc Sg
Tr, Kyr=Cy Sg Tb Tr=rk Sr=(1-r)k Tg=gk Sg=(1-g)k Tb=bk 52 Sb=(1 -b)k
where, C, Cb, Cg..Qy and Cc are constants, and r, g and b are

obt ai ned by divi dﬁﬁg(é“gg!. nal gradation levels of the RG conponents of

the cooffi ol ent KW isrerer Sty CderChs G B AHE prBoced fprrd -

Eallcult ﬁhgngr%em %gtalrgg%éumt Ic?%s %ﬁwc?mg ori 1r{afL1| gga ation Ie%'efm wher e
of the RGB components of the input color image signal by a
maximum gradation value N-1.

Further, the coefficient k is preferably set as 1, since
the process for calculating the weighting functions can be
simplified on condition where k=1, thus simplifying internal
operation of the color conversion operation circuit 101.

The following explains with reference to a HSL color
model the color compensation effect using weighting
functions decided in the foregoing manner dccording to the
maximuin luminance and the maximiim gradationi value.

As shown in Figure 18, through the foregoing
saturation enhancement operation using weighting
functions, it can be seen that the neutral color surrounded
by the domain 1801 is moved toward greater luminance and
a more intense saturation. Along this line, it is understood
that the use of the foregoing weighting function increases
luminance and saturation. Meanwhile, it also can be seen
that the monochromatic colors and the achromatic colors,
which are expressed as the domain 1802, show no changes
in luminance through the foregoing saturation enhancement

operation.

[Fourth Embodimentj




operation of the color conversion operation circuit 101. The foll ow ng
explains with reference to a HSL color nodel the col or cornpensation

ef fect using weighting functions decided in the foregoi ng manner accordi ng
to the maxi mum | um nance and the maxi mum gradati on val ue. As shown in
Figure 18, through the foregoing satuynation enhancenment operation using
wei ghting functions, it can be seen that the neutral color surrounded by
the domain 1801 is noved toward greater |um nance and a nore intense
saturation. Along this line, it is understood that the use of the

f oregoi ng wei ght Mig: folHowiog with expdain Iyati panth eandrsandimtingnof
Meanwhile, it also can be seen that the nonochromatic colors and the
achromat i ¢ thel presenthimiemionewitkseef¢rancehto ddigpimreslddR arshd®dno changes
in lum nance through the foregoing saturati on enhancenent operation.

[ Fourth Emfjedigenphrisod heiflol tlowi dgsetibdedxahdiodipeenssocabeve gnimodi ment  of
the present invention with reference to Figures 19 and 20. |In conparison
with the dag@ i peskanbogmidimeheoyethé ncolde porsensicambogenation t he col or
conversion operation circuit 101 carries out efficient color conpensation

operation Ipiréaduci rml t hearigsmusatal eefiofeRGB.colbkhecuhmgenshtioti spl ay
devi ce according to the present enbodi nent has the sanme structure as that
of the col peration by reducing the minimum value of RGB.
Otherwise, the display device according to the present
embodiment has the same structure as that of the color
display device 100 of the foregoing embodiments, and
therefore, materials having the equivalent functions as
those shown in the drawings pertaining to the first
embodiment above will be given the same reference symbols,
and explanation thereof will be omitted here.
As mentioned above, the saturation is defined as the
difference between the maximum value and the minimum
value of the respective gradation levels for expressing R, G
and B. Thus, saturation can be enhanced by either
increasing the maximum value or by reducing the minimum
value in the respective gradation levels of R, G and B.
In the described embodiments above, the saturation
is enhanced by increasing the maximum value. For
example, when an image signal belonging to the domain [1]
(expressed as rzgzb) is inputted, saturation is enhanced by

adding value ro to the input gradation level r, as shown in

Figure 19.




di spl ay device 100 of the foregoing enbodi nents, and therefore, materials
havi ng the equival ent functions as those shown in the draw ngs pertaining
to the first enbodi nent above will be given the sanme reference synbol s,
and expl anation thereof will be omtted here. As nmentioned above, the
saturation is defined as the differen% bet ween t he maxi num val ue and the
m ni mum val ue of the respective gradation levels for expressing RR G and
B. Thus, saturation can be enhanced by either increasing the nmaxi num val ue
or by reducing the mninmum value in the respectiveﬂairaadation | evel s of R,
G and B. In the @usctheoathambdindntin dbgverespatsambediment; stkehanced by
i ncreasi ng the maxi mum val ue. For exanple, when an inmge signal bel onging
to the donsatufrayior exprkanedment di3h) effciemtlyt eg¢arsiadir mitbn ¥ enhanced
by adding value ro to the input gradation level r, as shown in Figure 19.
54 On the onhbeeabiargl,then mhgimpesenalgabadidrenduding tbet miminpwm
enhancenent is efficiently carried out by increasing the maxi numvalue and
reduci ng t valueni ivem al igrdasing hhe ntif fasinee tdk thd fmxsticeust t he
maxi mum val ue and the m ni mum val ue. Mre specifically, as shown in Figure
20, when awaluseaedsilgnahirbehangivejueo the domain [ 1 ] (expressed as
r?g?b) is inputted, the value of b conponent is reduced.
More specifically, as shown in Figure 20, when an
image signal belonging to the domain [1] (expressed as
rz2gzb) is inputted, the value of b component is reduced.
Further, when an image signal belonging to the domain [2]
(expressed as rzbz2g) is inputted, the value of g component
is reduced. As a result, saturation of R color can be
effectively enhanced.
- The following concretely explains saturation
enhancement operation of the present embodiment. In the
first embodiment above, the gradation levels r', g', b' after
color conversion are calculated according to the following
expressions (7) through (9).
r'=r+ro+yo+mo ---(7)
g'=g+go+yo+co ---(8)
b'=b+bo+mo+co ---(9)
where r, g and b express gradation levels of R, G and
B components of the input color signals, respectively.
Further, the following relations are also found.

In the case of the domain [1] expressed as rzgzb:

ro=Krg(r-g)Nr




Further, when an inmage signal belonging to the domain [2] (expressed as
r>b g) is inputted, the value of g conponent s reduced. As a result,
saturation of R color can be effectively enhanced. -- The foll ow ng
concretely explains saturation enhancenent operation of the present
enbodiment. In the first enmbodi ment abeve, the gradation levels r', g, b
after color conversion are cal culated according to the foll ow ng
expressions (7) through (9). r'=r+ro+yo+no . (7) @' =g+go+yo+co .. (8)
b' =b+bo+no+co (9) where r, g and b express gradation levels of R G and
B conmponents of wte=Ky@lg bl or signals, respectively. Further, the
followng relations are also found. In the case of the domain [11 expressed
as r?g>b: ro=Kr go=hphmo53oritKyg(g-b)ly go=bo=np=co=0 In the case of
the domain [21 expressed as nb>g: ro=Krb(r-b)Nr nmo=Knb(b-g)Nm
go=bo=yo=co=0 | fint tee case of thheddomiim [2BEXpxpresdeds a25282: g- .
bo=Kbr (b-r) Nb

ro=Krb(r-b)ir

mo=Kmb(b-g)Nm

go=bo=yo=co=0

In the case of the domain [3] expressed as b>rzg:

bo=Kbr(b-r)Nb

mo=Kmr(r-g)¥m

ro=go=yo=co=0

In the case of the domain [4] expressed as b>g>r:

bo=Kbg(b-g)Nt

co=Kcg{g-r)N¢

ro=go=yo=mo=0

In the case of the domain [5] expressed as gzb>r:

go=Kgb(g-b)Ns

co=Kcb(b-r)Nc

ro=bo=yo=mo=0

In the case of the domain [6] expressed as g>rzb:

go=Kgr(g-r)Ne

yo=Kyr(r-b)N¥

ro=bo=mo=co=0

The foregoing expressions (7) through (9) may also be

expressed as follows by using square matrix Azeé of 3x6.




mo=Knr (r-g) Nm ro=go=yo=co=0 In the case of the domain f41 expressed as
b>g>r: bo=Kbg(b-g)Nb co=Kcg(g-r)Nc ro=go=yo=nb=0 in the case of the
dormain [5] expressed as g~7?:b>r: go=Kgb(g-b)Ng co=Kcb(b-r)Cc
ro=bo=yo=nb=0 1In the case of the domain 161 expressed as g>rab:

go=Kgr (g-r)Ng yo=Kyr(r-b)Ny ro=bo=nmp=gp=0 The foregoing expressions (7)
through (9) may al so be expressed as foll ows by using square matrix A36 of
3x6. 56 +A36 (ro go bo yo nm ~co ) In the case of the domain [1]
expressed as rzgzb ro=Krg(r-g)Nr :

1o )
r r go
b
gl=1{g| tAs °
b b yo
1o
\CO

In the case of the domain [1] expressed as rzgzb
ro=Krg(r-g)Nr
yo=Kyg(g-b)"y
go=bo=mo=co=0
In the case of the domain [2] expressed as [2]rzb>g
ro=Krb(r-b)Nr
mo=Kmb(b-g)N=
go=bo=yo=co=0
In the case of the domain [3] expressed as b>rzg
bo=Kbr(b-r)Nb
mo=Kmr(r-gj¥m
ro=go=yo=co=0
In the case of the domain [4] expressed as b>g>r
bo=Kbg(b-g)Nb
co=Kcg(g-r)Nec
ro=go=yo=mo=0
In the case of the domain [5] expressed as gzb>r

go=Kgb(g-b)Ne

co=Kcb(b-r)N¢




yo=Kyg(g-b) Ny go=bo=npb=co=0 1In the case of the domain [2] expressed as
[2]rzb>g ro=Krb(r-b)Nr no=Knb(b -g) Nm go=bo=yo=co=0 In the case of the
dormain [ 3] expressed as b>rag bo=Kbb(b-r)Nbo no=Knr(r-g)Nm ro=go=yo=co0=0
In the case of the domain [4] expressed as b>g> bo=Kbg(b-g)Nb
co=Kcg(g-r)Nc ro=go=yo=np=0 In the cagse of the domain [5] expressed as
gzb>r go=Kgb(g-b)Ng co=Kcb(b-r)Nc 57 Fo=bo=yo=np=0 |In the case of the
dormain [ 6] expressed as g>rab go=Kgr(g-r)Ng yo=Kyr(r-b)Ny ro=bo=np=co=0
In the present enbodi nent, when A36 is expressed as follows, all al2 al3
ald al S al6 ro=bo=yo=mo=0

In the case of the domain [6] expressed as g>rzb

go=Kgr(g-r)Ne

yo=Kyr(r-b)Ny

ro=bo=mo=co=0

In the present embodiment, when Azs is expressed as

follows,

all al2 al3 al4 al5 alb
Azs= |a2]1 a22 a23 a24 a25 al2b
a3l a32 a33 a34 a35 ad3b

- it is required to satisfy:
all=a22=a33=al4=a24=al15=a35=a26=a36=1,
and also, a21,a31,al12,a32,a13,a23,a34,a25,al16
should be set as 0 or a negative value.
With this arrangement, r', g' and b’ may be expre_ssed
as:
r'=r+ro+al2-go+al3-bo+yo+alS-mo+alb-co
- Formula (20}
g'=g+a2l-ro+go+a23-bo+a24-yo+tmo+a26-co
- Formula (21)
b'=b+a3l-ro+a32-got+bo+a34-yo+a35 - mo+co

-« Formula (22),

and further, since go=bo=mo=co=0 is satisfied under




A36= a2l a22 a23 a24 a25 a26 a31 a32 a33 a34 a35 a36 it is required to
satisfy: all=a22=a33=al 4=a24=al 5=a35=a26=a36=1, and al so,

az2l, a3l, alz, a32, al3, a23, a34, a25, al6 should be set as 0 or a negative val ue.
Wth this arrangenent, r', g and b’ nmay be expressed as:

r' =r +r o+al 2go+al 3bo+yo+al 5no+al 6¢co 5é:ornula (20)
g' =g+a2lr o+go+a23bo+a24yo+no+a26-co Formul a (21)
b' =b+a31-r o+a32- go+bo+a34yo+a3s5no+co . Forrmula (22), and further, since

go= bo=npb=co0=0 is satisfied under 58 rz~gab, the follow ngs are found.

r' =r+ro+yo g¢' =g+a2g>bl aha?fbllywinls=breaddundd+a34 -yo. Further, by setting
a3l to be not nore than O, the B signal is reduced, and the R signal is
enhanced. Furtheg'=r+irp+see case where r>b>g, a2l is set to be not more than
0, and the Gsignal is reduced and the R signal is enhanced. 1In this
manner, saturati gm@iagmer&-QQQn% Is nore efficiently enhanced.

b'=b+a3l-ro+a34-yo.

Further, by setting a31 to be not more than 0, the B
signal is reduced, and the R signal is enhanced. Further,
in the case where r>b>g, a2l is set to be not more than O,
and the G signal is reduced and the R signal is enhanced.
In this manner, saturation of the R signal is more efficiently
enhanced.

Similarly, by setting al2 and a32 to be not more than
0, saturation of the G signal is efficiently enhanced, and by
setting al13 and a23 to be not more than 0, saturation of the
B signal is efficiently enhanced.

Further, Aas satisfies:

and, further preferably satisfies:

all=a22=a33=al4=a24=al15=a35=a26=a36=1,

alli+a21+a31=0,

al2+a22+a32=0,

al3+a23+a33=0,

al4+a24+a34=0,

al5+a25+a35=0, and

al6+a26+a36=0

With these conditions, it is possible to equalize the




Simlarly, by setting al2 and a32 to be not nore than O,-saturation of the
G signal is efficiently enhanced, and by setting al3 and a23 to be not
nore than 0, saturation of the B signal is efficiently enhanced. Further,
A36 satisfies: and, further preferablyﬂfatisfies:

al | =a22=a33=al 4=a24=al 5=a35=a26=a36=1,"" al | +a21+a31=0, al2+a22+a32=0,
al3+a23+a33=0, al4+a24+a34=0, al5+a25+a35=0, and al6+a26+a36=0 Wth
these conditions, it is possible to equalize the 59 gross input |um nance

+g+b dth . tput | um "+q' #b'). Th f , t ti
my be eniEARR WP RS UL PR N lde O AR agbiq ui RERCEOBEDUthe | nput
col or sign Further,  A36 slg,gl sfie,P al2 al3 al4, al5 al6 s= a2l a22

| . \36, - al
a23 a24 a2§ué’26naol§fea3§2r 383 B34 a35TBEECIORE, 1 SALHERLRRT oYy BStisfies:

al | :a22=a33=aﬁ4:a2 :al5:a35:a26:a36:]1_,l a21:?31:a12:a32:a13:a23: - 0.5, and
enhanced without a great change of average luminance o

the input color signal.

Further, Aszs satisfies:

all al2 al3 al4 al5 al6
Ase= (a2l a22 a23 a24 a5 a26

a3l a32 a33 a34 a35 a36
and, further preferably satisfies:
all=a22=a33=ald4=a24=a15=a35=a26=a36=1,
a21=a31=al12=a32=al13=a23=- 0.5, and
a34=a25=al6o=- 2.

With these conditions, it is possible to evenly carry
out addition/subtraction for each of the RGB signals.
Therefore, saturation may be enhanced without changing
hues.

[Fifth Embodiment]

The following will explain still another embodiment of
the present invention with Vreference to Figures 21 and 22.
In comparison with the described embodiments above, in
the present embodiment, the color conversion operation

circuit 101 compensates the rgb values of an input image

signal to a luminance value of the panel, before calculating




a34=a25=al6= - 2. Wth these conditions, it is possible to evenly carry
out addition/ subtraction for each of the R@ signals. Therefore,
saturation may be enhanced w t hout changing hues. [Fifth Enbodi nent] The
following will explain still another enbodi nent of the present invention
with reference to Figures 21 and 22. h@ conmparison with the described
enbodi nents above, in the present enbodi nent, the col or conversion
operation «circuit 101 conpensates the rgb values of an input imge signal
to a |l um nance val ue of the panel, before calculating 60 the conpensation
val ues ro, th¢ éﬁHHEGDS@ﬂH@BmN§éPG§hé°:dggpﬁévid@?ice%5363Wﬂﬁﬁg thet he
present enbodi ment has the sane structure as that of the col or display
devi ce 100 dispiag devicst agaending o, thadrergnrt srabodifentabastheng the

equi val ent functions as those shown in the drawings, pertaining to the
first embodiarentstabeiurg &5 thatgp{dhe pelos dieplay easies b‘}ﬂﬁ@lg theang

expl anation thereof will be omtted here. Though the inputted val ues of r,
g and b definsd emdrdimantumisard oftherefasge matenials t hoanegothe
necessarily coincide with the actual |um nance value of the display

devi ce. Foregaxaampért ifnnctjensr adsditdyisey ebwiwe, irhetheundraweBgsf the
di spl ay device corresponds to the val ue
pertaining to the first embodiment above will be given the

same reference symbols, and explanation thereof will be
omitted here.

Though the inputted values of r, g and b denote
gradation number of an image signal, it does not necessarily
coincide with the actual luminance value of the display
device. For example, in a general display device, the
luminance of the display device corresponds to the value
obtained by raising the respective values of r, g and b to
2.2th power, as shown in Figure 21. When the difference
among the r, g and b are calculated before being
compensated to the luminance value, the calculated
difference for a low luminance domain will be a larger value
than the actual difference, as shown in Figure 21 in which
the value of the difference a is larger than the value of the
difference 2.

Consequently, with the increase of the calculated
results of ro, go and bo, the enhancement of saturation
becomes exceedingly high, thus giving too much color to a

dark display.




obtained by raising the respective values of r, g and b to 2.2th power, as
shown in Figure 21. Wen the difference anong the r, g and b are

cal cul ated before being conpensated to the |um nance value, the cal cul ated
difference for a low | um nance domain will be a larger value than the
actual difference, as shown in Figure in which the value of the
difference a is larger than the value of the difference 2. Consequently,
with the increase of the calculated results of ro, go and bo, the
enhancenent of saturation becones exceedingly high, thus giving too nmuch
color to a darkldi yptayof ghipnpvoblewy, Uhifg’l‘brms@rﬂt embadimestont

enbodi ment, the inputted rgb values are first conpensated to the

| uni nance whieueimputtexd dirghl ayaliees c@rebefiose campeasatedt H® Eheference
thereof. More specifically, the input color inage signal is nodified to an
out put col durhimaacsigmlale bithegdiselay deviendbBigreidalcutatingetBewi th t he
values of r', g and b', according to the followng fornmula. (ro ) (rj g
+ Ass go htifference thereof.

More specifically, the input color image signal is
modified to an output color image signal having the R, G
and B gradation levels with the values of r', g' and b/,

according to the following formula.

(ro )
r r 80
g| = lg| +As bo
b) b yo
- mo

\CO

where r, g and b express gradation levels of R, G and
B components of the inputted color image signal, and Ase
expresses square matrix of 3x6. Also, the compensation
values are calculated for each domain as follows.

‘For the domain [1] expressed as {rzgzb):

ro=Krg {fzr (r)-fzg (g))¥*

yo=Kyg (fzg (g)-fzb (b))"Y

go=bo=mo=co=0

‘For the domain [2)] expressed as (rzb>g):

ro=Krb (fzr (r)-fzb(b))Nr

mo=Kmb (fzb (b)-fzg(g))N=™




yo no co where r, g and b express gradation levels of R Gand B
conponents of the inputted color inmage signal, and A36 expresses square
matri x of 3x6. Also, the conpensation values are calculated for each
domain as follows. For the domain [1) expresseg as (r_ggb)E r?;Krg (fzr
ry-fz )Nr yo=Kyg (fzg (g)-fzb (b) %N go=bo=np=co= or e domain
Ezg exgregéed as (rib>g): ro=Krb (fzr% )-fzb(b))Nr mo=Kmb (fzb
(b)-fzg(g)) Nm 62 go=bo=yo=co=0 For the domain [3] expressed as (b>r2-g):
bo=Kbr (fzb (b)-fzr( %;Nb mo=Knr (fzr (r)-fzg(g))Nm ro=go=yo=co=0 For the
donai n [41 expreddSP 593> ): bo=Kbg (fzb (b) fzg(g))Nb ~co=Kcg (fzg
(g)-fzr(r))Nc roz For..t he domai n I expressed as (gib>r):

go=Kgb (fzg (g)- fg‘g(b%q\léiomam [3] expressed as (b>rzg):
bo=Kbr (fzb (b)-fzr(r))Nb

mo=Kmr (fzr (r)-fzg(g))N=

ro=go=yo=co=0

‘For the domain [4] expressed as (b>g>1):

bo=Kbg (fzb (b)-fzg(g))¥®

co=Kcg (fzg (g)-fzr(r))Ne

ro=go=yo=mo=0

"For the domain {5] expressed as (gzb>r):

go=Kgb (fzg (g)-fzb(b))Ms

co=Kcb (fzb (b)-fzr(r))Ne

- ro=bo=yo=mo=0

‘For the domain[6] expressed as {(g>r>b):

go=Kgr (fzg (g}-fzr(r))Ms

yo=Ky r(fz r(r)-fzb(b))Ny

ro=bo=mo=co=0.

Here, Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr and Kcg are variables which respectively change
depending on the values of r, g and b; Nr, Ng, Nb, Ny, Nm
and Nc are constants not less than 0; and fzr, fzg and fzb
are functions which change depending on the values of r, g
and b in the corresponding bracket.

In this manner, the compensation values ro, go,

may be calculated after modifying the inputted rgb values




co=Kcb (fzb (b)-fzr(r))Nc ro=bo=yo=np=0 For the domai n[6) expressed as
(g>r_b): go=Kgr (fzg (g)-fzr(r))Ng yo=Ky r(fz r(r)-fzb(b))NY
ro=bo=npb=co=0. Here, Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr and
Keg are vari abl es which respectively change depending on the values of r,
g and b; Nr, Ng, Nb, Ny, Nm and Nc arg, constants not |ess than 0; and fzr,
fzg and fzb are functions which change depending on the values of r, g

and b in the correspondi ng bracket. In this manner, the conpensation val ues
ro, go, nmay be calculated after nodifying the inputted rgb val ues 63 by
usi ng the fhynaisiorgs ther fuhzgicans ferp.fzenanki §zhccoOmt this heccoupansati on
val ues can be prevented fromexceedingly increasing. Wth this structure,

it is possithleecomperyation galuag ¢an beigirevadmied framdexkedidingly as a
result of exceeding enhancenent of saturation. Further, the |um nance

val ue- i s priateeablrng. coNpensetiiad sthdcvidealityis pessiblef té, pgededtb. \Wen
the transmttance Is changed in a |liquid crystal panel, there causes

wavel engt h gdv Eper sb@Nmubhcleodst Ngs abelirle dheslas 49 whiregudal ance.
Accordingly, the |lum nance coordinate of white shows such tendency as the
solid Iineexceeiddigee@Bancement of saturation.

Further, the luminance value is preferably
compensated individually to each of r, g and b. When the
transmittance is changed in a liquid crystal panel, there
causes wavelength dispersion, which brings about a change
in white balance. Accordingly, the luminance coordinate of
white shows such tendency as the solid line of Figure 22
with respect to changes in transmittance. Note that, in
Figure 22, the vertical axis and the horizontal axis express
chromaticity coordinates, showing a line connecting a
plurality of plots during a change in transmittance from
10% to 100%. It can be seen in Figure 22 that the
chromaticity increases toward upper right of the figure as
the transmittance increases. In other words, as the
luminance rises, white becomes more yellowish.

This indicates that the gradation luminance
characteristic is different in each of RGB. That is, it is
preferable that the function for converting the gradation
value to the luminance value is individually determined for
each of RGB. Accordingly, in the present embodiment, it is

preferable that the functions fzr, fzg and fzb have a function
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Wi th respect to changes in transmttance. Note that, in Figure 22, the
vertical axis and the horizontal axis express chromaticity coordi nates,
showing a line connecting a plurality of plots during a change in
transmttance from 10%to 100% It can be seen in Figure 22 that the
chromaticity increases toward upper ri ‘pt of the figure as the
transmttance increases. In other wordd; as the |um nance rises, white
becomes nore yellow sh. This indicates that the gradation | um nance
characteristic is different in each of RGB. That is, it is preferable that
t he functi off dhangomy emified tihpufr vdlnesrto varied butphet vabhesnce val ue is
i ndividually determ ned for each of RGB. Accordingly, in the present
enbodi ment, it iBurphefefzbl fzg hatd fhb maychlomndbd set dwfododsf.zb have a
function 64 of changing unified input values to varied output val ues.
Further, fzr, fzfgreavd % zb may al so be set as follows. fzr=r2-2, fzg=g2.2,
fzb=b2-2 Since a general display panel conpensates the gradation |evels of
R G and B to | ufagwg®c®y val ues by raising the respective values to 2.2th
power, the manner above all ows enhancenent of saturation in nore suitable
manner for a genggtdbespl ay device. Further, fzr, fzg and fzb may al so be
set as follows.

Since a general display panel compensates the
gradation levels of R, G and B to luminance values by
raising the respective values to 2.2th power, the manner
above allows enhancement of saturation in more suitable
manner for a general display device.

Further, fzr, fzg and fzb may also be set as follows.

- fzr=r2,

fzg=g2,

fzb=b2
[00155] With this method, the ‘saturation can be
appropriately enhanced with simple operation by raising the
gradation levels of R, G and B to the second power.

[Sixth Embodiment]

The following will explain still another embodiment of
the present invention with reference to Figures 10 and 11.
In comparison with the first and second embodiments, the
display device of the present embodimeﬁt further includes
an average luminance and peak luminance detecting device

108. Otherwise, the display device according to the




- fzr=r2, fZg=g2, fzb=b2 [001551 Wth this nethod, the saturation can be
appropriately enhanced with sinple operation by raising the gradation
| evel s of R, Gand B to the second power. [Sixth Enbodi nent] The foll ow ng
will explain still another enbodi nent of the present invention wth
reference to Figures 10 and 11. In copparison with the first and second
enbodi nents, the display device of the’ present enbodi nent further includes
an average | um nance and peak | um nance detecting device 108. O herw se,
the display device according to the 65 present enbodi ment has a simlar
structure tpreskeat abdvedimand hher af siejlaxstmmatuion twf thauti aboeet function
will be omtted here. The average | um nance and peak | um nance detecting
devi ce 108 agud ctheareforeheezphmgtiomn| of eqdivadlen tndxinationaidl dbe gr adat i on
values r, g and b of the R G and B conponents, and then outputs the
aver age | ummitted hane. t HEhpeaketame lam i ancthandopeake duveired woe oper at i on
circuit 101. Appearance of color inages displayed in a liquid crystal
di spl ay dedetectitgrdewiceed 0@ ddleulant vattee oferddd evalind iagidt tlae t he
saturation. A typical exanple of this case is a black background with
whi te textsnakimsitahvalue spf gradation values r, g and b of the R, G
and B components, and then outputs the average luminance
and the peak luminance to the color conversion operation
circuit 101.
Appearance of color images displayed in a liquid
crystal display device often relies on the luminance of white
rather than the saturation. A typical example of this case
is a black background with white texts. In such a display,
increasing relative saturation of a monochromatic color by
decreasing the luminance of white results in darkening the
white texts, thus deteriorating the entire image.
This problem may be solved by setting the function fw
(X) as a continuous function which gives a positive value at
a high luminance, and gives a negative value at a low
luminance. In this manner, the high luminance of the
white can be kept while enhancing relative saturation of
monochromatic color with respect to mixed colors having at
or less than the middle luminance.
Figure 11 shows a process of a change in gradation in

this case. As shown in Figure 11, the domain 1101

expressing an achromatic color with a high luminance, such
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i ncreasing relative saturation of a nonochromatic color by decreasing the
| um nance of white results in darkening the white texts, thus
deteriorating the entire imge. This problem nay be sol ved by setting the
function fw (X) as a continuous function which gives a positive val ue at
a high lum nance, and gives a negative value at a low |umnance. In this
manner, the high | um nance of the mhi?% can be kept whil e enhancing
relative saturation of nonochromatic color with respect to m xed col ors
having at or less than the mddle | um nance. Figure 11 shows a process of

a change i msymduideitextsn kedpss thasltimigasitewwherEhguhe hlmihkgdomin 110
1 expressing an achromatic color with a high |um nance, such 66 as white
texts, keepa the domaiandel 0Rhexpesssitag laHn AEHES dtic tdi odOiRi thel 102
expressing an achromatic color in the wvicinity of neutral color is

reduced. Thécifioyeof Isdwtmtli 08loOfisMPE@OBEANRL THeseIOYS §aPubgtibgl atively
enhanced. On this account, it is possible to display white texts upon TV

progranms obfaméihéehpbaifivi £Hle QrafrulbéOQQatlJElg e NAYEAd, | ARy ession of
the entire imge. Further, a superior effect can be obtalined by using a

Lo o, aniSOaaem s Ronec ot umsp i MAtnEec A ETRS O L
| mage i nf opFBgram9lorda Whitk prack & RUNgo Wil Wble i $nfffovifEong the
impression of the entire image.

Further, a superior effect can be obtained by using a

function fw (X) which changes depending on the average
luminance or the peak luminance of the entire image.
More specifically, by identifying image information of a
black background with white texts etc. among the
information of the average luminance or the peak luminance
of the entire image, and selecting an optimal fw (X), it
becomes possible to effectively enhance saturation of a
monochromatic color while maintaining the high luminance
of white.

[Seventh Embodiment]

Incidentally, in recent years, there has been a new
display device provided with a wide color reproduction

range as a fundamental function, along with improvement of

backlight system or more appropriate designing value for a

color filter. A LCD (Liquid Crystal Display) device
including a LED (Light Emitting Diode} backlight is one

example of such a display device. This display device is
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i nformati on of the average |um nance or the peak |um nance of the entire
I mge, and selecting an optimal fw (X), it becones possible to effectively
enhance saturation of a nonochromatic color while maintaining the high
| um nance of white. [Seventh Enbodi nent] Incidentally, in recent years,
there has been a new display device provided with a wi de col or
reproduction range as a fundanent al i ction, along with i nprovenent of
backl i ght system or nore appropriate designing value for a color filter. A
LCD (Liquid Crystal Display) device including a LED (Light Emtting D ode)
backl i ght icapable efahisidaping ucivododiiaphgy Wit eewidbi colosptangdevice is
67 capable of displaying a color inage wwth a wider color range than the
col or rangehsnttie ioglor cawhge ofribe $hpnal coldwimage Mignalg tHhesi nput
color image signal wth a superior brightness. However, when the input
col or i magalisipdagingsthdi sppatedtolbt himagepesigatalbra i n@ssupdigof | esh
color etc. becones deeper in display than the original color, and
t her ef ore thrghihiess. di spl ay becones unnatural. In view of this problem
this type of display device needs reduction in saturation of the flesh

color etc. In thiHoweeer, i wisdwulthdeinpeitedcéhat [pageensighapoyg only
descri bes a nethod of enhancing saturation, and there€ is no disclosure of
nmet hods displayed with a superior brightness, the flesh color etc.
becomes deeper in display than the original color, and
therefore the entire display becomes unnatural. In view of
this problem, this type of display device needs reduction in
saturation of the flesh color etc. In this view, it should be
noted that Document 1 above only describes a method of
enhancing saturation, and there is no disclosure of methods
for decreasing saturation of the entire image or methods for
decreasing saturation of specific colors such as the flesh
color which becomes deeper in display due to a wider color
reproduction range.
One possible strategy to solve this problem is setting
the foregoing coefficients Cr, Cg, Cb, Cy, Cm and Cc as

negative values. Though this arrangement surely

decreases saturation of the entire display, there is a

difficulty for decreasing only a specific color (for example
only the flesh color), since the method decreases saturation
of the whole image, and therefore, a decrease of saturation
of the flesh color means a decrease of saturation of

monochromatic colors such as red or yellow.
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for decreasing saturation of the entire inmage or nmethods for decreasing
saturation of specific colors such as the flesh color which becones deeper
in display due to a wider color reproduction range. One possible strategy
to solve this problemis setting the foregoing coefficients C, Cg, Cb,

Cy, Cmand Cc as negative values. Though this arrangenment surely

decreases saturation of the entire dis%?ay, there is a difficulty for
decreasing only a specific color (for exanple only the flesh color), since
t he net hod decreases saturation of the whole inmage, and therefore, a

decrease of satuTatimercofméhehfisestefeet or th@apyedch?ClaADRMSRE Uration
of nonochromatic colors such as red or yellow. 68 To overcone this defect,

the presentoaveets nefit ingabveslor amdgwWigeRl10in toegR §h$§%1|t tBi®r an out put
color image signal in ich the RGB conponents respectively have

gradation imegles signial, ifl' vARMEH), tHBI RGBI € dhyRhdid Nees ol iguing

expressions: r'=r+ro+yo+no ' =g+go+yo+co b'=b+bo+no+co erer, gandb

Ry i bR HA et

following expressions:

r’=r+ro+yo+mo

g’=g+go+yo+co

b’=b+bo+mo+co

where r, g and b respectively express gradation levels
of RGB components of the inputted color image signal; and,

‘In the case [1] where r2gzh:

ro=Krg-fnr(r-g)

yo=Kyg-fny(g-b)

go=bo=mo=co=0

‘In the case [2] where rzb>g:

ro=Krb-fnr(r-b)

mo=Kmb-fnm(b-g)

go=bo=yo=co=0

‘In the case [3] where b>r2g:

bo=Kbr-fnb(b-r)

mo=Kmr-fnm(r-g)
ro=go=yo=co=0

‘In the case [4] where b>g>r:
bo=Kbg-fnb(b-g)

co=Kcg-fnc(g-r)
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yo=Kyg-fny(g-b) go=bo=npb=co=0O -In the case [21 where r2:b>g: ro= Krb -

fnr(r- b) rmo=Knb-fnn(b-g) go=bo=yo=co=0O -In the case [3] where b>rag:
bo=Kbr-fnb(b-r) nmo=Kmr-fnm(r-g) ro=go=yo=co=0 -In the case [41 where
b>g>r: bo=Kbg-fnb(b-g) co=Kcg-fnc(g-r) 69 ro=go=yo=np=0 -In the case [5J
where g2:b>r: go=Kgb-fng(g-b) co=Kcb-fnc(b-r) ro=bo=yo=npo=0 -1n the
case [61 where g>r2:b: go:Kgr-fng(g-r§9 yo=Kyr-fny(r-b) ro=bo=nb=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg and Kcb are
vari abl es whi ch change depending on values of r, g and b; and fnr(DX),
fng(DX), fnb(DX) FoFEPEPEMO=0
‘In the case [5] where gzb>r:
go=Kgb-fng(g-b)
co=Kcb-fnc(b-r)
ro=bo=yo=mo=0
‘In the case [6] where g>rzb:
go=Kgr-fng(g-r)
yo=Kyr-fny(r-b)
ro=bo=mo=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b; and Mr{DX), fng(DX), fnb(DX), fny(DX),
fnm(DX) and fnc(DX) are functions which respectively change
depending on calculation result DX (0sDX<1) of
corresponding brackets.
Further, it is preferable that the functions fng(DX),
fnb(DX), fnm(DX) and fnc{DX]) are set as follows.
fng(DX)=DXNg
fnb(DX)=DXNb
fnm(DX)=DXNm

fnc(DX)=DXNe

With this arrangement, it is possible to adjust the
respective saturations of green, blue, magenta and cyan, as
with Example 1.

Further, it is preferable that the functions fnr(DX),
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fnm(DX) and fnc(DX) are functions which respectively change depending on
calculation result DX (O sDX:5 1) of corresponding brackets. Further, it
is preferable that the functions fng(DX), fnb(DX), fnm(DX) and fnc(DX) are
set as follows. fng(DX)=DXN9 fnb(DX)=DXNo fnn(DX)=DXNm fnc(DX)=DXNc
‘Wth this arrangenent, it is possible adj ust the respective saturations
of green, blue, nagenta and cyan, as th Exanple 1. Further, it is
preferable that the functions fnr(DX), 70 fng(DX), fnb(DX), fny(DX),
fnm(DX) and fnc(DX) return.0 when DX=0O, and return a negative val ue at

| east once fng(BX]); afigb(DX) 0<% @ X), Nom(px)t herd upedioXp £dtie@)o fng(DX),
fnb(DX), fny(DX), fnm(DX) and fnc(DX) return a negative " value at |east at

a predeterwhed DX+@, iahd@ retigs &f n@dMvdlvahfedd Yoadtt ohteP{gf£rabl e
that the functions fnr and fny return a negative val ue when Dgio. 25.

Reasons folraridd fa0k®Igerent Naimhél ,etﬁéphﬁﬁ@ﬁ@dsatfﬁi-%Dﬁx,r Tfﬂgggédjtas; S
preferable that the functions fnr(DX) and fny(DX) are expre
fnr (DX) =DXZnB(D3Y, fAPYORY) FXFBA(PK)DAnd fnc(DX) return a negative
value at least at a predetermined value in a range of
0<DX<1. Ideally, it is preferable that the functions fnr and
fny return a negative value when DX=0.25. Reasons for
this arrangement will be explained later.
Further, it is preferable that the functions fnr(DX)
and fny(DX) are expressed as:
fnr(DX)=DX2-Pr-DX,
fny(DX)=DX2-Py-DX,
where Pr and Py are constants greater than 0.
In this manner, the functions fnr(DX} and fny(DX} may be
written in a simpler form which allows easy implementation
with hardware.
The following will more specifically explain color

compensation operation of the present embodiment. In

comparison with the first embodiment, the color conversion

operation circuit 101 carries out different operation in
figuring out the compensation values ro, go, bo, mo and co.
Otherwise, this embodiment has a similar structure to the
first embodiment, and therefore explanations of materials
having the equivalent functions will be omitted here for ease

of explanation.




where Pr and Py are constants greater than 0. In this manner, the functions
fnr(DX) and fny(DX) nay be witten in a sinpler formwhich all ows easy

i npl ementation with hardware. The following will nore specifically explain
col or conpensation operation of the present enbodinment. In conparison
with the first enbodi ment, the color cgnversion operation circuit 101
carries out different operation in figﬂri ng out the conpensation val ues
ro, go, bo, no and co. Oherwi se, this enbodinent has a simlar structure
to the first enbodi nent, and therefore explanations of materials having

the equival ent fEiguirens24v Ishdvesoris t eperaiorh ofl®Rsenf ofhexpiapation. 71
Fi gure 24 shows an operation flow of the color conversion operation

circuit lOkonNemsianc@peradtioge cistgil 101. RCBaltfeh naUtd @ r( §4Rde as shown
in the figure, the color conversion operation circuit 101 determ nes the

| evel rel atsignabi ¢f RGEees ireusteatlqSiorn i pwrl SHowf #AdtRe Ofjgulrle
respective color signals in the input color inage signal (82502). Mor e

speci fi cal Ithe idotoeot®versioel U er aRehatiAMitCi1TeNI dedddn gt &' R OES
whet her the input signal belongs to which of the six patterns: [1]=r>g>b,

[ 2] =r >b>g, 1kB8Fbeladonship=besreenl Bhewtudansa (Sla19>t > ghd Beof
rel ati onship of gradation values r, g and b.

the respective color signals in the input color image signal
(S2402).

More specifically, the color conversion operation
circuit 101 determines whether the input signal belongs to
which of the six patterns: [1]=r>g>b, [2]=r>b>g, [3]=b>r>g,
[4]=b>g>r, [S]=g>b>r and [6]=g>r>b of the relationship of
gradation values r, g and b.

- Next, based on the domains detected in Step S2402,
compensation values ro, go, bo, yo, mo and co are
calculated by the color conversion operation circuit 101 so
as to carry out color compensation of the respective color
components: R, G, B, Y, M and C (S2403). The
compensation values of the respective domains [1] through
[6] are calculated according to the following Expressions.

‘In the case [1] where r2gzb:

ro=Krg-fnr(r-g)
yo=Kyg-Iny(g-b)
go=bo=mo=co=0

‘In the case [2] where rzb>g:

ro=Krb-fnr(r-b}




Next, based on the donmains detected in Step S2402, conpensation values ro,
go, bo, yo, no and co are calculated by the color conversion operation
circuit 101 so as to carry out color conpensation of the respective col or
conponents: R, G B, Y, Mand C (S2403). The conpensation values of the
respective domains [ 1 1 through [61 2ie cal cul ated according to the
follow ng Expressions. -In the case [1¥ where r2-g>-b: ro=Krg fnr(r-g)
yo=Kygf ny(g-b) go=bo=npb=co=0 -I1n the case [2] where rab>g: ro=Krb
fnr(r-b) 72 nmo=Knb-fnn(b-g) go=bo=yo=co=0 -In the case [3] where b>n~g:
bo=Kbr - f nb( b-r) mesHmb fnmitb-@ ro=go=yo=co=0 -In the case [41 where
b>g>r: bo=Kbg-fnb(b-g) co=Kcg-fnc(g-r) ro=go=yo=no=0 -In the case [51
where p_b>r: gozdghefrpgEgelD

-In the case [3] where b>r2g:

bo=Kbr-fnb(b-r}

mo=Kmr-fnm(r-g)

ro=go=yo=co=0

‘In the case [4] where b>g>r:

be=Kbg-fnb(b-g)}

co=Kcg-fnc(g-r)

ro=go=yo=mo=0

-In the case [3] where gzb>r:

go=Kgb-fng{g-b)

- co=Kcb'fnc{b-r)

ro=bo=yo=mo=0

-In the case [6] where g>rz2b:

go=Kgr-fng(g-r)

yo=Kyr: fny(r-b)

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are constants or _variables; and fnr(DX),
fng(DX), fnb(DX), fny(DX), fnm(DX) and fnc(DX) are functions
which respectively change depending on calculation result
DX of corresponding brackets. Here, Krg, Krb, Kbr, Kbg,
Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb are the same as

those used in the first, second and third embodiments.




co=Kcb - fnc(b-r) ro=bo=yo=nmp=0 -In the case [61 where g>nb:
go=Kgr-fng(g-r) yo=Kyr-fny(r-b) ro=bo=nb=co=0 where Krg, Krb, Kbr, Kbg,
Kgb, Kgr, Kyg, Kyr, Knmb, Knr, Kcg and Kcb are constants or variables; and
fnr(DX), fng(DX), fnb(DX), fny(DX), fnm DX) and fnc(DX) are functions

whi ch respectively change dependi ng on_cal cul ation result DX of

correspondi ng brackets. Here, Krg, Kr b7,3 Kor, Kbg, Kgb, Kgr, Kyg, Kyr, Knb,
Knr, Kcg and Kcb are the same as those used in the first, second and third
enbodi ments. 73 Further, the follow ng functions are used as the.  functions
fnr(DX) and fny(BMythéng( ¢ =DxNgwifvgh(Dxipchixis Hne( RgedDXin fhoe ( DX) =DXNc

However, it should be noted that these functions are the same as those for
findi ng rofugetidios fgo(DKD sandl foy(DSEd in the first enbodi ment unl ess they
are expressed in a different way. For exanple, in the present enbodi nent,
t he conpensati onfrvg(¥)=goXMer the domain [6] is given by: go = Kgr - fn
ote- 1. fnb(DX)=DXNb
fnm(DX)=DXNm
fnc(DX)=DXN¢
However, it should be noted that these functions are
the same as those for finding ro, go, bo, yo, mo and co used
in the first embodiment unless they are expressed in a
different way. For example, in the present embodiment,
the compensation value go for the domain [6] is given by:
go=Kgr-fng(g-r).
- Here, a relation of go=Kgr: (g-r}]Ng is found since
fng(DX)=DXNg. This function is the same as that for
finding the compensation value go used in the first
embodiment. Further, by setting Ng, Nb, Nm and Nc to be
not more than 1, it is possible to increase the compensation
value go etc., which is added to the original gradations for
color compensation, thus  appropriately enhancing
saturation in the vicinity of achromatic colors.
Further, fnr(DX) and fny(DX) are functions which
return 0 when DX=0, and return a negative value at least

once in a range of 0<DX=<1. Namely, it is preferable that

fnr(DX) and fny(DX) are set as shown in Figure 25, in which

the saturation from 0 to the vicinity of the center of flesh




- Here, a relation of go=Kgr - (g-r)Ng is found since fng(DX)=DXNg. This
function is the sanme as that for finding the conpensation value go used in
the first enbodinent. Further, by setting Ng, Nbo, Nmand Nc to be not
nore than 1, it is possible to increase the conpensation value go etc.,
which is added to the original gradatip{s for color conpensation, thus
appropriately enhancing saturation in“the vicinity of achromatic col ors.
Further, fnr(DX) and fny(DX) are functions which return 0 when DX=0O, and
return a negztive value at |least once in a range of O<DX -51. Nanely, it

i s pref er aGPLOT amain isprenghanthy Qexngan enegatiys walaim aind Kegmse 25, in
which the saturation fromQ to the vicinity of the center of flesh 74
col or domaP§CreasHng: adtfy tha ngakuretien vidom) theandcieidys ofdddreeasi ng,
and the saturation fromthe vicinity of the center of flesh color domain
to 1 is coReniatr| 9f peslh solgsgstamainaltge lans leapstanidy edsiing. aFurt her,
fnr(DX) and fny(DX) are preferably set around 0 when the saturation cones
to the vichEgafle vildHScAnghkeiepscanercaying t Fantder, dnr{Ded) aodctions, it
i's possible to reduce saturation of the flesh color while maintaining
sat ur at i onfy (PXhoake oprefaratlyd sgtd ayeminly @swhesh Hse psabibdonGeneral | vy,
a |l ookup table is used in hardware to deal wth such functions. However,
| ookup t abfemes tacthe piekrditrfemi@nochregmaticewlar! arWethndienu sef
cal cul ati on.
of such functions, it is possible to reduce saturation of the
flesh color while maintaining saturation of monochromatic
red and yellow as much as possible.
Generally, a lookup table is used in hardware to deal
with such functions. However, lookup tables is not
preferable for it requires a large amount of calculation.
Then, the following functions are used to carry out
enhancement of saturation by a simpler calculation.
fnr(DX)=DX2-Pr-DX
fny(DX)=DX2-Py-DX
where Pr and Py are constants greater than O.
The values of Pr and Py may be set in two ways as follows.
[1] O<Pr, Py<1
(2] Pr, Py=21
Degree of enhancement of saturation depends on
weather the Pr and Py are set according to [1] or [2]. This
theory is explained below with reference to Figure 26. As

shown in Figure 26, when adopting [1] = 0<Pr, Py<l, fnr

and fny become negative values in the flesh color domain,




Then, the followi ng functions are used to carry out enhancenent of
saturation by a sinpler calculation. fnr(DX)=DX2-PrDX fny(DX)=DX2-Py- DX
where Pr and Py are constants greater than 0. The values of Pr and Py nmay
be set in two ways as follows. [1] O<Pr, Py<1 [2] Pr, Py? i Degree of
enhancenment of saturation depends on ather the Pr and Py are set
according to [11 or [2]. This theory 1's explained below wth reference to
Figure 26. As shown in Figure 26, when adopting [ 1 ] = O<Pr, Py< 1, fnr
and fny becone negative values in the flesh color domain, 75 and saturation
of the fles#ndosaturtkidonasésthe fleshscehye decggnseat i o ithisheasegi nity of
nmonochromati c colors increases. On the other hand, when adopting [2) = Pr,
Py[err] 1, fsaturattomnyimrethenswaniriiyybeiofig megmabcheonsdties icolarsat uration
range of 0 to 1, and saturations of both the flesh color and nonochromatic
col ors decnsaseasFhough this exanple focuses on the flesh color, the sane
operation nmay be perforned for the other colors. Nanely, saturation of a
specific col or afmghs oBheW haddC wimsn laelomdngef oy Bsj Ry lunfiir ons
fng(DX), fnb(DX), fnm(DX), fnc(DX) which return 0 where DX=O, and return a
and fny are constantly being negative values in a saturation

range of O to 1, and saturations of both the flesh color and
monochromatic colors decrease.

Though this example focuses on the flesh color, the
same operation may be performed for the other colors.
Namely, saturation of a specific color among G, B, M and C
may be reduced by using functions fng(DX), fnb{DX),
fnm(DX), fnc(DX} which return 0 where DX=0, and return a
negative value at a desired domain.

Further, adoption of the following functions enables
relatively easy calculation.

fng(DX)=DX-Pg-DX

fnb(DX)=DX-Pb-DX

fnm(DX)=DX-Pm-DX

fnc(DX)=DX-Pc-DX

where Pg, Pb, Pm and Pc are constants greater than

1.

[Eighth Embodiment]

The following will explain yet another embodiment of
the present invention with reference to Figure 12. In

comparison with the sixth embodiment, the display device




negative value at a desired domain. Further, adoption of the relatively
easy cal cul ati on. fng(DX)=DX-Pg-DX fnb(DX)=DX-Pb-DX fnnmDX)=DX-Pm DX

f nc(DX) =DX- Pc- DX fol |l owi ng functions enabl es where Pg, Pb, Pmand Pc are 1.
constants greater than [ Ei ghth Enbodi nent] The following will explain yet
anot her enbodi mrent of the present inwﬁ tion with reference to Figure 12.
In conparison with the sixth enbodi neht, the display device 76 of the
present enbodi nent further includes a color conversion adjusting device
109 and an qutside |ight detecting device 110. Qtherw se, the display
device ac®rdfhg tRresrr ssBRpdamsIk ndRrthes dnglpdes ast c@detire to
t hat above, and therefore, explanation of equivalent function wll be
onmitted hec®@nvEisianeragisting nda¥tcand QRarndiniaganeatstdectiglyt devi ce
108 cal cul ates the average val ue and the naxi mum val ue of radation

val ues r, dledggtings davdcrR El@nd B @bapewesr.s, the display device

according to the present embodiment has a similar
structure to that above, and therefore, explanation of
equivalent function will be omitted here. The average
luminance and peak luminance detecting device 108
calculates the average value and the maximum value of
gradation values r, g and b of the R, G and B components,
and then outputs the average luminance and the peak
luminance to the color conversion operation circuit 101.

Appearance of color images displayed in a liquid
crystal display device greatly relies on environmental
factors (brightness or color). Ambient brightness and
ambient color change weather the display is carried out in a
room with a florescent light or under the sun. For example,
under bluish environment by a florescent light, human's
eyes become acclimated to the blue color, and therefore
they are insensible to blue colors. Also, under very blight
environment with sunlight, human's eyes become
acclimated to the brightness, and therefore they are
insensible to low luminance images etc.

In this view, in the present embodiment, such
ambient brightness and colors when viewing displayed

images are detected by the outside light detecting device




and then outputs the average | um nance and the peak |um nance to the color
conversion operation circuit 101. Appearance of color images displayed in a
liquid crystal display device greatly relies on environnental factors
(brightness or color). Anmbient brightness and anbient col or change weat her
the display is carried out ina roommwth a florescent [ight or under the
sun. For exanple, under bluish environnent by a florescent light, human's
eyes beconme acclimted to the blue color, and therefore they are

i nsensible to blue colors. Al so, under very blight environment with

sunl i ght, H{ifn'readizesd dee osachacs iamsenisoo, tde &si ght dgasgmigallyheref ore
they are insensible to |low |lumnance imges etc. In this view, in the
present enizeditrohtpasamietensbothebdajbtibesis rafdronkbas afhe¢heviiesitng

di spl ayed inages are detected by the outside |light detecting device 77
109, reali zboolglsusdverstln sprismiimseatas aceoddingi tel the chatecaiopar anet ers
of the calculation fornmulas of the first through seventh enbodi nents
accordi ng tresufie déhedthern thiasdiyharhic tdwitrolhof pdyaant ce conifr the of
paraneters of the calculation fornmulas of the first through seventh
enbodi ment sateylatisa beforentibisedodccahai ndfirst al thedughhe sewsmth of
outside |light detection, the average |um nance, and result of peak

| umi nance dehbotimentsurideralsvi bd péifornséd ustcsading whi g1 shetllynani c

control of paraneters of the
result of outside light detection, the average luminance, and
result of peak luminance detection. Further, with this
structure in which the dynamic control of parameters of the
calculation formulas of the first through seventh
embodiments is performed according to such factors as the
outside light detected by the outside light detecting device
109, the average luminance, or the peak luminance detected
by the outside light detecting device 109, the color
conversion adjusting device 108 may be omitted.

The following will more specifically describe the case
using the outside light detecting device of the present
embodiment with reference to Figure 23. Figure 23 shows
minute structure of the color conversion circuit 101 in
which the outside light detecting device 209 is added. In
order to carry out the operation explained in the fifth
embodiment, a  gradation luminance characteristic

converting device 201 converts the rgb values of the input

image signal into a value equal to the luminance of the

display device. More specifically, the gradation luminance




calculation forrmulas of the first through seventh enbodinents is perforned
according to such factors as the outside light detected by the outside
| i ght detecting device 109, the average |um nance, or the peak |um nance
detected by the outside |ight detecting device 109, the color conversion
adjusting device 108 may be omtted. The followng will nore specifically
describe the case using the outside |lght detecting device of the present
enbodi ment with reference to Figure 23. Figure 23 shows mnute structure
of the color conversign circuit, 101 in which the qutside |ight detecting
devi ce 209 Charasdenistie converting dsvige 2R 1t naespdradnmetions dizfed in the
fifth enbadinent,' a gradation_ |um nance characteristic converting device
201 conver £28t ABG dgby afudbeoflikthe smhadimentetai gpaverta othe ve8Rie equal
to the lum nance of the display device. Mre specifically, the gradation
| um nance Y8lugar &k ethet B PadnvEREgEy Signak Q@lhﬁsegqpﬁi ftancth®ns fir.
fzg and fzb of the fifth enbodi ment to converts the rgb values of the
i nput i magéustigrence valne@lathe disay deviesce Nawezess theecalep| ay
device. However, the color display device of the present enbodi nent may
onit the giaplayoderiee nahcthehpraseati smhbodomestt: imgynexmit 201e To carry
out the operation described in the first enbodinent, hue judging device
202 det ect grgdadiendmmirancs chagaateristisf canviempung cotansi2@dye signal ,
and

To carry out the operation described in the first

embodiment, hue judging device 202 detects gradation
levels r, g and b of an input color image signal, and
determines whether the input color image signal belongs to
which of six domains {1] through [6].

To carry out the operation described in the first,
seeond and fifth embodiments, hue data extracting device
203 extracts the difference among the respective luminance
values, which are respectively converted from the gradation
levels of r, g and b of the input image signal according to
the corresponding one of the domains {1] through [6]
determined by the hue judging device 202. When the hue
judging device 202 is omitted, the hue data extracting
device 203 extracts the difference among the original rgb
values of the input image signal.

A nonlinear processing device 204 raises the
difference, having been extracted by the hue data extracting

device 203, to the power of the coefficients Nr, Ng, Ny, Nm

or Nc.




det erm nes whether the input color inmage signal belongs to which of six
domains [1] through [6]. To carry out the operation described in the first,
second and fifth enbodi nents, hue data extracting device 203 extracts the
di fference anong the respective |um nance values, which are respectively
converted fromthe gradation |evels of79r, g and b of the input inmage
signal according to the corresponding'one of the domains Il through [6]
determ ned by the hue judging device 202. Wien the hue |judging device 202
is omtted, the hue data extracting device 203 extracts the difference
among the origi nalor §BIryaPuds the taperatpon idaspribegdndn. theofirshear
processing device 204 raises the difference, having been extracted by the
hue data exs¢eenfingndeitded2oanbasdimpenpower oreigittingef ¢oeffépientnr,  Ng,
Ny, Nm or Nc. 79 To carry out the operation described in the first,
second and génedatimgdneans, 265Swegegtrnatgscdbief iweightingefarnetiogsneans 205
generates the weighting functions Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr,
Knb, Knr, KEggardorb KKbrad€bgdikgbi KgmeKygs rleenoKanhg Ko, dEegi andet er mi ned
by the hue judgi ng device 202. To carry out the operation described in the
first or tKebthaccdrémgdiontine,carresgior dinghtweldomlagnndetiemneped06
carries out calculation to obtain the conpensation val ues ro,

by the hue judging device 202.

To carry out the operation described in the first or
the third embodiment, a coefficient multiplying device 206
carries out calculation to obtain the compensation values ro,
go, bo, yo, mo and co by using the weighting functions
generated by the weighting function generating device 205,
as well as the calculation to obtain the compensation value
wo so as to carry out the operation described in the second
embodiment.

To carry out the operation described in the fourth
embodiment, a matrix constant generating device 207
generates the factors all, al2, al3, ... a35, and a36 for
specifying the matrix Ass.

A composing device 208 carries out calculation to
obtain the values r', g and b' of gradation levels of the
output image signal by using the compensation value
generated by the coefficient multiplying device 206, or the
matrix Asze generated by the matrix constant generating

device 207.




go, bo, yo, no and co by using the weighting functions generated by the
wei ghting function generating device 205, as well as the calculation to
obtain the conpensation value wo so as to carry out the operation
described in the second enbodinment. To carry out the operation described
in the fourth enbodinent, a matrix copst ant generati ng device 207
generates the factors all, al2, al3, ... a35, and a36 for specifying the
matri x A36. A conposing device 208 carries out calculation to obtain the
values r', g' and b' of gradation |evels of the output |jnmage_ signal by
usi ng the conpen$hxe oputsidee lightedatesting t Hevierr 204 et auli8h yi ng
device 206, or the matrix A36 generated by the matri x_constzint gtenerati ng
devi ce 207 seg@othfontededting gimbienthnightaesscer 2ogbigng qqlgkto! sensor
for detecting ambient brightness or anbient color of the color display
devi ce, andheocblot sdiplegastevine, dindheonteplsgdtndeaskrane; ehitdhaw, Ng,
Nbo, Ny, Nm Nc, C, Cg, Cb, C/, Cm Cc, Pr, Py and A36, and the functions
fzr, fzg, fobegbing comfficienyts Nt NgnWb f Nii, ot Ne, £&e60F 8 Pt £t he
detection result. Note that, the function of the outside |ight detecting
devi ce 209 Gm,nOt, IPri Pgdand the, dcendcthodusictiansi fmn ﬂ?gi,gﬁﬂghe@%s, but may
be detection of other environnental factors of the color display device,
such as fnr, fng, fnb, fny, fnm and fnc according to the detection

result. Note that, the function of the outside light

detecting device 209 is not limited to the detection of

ambient brightness, but may be detection of other

environmental factors of the color display device, such as

temperature.

With the foregoing arrangement, the color display

device of the present embodiment controls the foregoing

coefficients according to the environmental factors,

particularly the brightness of outside light, by the outside

light detecting device 209. On this account, it is possible

to realize adjustment of saturation according to changes of

environment.

The color display device of the present embodiment is
especially suitable for a semi-transmission liquid crystal.
panel. This is because, since a semi-transmission liquid
crystal panel functions as a transmission liquid crystal
panel with the backlight on, and functions as a reflection

liquid crystal panel with the backlight off; that is, color of

displayed images of a semi-transmission liquid crystal panel




tenperature. Wth the foregoing arrangenent, the color display device of
the present enbodi mnent controls the foregoing coefficients according to
the environnmental factors, particularly the brightness of outside |ight,
by the outside |ight detecting device 209. On this account, it is possible
to realize adjustnent of saturation ac?Prding to changes of environnent.
The col or display device of the present enbodinent is especially suitable
for a sem -transm ssion liquid crystal panel. This is because, since a
sem -transm ssion liquid crystal panel functions as a transm ssion liquid
crystal pateanpés hdepenidall oghtweathendtHeirnsackhighes ia onf loecoifbn 1 quid
crystal panel wth the backlight off; that is, color of displayed i mges

of a sem - tHaweViersithe tolps displst dlevieaaf Hie granges depeodimgndn weat her
t he backlight is on or off. However, the color display device of the

present enmdbwRnket@ihlgows seéfficiemt bgethecoensidbilighe deteditdngl i ght
detecting device to be suitable for each of the on and off states of the

backl i ght. dévicBi fo HeeWnitdisle dbPre abis pifahdle eandfoff hstatpsesfnhe
enbodi nent is suitable for saturation adjustnment for inmage display of a

sem -t ransrﬂ&@ﬁﬁghki quiid ¢hyst dlewpatied . coONMtdidptagdidevick Bfe thel | owi ng |
w ll explain still another enbodi nent of

present embodiment is suitable for saturation adjustment

for image display of a semi-transmission liquid crystal

panel.

[Ninth Embodiment]

The following will explain still another embodiment of
the present invention with reference to Figure 27. Figure
27 illustrates a minute arrangement of the color conversion
operation circuit 101. The respective blocks shown in
Figure 27 have identical functions to those described in the
eighth embodiment.

As explained, the differences between the inputted
RGB image signals are extracted by the hue data extracting
device 203 in accordance with the hue areas detected by the
hue judging device 202. These differences are then raised
to the powers of coefficients Nr, Ng, Nb, Ny, Nm, and Nc by
the nonlinear processing means 204. Then, the raised
differences are multiplied by corresponding constants by
the coefficient multiplying device 206 so as to find the
compensation values ro, go, bo, yo, mo and co. These

compensation values are added to the inputted RGB image




the present invention with reference to Figure 27. Figure 27 illustrates a
m nute arrangenent of the color conversion operation circuit 101. The
respective bl ocks shown in Figure 27 have identical functions to those
described in the eighth enbodi nent. As expl ai ned, the differences between
the inputted RGB inage signals are exgracted by the hue data extracting
devi ce 203 in accordance with the hue eas detected by the hue judging
devi ce 202. These differences are then raised to the powers of
coefficients Nr, Ng, Nbo, Ny, Nm _and Nc by _the nonlinear processing neans
204. Then, sigmaksi Bgdthai cosnpeséBgadeviort 298-ed B9 Goricsdpdndihg
constants by the coefficient nultiglyin device 206 so as to find the
conpensat i gradalties leyelgo;, 190, and, bnwiae atIRbsgageienadt a6R val ues
are added to the inputted RGB i mage 82 signals by the conposing device 208.
As a resul foutlde gradation levels r', g and b' of the output inmage signal
are found. Specifically, the values of r', g' and b' are found by a
sinmilar method t8pdwaficadbor thedvdlmasheffi's g andodi asatfoundabyia, the
input values r, g and b are calculated to find the output value r', g and
b' accor di ggmiibaf anhleahvorlg toExhaésdesasiled imhrthueg finsy) embedimgnto+no . . .
(7) g9 =g+go+yo+co ... (8)

That is, the input values r, g and b are calculated to find

the output value r’, g and b’ according to following
Expressions (7) through (9).

r'sr+ro+yo+mo °-*-(7)

g'=g+go+yo+co -+ (8)

b'=b+bo+mo+co -+ (9)

Here,

in the case of the domain [1] where rzgzb:

ro=Cr(r-g)Nr,

yo=Cy(g-b)V¥,

go=bo=mo=co=0,

in the case of the domain [2] where rzb>g:

ro=Cb(r-b)Nr,

mo=Cm(b-g)Nm,

go=bo=yo=co=0,

in the case of the domain [3] where b>r2g:

bo=Cb(b-r)Nb,

mo=Cm(r-g)¥=,

ro=go=yo=co=0,

in the case of the domain [4] where b>g>r:



b' =b+bo+nmo+co - - (9) Here, in the case of the domain [ 1 ] where r>_g?h:
ro=Cr(r-g)141*, yo=Cy(g-b)Ny, go=bo=np=co=0, 1in the case of the domain
[2] where rib>g: ro=Cb(r-b)O, nmo=Cm(b-g)Nm go=bo=yo=co=0, in the case
of the domain [3] where b>r?g: bo=Cb(b-r)No, m=Cn(r-g)Nm ro=go=yo=co=0,
|n._t hg c:itse_of the donain [4] where b;g_ r: 83 bo=Cb(b-g)Nb, co=Cc(g-r)Nc,
ro=go=yo=np=0, in the case of the do n [5] where g?b>r: go=Cg(g-b)Ng,
;2:%(b Elz)ECCg(grS):RISZygzzD(;Org?ﬂwl n the case of the domain [6] where
bo=Cb(b-g)Nb,
co=Cc{g-r)Ne,
ro=go=yo=mo=0,
in the case of the domain [5] where gzb>r:
go=Cg(g-b)"e,
co=Cc(b-1)¥¢,
ro=bo=yo=mo=0, and
in the case of the domain [6] where g>rzb:
go=Cg(g-r)Ns,
yo=Cy(r-b)Ms,
ro=bo=mo=co0=0,
where Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm,
and Nc are constants.
In contrast to the first embodiment using the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,
Kcg and Kcb, this calculation operation of the present
embodiment uses constants Cr, Cg, Cb, Cy, Cm and Cc.
The constants Cr, Cg, Cb, Cy, Cm, Cc may be considered
values resulting from removal of the weighting functions,
that change depending on the values r, g and b, from the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,
Kcg, Kcb and Kry. Accordingly, the present embodiment

provides no effect of prevention of full saturation of chroma

or color given by the weighting functions.

However, by setting the values of Nr, Ng, Nb, Ny, Nm,




ro=bo=nob=co=0, where Cr, Cg, Ch, Cy, Cm Cc, Nr, Ng, Nb, Ny, Nm and Nc
are constants. In contrast to the first enbodi nent using the coefficients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Knr, Kcg and Kcbh, this calculation
operation of the present enbodi nent uses constants C, Cg, Cb, Cy, Cmand
Cc. The constants G, Cg, Cb, Cy, Cm ,f:c may be consi dered val ues
resulting fromrenoval of the weighti n6 functions, that change dependi ng
on the values r, g and b, fromthe <coefficients Krg, Krb, Kbr, Kbg, Kgb,
Kgr, Kyg, Knb, Knr, Kcg, Kcb and Kry. Accordingly, the present enbodi nent
provi des nanef fNctimfther eaenei mawhef s rudasanbed bmrigra fH¥ col or
given by the weighting functions. However, by setting the values of Nr, Ng,
Nb, Ny, NrenSdodimedd,ithée heolkameomdmobriogs tgll&aﬂetﬁélsmolbédam tthe fi r st

enbodi ment, the color control for the flesh color and the achromatic

col ors et cachapmsatic cotordteticnedani shidlitbesobtpindde widihghat ngsifgnct i ons.
Note that, since the values of r', g and U are found w thout using the
wei ghti ng theokeigisting flircpioasent  enbodi ment, these val ues may becorne

| arger than 1 in sonme cases. In such cases, the values of r', g' and U are

regUiC(r:ed to be nN@itki gdlat, 0sincEutiderglurs obiier'cqisaadt ' Gre Ggund, Cy, Cm
an

without using the weighting functions in the present
embodiment, these values may become larger than 1 in
some cases. In such cases, the values of r', g' and b' are
required to be modified to 1.

Further, as the constants Cr, Cg, Cb, Cy, Cm and Cc
increase, the values of r', g’ and b’ become larger than 1
more often, which causes unnatural vision of the display.
Accordingly, it is desirable that the constants Cr, Cg, Ch,
Cy, Cm and Cc are set to small values to some extent in
view of prevention of the unnatural vision.

[Tenth Embodiment]

The following will explain yet another embodiment of
the present invention with reference to Figure 28. Figure
28 illustrates a minute arrangement of the color conversion
operation circuit 101. The respective blocks shown 1n
Figure 27 have identical functions to those described in the
eighth embodiment.

As explained, the differences between the inputted
RGB image signals are extracted from the hue data

extracting means 203 in accordance with the hue areas




i ncrease, the values of r', g and b' becone larger than 1 nore often,
whi ch causes unnatural vision of the display. Accordingly, it is desirable
that the constants Cr, Cg, Cb, Cy, Cmand Cc are set to small values to
some extent in view of prevention of the unnatural vision. [Tenth
Enbodi ment] The followng wll explaingget anot her enbodi nent of the
present invention with reference to Figure 28. Figure 28 illustrates a
m nut e arrangenent of the col or conversion operation circuit 101. The
respective blocks shown in Figure 27 have identical functions to those
descri bed i Actertedepyhthe aBsdindBing ABcans a07ed, %Ehf‘esedidflf EREES bet ween
the inputted RGB image signals are extracted fromithe hue data _extracting
means 203 i AT@ccBriikiRdedi t Pt heHespodsings saedéicdanty t By hd®9 udgi ng
means 202. These differences are nultiplied by corresponding coefficients
by the coetoefficisntmumulsiplyigededreico0R060 88 tasfited fimd ddfpensation
val ues ro, go, bo, yo, nbo and co. These conpensation val ues are added/
subt ract ed bymprnsatieposialyeaseviocse 2268 boe/ ¥permeeanshteed RbBSenage
signals, that are inputted based on the square matri x of A36 generated by
the matrix consemsatjomer avaluesleviace. /faddedy/esmlitracted grbwat ithe | evel s
r', g and b' of the output inage signal are found.

composing device 208 to/from the inputted RGB image

signals, that are inputted based on the square matrix of Ass
generated by the matrix constant generating device. As a
result, the gradation levels r', g’ and b' of the output image
signal are found.

Specifically, the values of r’, g' and b' are found in a
similar manner than that described in the fourth
embodiment. That is, the output values r', g' and b’ are

calculated as follows by using square matrix of Ass.

ro
r r io
0
g =8| +tAss
b b yo
mo
co
Here,

in the case of the domain [1] where rz2gzb:

ro=Cr(r-g),

yo=Cy(g-b),




Specifically, the values of r', g and b' are found in a simlar manner
than that described in the fourth enbodinent. That is, the output val ues
r'y, g and b' are <calculated as follows by using square nmatrix of A36. co
Here, in the case of the domain [11 where r> g?b: ro=Cr(r-g), yo=Cy(g-b)
86 go=bo=npb=co=0, in the case of the ggmai n [2] where [2]r>_b>g:
ro=Cr(r-b), no=Cm(b-g), go=bo=yo=co=0," in the case of the domain [3]
where b>r_g: bo=Cb(b-r), no=Cn(r-g), ro=go=yo=co=0, in the case of the
dormain [4] where b>g>r: bo=Cb(b-g), co=Cc(g-r), ro=go=yo=np=0, in the
case of the domaBR=PH=MSI® Y’ »b>r: go=Cg(g-b), co=Cc(b-r),

in the case of the domain [2] where [2]rzb>g:

ro=Cr(r-b),

mo=Cm(b-g},

go=bo=yo=co0=0,

in the case of the domain [3] where b>rzg:

bo=Cb(b-r),

mo=Cm/(r-gj,

ro=go=yo=co=0,

in the case of the domain [4] where b>g>r:

bo=Cb(b-g),

co=Cc(g-r},

ro=go=yo=mo=0,

in the case of the domain [5] where g2b>r:

go=Cgl(g-b),

co=Cc(b-r},

ro=bo=yo=mo=0, and

in the case of the domain [6] where g>rzb:

go=Cglg-1),

yo=Cy(r-b),

ro=bo=mo=co=0,

where Cr, Cg, Cb, Cy, Cm, and Cc are constants.

In contrast to the fourth embodiment using the

coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,

Kcg, Kcb and Kyr, this calculation operation of the present




ro=bo=yo=np=0, and in the case of the domain [6] where g>>_b: go=Cg(g-r),
yo=Cy(r-b), ro=bo=nb=co=0, where Cr, Cg, Cb, Cy, Cm and Cc are
constants. In contrast to the fourth enbodi nent using the coefficients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Knr, Kcg, Kcb and Kyr, this

cal cul ati on operation of the present 8¢-,enbodi nent uses constants Cr, Cg,
Ch, Cy, Cmand Cc. Further, the calculation is performed with no control
of the coefficients Nr, Ng, Nb, Ny, Nm and Nc. Accordingly, the present

cnboclent aRBAR 1P €41 ERpsBIER BY, L0 \eHTCpS g enecand he
oLt e, S SRR o o ISP R BT ar R
e L LIS SIPHL KRS ALIGE B Mol U g, an b are foun
valves. . becory Lagatheiblathd LAl SERthalReRchERERy g Vo v
constants Siredshen by B RSy B LGRERAR N URE ncior o 10
the coefficients Nr, Ng, Nb, Ny, Nm, and Nc. However, by
setting the value of square matrix of Azs in the same
manner as that described in the fourth embodiment, the
same effect can still be obtained.
As with the ninth embodiment, since the values of r’,
g' and b' are found without using the weighting functions in
the present embodiment, these values may become larger
than 1 in some cases. In such cases, the values of r', g
and b' are required to be modified to 1. Further, as the
constants Cr, Cg, Cb, Cy, Cm and Cc increase, the values of
r', g and b' become larger than 1 more often, which causes
unnatural vision of the display. Accordingly, it is desirable
that the constants Cr, Cg, Cb, Cy, Cm and Cc are set to
small values to some extent in view of prevention of the
unnatural vision.
[Eleventh Embodiment]
The following will explain still another embodiment of
the present invention with reference to Figure 29. Figure

29 ijllustrates a minute arrangement of the color conversion

operation circuit 101. The respective blocks shown in




unnatural vision of the display. Accordingly, it is desirable that the
constants Cr, Cg, Ch, Cy, Cmand Cc are set to snall values to sone extent
in view of prevention of the wunnatural vision. [Eleventh Enbodi nent] The
following will explain still another enbodi nent of the present invention
with reference to Figure 29. Figure Il lustrates a mnute arrangenent of
the color conversion operation circuit 101. The respective bl ocks shown in
88 Figure 29 have identical functions to those described in the eighth

enbodi nent . i @XPIRIRG idERticalULEciBER toRdf sy deaksirdE inconyerted
into lum nance val ues of the display device by the gradation |um nance

charact eri sg¢jght¢CBUEHOANNGedRYI c€ 201.  Then, the difference between these
| um nance values are extracted by the hue data extracti ng device 203 in

accordance i th 14 BYEISTAS, dHeoased DRGBICIhUdE! Magndey | afc 202

These differences are en miltiplie correspondl ng constants by the

coef {1l entegibtild iR 19%@@89%%&%%%@ 8fhd13y ARYRANBRL e val ues

ro, no and e conpensation va u are ad t he

bo,
| nputt g Rt {@asnsugmié%nggtEpaggﬁreeals@a: d@afﬁe&@ﬂg dfvilegpYLL. the

gradation | out put 1 mage sPgnal are ound

Speci fical Iy hhepyal H?ﬁe%n&e’ b8 twded Fhe¥e® 1LHahBe@values are

extracted by the hue data extracting device 203 in
accordance with the hue areas detected by the hue judging
device 202. These differences are then multiplied by
corresponding constants by the coefficient multiplying
device 206 so as to find the compensation values ro, go, bo,
yvo, mo and co. These compensation values are added to
the inputted RGB image signals by the composing device
208. As a result, the gradation levels r', g' and b' of the
output image signal are found.

Specifically, the values of r', g' and b’ are found in a
similar manner than that described in the fourth
embodiment. That is, the input values r, g and b are
converted to the output values r', g' and b' through -
calculation in accordance with the following Expressions (7)
through (9).

r'=r+rot+yo+mo - --{7)

g'=g+got+yo+co -+ (8)

b'=b+bo+mo+co - -{9)

Here,




simlar manner than that described in the fourth enbodinment. That is, the
I nput values r, g and b are converted to the output values r', g and b’
through calculation in accordance with the foll ow ng Expressions (7)
through (9). r'=r+ro+yo+no ... (7) ¢ =g+go+yo+co ... (8) b'=b+bo+np+co

- (9) Here, 89 in the case of the dong'bn [ 1] where (r~gzb): ro=C (fzr
(r)-fzg (g)), yo=Cy (fzg (g)-fzb (b)), ~“go=bo=nb=co=0, in the case of the
domain [2] where (r?b>g): ro=Cr (fzr (r)-fzb(b)), mo=Cm (fzb (b)-fzg(g)),
go=bo=yo=co=0, in the case of the domain [3] where (b> _g): bo=Cb (fzb
(b)-fzr(r)), no=0m ttecage)of theglymairofhpwosco=Qr2gkb)t he case of the

domain [4] where (b>g>r): bo=Cb (fzb (b)-fzg(g)), co=Cc (fzg (g)-fzr(r)),
ro=go=yo=nmp=0, ro=Cr {fzr (r}-fzg (g)),
yo=Cy (fzg (g)-fzb (b)),
go=bo=mo=co=0,
in the case of the domain [2] where (rzb>g):
ro=Cr (fzr (r)-fzb(b)),
mo=Cm (fzb (b)-fzg(g)),
go=bo=yo=co=0,
in the case of the domain [3] where (b>r2g):
bo=Cb (fzb (b)-fzr(r})),
mo=Cm (fzr (r)-fzg(g)),
ro=go=yo=co=0,
in the case of the domain [4] where (b>g>r1):
bo=Cb (fzb (b)-fzg(g)),
co=Cc (fzg (g)-fzr(r)),
ro=go=yo=mo=0,
in the case of the domain [5] where (gzb>r):
go=Cg (fzg (g)-fzb(b)},
co=Cc (fzb (b)-fzr(r)),
ro=bo=yo=mo=0, and
in the case of the domain [6] where (g>rzb):
go=Cg (fzg (g)-fzr(r)),
yo=Cy(fz r(r)-fzb(b)),
ro=bo=mo=co=0,

Where Cr, Cg, Cb, Cy, Cm and Cc are constants; and




in the case of the domain [5] where (g?b>r): go=Cg (fzg (g)-fzb(b)), co=Cc
(fzb (b)-fzr(r)), ro=bo=yo=np=0 and in the case of the domain [6] where
(g>rzb): go=Cg (fzg (g)-fzr(r)), yo=Cy(fz r(r)-fzb(b)), ro=bo=nb=co=0
Where Cr, Cg, Cb, Cy, Cmand Cc are constants; and 90 fzr, fzg and fzb are
functi ons whi ch change dependi ng on t@ﬁ values of r, g and b in the
correspondi ng bracket. In contrast to e fifth enbodi nent using the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Knr, Kcg, Kcb and
Kyr, this calculation operation of the present emnbodinent uses constants
Cr, Cg, OofzLyfzgnanddffls. aréufuhetionhavhidleuthhinge ideRaidR{gishw th no
control of the <coefficients Nr, Ng, Nbo, Ny, Nm and Nc. Furthernore, it is

performed thehvaluddhefsquarmdid inxttd cbIbespoadifighBrackebe present
enbodi nent provides no effects given by the weighting functions, the

control of the tmeféomtrenits b, f¥ge NEthNy erdBbdam@ndc, udifgt henéquare
matrix of A36. However, by setting the values of the functions fzr, fzg

and fzb incoeéfishemtsTaONST Kad,t Rir, Resgr kaed Kyt MRyl fkhisnodirment, the
sane effect can still be obtained.

Kcg, Kcb and Kyr, this calculation operation of the present

embodiment uses constants Cr, Cg, Cb, Cy, Cm and Cc.

Further, the calculation is performed with no control of the

coefficients Nr, Ng, Nb, Ny, Nm, and Nc. Furthermore, it is

performed without the square matrix of Ass.

Accordingly, the present embodiment provides no

effects given by the weighting functions, the control of the

coefficients Nr, Ng, Nb, Ny, Nm, and Nc¢, and the square

matrix of Aas. However, by setting the values of the

functions fzr, fzg and fzb in the same manner as that

described in the fifth embodiment, the same effect can stiil

be obtained.

As with the ninth embodiment, since the values of r,

g' and b’ are found without using the weighting functions in

the present embodiment, these values may become larger

than 1 in some cases. In such cases, the values of r', g
and b' are required to be modified to 1. Further, as the
constants Cr, Cg, Cb, Cy, Cm and Cc increase, the values of
r', g and b' become larger than 1 more often, which causes

unnatural vision of the display. Accordingly, it is desirable

that the constants Cr, Cg, Cb, Cy, Cm and Cc are set to




R S

As with the ninth enbodiment, since the values of r', g and b’ are found

w t hout using the weighting functions in the present enbodi nent, these

val ues may becone larger than 1 in sone cases. In such cases, the values

of r', g and b' are required to be nodified to 1. Further, as thg .
constants Cr, Cg, Cb, Cy, Cmand Cc ingLease, the values of r', g and b
becone | arger than 1 nore often, which”’tauses unnatural vision of the

display. Accordingly, it is desirable that the constants G, Cg, Cb, Cy,

Cmand Cc are set to 91 small values to sone extent in view of prevention

of the unnsinaldl valhsé®nto [shvalel ek tERBOTh Netds Ei‘ﬁ%{-ﬁt%rgﬂb%g It leheexplain

yet anot her enbodi nent of the present invention erence to Figure
30. Figure ufhdthinadtvigies. a m nute arrangement of fthe CQI or conversi on
operation circuit 101. The respective bl ocks shown in Figure 30 have

i dentical functi Tswélgth @ﬁﬂ;&fﬁ-ﬁéhl@]&‘d in the eighth enbodiment. Further,
the average | um nance and peak |um nance detecting neans is identical to

i arnee chd ETCIOY B SRR oSS BRI,
o cas dot eored oy e T as R ML PR b el LT Rt e "Then
mul tiplied by RESGAREIH NHifARS I AYah d¥mERE SPELE SLEY conversion

operation circuit 101. The respective blocks shown in

Figure 30 have identical functions to those described in the

eighth embodiment. Further, the average luminance and

peak luminance detecting means is identical to that shown

in Figure 10, that is explained in the sixth embodiment.

As explained, the differences between the inputted
REGB image signals are extracted by the hue data extracting
means 203 in accordance with the hue areas detected by
the hue judging device 202. These differences are then
multiplied by corresponding constants by the coefficient
multiplying device 206 so as to find the compensation
values ro, go, bo, yo, mo and co.

Further, the wo component is calculated by the
function fw. The function fw dynamically changes
depending on the information obtained by the average
luminance and peak luminance detecting device 108.
Further, the foregoing compensation values are added to the
inputted RGB image signals by the composing device 208,

As a result, the gradation levels r', g and b' of the output




mul tiplying device 206 so as to find the conpensation values ro, go, bo,
yo, no and co. Further, the wo conponent is calculated by the function fw.
The function fw dynam cally changes depending on the informtion obtained
by the average |um nance and peak | um nance detecting device 108.
Further, the foregoing conpensation values are added to the inputted RGB
i mage signals by the conposing device 8. As aresult, the gradation
levels r', g and b' of the output 92 inmage signal are found. Specifically,
the values of r', g and b' are found in a simlar manner than that
descri bed iimmage signaldarefbaaidrent . That is, the input values r, g and b
are converted to the output values r', g and b' through <calculation in
accordance with tSpeéﬂidai\l\ynghEXpahSé‘sQﬂSr (g'O)mtdﬁluyuagltb (fggl}ld in a
r'=r+ro+yo+mo+wo . . (10) g¢' =g+go+yo+co+wo ... b' =b+bo+nmo+co+wo
(12) Here,simmilahe oesenet t bgagdomahat| ae&c\m@é& (fr?_ga@ sdtd (r-9),
yo Cy(g-b) wo=fw(b), go=bo=np=co=0,

embodiment. That is, the input values r, g and b are

converted to the output values r', g' and b through
calculation in accordance with the following Expressions

(10) through (12).

r'=r+ro+yot+tmo+wo ---(10)
g'=g+gotyo+tcot+wo ---(11)
b'=b+bo+motco+wo ---(12)
Here,

in the case of the domain [1] where (rzg=2b):
- ro=Cr(r-g),

yo=Cy(g-b),

wo=fw(b),

go=bo=mo=co0=0,

in the case of the domain [2] where (r2b>g):

ro=Cr(r-b),

mo=Cm{b-g),

wo=fw(g],

go=bo=yo=co=0,

in the case of the domain [3] where (b>rzg):

bo=Cb(b-r},

mo=Cm(r-g),

wo=fw(g),




in the case of the domain [2] where (r>_b>g): ro=Cr(r-b), no=Crb-g),
wo=fw(g), go=bo=yo=co0=0, in the case of the domain [31 where (b>rzg):
bo=Cb(b-r), m=Cm(r-g), wo=fw(g), 93 ro=go=yo=co=0, in the case of the
domain [4] where (b>g>r): bo=Cb(b-g), co=Cc(g-r), wo=fwr),
ro=go=yo=np=0, in the case of the dor@._;; n [5] where (g_b>r): go=Cg(g-b),
co=Cc(b-r), wo=fw(r), ro=bo=yo=no=0 "and in the case of the domain [6]
where (g>r_b): go=Cg(g-r), yo=Cy(r-b), wo=fw(b), ro=bo=np=co=0,
ro=go=yo=co=0,
in the case of the domain [4] where (b>g>r):
bo=Cb(b-g],
co=Cc(g-r1),
wo=fw(r},
ro=go=yo=mo=0,
in the case of the domain [5] where (gzb>r):
go=Cgl(g-b),
co=Cc(b-r},
wo=fw(r),
ro=bo=yo=mo=0, and
in the case of the domain {6] where ({g>rzb):
go=Cglg-r),
yo=Cy(r-b),
wo={w(b),
ro=bo=mo=co=0,
where Cr, Cg, Cb, Cy, Cm, and Cc are constants, and
fw is a function dynamically changes depending on the
average luminance and the peak luminance of the image.
In contrast to the second embodiment using the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,
Kcg, Kcb and Kyr, this calculation operation of the present
embodiment uses constants Cr, Cg, Cb, Cy, Cm and Cc.

Further, the calculation is performed with no control of the

coefficients Nr, Ng, Nb, Ny, Nm, and Nc.




where Cr, Cg, Cb, Cy, Cm and Cc are constants, and fwis a function
dynam cal | y changes dependi ng on the average |um nance and the peak

| um nance of the image. In contrast to the second enbodi ment using the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Knr, Kcg, Kcb and
Kyr, this calculation operation of the,present enbodi nent uses constants
Cr, Cg, Cb, C, Cmand Cc. Further, t calculation is performed with no
control of the coefficients Nr, Ng, Nb, Ny, Nm and Nc. 94 Accordingly,
t he present enbodi ment provides no effects given by the weighting
functions, the cduoordinglyhetheogifdseirant smirodiNgenho pridwidbig reed Nc.
However, by setting the values of the function fwin the sane nanner as

that descr ielffettisngiven siey orite enbixth tiegt fuhlkeisese thef eehtr6pBfSthé| be
obt ai ned. Further, by dynam cally changing the function fw dependi ng on

the aver agedefficiemte Nrd Nighe NlgakN UnNm@cends N&. t hel &b er enppdi ment
the sane effect can be obtained. As with the ninth enbodi nent, since the

val ues of etting thedvilues off thodud dthent fwSnneh & Nea el ﬁ{&hﬂgrfé@ﬁ ions in
the present enbodi nent, these values nay beconme |larger than 1 in sone

cases. In el @asesibédanyaheeseebrid efibodingle Rt, Qh% 55%&@1%&9 be
nodified to 1. Further, as the constants C, Cg, Cm a

\IAEIC(r: ﬁaigusgﬁ Vgt e eolobtained. amhpthé}ecwe dﬁ{agﬁﬁcahgrn c%:ﬂ?g&g)f ten,
the function {fw depending on the average luminance and
the peak luminance as in the sixth embodiment, the same
effect can be obtained.

As with the ninth embodiment, since the values of r’,
g' and b' are found without using the weighting functions in
the present embodiment, these values may become larger
than 1 in some cases. In such cases, the values of r', g'
and b' are required to be modified to 1. Further, as the
constants Cr, Cg, Cb, Cy, Cm and Cc increase, the values of
r', g' and b' become larger than 1 more often, which causes
unnatural vision of the display. Accordingly, it is desirable
that the constants Cr, Cg, Cb, Cy, Cm and Cc are set to
small values to some extent in view of prevention of the
unnatural vision.

[Thirteenth Embodiment]

Still another embodiment of the present invention is
described below. In the foregoing embodiments, each
component is extracted by classifying the inputted RGB

signals into six domains according to the relationship of




unnatural vision of the display. Accordingly, it is desirable that the
constants Cr, Cg, Ch, Cy, Cmand Cc are set to snall values to sone extent
in view of prevention of the wunnatural vision. [Thirteenth Enbodi nent]
Still another enmbodi nent of the present invention is described below In

t he foregoi ng enbodi nents, each conpo&gnt Is extracted by classifying the
I nputted RG signals into six donmai ns”according to the relationship of 95
their gradation levels, and determning the difference of the respective
conponent s dependi ng on the correspondi ng .donmain. However, the present

i nvention itheiotgtddation levelshisndedetskmihing aHeooWifferdase’ bPeheone
alternative, for exanple. For exanple, the follow ng cal culation may al so

be used farespdaataed i kgrhpenenrtgondependihigh sASPELE tortdspohddaki On
|l evels r, g and b of the input signal, the conpensation values ro, go, bo,

yo, mo, co demdino nBlowevesl theapedsaatoinvagtion tikenbe! lipwited tgquati ons.

ro=C mn (rg, rb), go=Cg-min (gr, gb), bo=Cb - mn (br, bg), yo=Cy-mn

(rb, gb), timsCmethodrd.The)following describes one alternative, for
example.

For example, the following calculation may also be
used for extracting the components.

With respect to the gradation levels r, g and b of the
input signal, the compensation values ro, go, bo, yo, mo, co
and wo may be calculated according to the following
equations.

ro=Cr-min (rg, rb),

- go=Cg-min (gr, gb),

bo=Cb-min (br, bg),

yo=Cy - min (rb, gb},

mo=Cm*min (rg, bg),

co=Cc-min (gr, br),

where min () is a function for giving the smallest
value among those in the bracket,

on condition that:

rg=r-g,

rb=r-b,

gr=g-r,

gb=g-b,

br=b-r,




co=Cc-mn (gr, br), where min () is a function for giving the small est

val ue anong those in the bracket, on condition that: rg=r-g, rb=r-b,
gr=g-r, gb=g-b, br=b-r, 96 bg=b-g, in which each of rg, rb, gr, gb, br
and bg are nodified to O when they are m nus val ues. The respective
cal cul at ed conponents according to tnf f oregoi ng equati ons may be
considered the sane as those used in (%e respective enbodi nents above. For
exanple, in the case where r>g>b, the values of rg, rb and gb becone
positive, and the values of gr, br and bg becone negative. However, since
it is set that ndggtbve values are nodified to 0, these gr, br and bg
become 0. Further, in the equation of ro for calculating the conponents,
the smaller one dh whiahdeabhiof rferbt aekeib,i br Lh@se arBgieddied in this

case where r>g>b, rg is chosen. Accordingly, yo=Cy (g-b), and wo=fw(b).
Since all dich@rwheemphegrire eoitiws valuier. their function nin(), they all
result in o The respective calculated components according to
the foregoing equations may be considered the same as
those used in the respective embodiments above.

For example, in the case where r>g>b, the values of
rg, rb and gb become positive, and the values of gr, br and
bg become negative. However, since it is set that negative
values are modified to O, these gr, br and bg become 0.

Further, in the equation of ro for calculating the
components, the smaller one of rg and rb in the bracket is
chosen. Therefore, in this case where r>g>b, rg is chosen.
Accordingly, yo=Cy (g-b), and wo=fw(b). Since all other
components contain O in their function min(), they all result
in 0.

Further, when calculating ro in consideration of a
weighting function, the coefficient for multiplying the
difference needs to be changed depending on which of rg
and rb is smaller. Specifically, calculation is performed
according to the following equations in order to extract
components in consideration of the weighting function.

-in the case where rg<rb: ro=Krg-rg

‘in the case where rg>rb: ro=Krb-rb

-in the case where gr<gb: go=Kgr-gr




Further, when calculating ro in consideration of a weighting function, the

coefficient for multiplying the difference needs to be changed dependi ng

on which of rg and rb is snaller. Specifically, calculation is perforned

according to the follow ng equations in order to extract conponents in

consi deration of the weighting functi%% in the case where rg<rb: ro=Krg
rb

rg In the case where rg>rb: ro =Krb I n the case where gr<gb: go=Kgr
gr 97 in the case where gr>gbh: go=Kgb gb in the case where br<bg:

bo=Kbr br - in the case where br>bg: bo=Kbghg in the case where rb<gb:
yo=Kyr rb in tie dwecamewbherb>gb: glyogkydgib-gbin the case where rg<bg:
nm=Kmr rg in the case where rg>bg: nmo=Knb bg In the case where gr<br:

co=Kcg gr in théencddsecalerehgrebbr<bg=koxKbr:-where min () is a function
for giving the smallest value anong those in the bracket, on condition
that: -- rg=r-g,inktire basegwhere, brgbggbo=Kbg-bg
-in the case where rb<gb: yo=Kyr-rb
*in the case where rb>gb: yo=Kyg-gb
-in the case where rg<bg: mo=Kmr-rg
-in the case where rg>bg: mo=Kmb-bg
in the case where gr<br: co=Kcg-gr
‘in the case where gr>br: co=Kcb-br
where min () is a function for giving the smallest
value among those in the bracket,
on condition that:
rg=r-g,
rb=r-b,
gr=g-r,
gb=g-b,
br=b-r,
bg=b-g,
in which each of rg, rb, gr, gb, br and bg are modified
to O when they are minus values.
Note that, the coefficients Krg, Krb, Kbr, Kbg, Kgb,
Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and Kyr are the same as
those used in the respective embodiments above. In this

manner, the respective components may be extracted

without classifying the input RGB signals into six domains.




br=b-r, bg=b-g, in which each of rg, rb, gr, gb, br and bg are nodified
to O when they are mnus values. Note that, the coefficients Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kyg, Knb, Knr, Kcg, Kcb and Kyr are the same as those used
in the respective enbodinents above. In this nanner, the respective
conmponents may be extracted w thout clgssifying the input RGB signals into
si x domai ns. 98 The present invention P& not linited to the enbodi ment s
above, but may be altered within the scope of the clains. An embodi nment
based on a proper conbination of technical devices disclosed in different

enbodi ments is @heormasaschi N inverdteehni 68l seare 1Bhitdlf PI&SeMe
I nvention. Further, the color display device of an enbodi nent of the

present i neenbbdimeatsahbovec temprrﬁwedcaélteaeHOthirﬁitﬁ.@ oPeVbEe
conpri sing hue judging neans for detécting a relationship between RGB

conponent s the elaimput AxPledh boldiBieh 6 bald bh 5%{@?% ctobﬁbﬁﬁgh%‘}ﬁt | on
| evel s and determ ni ng whether the input signal” belongs to Ich of the

si x patter@s tﬁc}iﬂﬁ:dleﬁ%&ii@é@h&ifﬁql%@@dgﬁﬁdaﬁffEFanogﬂ'ﬂ:ilﬁcgﬁ#Eﬁtge?Qs for

carrying out gradation conpensation individually for ree conmponents

REB  excl udnedmpassrancih MRS acdhied! deapat! 87 | AYE!  present

invention.

Further, the color display device of an embodiment of
the present invention may also be expressed as: a color
display device comprising hue judging means for detecting a
relationship between RGB components of an input color
image signal in terms of their gradation levels and
determining whether the input signal belongs to which of
the six patterns of the relationship; and gradation
compensating means for carrying out gradation
compensation individually for the three compdnents RGB
excluding a component with a smallest gradation level,
using variables that vary depending on the respective
gradation levels of the three components RGB.

The hue judging means is supported by, in one
exemplary non-limiting manner, the hue judging device 202
shown in Figure 23. Further, the gradation compensating
means is supported by, in one exemplary non-limiting
manner, the hue data extracting device 203, the nonlinear

processing device 204, the weighting coefficient generating




usi ng variables that vary depending on the respective gradation |evels of
the three conponents RGB. The hue judgi ng neans is supported by, in one
exenplary non-limting nmanner, the hue judging device 202 shown in Figure
23. Further, the gradation conpensating neans is supported by, in one
exenplary non-limting nmanner, the h data extracting device 203, the
nonl i near processing device 204, the I ghting coefficient generating 99
device 205 and the coefficient multiplying device 206, the natrix constant
generating device 207 and the conposing device 208, which are shown in

Fi gure 23. ddstieet BAS arhd thes pawmtfificd ebitonksltdplyipsy aldvioe poOFceshes of the
col or display device and nethod described in the foregoing enbodi nents may
be carri ed matrixbyca gimegr gersiratdgi deaiRO2 @ ReaddOthe Motapwsing a RAM
which is carried out by cal culating means such as a CPU for exanple, and

i's control Idebiby 208ytwhitth mensheuah inaBiguke@®ard for exanpl e,
out putting neans such as a display for exanple, or communicating neans

such as an inteNctee chagyitther exepetavel nHlbcksmarier opdiatiégspective
functi ons and operations of the color display device of an enbodi nent of

the presentpriotegrkison ofaythe kedbtzedioplay bydeerd Nnth9dt mefipggdam from a

storage nedium and enforcing the programby a conputer. Further, by

storing theldycegbed i the’ eoRdvEting ¥RlbbMinddifts may be carried out
by a program stored in a ROM (Read Only Memory) or a
RAM, which is carried out by calculating means such as a
CPU for example, and is controlled by inputting means such
as a keyboard for example, outputting means such as a
display for example, or communicating means such as an
interface circuit for example. In this manner, the
respective functions and operations of the color display
device of an embodiment of the present invention may be
realized only by reading out a program from a storage
medium and ehforcing the program by a computer.
Further, by storing the program in a removable medium, the
respective functions and operations may be enforced by an
arbitrary computer.

The storage medium for storing a program may be a
memory (not shown) such as a ROM, or a computer readable
medium or program medium, which is read by a program
reading device {external! storage device; not shown) into

which the medium is inserted.

Further, in either case, it is preferable that the




respective functions and operations may be enforced by an arbitrary
conputer. The storage nediumfor storing a programmay be a nenory (not
shown) such as a ROM or a conputer readable rmedium or program nmedi um
which is read by a program reading device (external storage device; not
shown) into which the mediumis inserbﬁd. Further, in either case, it is
preferable that the 100 program storec} n the nmediumis accessed by a

m croprocessor for enforcenent. Further, it is also preferable that the
programis read out and then is downl oaded in a program storage area of a
ni cr oconputpmogrefmr e seof od ceirent th&@hendedinimadiisg ascessedi ethyouta by a
built-in programof the main body of the device. Here, the program nedi um
above nay bmicrommgusser feaadalbbreceméintm or a storage nedium arranged to
be renovable fromthe main body, and may be the nediumfixedly holds the

program code, whiFalrthar,lie isaalsc prapershiet cia s 4ble psodraBONSticad ape, a
cassette tape or the like, (b) a disk systemwhich includes a nmagnetic

di sk suchoast anfd abeyr @ sdk¢whloadear th di Sk ograimesidiageangeanot @pt i cal
di sk such as a CO-ROM an MO, an MD, a DVD or the like, (c) a card system

ﬂjﬁg azngn (dé)ﬁ:lgﬁfcdnbm@kuﬁe\f@r@f endofEsMeY1tCar dhe 2@ oRPhISAdirf@r i§ or the
carried out by a built-in program of the main body of the
device.

Here, the program medium above may be a
computer readable medium or a storage medium arranged
to be removable from the main body, and may be the
medium fixedly holds the program code, which can be (a)
a tape system such as a magnetic tape, a cassette tape or
the like, (b} a disk system which includes a magnetic disk
such as a floppy disk®, a hard disk or the like and an
optical disk such as a CD-ROM, an MO, an MD, a DVD or
the like, (c) a card system such as an IC card (inclusive of
a memory card), an optical card or the like, and (d) a
semiconductor memory such as a mask ROM, an EPROM,
an EEPROM, a flash ROM.

Further, in the case of a configuration accessible to
a communications network including the Internet, it is
preferable that the medium may be the one fluidly carries

the program code so that the program can be downloaded

via the communications network.

Note that, in the case of downloading a program




sem conductor nenory such as a mask ROM an EPROM an EEPROM a flash ROM
Further, in the case of a configuration accessible to a comunications
network including the Internet, it is preferable that the nmedi um nay be
the one fluidly carries the programcode so that the program can be

downl oaded via the comruni cations netwqrk. Note that, in the case of
downl oadi ng a program 101 fromthe co ni cati ons network, the programfor
carrying out downl oadi ng nay be either previously stored in the nmain body
of the device or installed froma different storage nmedium As descri bed,
a col or di siploay devé cecanmmreachoib nent neotwdriks ptlksenprogvgnt | dor

determ nes a relationship between plural color conponents of an input

col or i magecatmyialg omt tHewmladdidgimeagr ddatdiohel eyed siowsly s@préds out
calculation based on the relationship for each of the plural color

conponent s iex¢hedimginbodyoferic Wevice sruhlsealledTpsat aodiffeyeht This is
done using variables that are vary depending on the respective gradation

| evel s of tdwralger Mediodmr conponents. Further, a color display device of
an enbodi rent of the present invention determ nes a relationship between

three color conpeneiesceibéd, ianeslo€diopldy RS st WRhn émB&difent their
gradation levels, and carries out a different
of the present invention determines a relationship between
plural color components of an input color image signal in
terms of their gradation levels, and carries out calculation
based on the relationship for each of the plural color
components excluding a component with a smallest
gradation level. This is done using variables that are vary
depending on the respective gradation levels of the plural
color components.

Further, a color display device of an embodiment of
the present invention determines a relationship between
three color components of an input color image signal in
terms of their gradation levels, and carries out a different
calculation for each input color image signal depending on
whether the input color image signal belongs to which of six
patterns of the relationship. The calculation is performed
for each of the three color components excluding a
component with a smallest gradation level, using variables
that vary depending on the respective gradation levels of the
three color components.

An embodiment of the present invention carries out




cal cul ation for each input color inmage signal depending on whether the
I nput col or imge signal belongs to which of six patterns of the
rel ati onship. The calculation is performed for each of the three col or
conponents excluding a conponent with a smallest gradation |evel, using
vari ables that vary depending on the 1E}?spective gradation | evels of the
three col or conponents. An enbodi nent the present invention carries out
102 col or conpensation of an input color signal in consideration of RGB
conponents, YMC conponents, and al so white conmponent in sone cases,
cont ai ned iceleheongealsatiomof anhinpithgodesisigdad dnoconmideration
operation. Further, the color display device is arranged so that the
vari abl es &fe RigBer acomposontat YME groadgoinemtissvelrsd ofalsbhewhiaput col or
i mage signal after color conpensation fall wthin a range of a col or nodel
t hat expressespbhendr adatsioone tesebs odntdmedpirt tloé osigmabe thiupal before
and after color conpensation in terns of distributions of hue, |um nance
and sat ur akictrieving tdewiredtcolerprefieeediom bpatrativeri nput col or i mage
signal is converted into an output color image signal with the RG
conponent s respeftirthley, thei cglor atiaplanp devides isfarrangegd soadtlbat which
are given by: r'=r+ro+yo+no, (' =g+go+yo+co,
the variables are determined so that the gradation levels of
the input color image signal after color compensation fall
within a range of a color model that expresses the gradation
levels of the input color image signal before and after color
compensation in terms of distributions of hue, luminance
and saturation.
Further, it is preferable that the input color image
signal is converted into an output color image signal with
the RGB components respectively having gradation levels of
r', g and b', which are given by:
r'sr+ro+yo+mo,
g'=g+go+yo+tco,
b'=b+bo+mo+co,
where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and
in a case [1] where r2g=b,

ro=Krg(r-g)Nr,

yo=Kyg(g-b)Nv,




b' =b+bo+nmo+co, where r, g and b are val ues obtained by dividing original
gradation levels of the three color conponents of the input color imge
signal by a nmaxi mum gradation value N-1; and in a case [1l) where r_g?b,
ro=Krg(r-g)Nr, yo=Kyg(g-b)Ny, 103 go=bo=np=co=0, for case [21 where
n!'b>g, ro=Krb(r-b)Nr, no=Knb(b-g) Nm103go:bo:yo:co:0, for case [31 where
b>r>g, bo=Kbr(b-r)Nb, no=Knr(r-g)Nm  ~“ro=go=yo=co=0  for case [41l where
b>g>r, bo=Kbg(b-g)Nb, co=Kcg(g-r)Nc, ro=go=yo=np=0, for case [51 where
g2: b>r, go=Kgb(g-b)Ng, co=Kch(b-r)Nc, ro=bo=yo=np=0, .

go=bo=mo=co=0,

for case [2] where r2b>g,

ro=Krb{r-b)¥r,

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

for case {3] where b>rz2g,

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)¥m,

ro=go=yo=co=0,

for case [4] where b>g>r,

bo=Kbg(b-g)v,

co=Kcg(g-r)Ne,

ro=go=yo=mo=0,

for case [5] where g2b>r,

go=Kgb(g-b)"s,

co=Kcb{b-r)N¢c,

ro=bo=yo=mo=0,

for case [6] where g>rzb,

go=Kgr(g-r)Ne,

yo=Kyr(r-b)N,

ro=bo=mo=co=0,

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,

Kmr, Kcg and Kcb are variables which change depending on

values of r, g and b; and Nr, Ng, Nb, Ny, Nm and Nc are

constants not less than O.




for case [61 where g>r~tb, go=Kgr(g-r)Ng, yo=Kyr(r-b)Ny, ro=bo=np=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knmr, Kcg and Kcb are
vari abl es whi ch change depending on values of r, g and b; and Nr, Ng, Nb,
Ny, Nmand Nc are constants not |less than 0. 104 Further, it is preferable
that the.variables are expressed as: Kpg=Crfrg (r,b), Krb=Crfrb (r,qg)
Kgr=Cg fgr (g,b), Kgh=Cg fgb (g,r) Kbr=Cb fbr (b,g), Kbg=Cb fbg (b,r)
Kyg=Cy fyg (r,b), Kb=Cmfnb (r,g) Knr=Cm- fnr (b g), Kcg=Cc fcg (b, r)
Kcb=Cc fcb (g,r), Kyr—Q/ fyr (g,b) where Cr, Cb, Cy, Cmand Cc are
constants; frg, Fhergr 1tfgl§ ' pheferaije ft;lgatfrtvbe f variaklgs fepcand fyr
are functlons whi ch respectively change depending on values of r, g and b
in correspmrr@g;slﬁfldaéﬁéts and the r, g and b are obtained by dividing
original gradation levels of the RGB conponents of the input color image
signal by a maxi Mng= %Eafdgt(lrdh),vlérbéq\u- frbHarg)her, the variables may be
expressed as: Krg=Cr far {) (b% Kr b=Cr far (r) fab (9)
Kgr=Cg-fgr (g,b), Kgb=Cg fgb (g,r)
Kbr=Cb-fbr (b,g), Kbg=Cb-fbg (b,r)
Kyg=Cy-fyg (r,b), Kmb=Cm-*fmb {r,g)
Kmr=Cm-fmr (b,g), Kcg=Cc-fcg (b,r)
Kcb=Cc-fcb (g,r), Kyr=Cy-fyr (g,b)
where Cr, Cb, Cg, Cy, Cm and Cc are constants; frg,
frb, fgr, fgb, fbr, fbg, fyg, fmb, fmr, fcg, fcb and fyr are
functions which respectively change depending on values of
r, g and b in corresponding brackets; and the r, g and b are
obtained by dividing original gradation levels of the RGB
components of the input color image signal by a maximum
gradation value N-1.
Further, the variables may be expressed as:
Krg=Cr-far (r)-fag (b), Krb=Cr-far (r)-fab (g)
Kgr=Cg-fag (g) - far (b), Kgh=Cg-fag (g):fab (r)
Kbr=Cb-fab (b)-far {g), Kbg=Cb-fab (b)-fag (r)
Kyg=Cy-far (r)-fab (b), Kmb=Cm~-far (r)-fag (g)
Kmr=Cm-fab (b)-fag (g), Kcg=Cc-fab (b)-far (r)
Kcb=Cc-fag (g)-fa r(r), Kyr=Cy-fag (g)-fab (b)

where Cr, Cb, Cg, Cy, Cm and Cc are constants; far,

fab and fag are functions which respectively change

depending on values of r, g and b in corresponding




Kgr=Cg fag (g)-far (b), Kgb=Cg fag (g) fab (r) Kbr=Cb fab (b)-far (g),
Kog=Cb fab (b)-fag (r) Kyg=Cy far (r) fab (b), Knb=Cm far (r)-fag (g)
Knmm=Cm fab (b) fag (g), Kcg=Cc fab (b) far (r) Kcb=Cc fag (g) fa
r(r), Kyr=Cy fag (g) fab (b) where G, Cbh, Cg, Cy, Cmand Cc are
constants; far, fab and fag are functions which respectively change
dependi ng on values of r, g and b in cl(S)Srespondi ng 105 brackets; and the r,
g and b are obtained by dividing original gradation |evels of the RGB
conponents of the input color inmage signal by a nmaxi mum gradation val ue
N- 1. Furtherackéts;vaandblths mgy goeardpriesaed abtakngdCbyardpkidikng=Cr - ar
- ag, Kgr=Cg-ag-ab,Kgh=Cg - ag - ar, Kbr=Cbh-ab-ag, Kbg=Cbh-ab-ar,
Kyg=Cy- ar - atrrigihaCngpadagiorkKniekatscidi- aheKCRGEcconfbonefts KEbehec - ag -
ar,Kyr=Cy - ag - ab, ar=fO x rk(0:5r<M), ar=f 1 x (I -r)k(M::~r:5 1),
ag=gOxgk( 0: fagrily) coldrgindge ( bigria K (B4 945 nfaRirhumc ighad@tpkh Ovalle< M b),
ab=hl x(I-b)k(Mb:!:- b:5 1),

N-1.

Further, the variables may be expressed as:

Krg=Cr-ar-ab, Krb=Cr-ar-ag,
Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,
Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,

Kyg=Cy-ar-ab, Kmb=Cm-or-ag,

Kmr=Cm-ab-ag, Kcg=Cc-ab-ar,
Kcb=Cc-ag-or, Kyr=Cy-ag-ab,
ar=f0xrk (O<r<Mr),

ar=f1x{1-r)k (Mr<r<1),

ag=g0xgk (O<g<Mg),

ag=glx(1l-g)x  (Mg=gsl),

ab=h0xbk (0<b<Mb),

ab=h1x(1-b)k (Mbsbsl),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and
the r, g and b are obtained by dividing original gradation
levels of the RGB components of the input color image
signal by a maximum gradation value N-1.

Further, the variables may be expressed as:

Krg=Cr-ar-ab, Krb=Cr-ar-ag,

Kgr=Cg-ag-ab, Kgh=Cg-ag-ar,

Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,




where Cr, Ch, Cg, Cy, Cmand Cc are constants, and the r, g and b are
obt ai ned by dividing original gradation |evels of the RG conponents of
the input color inmage signal by a maxi num gradation value N-1. Further,
the variabl es may be expressed as: Krg=Cr-ar-ab, Krb=Cr - ar - ag,
Kgr=Cg- ag-ccb, Kgh=Cg - ag - ar, Kbrgh-ab-ag, Kbg=Cb-ccb-ar, 106 Kyg=Cy
ar ab, Knmb=Cm ar ag, Knr=Cm ab ag, Kcg=Cc ab ar, Kcb=Cc ag ar,
Kyr=Cy ag ab, ar=2xr(0:5r<0.5), ar=2x(1-r)(0.5< r<_1), ag=2xg(0sg<0.5),
ag=2 x (1-9)(0.5< g é') ab=2xb(0Gsb<0.5), ab=2 x (1-b)(0.5s b<_ 1), where
o, b, Oy, ¢y, Fyar&yceraed,consKanbsCrmngr-ege r, g and b are obtai ned
by dividing original gradation |levels of the R@G conponents of the input
color image signBmCrm mdxiotim glkepateoncbatoe N-1. Further, the
vari abl es nmay be eggressed as: Krg=Cr frmax (r) fmn (b), Krb=Cr fmax (r)
fmn (g) Kgr=Cg KegxQuegwira (b) Kykgescggmex (g) fnin (r) Kbr=Cb fmax
(b) fmn (g), Kbg=Cb fnmax (b) fmn (r)
ar=2xr {0=r<0.9),
ar=2x{1-r) (0.5srs1),
ag=2xg (0<g<0.5),
ag=2x(1-g) (0.5=g=<1),
ab=2xb (0sb<0.3),
ab=2x(1-b) (0.5<bs<1),
where Cr, Cb, Cg, Cy, Cm and Cc are constants, and
the r, g and b are obtained by dividing original gradation
levels of the RGB components of the input color image
signal by a maximum gradation value N-1.
Further, the variables may be expressed as:
Krg=Cr:fmax (r)*fmin (b}, Krb=Cr:fmax (r}:fmin {g}
Kgr=Cg-fmax (g) fmin (b), Kgb=Cg-fmax (g) fmin (r)
Kbr=Cb-:fmax (b):fmin (g}, Kbg=Cb-:fmax (b):fmin (r)
Kyg=Cy-fmax {r):fmin (b), Kmb=Cm-fmax (r):-fmin (g)
Kmr=Cm-fmax (b):fmin (g), Kcg=Cc-fmax (b):fmin (r)
Kecb=Cc-fmax (g)-fmin (r), Kyr=Cy-fmax (g} fmin (b)
where Cr, Cb, Cg, Cy, Cm and Cc are constants; fmax,
and fmin are functions which respectively change depending
on values of r, g and b in corresponding brackets; and the r,

g and b are obtained by dividing original gradation levels of

the RGB components of the input color image signal by a




Kyg=Cy-fmax (r) fmn (b), Kb=Cmfrmax (r) fmn (g) Km=Cmfmax (b) fmn
(g), Kcg=Cc fmax (b) fmn (r) Kcb=Cc fmax (g) fmn (r), Kyr=Cy fmax (Q)
-fmn (b) where G, Cb, Cg, C/, Cmand Cc are constants; frmax, and fmn
are functions which respectively change depending on values of r, g and b
I n correspondi ng brackets; and the r, 109 and b are obtained by dividing
original gradation |evels of the RG@ conponents of the input col or inmage
signal by a 107 nmaxi mum gradation value N-1. Further, the variables may be
expressed as: Krg=Cr Sr - Th, Krb=Cr Sr Tg, Kgr=Cg Sg Tb, Kgh=Cg Sg
Tr, Kbr =CmasimuTy,gndstat@on salugN-1Kyg=Cy SrTh, Knb=Cm SrTg,

Knmr =CnBbTg, Kcg=CcSbTr, Kcb=CcSgTr, Kyr=CySgTb, Tr=rk, Sr=(1-r)k, Tg=gk,
Sg=(i-g)k, Tb=bKurtsbz( thk)kariakiesem@y bebexpyeseyd a¥n Cc and k are
constants, and the r, g and b are obtained by dividing original gradation
| evel s of the RCEBrgsfyolan{ld,of tHherbapat Scollgy

Kgr=Cg-Sg-Tb, Kgb=Cg-Sg"Tr,
Kbr=Cb-Sb-Tg, Kbg=Cb-Sb-Tr,
Kyg=Cy-Sr-Th, Kmb=Cm-Sr-Tg,
Kmr=Cm-*Sb-Tg, Kcg=Cc*Sb Tr,
Kcb=Cc-Sg-Tr, Kyr=Cy-Sg-Th,
Tr=rk,
Sr=(1-r)k,
Tg=g¥,
Sg=(1-g)*,

~ Tb=bk,
Sb=(1-b)k,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants,
and the r, g and b are obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1.

Further, it is preferable that the constant k is 1.

Further, it is preferable that the Cr, Cb, Cg, Cy, Cm
and Cc are constants expressed as 1/(integer power of 2).

Further, the input color image signal may be
converted into an output color image signal with the RGB
components respectively having gradation levels of r', g' and

b', which are given by:




I mage signal by a maxi mum gradation value N-1. Further, it is preferable
that the constant k is 1. Further, it is preferable that the C, Ch, Cg,
Cy, Cm and Cc are constants expressed as 1/(integer power of 2). Further,
the input color inmage signal may be converted into an output col or inage
signal with the RGB conponents respegbbvely havi ng gradation levels of r',
g and b', which are given by: 108 r go bo yo no co wherer, g and b
respectively express gradation |evels of RGB conponents of the inputted
.color image signal; and A36 expresses square matrix of 3x6; and in the
case [1] where r> g> b, ro=Krg(r-g)Nr, yo=Kyg(g-b)Ny, go=bo=npb=co=0, in
the case [2] where r?b>g, ro=Krb(r-b)Nr, nmo=Knb(b-g)Nm go=bo=yo=co=0

(To )
r T g0
gl =gl +Asw bo
b b o
mo
\CO

where r, g and b respectively express gradation levels
of RGB components of the inputted color image signal; and
A3s expresses square matrix of 3x6; and

in the case [1] where rzg2b,

ro=Krg(r-g)¥r,

yo=Kyg(g-b)"7,

go=bo=mo=co=0,

in the case [2] where rzb>g,

ro=Krb(r-b)Nr,

mo=Kmb({b-g)Nm,

go=bo=yo=co=0,

in the case [3] where b>r2g,

bo=Kbr(b-r)Nb,

mo=Kmr{r-g)¥m,

ro=go=yo=co=0,

in the case [4] where b>g>r,

bo=Kbg(b-g)"®,

co=Kcg(g-r)¥,

ro=go=yo=mo=0,




in the case [3] where b>r_g, bo=Kbr(b-r)Nb, no=Knmr(r-g)Nm ro=go=yo=co=0,
In the case [4] where b>g>r, bo=Kbg(b-g)Nb, co=Kcg(g-r)NG ro=go=yo=nn=0,
109 in the case [51 where g_b>r, go=Kgb(g- b)Ng, co=Kcb(b-r)Nc,
ro=bo=yo=np=0, in the case [61 where g>r_ b, go=Kgr(g-r)Ng, yo=Kyr(r-b) Ny,
ro=bo=np=co=0, where Krg, Krb, Kbr, 5@2 Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg
and Kcb are variabl es whi ch change de ding on values of r, g and b; and
Nr, Ng, Nb, Ny, Nmand Nc are constants not |less than 0. - Further, the
i nput col or inmage signal may be converted into an output color image signal
with the RGB cofnotlenicasecfpestietal g>bavying gradation levels of r', ¢g' and
b', which are given by: (r')fir)ro '
go=Kgb(g-b)"s,
co=Kcb(b-r)Nc,
ro=bo=yo=mo=0,
in the case [6] where g>rzb,
go=Kgr(g-r)¥s,
yo=Kyr(r-b)Ny,
ro=bo=mo=co=0,
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b; and Nr, Ng, Nb, Ny, Nm and Nc are
constants not less than O.
- Further, the input color image signal may be
converted into an output color image signal with the RGB

components respectively having gradation levels of r’, g' and

b', which are given by:

4 ro 3
r r go
g| =8| +tAss bo
b’ b yo
mo
\CO

where 1, g and b respectively express gradation levels
of RGB components of the inputted color image signal; and

A3 expresses square matrix of 3x6; and



go g' =g+ A36bo Yo Ib'bnmo co where r, g and b respectively express gradation
| evel s of RGB conponents of the inputted color imge signal; and A36
expresses square matrix of 3x6; and 110 in the case [1l1l where r?gz-b,

ro=Krg(fzr(r)-fzg(g))Nr, yo=Kyg(fzg(g) -fzb (b)) Ny, go=bo=nmb=co=0, in
the case [2] where r>_b>g, ro = Krb (fﬁr(r) -fzb (b)) Nr,
Bomab o5y £H (PN phckar o) h oy o Focgbyortors "rh e
caie £4]:mh§re b>g>r bo:Kb%éféb(b)-fzg(g))Nb co=Kcg(fzg(g)-fzr(r))Nc
ro=go=yo=no=0 i anttie case [1J]whiseeerag>y

ro=Krg(fzr(r)-fzg(g))"r,

yo=Kyg(fzg(g)-fzb(b))"7,

go=bo=mo=co=0,

in the case [2] where rzb>g,

ro=Krb(fzr(r)-fzb(b))Nr,

mo=Kmb(fzb(b)-fzg(g))Nm,

go=bo=yo=co=0,

in the case [3] where b>rz2g

bo=Kbr{fzb{b)-fzr{r))Nb

mo=Kmr(fzr(r)-fzg(g))¥m

ro=go=yo=co=0

in the case [4] where b>g>r

bo=Kbg(fzb(b)-fzg(g))NP

co=Kcg(fzg(g)-fzr(r))Ne

ro=go=yo=mo=0

in the case [5] where g2b>r

go=Kgb(fzg(g)-zb(b))Ns

co=Kcb(fzb(b)-fzr(r))Nc

ro=bo=yo=mo=0

in the case [6] where g>rzb

go=Kgr(fzg(g)-fzr(r))Ne

yo=Kyr(fzr(r)-fzb(b)}Ny

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,




t he

go=Kgb(fzg(g)-fzb(b))Ng co=Kcb(fzb(b)-fzr(r))Nc ro=bo=yo=nmp=0 in
case [6] where g>r?b go=Kgr(fzg(g)-fzr(r))Ng yo=Kyr(fzr(r)-fzb(b))Ny
ro=bo=npb=co=0 where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, I1]I
Kcg and Kcb are vari abl es whi ch change depending on values of r, g and b;
Nr, Ng, Nb, Ny, Nmand Nc are constangg not less than 0, and fzr, fzg, fzb

Knr ,

are functions which respectively chath dependi ng on val ues of r, g and b
i n correspondi ng brackets. Further, the input color inmage signal may be
converted into an output color inage signal in mhich the RGB conponents

respect i velymbaye gl On 4.2 9hsifblds wilich @by a@%ﬁg@ g ven by:

r' =r+ro+yo+no, @, =g+go+yo+co, b'=b+bo+np+co, mhere r respectively

Copreos 9 FRGeHel | e oAl B! Mg MRS sl ohrd e
constants not less than 0, and fzr, fzg, fzb are functions
which respectively change depending on values of r, g and b
in corresponding brackets.

Further, the input color image signal may be
converted into an output color image signal in which the
RGB components respectively have gradation levels of r', g’
and b', which are given by:

r'=r+ro+yo+mo,

g'=g+go+yo+co,

b'=b+bo+mo+co,

where r, g and b respectively express gradation levels
of RGB components of the inputted color image signal; and,

in the case {1] where rzgzb,

ro=Krg-fnr(r-g),

yo=Kyg-fny(g-b),

go=bo=mo=co=0,

in the case [2] where rzb>g,

ro=Krb-fnr(r-b),

mo=Kmb-fnm(b-g),

go=bo=yo=co=0,

in the case [3] where b>r2g,

bo=Kbr-fnb(b-r}),

mo=Kmr-fnm(r-g),



go=bo=nmp=co=0, in the case [2] where nb>g, ro= Krb - fnr(r- b), no=Knb -
fnm(b-g), go=bo=yo=co=0O, in the case [3] where b>r2:g, bo=Kbr-fnb(b-r),
mo=Knr-fnn(r-g), signal; and, 112 ro=go=yo=co=0O, in the case [4] where
b>g>r, bo=Kbg fnb(b-g), co=Kcg fnc(g-r), ro=go=yo=np=0, in the case [3]
where g _b>r, go=Kgb fng(g-b), coch?# nc(b-r), ro=bo=yo=np=0, in the

case 16] where g>r; ?:b, go=Kgrfng(g- yo=Kyr fny(r-b), ro=bo=np=co=0,
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kb, Knr, Kcg and Kcb are
vari abl es whi ch change depending on values of r, g and b; and fnr(DX),
fng(DX), fnb(DX) .ro=py=co=0,
in the case [4] where b>g>r,
bo=Kbg-fnb(b-g),
co=Kcg-fnc(g-r),
ro=go=yo=mo=0,
in the case [5] where g2b>r,
go=Kgb-fng(g-b),
co=Kcb-fnc(b-r),
ro=bo=yo=mo=0,
in the case [6] where g>r2b,
go=Kgr-fng(g-r),
yo=Kyr-fny(r-bj},
ro=bo=mo=co=0,
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b; and inr(DX), fng(DX), fnb{DX), fny(DX],
fnm(DX) and fnc(DX) are functions which respectively change
depending on calculation result DX (0=DXsl1) of
corresponding brackets.
As with this arrangement, by setting the coefficients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and
Keb (weighting functions) based on one of the R, G and B
component having the maximum luminance and the one of
them having the minimum luminance, it is possible to

reduce the weighting functions when the gradation level of a



fnm(DX) and fnc(DX) are functions which respectively change depending on
calculation result DX (GsDXsl) of corresponding brackets. As with this
arrangenent, by setting the coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Kyr, Kmb, Knr, Kcg and Kcb (weighting functions) based on one of the
R, G and B conponent having the nmaxi (r)lr;{? | um nance and the one of them
havi ng the m ni num | um nance, it is p Ible to reduce the weighting
functi ons when the gradation |level of a 113 color conponent with a maxi mum
| um nance cones closer to the maxi num gradation val ue, or when the

gradation cloguel coiporenorwidimonaakimtm 0enihahoentdaeNdI6ser CONES
close to 0. Accordingly, it is possible to prevent the defect of color

saturationtbnthiee reagemMier @ram£1ibautvalaledr ok Mageen Stig@agradatio@r eat er
gradation | evel than the maxi mum gradation value, and also to prevent

enhancenmentepél ¢falUrailo@n coigpoheti RPth $h@Nahihfma AP MaskiI®Eé C col or,
thus outputting (displaying) a color inage with appropriate gradation. The

foregoi ng ebiges AQbker®doby the weighting function nmay al so be obtai ned
with the followi ng arrangenents. That is, the color display device of an

O e oo TRIARLL IYE | BB OoRst SR ekl o
color saturation in the case where an output color image
signal has a greater gradation level than the maximum
gradation wvalue, and also to prevent enhancement of
saturation when the input signal is a monochromatic color,
thus outputting (displaying) a color image with appropriate
gradation.

The foregoing effect offered by the weighting function
may also be obtained with the following arrangements.

That is, the color display device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having
gradation levels of r', g' and b', which are given by:

r'=r+ro+yo+mo,

g'=g+go+yo+co,

b‘=b+bo+mo+co,

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value

N-1; and,



signal with the three col or conponents respectively having gradation
| evels of r', g and b', which are given by: r'=r+ro+yo+no, ¢ =g+go+yo+co,
b' =b+bo+nmo+co, where r, g and b are val ues obtai ned by dividing original
gradation | evels of the three color conponents of the input color inmage
signal by a maxi mum gradation value N1, and, 114 in a case [ 1 ] where
rig>b: ro=Cr(r-g)Nr, yo=Cy(g-b)Ny, !dd=bo=np=co=0, in a case [2] where
r b>g: ro=Cb(r-b)Nr, no=Cnb-g)Nm go=bo=yo=co=0, in a case [3] where
b>r>g: bo=Cb(b-r)Nb, no=Crm(r-g)Nm ro=go=yo=co=0, in a case [4] where
b>g>r:  bo=Cb(b- GG, cas@TEF wehérdVe>gt®Tg0=y0=nD=0,

ro=Cr(r-g)Nr,

yo=Cy(g-b)"y,

go=bo=mo=co=0,

in a case [2] where rzb>g:

ro=Cb(r-b)Nr,

mo=Cm(b-g)¥m,

go=bo=yo=co=0,

in a case [3] where b>rzg:

bo=Cb(b-r)Nb,

mo=Cm(r-g)Nm,

ro=go=yo=co=0,

- in a case [4] where b>g>r:

bo=Cb{b-g}Nb,

co=Cc(g-r)Ne,

ro=go=yo=mo=0,

in a case {5] where gzb>r:

go=Cg(g-b)Ne,

co=Cc(b-r)Nec,

ro=bo=yo=mo=0, and

in a case [6] where g>r2b:

go=Cg(g-r)Ne,

yo=Cy(r-b)%,

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm,



in a case [5] where g?b>r: go=Cg(g-b)Ng, co=Cc(b-r)Nc, ro=bo=yo=np=0, and
in a case [6] where g> _b: go=Cg(g-r)Ng, yo=Cy(r-b)Ny, ro=bo=nb=co=0, in
which Cr, Cg, Cb, Cy, Cmn Cc, Nr, Ng, Nb, Ny, Nm 115 and Nc are constants.
Further, the color display device of an enbodi nent of the present

I nvention may be arranged so that the ipput color inmage signal is
converted into an output col or imge léﬁgnal with the three col or
conponents respectively having gradation levels of r', g and b', which
are given by: (ro + A36 go bo yo no (COwhere r, g and b are val ues
obt ai ned by sidwWeidi¢ eshgkapksgradation I evels of the three col or
conponents of the input color image signal by a maxi mnum gradation

Further, the color display device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having

gradation levels of ', g' and b', which are given by:

(ro )
r r g0
g| = |g| +Aw bo
b’ b o
mo
\CO )

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and A3 expresses square matrix of 3x6; and

in a case [1] where r2gzb:

ro=Cr{r-g),

yo=Cy(g-b),

go=bo=mo=co=0,

in a case [2] where [2]r2b>g:

ro=Cr(r-bj,

mo=Cm(b-g),

go=bo=yo=c0=0,

in a case [3] where b>rz2g:

bo=Cb(b-r),



N 1; and A36 expresses square matrix of 3x6; and in a case [ 1 ] where

r g b: ro=Cr(r-g), yo=Cy(g-b), go=bo=nb=co=0 in a case [2] where

[ 2] nb>g: ro=Cr(r-b), nb=Cm(b-g), go=bo=yo=co=0, in a case [3] where
b>r?g: bo=Cb(b-r), value 116 nmo=Cm(r-g), ro=go=yo=co0=0, in a case [4]
where b>g>r: bo=Cb(b-g), co=Cc(g-r), . ro=go=yo=np=0, in a case [5] where
g?b>r: go=Cg(g-b), co=Cc(b-r), ro:b01:1>5o:m):o, and in a case [6] where
g>r?b:  go=Cg(g-r), yo=Cy(r-b),

mo=Cm(r-g),

ro=go=yo=co=0,

in a case [4] where b>g>r:

bo=Cb(b-g),

co=Cc(g-r1),

ro=go=yo=mo=0,

in a case [5] where g=b>r:

go=Cg(g-b),

co=Cc(b-r},

ro=bo=yo=mo=0, and

in a case {6] where g>rzb:

go=Cg(g-r),

yo=Cy(r-bj},

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants.

Further, the color displaj device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having
gradation levels of r', g' and b’, which are given by:

r'=r+ro+yo+mo

g'=gtgo+yo+co

b'=b+bo+mo+co

where r, g and b are values cobtained by dividing

original gradation levels of the three color components of



ro=bo=nob=co0=0, in which C, Cg, Cb, Cy, Cm and Cc are constants.

Further, the color display device of an enbodi nent of the present invention
may be arranged so that the input color image signal is converted into an
out put color inage signal with the three col or conponents respectively
having gradation |evels of r', g angJr , Which are given by:

r' =r+ro+yo+no @' =g+go+yo+co b+b +co where r, g and b are val ues
obtai ned by dividing original gradatlon | evel s of the three col or
components of 117 the input color inmage signal by a maxi mum gradation val ue
N- 1; and, the anpagecplidr wnerge Gigrab)by a ar&xirpion grgdivien ghlue yo=Cy
(fzg (9)- fzb (b)), go=bo=nmp=co=0 in a case [21 where (r~b>g): ro=Cr
(fzr (r)-fﬂ%{b)h;uLnD:Ch1(fzb (b)-fzg(g)), go=bo=yo=co=0 in a case [31
where (b>r2:g): bo=Cb (fzb (b)-fzr(r)), m=Cm (fzr (r)-fzg(g)),

in a case [1] where (rzgzb):

ro=Cr (fzr (r)-fzg (g)),

yo=Cy (fzg (g)-fzb (b)),

go=bo=mo=co=0,

in a case [2] where {rzb>g):

ro=Cr (fzr (r)-fzb(b)),

mo=Cm (fzb (b)-fzg(g)),

go=bo=yo=co0=0,

in a case [3] where (b>rzg):

bo=Cb (fzb (b}-fzr(r)),

mo=Cm (fzr (r)-fzg(g)),

ro=go=yo=co=0,

in a case (4] where (b>g>r):

bo=Cb (fzb (b)-fzg(g)),

co=Cc (fzg (g)-fzr(r)),

ro=go=yo=mo=0,

in a case [5] where (gzb>r):

go=Cg (fzg (g)-fzb(b]},

co=Cc {fzb (b)-fzr(r)},

ro=bo=yo=mo=0, and

in a case [6] where (g>rzb):

go=Cg (fzg (g)-fzr(r)),

yo=Cy(fz r(r)-fzb(b)}),



ro=go=yo=co0=0, in a case [4] where (b>g>r): bo=Cb (fzb (b)-fzg(g)),
co=Cc (fzg (g)-fzr(r)), ro=go=yo=np=0, in a case [5] where (g~!'b>r):
go=Cg (fzg (g)-fzb(b)), co=Cc (fzb (b)-fzr(r)), ro=bo=yo=np=0 and in a
case [6] where (g>n~b): go=Cg (fzg (g)-fzr(r)), vyo=Cy(fz r(r)-fzb(b)),
118 ro=bo=npb=co=0, where Cr, Cg, Cb, qi Cm and Cc are constants; and fzr,

fzg and fzb are functions which changérgepending on the values of r, g and
b in correspondi ng brackets. Further, the color display device of an

enbodi ment of the present invention may be arranged so that the input

col or image signalydigoLRyesded i nto an output color inmage signal with the
three col or conponents respectively having gradation levels of r', g and

b', which are given by: r'=r+ro+yo+no (' =g+go+yo+co b'=b+bo+nbp+co where

r, g and b are val ues obtai ned by dividing

where Cr, Cg, Cb, Cy, Cm and Cc are constants; and
fzr, fzg and fzb are functions which change depending on
the values of r, g and b in corresponding brackets.

Further, the color display device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having
gradation levels of r', g' and b’, which are given by:

r'=r+ro+yotmo

g'=gtgotyo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and,

ro=Cr-min (rg, rbj,

go=Cg-min (gr, gb),

bo=Cb-min (br, bg),

yo=Cy-min (rb, gb),

mo=Cm*min (rg, bg),

co=Cc-min (gr, br),

in which min () is a function for giving a smallest

value in a corresponding bracket; and Cr, Cg, Cb, Cy, Cm



original gradation levels of the three color conponents of the input color
I mge signal by a maxi mum gradation value N-1; and, ro=Cr mn (rg, rb),
go=Cg-mn (gr, gb), bo=Cb mn (br, bg), yo=Cy-mn (rb, gb), nm=Cm nin
(rg, bg), co=Cc-min (gr, br), inwhich min () is a function for giving a
smal l est value in a corresponding brqq?et; and Cr, Cg, Cb, Cy, Cm 119 and
Cc are constants, on condition that: g=r-g, rb=r-b, gr=g-r, gb=g-b,
br=b-r, bg=b-g, in which each of rg, rb, gr, gb, br and bg are nodified
to O when they are mnus values. Further, the color display device of an
enmbodi nent and Coans eepstanssgenti on may be arranged so that the input
color image signal is converted into an output color image signal with the
three col or conpemecenditspedhiatel y havi ng

rg=r-g,

rb=r-b,

gr=g-r,

gb=g-b,

br=b-r,

bg=b-g,

in which each of rg, rb, gr, gb, br and bg are modified
to 0 when they are minus values.

Further, the color display device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having
gradation levels of r', g' and b', which are given by:

r'=r+rotyo+mo

g'=g+go+yo+co

b'=b+bo+mo+co

‘where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and

ro=Krg-rg where rg<rb,

ro=Krb-rb where rg>rb,

go=Kgr-gr where gr<gb,




gradation levels of r', g and b', which are given by: r'=r+ro+yo+no
g' =g+go+tyo+co b' =b+bo+no+co where r, g and b are val ues obtai ned by
dividing original gradation levels of the three color conponents of the
i nput col or inmage signal by a maxi mum gradation value N 1; and ro=Krg rg
where rg<rb, ro=Krb rb where rg>rb, 12%o:Kgr- gr where gr<gb, 120
go=Kgb-gb where gr>gb, bo=Kbr-br wheré br<bg, bo=Kbg-bg where br>bg,
yo=Kyr-rb where rb<gb, yo=Kyg-gb where rb>gh, no=Knr-rg where rg<bg,
no=Knb- bg where rg>bg, co=Kcg-gr where gr<br, co=Kcb-br where gr>br, in
which Krg, Krb, KosKgbggbkegbherkger>glg, Kyr, Knb, Knr, Kcg and Kcb are
vari abl es whi ch change depending on values of r, g and b, on condition
that: rg=r-g, bo=Kbr-br where br<bg,
bo=Kbg-bg where br>bg,
vo=Kyr-rb where rb<gb,
yvo=Kyg-gb where rb>gb,
mo=Kmr-rg where rg<bg,
mo=Kmb-bg where rg>bg,
co=Kcg-gr where gr<br,
co=Kcb*br where gr>br,
in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b,
on condition that:
rg=r-g,
rb=r-b,
gr=g-r,
gb=g-b,
br=b-r,
bg=b-g,
in which each of rg, rb, gr, gb, br and bg are modified
to 0 when they are minus values.
Further, it is preferable that the functions far(r),

fab(b) and fag(g) are continuous functions which give 0

when ther, gand b (Osr,g,b<1) are O or 1.

With this arrangement, the weighting function




rb=r-b, gr=g-r, gb=g-b, br=b-r, bg=b-g, in which each of rg, rb, gr,
gb, br and bg are nodified to O when they are m nus values. Further, it is
preferable that the functions far(r), fab(b) and fag(g) are conti nuous
functions which give 0O when the r, g and b (0:5r,g,b.-51) are 0 or 1. Wth
this arrangenent, the weighting functi 121 becomes 0 when the val ue of

t he maxi mum | um nance cones cl oser to1 he maxi mum gradati on val ue, and

when the value of the mninmmlum nance cones closer to 0. Accordingly, it
I's possible to nore securely prevent the defect of color saturation, and
al so nore decwreety GQreemt thbhavedmentofof tlsat maxionmhéamimnoput si gnal
I's a nonochromatic color, thus securely outputting (displaying) a color
i mage withcappespcleder goadhti anaxifarmi grhdatyonbyabet ) iaxgdt Wwhexoef fi ci ent
k, which is used for finding Tr, Sr, Tg, Sg, Tb and Sh, as 1, it is
possi bl e t ehesvathie by thee mpirdceasn flomoRbnckat omg saolasdrptd 0col or | mage
signal. Further, it is preferable that the function fmax is a continuous
function which gAcesrdingéy, tibeis ,p@ssitdebtoc more securely prevent
the defect of color saturation, and also more securely
prevent enhancement of saturation when the input signal is
a monochromatic color, thus securely outputting
(displaying) a color image with appropriate gradation.
Particularly, by setting the coefficient k, which is used for
finding Tr, Sr, Tg, Sg, Tb and Sb, as 1, it is possible to
simplify the process for calculating an output color image
signal.
Further, it is preferable that the function fmax is a
continuous function which gives 0 when the r, g and b
(Osr,g,b<1) are 1; and the function fmin is continuous
function which gives 0 when the r, g and b {Osr,g,b<l) are
0.
Further, it is preferable that the variables Nr and Ny
are not less than 1, and that the variables Ng, Nb, Nm and
Nc are not more than 1.
By making Nr and Ny not more than 1, change in
luminance in the vicinity of flesh color is reduced, thus
appropriately displaying an image of flesh color. Moreover,

by making the variables Ng, Nb, Nm and Nc not more than 1,

it is possible to increase the compensation value bo etc,,




(0:5r,g,b<_ 1) are 1; and the function fmn is continuous function which
gives 0 when the r, g and b (Osr,g,b:51) are 0. Further, it is preferable
that the variables Nr and Ny are not less than 1, and that the vari ables
Ng, Nb, Nmand Nc are not nore than 1. By nmaking Nr and Ny not nore than
1, change in Ilum nance in the vicinity,of flesh color is reduced, thus
appropriately displaying an i mage of flesh color. Mreover, by naking the
vari ables Ng, Nb, Nmand Nc not nore than 1, it is possible to increase

t he conpensation value bo etc., 122 which is added to the original

gradati ons wtrichol oy achibgdndsat | 6he t bugiappr opradasbnsenfiancicwlosat ur ati on
in the vicinity of achromatic colors Further, it is preferable that the
A36 i s expressastrasatifal | tlahRahdprdprdaid yAsh radding 2e20a24tddhaifi a3l a32
a33 a34 a35 a36 where all =a22=a33=al4=a24=al5=a35=a26=a36=1 and a2l, a3l,
al2, a32, aflse vacihita3A, aaRboamatialéolare O or a negative value. This
arrangenent of the matrix A36 with the foregoing conponents offers the

foll owi ng effect .Fhpthexatpisepreferdisectdset vherfs:d tbegxpradkeidsaset to be
not nore than 0, and the G signal is reduced and the R

all al2 al3 al4 al5 al6
Azs= {a2] a22 a23 a24 a25 a26

a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=a15=a35=a26=a36=1
and a2l1, a31, al2, a32, al3, a23, a34, a25 and al6 are O
or a negative value.

This arrangement of the matrix A3s with the foregoing
components offers the following effect.

For example, in the case where r>b>g, a2l is set to be
not more than 0, and the G signal is reduced and the R
signal is enhanced. In this manner, saturation of the R
signal is more efficiently enhanced.

Similarly, by setting al2 and a32 to be not more than
0, saturation of the G signal is efficiently enhanced, and by
setting al3 and a23 to be not more than 0, saturation of the
B signal is efficiently enhanced.

Accordingly, the arrangement of the matrix Ajze with
the foregoing components enables appropriate enhancement
of saturation for the input signal having RGB components.

Further, it is preferable that the Aje is expressed as:




signal is enhanced. In this manner, saturation of the R signal is nore
efficiently enhanced. Simlarly, by setting al2 and a32 to be not nore than
0, saturation of the Gsignal is efficiently enhanced, and by setting al3
and a23 to be not nore than O, saturation of the B signal is efficiently
enhanced. Accordingly, the arrangenent. qQf the matrix A36 with the

f or egoi ng conponents enabl es appropriég enhancenent of saturation for the
i nput signal having RG conponents. Further, it is preferable that the A36
is expressed as: 123 (all al2 al3 al4 alb al6 A36 = a2l a22 a23 a24 a25 az26
a3l a32 a33 a34 a35 a36 where all =a22=a33=al4=a24=al5=a35=a26=a36=1,

al | +a21+a31=0, al2+a22+a32=0, al3+a23+a33=0, ald4+a24+a34=0, al 5+a25+a35=0,

and al6+a26+a36Q., \W t hese conditions, ikt is possible to equalize the
gross input |um r?ér]fceﬁ(? +§l‘i§) %ﬁ tar}ésog%é output lum nance (r'+g' +b"').

Ther ef ore, Amtuf allilora2®y a8 aRham@i aR6hout a great change of average

| um nance of t itn C r Sqgn F er, it is preferable that the
A36 i s expresse g\lg’s: péa?% gllf% a %ga?gsaléég 6 A36 = a2l a22 a23 a24 a25 az26

a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=al15=a35=a26=a36=1,
all+a21+a31=0, al2+a22+a32=0, al3+a23+a33=0,
al4+a24+a34=0, al5+a25+a35=0, and al6+a26+a36=0,

With these conditions, it is possible to equalize the
gross input luminance (r+g+b) and the gross output
luminance (r'+g'+b'). Therefore, saturation may be
enhanced without a great change of average luminance of
the input color signal.

Further, it is preferable that the Ais is expressed as:

all al2 al3 al4 ald alé
A= a2l a22 a23 a24 a25 a26
a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=al15=a35=a26=a36=1,
aZl=a31=al2=a32=al13=a23=-0.5, and a34=a25=al6=-2.

With these conditions, it is possible to evenly carry
out addition/subtraction for each of the RGB signals.
Therefore, saturation may be enhanced without causing

changes in hue.



wher e al | ma22=a33=al4=a24=al5=a35=a26=a36=1, a2l=a3l=al2=a32=al3=a23=-0.5,
and a34=a25=al 6=-2. Wth these conditions, it is possible to evenly carry
out addition/ subtraction for each of the R@ signals. Therefore,
saturation may be enhanced w thout causing changes in hue. 124 Further, it
Is preferable that the functions fzr, fzég, fzb convert input val ues

i dentical with each other into output “Values different from each other.
Wth this arrangenent, it is possible to conpensate gradation values of
the inputted RGB signals with individual |um nance values. This enables
enhancenent of s&Rurtitdronitacsopdéfragatle ghadathenfhnrititansefahafzgt eri stics
of the respective RGB colors. Further, in a general display panel, the '
i nput  gr adabi cohesr! sngfutRGRlares codweticed witth tdwchumtharcanteal ues by
rai sing each of the respective gradation values of r, g and b to the power
of 2.2. Thusutpyt satalakygi ndiff¢zarrr 2fPom f zge@l. 2thed. f zb-W2tR, tHisi s

possi bl e to enhance saturation in a suitable way for a general display

panel . Furtdweandsmeet| indgst peskibld itonsoapehgats rddatioa valdekzb=b2,
the saturation can be appropriately enhanced wth sinple operation by

rai sing thefyragatimputed RGB RigkalandviBht dirddigideeandupaiganceurt her,
it is preferable that the functions fnr(DX)

values. This enables enhancement of saturation according

to gradation luminance characteristics of the respective

RGB colors.

Further, in a general display panel, the input
gradation levels of RGB are converted into the luminance
values by raising each of the respective gradation values of
r, g and b to the power of 2.2. Thus, by satisfying: fzr=r2.2,
fzg=g2-2 and fzb=b2-2, it is possible to enhance saturation in
a suitable way for a general display panel.

Further, by setting the functions as: fzr=r2, fzg=g?2
and fzb=b2, the saturation can be appropriately enhanced
with simple operation by raising the gradation levels of R, G
and B to the second power.

Further, it is preferable that the functions fnr(DX)
and fny(DX) each give a negative value at least at a
predetermined value in a range of 0<DXx1.

In this arrangement, by setting the value of flesh
color as the predetermined value, the calculations of

compensation values ro and yo for calculating the output

color image signal result is minus values. Accordingly, the



and fny(DX) each give a negative value at |least at a predeterm ned val ue
in a range of 0<DXs 1. In this arrangenent, by setting the value of flesh
color as the predeterm ned val ue, the cal cul ati ons of conpensation val ues
ro and yo for calculating the output color inmage signal result is mnus
val ues. Accordingly, the 125 R corrponﬁr}# and the B conponent of the out put
color inmage signal becone weaker tha hose in the input color inmage
signal, thus reducing saturation only for flesh color. Further, since the
functions fnr(DX) and fny(DX) each give a negative value at |east at a
predet er m rRdcoaipenenta andingiee 0B GsdXpodnehnbeofuthti ongput dddy and fny
(DX) may be arbitrary set except for the range of the predeterm ned

val ue. Accdntagel signilebeichen®Xwieakervahae ithoskeeini theiinpubfcolor
nonochromatic color, the functions fnr (DX) and fny (DX) can be set

subst anti alihyags dignad, thats téduednpensiraionvahlesor dlesldl dotor

cal cul ating the output color imge signal becone substantially O.
Therefore, the RRonHgNMincdehehRiEcGemoNeADX] arite fAY{PK) €atler i nmage
signal becone substantially the sanme values as those in the input color

i mge si gngdivet Auseg@tivkalAivg Solekat iaanal PréfeterthehedtvaRie 7RNQChr onati c
color. Further, it Ts preferable that the functions fnr(DX) and fny(DX)

are expresg@hg@s off 0kORX tD¥hPrfuldstions fnr (DX) and fny (DX) may

be arbitrary set except for the range of the predetermined
value. Accordingly, when the DX is a value in the vicinity
of monochromatic color, the functions fnr (DX) and fny {(DX)
can be set substantially as 0, so that the compensation
values ro and yo for calculating the output color image
signal become substantially 0. Therefore, the R component
and the B component of the output color image signal
become substantially the same values as those in the input
color image signal, thus maintaining saturation in the
vicinity of monochromatic color.

Further, it is preferable that the functions fnr(DX)
and fny(DX) are expressed as:

fnr(DX)=DX2-Pr- DX,

fny(DX)=DX2-Py: DX,

where Pr and Py are constants greater than O.

In this manner, the functions fnr(DX} and fny(DX)
may be written in a simpler form which allows easy
implementation with hardware. Therefore, it is possible to

reduce saturation of flesh color with a simple operation.




fny(DX) =DX2- Py DX, where Pr and Py are constants greater than 0. In this
manner, the functions fnr(DX) and fny(DX) nmay be witten in a sinpler form
which allows easy inplenentation with hardware. Therefore, it is possible
to reduce saturation of flesh color with a sinple operation. 126 Furt her,
a color display device of an enbodi nent, of the present invention may be
arranged so that the color display d ce determnes a relationship

bet ween plural color components of an input color imge signal in terns of
their gradation |levels, and carries out cal cul ati on based on the

rel ationship, thd&wedlned,ahi ool@erdigprangdeuide pifi aal ieebodingach odf 1) RGB
adj ust nent conponents, 2) YMC conponents as conplenentary colors of the

RGB conpongid spidserd) inieraioAMpeagnbe Hirzhniede sicethaexeaddsdrf rom t he
plural col or conmponents of the input color imge signal, by a coefficient,

and addi tidiyplaybideadtceodetfermiasl & elationsHip pbésakean glardle pWwal
col or conponents. Further, a color display device of an enbodi nent of the

present i nv@loirofo Ao éEn 8¢ rmﬁdi%t hadlot hign &8k Oigrih1SIH a¥ reyiofe
determ nes a rel ationship between conmponents of an input color inmage

signal in t@diF @faddbon l&FdataRl LaYEleS otldcgRIUlaRfoRUbadedi bher ent
cal culation for “each input color inmge signal depending on whether the

the relationship, the calculation performing multiplication
of each of 1) RGB adjustment components, 2) YMC
components as complementary colors of the RGB
components and 3) white component, that have been
extracted from the plural color components of the input
color image signal, by a coefficient, and
addition/subtraction of a result of the multiplication to the
ptural color components.

Further, a color display device of an embodiment of
the present invention may be arranged so that the color
display device determines a relationship between RGB
components of an input color image signal in terms of their
gradation levels, and carries out a different calculation for
each input color image signal depending on whether the
input color image signal belongs to which of six patterns of
the relationship. The color display device multiplies each
of 1) RGB adjustment components, 2) YMC components as
complementary colors of RGB and 3) white component, that

have been extracted from the RGB components of the input

color image signal, by a coefficient, and then add/subtract



I nput col or inmage signal belongs to which of six patterns of the

rel ati onship. The col or display device nultiplies each of 1) RGB

adj ust mrent conponents, 2) YMC conponents as conplenentary colors of RGB
and 3) white conponent, that have been extracted fromthe RG conponents
of the input color image signal, by g.goefficient, and then add/subtract
127 the multiplication results to the original three color conponents.
Further, it is preferable that the col or display device carries out the
calculation individually for each of the RGB conponents excluding a
conponent Wilteh anubplesttiogr acksulis | tweltheusiomggiveali atihese t leatlovar y
dependi ng on the respective gradation |levels of the RG conponents.
Further, itcomporefmetsabl e that the col or display device conpensates white
color by using a coefficient which gives a positive value when the white
conponent of the Kumpilergoitois predgeablgrihlathtise hegllorl displancelearidegi ves a
negative value when the white conponent of the input color imge signal
has | ow | udamaies.oltithieecaldtldtionr ridéivdbdamlihdbrtdech npitheoRGBI mage
signal is converted into an output color image signal with the RG

conponent s geapedidve y dxlurdngr adat icompevnelrst ofwith' , ag' sandlle'st whi ch
are given by: r'=r+ro+yo+no+wo, @' =g+go+yo+Cco+wo,
gradation level, using variables that vary depending on the
respective gradation levels of the RGB components.
Further, it is preferable that the color display device
compensates white color by using a coefficient which gives a
positive value when the white component of the input color
image signal has high luminance and gives a negative value
when the white component of the input color image signal
has low luminance.

Further, it is preferable that the input color image
signal is converted into an output color image signal with
the RGB components respectively having gradation levels of
r', g' and b', which are given by:

r'=sr+ro+yo+mo+wo,

g'=gt+gotyo+cot+wo,

b'=b+bo+mo+co+wo,

where r, g and b respectively express gradation levels
of RGB components of the inputted color image signal; and,

in the case [1] where rz2g=zb,

ro=Krg(r-g)¥r,

yo=Kyg(g-b)Nv,




b':b+bo+nﬁ+co+mo, where r, g and b respectively express gradation |evels
of RGB conponents of the inputted color imge signal; and, in the case (1
] where r_g?b, ro=Krg(r-g)Nr, vyo=Kyg(g-b)NY, 128 wo=fw(b), go=bo=np
=c0=0, in the case [2] where rib>g, ro=Krb(r-b)Nr, nmo=Knb(b-g)Nm
wo=fw(g), go=bo=yo=co=0, in the case.[,3] where b>r?g, bo=Kbr(b-r)Nb,
nm=Kmr (r-g)Nm wo=fw(g), ro=go=yo=co=0, in the case [4] where b>g>r,
bo=Kbg(b-g) Nb, co=Kcg(g-r)Nc, wo=fw(r), ro=go=yo=np=0, in the case [5]
where g?b>r, go=Kgb(g-b) Ng,

wo=fw(b),

go=bo=mo=co=0,

in the case [2] where rzb>g,

ro=Krb(r-b}¥r,

mo=Kmb(b-g)im,

wo=fw(g),

go=bo=yo=co=0,

in the case [3] where b>rz2g,

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)Nm,

wo=fw(g),

ro=go=yo=co=0,

in the case [4] where b>g>r,

bo=Kbg(b-g)N®,

co=Kcg(g-r)¥°,

wo=fw(r),

ro=go=yo=mo=0,

in the case [5] where g2b>r,

go=Kgb(g-b)"s,

co=Kcb{b-r)N¢,

wo=fw(r),

ro=bo=yo=mo=0,

in the case [6] where g>r2b,

go=Kgr(g-r)Ne,

yo=Kyr(r-b)"v,



co=Kcb(b-r)NC, wo=fw(r), ro=bo=yo=np=0, in the case [6] where g>r>_b,
go=Kgr (g-r)Ng, yo= Kyr(r-b) Ny, 129 wo=fw(b), ro=bo=nb=co=0, where Krg,
Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Knr, Kcg, Kcb and kw are either
constants, or variables changing depending on values of r, g and b; N, Ng
and Nr are constants not |ess than 0,12 nd.fwis a function which changes

depending on the values of r, g and b i'h the correspondi ng bracket.
Further, it is preferable that the variables are expressed as: Krg=Crarab,
Krb=Crarag, Kgr=Cgagab, Kgb=Cgagar, -- Kbr=Cbabag, Kbg=Cbabar, Kyg=Cy ar

ab, Knb=Cm ar am=fw{jCm ab ag, Kcg=Cc ab ar, Kcb=Cc ag ar,
Kyr=Cy ag ab, ar=fOxrk (Osr<M), ar=f1 X(1-r)k (M:5r:5 1), ag=goxgk
(0: 5g<M) , ro=bho=mo=co=0,
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg, Kcb and kw are either constants, or variables
changing depending on values of r, g and b; Nr, Ng and Nr
are constants not less than 0, and fw is a function which
changes depending on the values of r, g and b in the
corresponding bracket.

Further, it is preferable that the variables are

expressed as:

Krg=Cr-ar-ab, Krb=Cr-or-ag,
Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,
- Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,

Kyg=Cy-ur-ob, Kmb=Cm-ar-ag,

Kmr=Cm-‘ab-ag, Kcg=Cc ab-ar,
Kcb=Cc'ag-ar, Kyr=Cy-ag‘-ab,
ar=fQxrk (O<r<Mr),

ar=f1x(1-rjk (Mrsr<l),

ag=g0xgk (O<g<Mg),

ag=glx(l-g)k  (Mgsgsl),

ab=hOxbk (0sb<Mb),

ab=h1x(1-b)k (Mbsbsl1},

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and
the r, g and b are obtained by dividing original gradation

levels of the RGB components of the input color image



ag=gl X(1-g)k (My<_g -1), ab=hOxbk (G s b<M),
where Cr, Cb, Cg, Cy, Cmand Cc are constants,
obtai ned by dividing original gradation
t he i nput col or inmage 130 signal

ab=h | X(1-b)k (Mosbs 1),
and the r, g and b are
| evel s of the RGB conponents of
by a maxi num gradation value N-1. Further,

the variabl es may be expressed as: Krlg_y,— - ar - ccb, Krb=Cr-ar-ag, Kgr=Cg
- ag - ab, Kgh=Cg - ag - ar, Kbr=Cb - gb - ag, Kbg=Cb-ab-ar, Kyg= Cy - ar
- ab, Knb=Cmar-ag, Knmr=Cm ccb-ag, Kcg=Cc-ab-ar, Kcb= Cc - ag - ar,
Kyr=Cy-ag-ab, ar=2xr (Or<0.5), ar=2x(l-r) (0.5!5r!5l), ag=2xg (0:5 g <
0. 5), ag=dghlaldy @madignth),greabatirn (8lueN<1.0. 5), ctb=2x(I-b)
(0.5:5b: ~1), where C, Cb, Cg, Cy, Cmand Cc are constants, and r, g and b

are obtai ned by duwrttierg theevariaples nppwndst exprebsedl ssof the R G and B
conponents of the input inmage signal by the maxi num gradation value N 1.
Further, the variKdg=Grmay die expriatseQrasr-ag,

Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,

Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,
Kyg=Cy-uar-ab, Kmb=Cm-ar-ag,
Kmr=Cm-ab-ag, Kcg=Cc-ab-ar,

Kcb=Cc-ag-ar, Kyr=Cy-ag-ab,

ar=2xr (0sr<0.5),
ar=2x{1-r) (0.5=r=<1},
ag=2xg (0=g<0.95),
ag=2x(1-g) (0.5sg=l),
ab=2xb (0<b<0.5),
ab=2x{1-b) (0.5sbs1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and
r, g and b are obtained by dividing the original gradation
levels of the R, G and B components of the input image
signal by the maximum gradation value N-1.

Further, the variables may be expressed as:

Krg=Cr-Sr-Th, Krb=Cr-Sr-Tg,

Kgr=Cg-Sg-Th,
Kbr=Cb:Sb-Tg,
Kyg=Cy-Sr-Thb,
Kmr=Cm-*Sb-Tg,
Kcb=Cc-Sg-Tr,

Kgbh=Cg'Sg'Tr,

Kbg=Cb:Sb-Tr,

Kmb=Cm-Sr'Tg,
Kcg=Cc*Sb-Tr,

Kyr=Cy-+Sg-Th,



Krg=Cr-Sr-Th, Krb=Cr-Sr-Tg, Kgr=Cg-Sg-Th, Kgbh=Cg-Sg-Tr, Kbr=Cb -

Kbg= Cb -

Sb - Tr, Kyg=Cy-Sr-Tb, Knb=Cm Sr-Tg, Knr=Cm Sb-Tg,

Sb -

Kcg=Cc- Sb-Tr, Kcb=Cc-Sg-Tr, Kyr= Cy - Sg - Tb, 131 Tr=rk, Sr=(1 -r)k,
Tg=gk, Sg=(1-g)k, Tb=bk, Sb=(1-b)k, where C, Cb, Cg, Cy, Cm Cc and k
are constants, and r, g and b are obtai;ped by dividing the original

gradation levels of the R, G and B conponents of the input
t he maxi num gradati on value NN1. As with this arrangenent,
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kb, Knr, Kcg and

| mge signal
by setting the

Tg,

by

Kcb (wei ghting fubcti¥gns) based on one of the R, G and B conponent having

t he maxi mum | um nance and t he one of
is possible to

t hem havi ng the m ni nrum | um nance,
r@ri(derjd)e wei ghting functions when the gradation |evel
a color component with a maxi mum | um nance cones cl oser

it
of

to the maxi num

gradation val ue, Tg=gen the gradation |evel of a color conponent with the
m ni mum | um nance

Sg=(1-g)*,

Tb=bk,

Sb=(1-b)k,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants,
and r, g and b are obtained by dividing the original
gradation levels of the R, G and B components of the input
image signal by the maximum gradation value N-1.

As with this arrangement, by setting the coefficients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and
Kcb (weighting functions) based on one of the R, G and B
component having the maximum luminance and the one of
them having the minimum luminance, it is possible to
reduce the weighting functions when the gradation level of a
color component with a maximum luminance comes closer
to the maximum gradation value, or when the gradation
level of a color component with the minimum luminance
comes close to 0.

Accordingly, it is possible to prevent the defect of
color saturation in the case where an output color image
signal has a greater gradation level than the maximum
gradation value, and also to prevent enhancement of

saturation when the input signal is a monochromatic color,




conmes close to 0. Accordingly, it is possible to prevent the defect of
color saturation in the case where an output color image signal has a
greater gradation | evel than the maxi mum gradation value, and also to
prevent enhancenment of saturation when the input signal is a nonochromatic
color, 132 thus outputting (displayi ngléza color image with appropriate
gradation. The foregoing effect offer by the weighting function may al so
be obtained with the foll ow ng arrangenents. That is, the color display
device of an enbodinent of the present invention nmay be arranged so that
the input thelsoutpadingdddsplayiotgiver cetbr nmmgan withpapowipmaitenge
signal with the three color conponents respectively having gradation
| evel s of mradgitiand b', which are given by: r' =r+ro+yo+np+wo
g' =g+go+yo+co+wo b' =b+bo+no+co+wo where r, g and b are val ues obtai ned by
di vi di ng ori gi naThyr fidetgoimg effdct offetrrkd biyr tee cwbighGagpobuentsonf t he
I nput col or imge signal by a nmaxi mum gradation value N 1; and in a case
[1] where (mayg®lyo berobtaifredywithotQy fgllowing arrangements.
That is, the color display device of an embodiment of
the present invention may be arranged so that the input
color image signal is converted into an output color image
signal with the three color components respectively having
gradation levels of r', g' and b', which are given by:
r'=r+rotyo+tmo+wo
g'=g+go+yotcotwo
b'=b+bo+mo+co+wo
- where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and
in a case [1] where (rzg=b):
ro=Cr(r-g),
yo=Cy(g-b),
wo=fw(b]),
go=bo=mo=co=0,
in a case [2] where (rzb>g):
ro=Cr(r-b),
mo=Cm(b-g),

wo=fw(g),



wo=fw(b), go=bo=nb=co=0, in a case [2] where (r>_b>g): ro=Cr(r-b),
nm=Cm(b-g), wo=fw(g), 133 go=bo=yo=co=0 in a case [3] where (b>ng):
bo=Cb(b-r), m=Cm(r-g), wo=fw(g), ro=go=yo=co=0, in a case [41 where
(b>g>r) bo=Cb(b-g), co=Cc(g-r), wo=fw(r), ro=go=yo=np=0, in a case [5]
where (g~~b>r): go=Cg(g-b), co=Cc(b-r), wo=fw(r), ro=bo=yo=np=0 and in

a case [61 where (g>r~tbh):

go=bo=yo=co=0,

in a case [3] where (b>rzg}:

bo=Cb(b-T),

mo=Cm(r-g},

wo=fw(g),

ro=go=yo=co=0,

in a case [4] where (b>g>r):

bo=Cb(b-g),
co=Cc(g-1),
wo=fw(r),

ro=go=yo=mo=0,

in a case [5] where (gzb>r):

go=Cg(g-b},
co=Cc(b-r),
wo=fw(r),

ro=bo=yo=mo=0, and

in a case [6] where (g>rzb):

go=Cg(g-r},
y0=CY(r-b) 3
wo=fw(b},

ro=bo=mo=co=0,

go=Cg(g- r)I33yo=Cy(r-b),

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants;

and fw is a function dynamically changes depending on an

average luminance and a peak luminance of a whole image.

Further, the color display device may be arranged so



wo=fw(b), ro=bo=npb=co=0, in which C, Cg, Cb, Cy, Cm and Cc are
constants; and fwis a function dynam cally changes dependi ng on an
average | um nance and a peak |um nance of a whole inmage. Further, the

col or display device may be arranged so 134 that the input color inmage
signal is converted into an output color imge signal with the three color
conponents respectively having gradatl3dn I evels of r', g and b', which

are given by: r'=r+ro+yo+no+W @' =g+go+yo+co+wo b' =b+bo+np+co+wo where
r, g and b are val ues obtained by dividing original gradation |evels of the

three col orhegaMeRenitp@f cblér | itAklgeCdighdlMEage corvditeldy i tRxafum
gradation value N 1; 'and, ro=Cr mn (rg, rb), go=Cg-mn (gr, gb), bo=Cb

77 (0, POMpUOSBIOT U, sablal WO (48 gy, compORemS (0
smal l est  regpectively having gradation levels of r', g' and b’, which

are given by:

r'sr+rotyo+mo+wo

g'=g+go+yo+co+wo

b'=b+bo+mo+co+wo

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and,

ro=Cr-min (rg, rb),

go=Cg-min (gr, gb),

bo=Cb- min (br, bg),

yo=Cy-min (rb, gb]},

mo=Cm-min (rg, bg),

co=Cc-min (gr, br),

wo=fw-min (r, g, b),

in which min () is a function for giving a smallest
value in a corresponding bracket,

on condition that:

rg=r-g,

rb=r-b,

gr=g-1,

gb=g-b,



value in a correspondi ng bracket, on condition that: rg=r-g, rb=r-b,
gr=g-r, gb=g-b, 135 br=b-r, bg=b-g, in which each of rg, rb, gr, gb, br
and bg are nodified to O when they are m nus val ues. Further, the color

di spl ay device may be arranged so that the input color imge signal is
converted into an output color image signal with the three col or
conponents respectively having gradatidgn levels of r', g and b', which

are given by: r'=r+rot+yo+no+wo ' =g+go+yo+Cco+wo b' =b+bo+Mm+co+wo - -
where r, g and b are val ues obtai ned by dividing original gradation |evels

of the three col %r'ﬁ?%qurpcments of the input color inmage signal by a maxinmum
gradation val ue ,and ro=Krg rg where rg<rb, ro=Krb rb where rg>rb,
go=Kgr gr vvhereb%r %;1_

]

in which each of rg, rb, gr, gb, br and bg are modified
to O when they are minus values.

Further, the color display device may be arranged so
that the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b’, which
are given by:

r'=r+ro+yo+mo+wo

g'=g+gotyo+cot+wo

b'=b+bo+mo+co+wo

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and

ro=Krg'rg where rg<rb,

ro=Krb-'rb where rg>rb,

go=Kgr-gr where gr<gb,

go=Kgb-gb where gr>gb,

bo=Kbr-br where br<bg,

bo=Kbg-bg where br>bg,

yo=Kyr-rb where rb<gb,

yo=Kyg-gb where rb>gb,

mo=Kmr-rg where rg<bg,



go=Kgb gb where gr>gb, bo=Kbr br where br<bg, bo=Kbg bg where br>bg,
yo=Kyr rb where rb<gb, yo=Kyg - gb where rb>gb, no=Knr rg where rg<bg,
136 nmo=Knb- bg where rg>bg, co=Kcg-gr where gr<br, co=Kcb-br where gr>br,
wo=fw (min (r, g, b)), inwhich mn () is a function for giving a snall est
val ue in a correspondi ng bracket; Krg, 3grb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr,
Knmb, Knr, Kcg and Kcb are vari abl es whi38h change dependi ng on val ues of r,
g and b; and fwis a function which changes depending on a value in a
correspondi ng bracket, on condition-that: rg=r-g, -- rb=r-b, gr=g-r,
gb=g-b, br=b-r, mbg¥md bg whernechgebgh of rg, rb, gr, gb, br and bg are
nodified to 0 when they are m nus val ues.
co=Kcg-gr where gr<br,
co=Kcb:br where gr>br,
wo=fw (min (r, g, b)),
in which min () is a function for giving a smallest
value in a corresponding bracket; Krg, Krb, Kbr, Kbg, Kgb,
Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb are variables which
change depending on values of r, g and b; and fw is a
function which changes depending on a value in a
corresponding bracket,
on condition that:
rg=r-g,
rb=r-b,
gr=g-r,
gb:g'bs
br=b-r,
bg=b-g,
in which each of rg, rb, gr, gb, br and bg are modified
to 0 when they are minus values.
Further, it is preferable that the constant k is 1.
Further, it is preferable that the function fw changes
depending on an average luminance and a peak luminance
of a whole image.

Further, the function fw may satisfy: fw(X)=CwXZ,

where Cw and Z are constants, and X is one of the r, g and



Further, it is preferable that the constant k is 1. Further, it is
preferable that the function fw changes depending on an average | unm nance
and a peak |lum nance of a whole inage. Further, the function fw may
satisfy: fwX)=Cwxz, where Cw and Z are constants, and X is one of the r,
g and 137 b. Further, the function fw may be expressed as: fw X)=0CwoX
(o<-X<Mw), fwX)=Cw (1-X) (MamsX<I), ére Owo, OM, Mwv are constants.
Further, the color display device of an enbodinent of the present

i nvention preferably further includes: a detecting device for detecting
envi ronmenftal changes; and A col or converting device for controlling at

| east one of the <coefficients Nr, Ng, Nb, Ny, Nm Nc, C, Cg, Cb, Cy, Cm
Cc, Pr, Py and &Jmtter; thfe A36¢timmd fwhmauhbet expsessed ds2g, fzb, fw, fnr,
fng, fnb, fny, fnmand fnc, according to a result of detection by the

det ecting devi cefw{XK)fCtheX addi t foxd Mm)ovi si on of the detecting device
and the col or conversion device, it is possible to adjust saturation

accordi ng to chafg¢X)+Cwarft-XpnnefMw=Xsai)yration of inmages displayed in a
col or display device is easily changed by outside light. In this view by
using the det eciwherd@©ivreeCas; ,dduwr caref condeancsing |ight intensity of

Further, the color display device of an embodiment of
the present invention preferably further includes: a
detecting device for detecting environmental changes; and
A color converting device for controlling at least one of the
coefficients Nr, Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc,

Pr, Py and a factor of A36, and the functions fzr, fzg, fzb, fw,
fnr, fng, fnb, fny, fnm and fnc, according to a result of
detection by the detecting device.

With the additional provision of the detecting device
and the color conversion device, it is possible to adjust
saturation according to changes in environment.
Saturation of images displayed in a color display device is
easily changed by outside light. In this view, by using the
detecting device as device for detecting light intensity of
outside of the color display device, it is possible to adjust
saturation according to changes in environment, thus more
appropriately adjusting saturation.

Further, the color display device of an embodiment of

the present invention preferably further includes: color

converting device for controlling at least one of the



outside of the color display device, it is possible to adjust saturation
according to changes in environnment, thus nore appropriately adjusting
saturation. Further, the color display device of an enbodi nent of the
present invention preferably further includes: color converting device for
controlling at | east one of the 138 coefficients N, Ng, Nbo, Ny, Nm Nc,
Cr, Cg, Chb, &, Cmn Cc, Pr, Py and a li38ctor of A36, and the functions fzr,
fzg, fzb, fw, fnr, fng, fnb, fny, fnmand fnc, depending on weather a
backlight of a seni-transnission liquid crystal panel is on or off. A

sem -trans ' ln t I d
crys% a: pan@é):%ﬂleﬁlﬁf[ﬂyrgaﬁgf i ght @anﬁ ahy?ugg?%ﬁz Caﬁg Ufer?&zgcgg I : gﬂ: d
crystal pa e f

o5 “sem Ty At ahd iR PRED A, b HIE Bl fer] R TEBTNRE | eather
the backlighl [N b Obly !thhNishd! ik, (depehif@obd0 PELPAGETEN! 1S

provi ded w cohver ing “nmeans ro 1 fig at | east one of the

coefficients , . ' d
Foctor " of BeatiighE of, °pehli-thths fiss ﬁg#m@cff%t?ﬁ{ﬁa isten Yy,

f nm and fnc Ffpendl ng on weather a backl ight of a sem-transm ssion
liquid cry? af panel is on or off. On this account, an enbodi nent of the

P e trent Tor °A BERY-EF2n8miSdioh 2Rl i CBandt AR SbA gaturati on
a transmission ligquid crystal panel with the backlight on,
and functions as a reflection liquid crystal panel with the
backlight off; that is, color of displayed images of a
semi-transmission liquid crystal panel changes depending
on weather the backlight is on or off. In this view, the
foregoing arrangement is provided with color converting
means for controlling at least one of the coefficients Nr, Ng,
Nb, Ny, Nm, N¢, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and a factor
of A36, and the functions fzr, fzg, fzb, fw, fnr, fng, fnb, fny,
fnm and fnc, depending on weather a backlight of a
semi-transmission liquid cfystal panel is on or off. On this
account, an embodiment of the present invention provides a
color display device suitable for saturation adjustment for
image display of a semi-transmission liquid crystal panel.

Although many of the present exemplary
embodiments are discussed in conjunction with a liquid
crystal display panel as the color display device, it should

be understood that the embodiments of present invention

also may be used in conjunction with other display devices



i mage display of a sem-transmssion liquid crystal panel. Al though many of
the present exenplary enbodinents are discussed in conjunction with a
liquid crystal display panel as the col or display device, it should be
understood that the enbodi ments of present invention also nmay be used in
conjunction with other display devices %39 capabl e of col or displ ay,
including but not limted to a cat hodé ray tube (CRT), a plasma display
panel (PDP), etc. The enbodi nents and concrete exanples of inplenmentation
di scussed in the foregoing detailed explanation serve solely to illustrate
t he techni czpablai 06 oflort Khisplagentndldimg ot whiogh ligndigddl ot abe
narromy interpreted within the limts of such enbodi nents and concrete
exanpl es, mathaddeaynaybbd CRP).i edplasmandisplayi pahehdPRPhieta.-he spirit
of the present invention, provided such variations do not exceed the scope
of the patent clBhes sshbbdifterts owanti40 ChAckSte 1. exagopdes di 9l ay
device (100), characterized in that the col or display device determ nes a
rel ati onshiipnphemeesatidnr adisohesedonpanenttse of faregaimg cdetailednge
signal in terns of their gradation |levels, and carries out calculation
based on thexprlmdtionsbepvd aolehe hooillndratkurtad techincat ahgpteribs taf
excl uding a conponent with a small est

the present invention, which should not be narrowly

interpreted within the limits of such embodiments and
concrete examples, but rather may be applied in many
variations within the spirit of the present invention,
provided such variations do not exceed the scope of the

patent claims set forth below.



gradation level, using variables that are vary depending on the respective
gradation levels of the plural color conponents. 2. A color display device
(100), characterized in that the color display device deternm nes a
rel ati onship between three color conponents of an input col or inage
signal in terms of their gradation levgl,s, and carries out a different
cal cul ation for each input color inage signal depending on whether the
i nput col or inmage signal belongs to which of six patterns of the
relationshug the cal culation being perfornmed for each of the three col or
conponent s Eﬁéwﬁaing a conponent with a smallest gradation |evel, wusing
vari abl es that vary depending on the respective gradation |evels of the
three col or conmponents. 3. The col or display device (100) as set forth in
141 claim 1, wherein: the variables are determ ned so that gradation |evels
of the input col dr- i made cplgnadigplay devine dd@nsehppactenizedwinhin a
range of a color nodel that expresses the gradation |evels of the input
col or i magdhsatgnidie bebtor diﬁpgafyt edegitor detorpansat ionrélatienabipf
di stributions of hue, lumnance and saturation. 4. The col or display
devi ce as dettweoenhplural aialot, cowhposentst hé anpimpudl oolomedgrageégnal is
converted into an

signal in terms of their gradation levels, and carries out

calculation based on the relationship for each of the plural
color components excluding a component with a smallest
gradation level, using variables that are vary depending on
the respective gradation levels of the plural color

components.

2. A color display device (100), characterized in
that the color display device determines a relationship
between three color components of an input color image
signal in terms of their gradation levels, and carries out a
different calculation for each input color image signal
depending on whether the input color image signal belongs
to which of six patterns of the relationship, the calculation
being performed for each of the three color components
excluding a component with a smallest gradation level,
using variables that vary depending on the respective

gradation levels of the three color components.

3. The color display device {100) as set forth in




out put color inmage signal with the three color conponents re-spectively
havi ng gradation levels of r', g and b', which are given by:
r' =r+ro+yo+no, @' =g+go+yo+co, b'=b+bo+np+co, where r, g and b are val ues
obtained by dividing original gradation |evels of the three col or
conponents of the input color inmage sjignal by a maxi mnum gradation val ue
N-1; and in a case [ | ] where r?g?h: 1 0=Krg(r-g)Nr, yo=Kyg(g-b)Ny,
go=bo=np=c0=0, 142 in a case [2] where r__>b>g: ro=Krb(r-b)Nr,
no=Knb( b-g) Nm go=bo=yo=co=0, in a case [3] where b>r>g: bo=Kbr(b-r)Nb,
nmo=Knt (r - g)&N@mim rlgagheyeinto=0, in a case [4] where b>g>r: bo=Kbg(b-g) Nb,
co=Kcg(g-r) Nc,
the variables are determined so that gradation levels

of the input color image signal after color compensation fall

within a range of a color model that expresses the gradation

levels of the input color image signal before and after color

compensation in terms of distributions of hue, luminance

and saturation.

4. The color display device as set forth in claim 1,
wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b', which
are given by:

r'=sr+ro+yo+mo,

g'=g*+gotyo+tco,

b'=b+bo+mo+co,

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gx_‘adation value
N-1; and

in a case {1] where rzgzb:

ro=Krg(r-g)"r,

yo=Kyg(g-b)N,

go=bo=mo=co=0,



ro=go=yo=np=0, in a case [5] where g> b>r: go=Kgb(g-b)Ng, co=Kcb(b-r)Nc,
ro=bo=yo=np=0, in a case [b] where g>> b: go=Kgr(g-r)Ng, yo=Kyr(r-b)Ny,
ro=bo=np=co=0, in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr,
Kcg and Kcb are vari abl es whi ch change depending on values of r, g and b;
and Nr, Ng, Nb, Ny, Nmand Nc are constants not |ess than 0. 143 5. The
col or display device (100) as set fort¥2in claim4, wherein: the variables
are expressed as: Krg=Cr frg (r,b), Krb=Cr frb (r,g), Kgr=Cgfgr (g,b),
Kgb=Cgfgb (g,r), Kbr=Cbfbr (b,g), Kbg=Cbfbg (b,r), Kyg=Cyfyg (r,b),
Knmb=Cnfnb (r, g), inKaTe‘eCs“ﬁiim‘w(Hi)egé,plﬁs@Cc fcg (b,r), Kcb=Ccfcb (g,r),
Kyr=Cyfyr (g,b), where Cr, Ch, Cg, Cmand Cc are constants; frg, frhb,
fgr, fgb, fbr, fhe~=Kygr-by, fnr, fcg, fcb and fyr are functions which
respectively change dependi ng on values of

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

in a case [3] where b>rzg:

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)Nm,

ro=go=yo=co=0,

in a case {4] where b>g>r:

bo=Kbg(b-g)Nb,

co=Kcg(g-r)Ne,

ro=go=yo=mo=0,

in a case [5] where gzb>r:

go=Kgb(g-b)Ns,

co=Kcb(b-r)Nc,

ro=bo=yo=mo=0,

in a case [6] where g>rz2b:

go=Kgr(g-r)Ne,

yo=Kyr(r-b)Nv,

ro=bo=mq=co=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,

Kmr, Kcg and Kcb are variables which change depending on

values of r, g and b; and Nr, Ng, Nb, Ny, Nm and Nc are

constants not less than 0.



r,-g and b in correspondi ng brackets; and the r, g and b are obtained by
dividing original gradation |evels of the three color conponents of the

i nput col or inmage signal by a nmaxi numgradation value NN1. 6. The col or

di spl ay device (100) as set forth in claim4, wherein: the variables are
expressed as: Krg=Cr far (r)-fag (b),, Krb=Cr far (r) fab (g), Kgr=Cg fag
(g)-far (b), Kgbh=Cg fag (g) fab (r), r=Cb fab (b)-far (g), Kbg=Cb fab
(b)-fag (r), Kyg=Cy far (r) fab (b) Kmb=Cm far (r)-fag (g), Knmr=Cm

fab (b) fag (9), ch fab (r), far(r),

Kyr=Cy  fag (g) fab (b) lsegaycﬁev'aﬂ 1@)&%3 &Scéearg"%%hﬁlants

far, fab a d fa% functlons whi ch respectively change depending on
Thivd W

val ues of ieﬁeb‘b"rrespondi ng brackets; and the r, g and b are
obt ai ned by d|V|d|ng original gradation |evels of the three col or
conponents of t H&§ HB[‘Ral& SoRT¢ BT eS§/hASby a maxi num gradati on val ue
N-1. 7. The color dIS devi Celér 00) as . set forth in claim®6, wherein:
the functions farKFg= Fa @7 Bhd 5’9’(%;’5 *fgpelte8ht i nuous functions which

give 0 when the rKgIg ggdfgbr igo’sbr) q{ngC)g ?ég (g?r)?r 1.

Kbr=Cb:fbr (b,g), Kbg=Chb-fbg (b,r),

Kyg=Cy-fyg (r,b), Kmb=Cm-{mb (r,g),

Kmr=Cm-fmr (b,g), Kcg=Cc-fcg (b,r1),

Kcb=Cc-fcb (g,r), Kyr=Cy-fyr (g,b),

where Cr, Ch, Cg, Cy, Cm and Cc are constants; frg,
frb, fgr, fgb, fbr, fbg, fyg, fmb, fmr, fcg, fcb and fyr are
functions which respectively change depending on values of
r,-g and b in corresponding brackets; and the r, g and b are
obtained by dividing original gradation levels of the three
color components of the input color image signal by a

maximum gradation value N-1.

6. The color display device {100) as set forth in
claim 4, wherein:

the variables are expressed as:

Krg=Cr-far (r)-fag {b), Krb=Cr-far (r)-fab (g},

Kgr=Cg-fag (g)-far (b), Kgb=Cg-fag (g)-fab (r),

Kbr=Cb-fab (b)-far (g), Kbg=Cb-fab (b)-fag (r),

Kyg=Cy-far (r)-fab (b), Kmb=Cm-far (r)-fag (g},

Kmr=Cm-fab (b)-fag (g), Kcg=Cc-fab (b)-far (r),




8. The col or display device (100) as set forth in claim4, wherein: the
vari abl es are expressed as: Krg=Crar ab, Kgr=Cg ag ab, Kbr=Cb ab ag,
Kyg=Cy ar ab, Kmr=Cm ab ag, Kcb=Cc ag ar, ar=foxrk Krb=Cr ar a g,
Kgbh=Cg ag ar, Kbg=Cb ab ar, Knb=Cm ar ag, Kcg=Cc ab ar, Kyr=Cy
ag- ab, (Osr<M), 145 ar=fix(1l-r)k(Mp5r51), ag=go x gk(0<-g<My),
ag=gl x(1- g) k(Mysg<- 1), ab=ho x bk(0<_bfb). ab=hi x(1-b)k(M<_b<_ 1), where
fo, fl, go, gi, ho, hi, M, My, Mo and k are constants; Cr, Cbh, Cg, Cy, Cm
and Cc are constants, and
Kcb=Cc-fag (g)‘-fa r(r}, Kyr=Cy-fag (g)-fab {b),
where Cr, Cb, Cg, Cy, Cm and Cc are constants; far,
fab and fag are functions which respectively change
depending on values of r, g and b in corresponding
brackets; and the r, g and b are obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value

N-1.

7. The color display device (100) as set forth in
claim 6, wherein:

the functions far(r), fab(b) and fag(g) are continuous
functions which give O when ther, g and b (0O=sr,g,b<l) are

Qorl.

8. The color display device (100} as set forth in
claim 4, wherein:

the variables are expressed as:

Krg=Cr-ar-ab, Krb=Cr-ar-ag,
Kgr=Cg-ag-ab, Kgh=Cg-ag-ar,
Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,
Kyg=Cy-ar-ab, Kmb=Cm-ar-ag,
Kmr=Cm-ab-og, Kcg=Cc-ab-uar,
Kcb=Cc-ag-ar, Kyr=Cy-ag-ab,

ar=foxrk (O<r<Mr),




the r, g and b are obtained by dividing original gradation |evels of the
three col or conponents of the input color inmage signal by a maxi num
gradation value N-1. 9. The color display device (100) as set forth in
claim4, wherein: the variables are expressed as: Krg=Cr ar- ab, Kgr=Cg-
ag- ab, Kbr=Cb-ab-ag, Kyg=Cy-ar- ab, . _Kmr=Cmab-ag, Kcbh=Cc - ag ar,
Krb=Cr-ar-ag, Kgb=Cg- ag - ar, Kbg:dﬂs- ab - ar, Knb=Cm ar- ag, Kcg=Cc
- ab - ar, Kyr=Cy-ag-ab, ar=2xr (05r<0.5), ar=2x(1l-r) (0.55r< 1), ag=2xg
(0<_g<0.5), ag=2 x (1-g) (0.55g<_ 1), ab=2xb (05 b<0.5), 146 ab=2X(1-b)
(0.5sh:5 1), wheme=€rx(1Gr)k Cg, (®Jr<jgnd Cc are constants, and
ag=goxgk (O<g<Mg]),
eg=gix(l-g)x  (Mgs<gs<l),
ab=hgxbk (0Osb<Mb),
ab=h;x(1-b)k  (Mbs<b<1),
where fo, f1, go, g1, ho, hi, Mr, Mg, Mb and k are
constants; Cr, Cb, Cg, Cy, Cm and Cc are constants, and
the r, g and b are obtained by dividing original gradation
levels of the three color components of the input color

image signal by a maximum gradation value N-1.

9. The color display device (100) as set forth in
claim 4, wherein:

the variables are expressed as:

Krg=Cr-oar-ab, Krb=Cr:ar-ag,
Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,
Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,
Kyg=Cy-ar-ab, Kmb=Cm-ar-ag,

Kmr=Cm-ab-ag, Kcg=Cc-ab-ar,
Kcb=Cc-ag-ar, Kyr=Cy-ag-ub,
ar=2xr (0<r<0.5),

ar=2x(1-r) (0.5=r<1),

ag=2xg (0=g<0.9),
ag=2x(1-g) (0.5<g=<1},

ab=2xb (0<b<0.5},
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the r, g and b are obtained by dividing original gradation |evels of the
three col or conponents of the input color inmage signal by a maxi num
~gradation value N-1. 10. The col or display device (100) as set forth in
claim4, wherein: the variables are expressed as: Krg=Cr fmax (r) fmn (b),
Krb=Cr frmax (r) fmn (g), Kgr=Cg fmax, (g) fmn (b), Kgh=Cg fmax (g) fmn
(r), Kbr=Cb frmax (b) fmn (g), Kbg:Cb1 max (b) fmn (r), -- Kyg=Cy fnax
(r) fmn (b), Knb=Cm fmax (r) fmn (g), Km=Cmfmax (b) fmn (g),
Kcg=Cc fmax (b) fmn (r), Kcb=Cc fmax (g) fmn (r), Kyr=Cy fmax (g) fmn
(b), where Cr, C8b=8x(leh) cCnilaBgbcd)are constants: fnax, and fnin are
functions which respectively change depending on values of r, g and b in
correspondi ng br awkere; Camdgbhecg,, Cyy €ml &ndr € cobreiamds tyn th,vadidg
original gradation levels of the three color conponents of the input color
i mage si gnatheby, g amd rhiragr abtEdioed dyeaiMiding lorigheat oheid diispl ay

devi ce (100% as set forth in claim210, wherein: the function fnax is a
conti nuous fewedsi of whiectthr4e gioles @omhponiemesr ofg tard i@k Stelbdsl) are
1; and the function fmn is continuous function which gives 0 when the r,

g and b (Osimgge! Signalr byCta maxifhemcgtadadicaphagudeNite (100) as set forth
In

10.  The color display device (100) as set forth in
claim 4, wherein:

the variables are expressed as:

Krg=Cr-fmax (r)-fmin (b), Krb=Cr-fmax (r):fmin (g),

Kgr=Cg-fmax (g)‘fmin (b), Kgb=Cg-fmax (g)'fmin (r),

Kbr=Cb-fmax (b):fmin (g}, Kbg=Cb-fmax (b} fmin (r),

Kyg=Cy-fmax (r)-fmin (b}, Kmb=Cm-fmax (r)-fmin (g),

Kmr=Cm*fmax (b)‘fmin (g}, Kcg=Cc:fmax (b)-fmin (r},

Kcb=Cc-fmax (g)‘fmin (r), Kyr=Cy-fmax (g):fmin (b),

where Cr, Cb, Cg, Cy, Cm and Cc are constants; fmax,
and fmin are functions which respectively change depending
on values of r, g and b in corresponding brackets; and the r,
g and b are obtained by dividing original gradation levels of
the three color components of the input color image signal

by a maximum gradation value N-1.

11. The color display device (100) as set forth in

claim 10, wherein:

the function fmax is a continuous function which




claim4, wherein: the variables are expressed as: Krg=CrSrTbh, Krb=CrSrTg,
Kgr=CgSgTb, Kgb=CgSgTr, Kbr=CbSbTg, Kbg=CbSbTr, Kyg=Cy Sr Tb, Knb=Cm
Sr Tg, Km=Cm Sb Tg, Kcg=Cc Sb Tr, Kcb=CcSgTr, Kyr=CySgTb, Tr=rk,
Sr=(1-r)k, Tg=gk, Sg=(1-g)k, Tb=bk, Sb=(1-b)k, where Cr, Ch, Cg, Oy,
Cm Cc and k are constants, and the r, g and b are obtained by dividing
original gradation |levels of the t hr éd7col or conponents of the i nput

col or image signal by a maxi mum gradation value N-1. 13. The col or display
device (100). as set forth in 148 claim 12, wherein: the constant k is 1.
14. The col 8IV&H dpI Whedbvihe raip)and det (Gor.8hbEd) arei dy5ane, the 9, 10 or
12, wherein, the C, Cb, Cg, Cy, Cmand Cc are constants expressed as

1/ (i nt eger B‘b@\%ﬁ'lo&f fg}l_n 1s cornitinuous function which gives 0 when

the r, g and b (Osr,g,b<1) are 0.

12.  The color display device (100) as set forth in
claim 4, wherein:

the variables are expressed as:

Krg=Cr-Sr-Th, Krb=Cr-Sr-Tg,

Kgr=Cg-Sg-Tb, Kgb=Cg-Sg-Tr,

Kbr=Cb-Sh-Tg, Kbg=Cb-Sb-Tr,

Kyg=Cy-Sr-Th, Kmb=Cm-Sr-Tg,

Kmr=Cm:*Sb:Tg, Keg=Cc-Sb:Tr,

Kcb=Cc-Sg-Tr, Kyr=Cy-Sg-Tb,

Tr=rk,

Sr=(1-r)k,

Tg=gk,

Sg=(1-g)¥,

Tb=bk,

Sb=(1-b)k,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants,
and the r, g and b are obtained by dividing original
gradation levels of the three color components of the input

color image signal by a maximum gradation value N-1.

13. The color display device (100) as set forth in




15. The col or display device (100) as set forth in claim4, wherein: the
variables Nr and Ny are not less than 1. 16. The col or display device (100)
as set forth in claim4, wherein: the variables Ng, Nb, Nmand Nc are not
nmore than 1. 17. The col or display device (100) as set forth in claim1l,
wherein: the input color inmge signal js converted into an output color
I mge signal with the three col or corrp]éﬁents respectively having gradation
| evels of r', g and b', which are given by: 149 where r, g and b are
val ues obtai ned by dividing original gradation |evels of the three color
conmponent s ofaim HE i wieredok or i nage signal by a maxi mum gradation val ue
N-1; and A36 expresses square matrix of 3x6; and in a case [1l] where r?g~?b:
ro=Krg(r-g)Nr, yidukgenptemyk isgb=bo=nmp=co=0, in a case [2] where r?b>g:
ro=Krb(r-b)Nr, no=Knb(b-g)Nm go=bo=yo=co=0 in a case [3] where b>r>g:

14. The color display device (100) as set forth in

claim 5, 6, 8, 9, 10 or 12, wherein:
the Cr, Cb, Cg, Cy, Cm and Cc are constants

expressed as 1/(integer power of 2).

15. The color display device {100) as set forth in
claim 4, wherein:

the variables Nr and Ny are not less than 1.

16. The color display device (100) as set forth in
claim 4, wherein:

the variables Ng, Nb, Nm and Nc¢ are not more than 1.

17. The color display device (100) as set forth in
claim 1, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b', which

are given by:
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bo=Kbr (b-r)Nb, no=Knr(r-g)Nm ro=go=yo=co0=0 in a case [4] where b>g>r:
bo=Kbg(b-g) Nb, co=Kcg(g-r)Nc, ro=go=yo=np=0, 150 in a case [51 where

g2: b>r: go=Kgb(g-b)Ng, co=Kcb(b-r)Nc, ro=bo=yo=np=0, in a case f6l
where g>r?-b: go=Kgr(g-r)Ng, yo=Kyr(r-b)Ny, ro=bo=npb=co=0, in which
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knmb, Knr, Kcg and Kcb are vari abl es
whi ch change dependi ng on val ues of r1,4gg and b; and Nr, Ng, Nb, Ny, Nm
and Nc are constants not less than 0. 18. The col or display device (100)

-as set forth in claim17, wherein: the A36 is expressed as: ('all, al2 al3
ald al5 al6é A36 = a2l aZ2Zcax3 a24 a25 a26 ,la3l a32 a33 a34 a35 a36
r r io
g|=g|+hs.| *
b/ |b yo
mo
\CO

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and Ase expresses square matrix of 3x6; and

in a case [1] where rzgzb:

ro=Krg(r-g)Mr,

yo=Kyg(g-b)",

- go=bo=mo=co0=0,

in a case [2] where rzb>g:

ro=Krb(r-b)Nr,

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

in a case [3] where b>rz2g:

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)Nm,

ro=go=yo=co=0,

in a case [4] where b>g>r:

bo=Kbg(b-g)Nb,

co=Kcg(g-r)¥e,

ro=go=yo=mo=0,




wher e al | =a22=a33=al 4=a24=al 5=a35=a26=a36=1 and a2l, a3l, al2, a32, al3,
a23, a34, a25 and al.6 are O or a negative value. 19. The col or display
device (100) as set forth in 151 claim 17, wherein: the A36 is expressed
as: all al2 al3 al4 al5 al6é A36 = a2l a22 a23 a24 a25 a26 a3l a32 a33 a34
a35 a36 where all =a22=a33=al 4=a24=al 5=g35=a26=a36=1, all +a21+a31=0,

al 2+a22+a32=0, al 3+a23+a33=0, al4+a24*¥a34=0, al 5+a25+a35=0, and

al 6+a26+a36=0. 20. The col or display device (100) as set forth in claim
17, wherein: the A36 is expressed as: all al2 al3 al4 al5 al6é A36. = a2l
a22 a23 a24 a25 alB %§ﬁ5£385h erE1 82837236 where

al | =a22=a33=al 4=a24=al 5= 3?; 26=a36=1, a2l=a31=al2=a32=al 3=a23=-0.5, and
a34=a25=al 6=- 2. Zanﬁﬁb§51 £.di spl ay device (100) as set forth in claim
1, wherein: the input _color image signal is converted into an 152 out put
col or inage si gnalconk®bttra)Yhree col or conponents

ro=bo=yo=mo=0,

in a case [6] where g>rzb:

go=Kgr(g-r)Ns,

yo=Kyr(r-b)Ny,

ro=bo=mo=co=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b; and Nr, Ng, Nb, Ny, Nm and Nc are

constants not less than 0.

18. The color display device (100} as set forth in

claim 17, wherein:

the Ase is expressed as:

all al2 al3 al4 al5 al6
Ass= {a21 a22 a23 a24 a25 a26

a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=a15=a35=a26=a36=1
and a21, a31, al2, a32, al3, a23, a34, a25 and al6é are 0

or a negative value.

19. The color display device (100) as set forth in




respectively having gradation levels of r', g and b', which are given by:
+ A6 ro go bo Yo nob co ) wherer, g and b are val ues obtai ned by
dividing original gradation |evels of the three col or conponents of the

i nput col or inmage signal by a maxi num gradation value N 1; and A36
expresses square matrix of 3x6; and i .? case [ 1 ] where r_g> b: _
ro=Krg(fzr(r)-fzg(g))Nr, yo:Kyg(fzg(af-fzb(b))hN, go=bo=npb=co=0, 1in a
case [21 where r>b>g: ro=Krb(fzr(r)-fzb(b))N, no=Knb(fzb(b)-fzg(g))Nm
go=bo=yo=co0=0,. i@,a ase.[ 3] where b>r>g: bo=Kbr (fzb(b)-fzr(r))No,

mo=Knr (f zr (PRI (%) )"&Pfﬁrel 0=go=yo=co=0, 153

the Ase is expressed as:

all al2 al3 al4 al5 alé
A= |a2l a22 a23 a24 a5 a26
a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=a15=a35=a26=a36=1,
all+a21+a31=0, al2+a22+a32=0, al3+a23+a33=0,

al4+a24+a34=0, al5+a25+a35=0, and al6+a26+a36=0.

20. The color display device (100) as set forth in
claim 17, wherein:

the Aje is expressed as:

all al2 al3 al4 al5 al6
A= a2l a22 a23 a24 a25 a6
a3l a32 a33 a34 a35 al36

where all=a22=a33=al4=a24=al5=-a35=a26=a36=1,
a2l=a31=al2=a32=al13=a23=-0.5, and a34=a25=a16=-2.

21. The color display device (100) as set forth in

claim 1, wherein:

the input color image signal is converted into an




In a case [4] where b>g>r: bo=Kbg(fzb(b) -fzg(g)) Nb,
co=Kgg(fzg(g)-fzr(r))Nc, ro=go=yo=np=0, in a case [5] where g?b>r:
go=Kgb(fzg(g)-fzb(b))Ng, co=Kcb(fzb(b)-fzr(r))Nc, ro=bo=yo=np=0 in a
case [61 where g>r~b: go=Kgr(fzg(g)-fzr(r))Ng, yo=Kyr(fzr(r) -fzb(b)) Ny,
ro=bo=np=co=0, in which Krg, Krb, Kbr,5 Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr,
Kcg and Kcb are variabl es whi ch change &ependi ng on values of r, g and b, -
Nr, Ng, Nb, Ny, Nmand Nc are constants not less than 0, and fzr, fzg, fzb
are functions, which, respectivel i:han etg]'epeBdi ng on values of r, g and b
in correspoRHfRYbF A Kt Tage sighal gl i€s pRESE 06 Ue cOmMPPNERtSet forth
in claim 21, Wner.ei& the functions fzr, fzg, fzb convert input val ues

i dentical W$IPEGldRebt Having gradafieny ig\rds af ¥ ersnand dm whiahot her .

154 23. The col or display device (100) as set forth in claim21l, wherein:
are given bﬁ:

(ro
r r g9
' b
gl =lg| +Asz °
b’ b yo
mo
\CO

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and Ass expresses square matrix of 3x6; and

in a case [1] where r2g2b:

ro=Krg(fzr(r)-fzg(g))"r,

yo=Kyg(fzg(g)-fzb{b))Nv,

go=bo=mo=co=0,

in a case [2] where r2b>g:

ro=Krb(fzr(r}-fzb(b))Nr,

mo=Kmb{fzb(b)-fzg(g))Nm,

go=bo=yo=co=0,

in a case [3] where b>rzg:

bo=Kbr(fzb(b)-fzr(r})Nv

mo=Kmr(fzr(r}-fzg(g)) =,

ro=go=yo=co=0,




the functions fzr, fzg, fzb satisfy fzr=r2-2, fzg=g22 and fzb=b2.2. 24.
The col or display device (100) as set forth in claim?21l, wherein: the
functions fzr, fzg, fzb satisfy fzr=r2, fzg=g2 and fzb=b2. 25. The col or
di spl ay device (100) as set forth in claiml1, wherein: the input color
| mage signal is converted into an outp color image signal with the three
col or conponents respectively having adation levels of r', g and b',
which are given by: r'=r+ro+yo+no, ¢ =g+go+yo+co, b'=b+bo+npo+co, where
r, g and b are val ues obtained by dividing original gradation |evels of the
three col or conpdfedt@@s (4 mehefpR>Eoiior i mage signal by a maxi mum
gradation value N 1; and, in a case [1) where ragab: ro=Krg fnr(r-g),
155 yo=Kyg f ny(g-#9TKbgétahibhd2e6eld™™, in a case [2] where r>b>g: ro=Krb
fnr(r-b),
(r-o co=Kcg(fzg(g)-fzr(r))Ne,
ro=go=yo=mo=0,
in a case [5] where g2b>r:
go=Kgb(fzg(g)-fzb(b))"s,
co=Kcb(fzb(b)-fzr(r))Ne,
ro=bo=yo=mo=0,
in a case [6] where g>r2b:
go=Kgr(fzg(g)-fzr(r))Ns,
yo=Kyr(fzr(r)-fzb(b))Nv,
ro=bo=mo=co=0,
- in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b, Nr, Ng, Nb, Ny, Nm and Nc are
constants not less than 0, and fzr, fzg, fzb are functions

which respectively change depending on values of r, gand b

in corresponding brackets.

22. The color display device (100) as set forth in
claim 21, wherein:
the functions fzr, fzg, fzb convert input values

identical with each other into output values different from

each other.




mo=Knb fnm(b-g), go=bo=yo=co=0 in a case [3] where b>r>g: bo=Kbr
fnb(b-r), pm=Kmfnm(r-g), ro=go=yo=co=0, in a case [4] where b>g>r:
bo=Kbg fnb(b-g), co=Kcgfnc(g-r), ro=go=yo=np=0, in a case [5] where
g>b>r: go=Kgb fng(g-b), co=Kcb fnc(b-r), ro=bo=yo=mp=0, in a case [6]
where g>r_b: go=Kgr fng(g-r), yo=Kyr 15f4ny(r-b), ro=bo=nmp=co=0, in which
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr,”"Knb, Knmr, Kcg and Kcb are vari abl es
whi ch change depending on values of r, g and b; and fnr(DX), fng(DX),
fnb(DX), fny(DX),,156 fam(DX) and fnc(DX) are functions which respectively
change dependi ng?on cailktle8liosn digplay sdewicen(50R) ras 1yebiforthr imspondi ng

brackets. 26. .The col or display device (100) as set forth in
claim 21, wherein!:

the functions fzr, fzg, fzb satisfy fzr=r22, fzg=g2.2 and

fzb=b2.2,

24. The color display device (100) as set forth in
claim 21, wherein:
the functions fzr, fzg, fzb satisfy fzr=r2, fzg=g2 and

fzb=b2.

25. The color display device (100) as set forth in
claim 1, wherein:

- the input ceolor image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g and b', which
are given by:

r'=sr+ro+yo+mo,

g'=gtgotyo+co,

b'=b+bo+mo+co,

where r, g and b are values obtained by dividing
original gradation levels of the three color combonents of
the input color image signal by a maximum gradation value
N-1; and,

in a case [1] where rzgzb:

ro=Krg-fnr(r-gj,




claim 25, wherein: the functions fnr(DX) and fny(DX) each give a negative
value at |least at a predeterm ned value in a range of O<DX<1l. 27. The

col or display device (100) as set forth in claim?25, wherein: the
functions fnr(DX) and fny(DX) are expressed as: fnr(DX) = DX2 - Pr - DX

f ny( DX) =DX2- py- DX, where Pr and Py arﬁsconstants greater than 0. 28. The
col or display device (100) as set fortth”in claim1l, wherein: the input
color image signal is converted into an output color image signal with the
three col or conponent 'rfe%ﬁecﬂ’vely having gradation levels of r', g and
b', which are gi \Yé’nt%’i/g. PY4BiPb+yo+np, g-=g+go+yo+co, 157 b' =b+bo+mp+co,
where r, g and b are.val ues obtained by dividing original gradation |evels

of the three col ogoc?a’r?pzdﬁé’ﬁtcéF » the input color imge signal by a maxi num
gradation value N1; and, i’n %caseé 1] where r2:92:b: ro=Cr(r-g)Nr,
in a case [2] where r2b>g:

ro=Krb-fnr(r-b),
mo=Kmb-fnm(b-g),
go=bo=yo=co0=0,

in a case [3] where b>r2g:
bo=Kbr-fnb(b-r},
mo=Kmr-:fnm(r-g),
ro=go=yo=co=0,

in a case [4] where b>g>r:
bo=Kbg-fnb{b-g),
co=Kcg-fnc(g-r),
ro=go=yo=mo=0,

in a case [5] where gzb>r:
go=Kgb-fng(g-b),
co=Kcb*fnc(b-r),
ro=bo=yo=mo=0,

in a case [6] where g>rzb:
go=Kgr-fng(g-r),
yo=Kyr-fny(1;-b),
ro=bo=mo=co=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,

Kmr, Kcg and Kcb are variables which change depending on

values of r, g and b; and fnr(DX), fng(DX), fnb(DX), fny(DX),




yo=Cy(g-b) Ny, go=bo=npb=co=0, in a case [2] where r_b>g: ro=Cb(r-b)Nr,
no=Cm(b-g) Nm go=bo=yo=co0=0, in a case [3] where b>r?g: bo=Cb(b-r)Nb,
nmo=Cn(r-g) Nm ro=go=yo=co=0, in a case [4] where b>g>r: bo=Cb(b-g)Nb,
co=Cc(g-r)Nc, ro=go=yo=np=0, in a case [5] where g> b>r: go=Cg(g-b)Ng,
co=Cc(b

-r)Nc, ro=bo=yo=np=0, and 158 125% a case [61 where g>r>_bh:
go=Cg(g-r)Ng, yo=Cy(r-b)NY, ro=bo=np=c0o=0 in which G, Cg, Cb, Cy, Cm
Cc, Nr, Ng, Nb, Ny, Nm and Nc are constants. 29. The col or display device

(100) as sett forth in ) o
nm(DX) and fnc(DX) are functions which respectively change

depending on calculation results DX (0sDXsl) of

corresponding brackets.

26. The color display device (100) as set forth in
claim 25, wherein:

the functions fnr(DX) and fny(DX) each give a
negative value at least at a predetermined value in a range

of 0<DXx<1.

27. The color display device (100) as set forth in
claim 25, wherein:

the functions fnr(DX) and fny(DX) are expressed as:

fnr(DX)=DX2-Pr- DX,

fny(DX)=DX2-Py:DX,

where Pr and Py are constants greater than 0.

28. The color display device {100) as set forth in
claim 1, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b', which
are given by:

r'=r+ro+yo+mo,

g'=g+go+yo+co,
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claim1l1, wherein: the input color inmge signal is converted into an out put
color image signal with the three color conponents respectively having

gradation levels of r', g and b', which are given by: ro go bo Yo no
co where r, g and b are values obtained by dividing original gradation
level s of the three color conponents olf 7 the input color image signal by a
maxi mum gradati on value N 1; and A36 éxpresses square matri x of 3x6; and
in a case [11 where r?gz-b: ro=Cr(r-g), yo=Cy(g-b) 159 go=bo=nmp=co=0, in
gaggs[eB][ Zlm\g?grg;;;-r_kzbbc;%:qjgj{o(;g ( r-b), nmo=Cm(b-g), go=bo=yo=co=0 in a
where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and,
in a case [1] where r2g=b:
ro=Cr(r-g)nr,
yo=Cy(g-b)Ny,
go=bo=mo=co=0,
in a case [2] where rzb>g:
ro=Cb(r-b)Nr,
mo=Cm(b-g)im,
go=bo=yo=co=0,
in a case [3] where b>r2g:
bo=Cb(b-r)Nb,
mo=Cm(r-g)Nm,
ro=go=yo=co=0,
in a case [4] where b>g>r:
bo=Cb(b-g)Nb,
co=Cc(g-r)Ne,
ro=go=yo=mo=0,
in a case [5] where gz2b>r:
go=Cg(g-b)"e,

co=Cc(b-r)Ne,

ro=bo=yo=mo=0, and




nmo=Cm(r-g), ro=go=yo=co=0, in a case [4] where b>g>: bo=Cb(b-g),
co=Cc(g-r), ro=go=yo=np=0 in a case [5] where g?b>r: go=Cg(g-b)
co=Cc(b-r), ro=bo=yo=np=0 and in a case [6] where g>~b: go=Cg(g-r),
yo=Cy(r-b), ro=bo=np=co=0, in which G, Cg, Cb, Cy, Om and Cc are
constants. 30. The col or display devicg, (100) as set forth in claiml,
wherein: 160 the input color inage si gﬁgl is converted into an output
color image signal with the three color conponents respectively having
gradation | evel s .of r' % En b', which are given by: r'=r+ro+yo+nm
g' =g+go+yo+co b 1Dp3RASpIebW &>*2by and b are val ues obtained by

di vi di ng go=Cg(g-r)Me,
yo=Cy(r-b)Ny,
ro=bo=mo=co=0,
in which Cr, Cg, Cb, Cy, Cm, Cg¢, Nr, Ng, Nb, Ny, Nm,

and Nc are constants.

29. The color display device (100) as set forth in
claim 1, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b’, which

are given by:

( ro
T T g0
b
g =|g| +h%| °
b b yo
mo
\CO

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and Ajs expresses square matrix of 3x6; and

in a case [1] where rzgzb:

ro=Cr(r-g),

yo=Cy(g-b),




R S
original gradation levels of the three color conponents of the input color
I mge signal by a nmaxi mum gradation value N 1; and, in a case [1l] where

(r2:pb): ro=Cr (fzr (r)-fzg (9)), yo=Cy (fzg (g)-fzb (b)),
go=bo=nmp=co=0, in a case [21 where (r2!'b>g): ro=Cr (fzr (r)-fzb(b)),
rmem (fzb (b):fzg(g)), gozbo:yo:co:qas_9 in a case [2] \ilner:,e (:b>ra_g):
bo=Cb (fzb (b)-fzr(r)), no=Cm (fzr (r)~fzg(g)), ro=go=yo=co=0, 1in a case
[4] where (b>g>r): bo=Cb (fzb (b)-fzg(g)), 161 co=Cc (fzg (g)-fzr(r)),
ro=go=yo=np=0, in a case [5] where (g_b>r): go=Cg (fzg (g)-fzb(b)),
co=Cc (fzb (b)-fﬂ‘{’r‘)‘)?mq:cﬁib’&xyo:rmzo, and in a case [61 where (g>r>_b):
go=Cy (fzg (g)-fzigl(r;)c.?ése [2] where [2]rzb>g:

ro=Cr(r-b),

mo=Cm(b-g),

go=bo=yo=co0=0,

in a case [3] where b>rzg:

bo=Cb(b-r),

mo=Cm/(r-g),

ro=go=yo=co=0,

in a case [4] where b>g>r:

bo=Cb(b-g),

co=Cc(g-1),

- ro=go=yo=mo=0,

in a case [5] where gzb>r:

go=Cg(g-b),

co=Cc(b-r1),

ro=bo=yo=mo=0, and

in a case [6] where g>rzb:

go=Cg(g-r),

yo=Cy(r-b},

ro=bo=mo=c¢o0=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants.

30. The color display device (100) as set forth in

claim 1, wherein:




yo=Cy(fz r(r)-fzb(b)), ro=bo=nb=co=0, Were C, Cg, Cb, Cy, Cmand Cc are
constants; and fzr, fzg and fzb are functions which change dependi ng on
the values of r, g and b in correspondi ng brackets. 31. The col or display
device (100) as set forth in claim1l, wherein: the input color inmage
signal is converted into an output color imge signal with the three color
conponents respectively having gradaﬂﬁﬁn |l evels of r', g and b', which
are given by: r'=r+ro+yo+no ¢' =g+go+yo+co b' =b+bo+npb+co where r, g and b
are val ues obtaiqg? by dividi original gradation |evels of the three

col or conponents O 18PYheCPHPULITRBRE Si&BEE &3 gRanveyted mimtaruangr adati on

value N-1; apd, .ro=Crmn (rg, .rb) go=Cg-mn (gr, gb), bo=Cb mn (br,
bg) , yo:qﬁﬂpﬂufr‘bﬁ’lodb}‘?’a%lséﬁ{lﬁilnw(tr}b,%%@g)tbreéo&@gﬂmcﬁn(lgﬂpem*ﬁ, in
whi ch mn (r) I S a.fulnc ion for giving a small est

espectively having gradation levels of r', g’ and b', which

are given by:

r'=sr+ro+yo+mo

g'=g+gotyotco

b'=b+bo+mo+co

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and,

in a case [1] where (rzgzb):

. ro=Cr (fzr (r)-fzg (g)),

yo=Cy (fzg (g)-fzb (b)),

go=bo=mo=co=0,

in a case [2] where (rzb>g):

ro=Cr (fzr (r)-fzb(b}),

mo=Cm (fzb (b)-fzg(g)),

go=bo=yo=co=0,

in a case [3] where (b>rz2g):

bo=Cb (fzb (b)-fzr(r)),

mo=Cm (fzr (r)-fzg(g)),

ro=go=yo=co=0,

in a case [4] where (b>g>r1):

bo=Cb (fzb (b)-fzg(g)),




value in a correspondi ng bracket; and Cr, Cg, Cb, Cy, Cmn and Cc are
constants, on condition that: rg=r-g, rb=r-b, gr=g-r, gb=g-b, br=b-r,
bg=b-g, in which each of rg, rb, gr, gb, br and bg are nodified to 0 when
they are mnus values. 32. The color display device (100) as set forth in
claim1l, wherein: the input color image signal is converted into an output
color inmage signal with the three col conponents 163 respectively having
gradati on Ievels of r', g and b', which are given by: r'=r+ro+yo+no

+go+yo+co , g and b are val ues obtai ned by
gl v?d?ngyorl gi naI g g%arf% Pg) %?g?of the three col or conmponents of the
I nput col or i mge s;gngl 0Q¥ng=gam mum gradation value N 1; and ro=Krgrg
wher e rg<rb, y ’

in a case [5] where (gzb>r):

go=Cg (fzg (g)-fzb{b)),

co=Cc (fzb (b)-fzr(r)),

ro=bo=yo=mo=0, and

in a case [6] where (g>rzb):

go=Cg (fzg (g)-fzr(r)),

yo=Cy(fz r(r)-fzb(b)),

ro=bo=mo=co=0,

Where Cr, Cg, Cb, Cy, Cm and Cc are constants; and
fzr, fzg and fzb are functions which change depending on

the values of r, g and b in corresponding brackets.

31. The color display device (100) as set forth in
claim 1, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b', which
are given by:

r'=r+ro+yo+mo

g'=gt+gotyo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing

original gradation levels of the three color components of




ro=Krb rb where rg>rb, go=Kgrgr where gr<gb, go=Kgb gb where gr>gb,
bo=Kbr br where br<bg, bo=Kbgbg where br>bg, yo=Kyr rb where rb<gb,
yo=Kyggb where rb>gb, no=Knr rg where rg<bg, no=Knb bg where rg>bg,
co=Kcg gr where gr<br, co=Kcb br where gr>br, in which Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kc% and Kcb are variabl es which change
dependi ng on values of r, g and b, on%ondi tion that: 164 rg=r-g, rb=r-Db,
gr=g-r, gb=g-b, br=b-r, bg=b-g, in which each of rg, rb, gr, gb, br and

og v ool (g0 huB Bhol Lo sve s veLus 33, A Gl of compensation

N-1; and,

ro=Cr'min (rg, rb),

go=Cg-min (gr, gb),

bo=Cb*min (br, bg),

yo=Cy-min (rb, gb),

mo=Cm-min (rg, bg)},

co=Cc min (gr, br),

in which min () is a function for giving a smallest
value in a corresponding bracket; and Cr, Cg, Cb, Cy, Cm
and Cc are constants,

on condition that:
- rg=r-g,

rb=r-b,

gr=g-r,

gb=g-b,

br=b-r,

bg=b-g,

in which each of rg, rb, gr, gb, br and bg are modified

to O when they are minus values.

32. The color display device (100) as set forth in
claim 1, wherein:

the input color image signal is converted into an

output color image signal with the three color components




a) determning a rel ationship between plural color conponents of an input
color image signal in terns of their gradation |levels; and b) carrying out
cal cul ati on based on the relationship for each of the plural color
conponents excluding a conponent with a smallest gradation |evel, using
variables that vary depending on the respective gradation |evels of the

pl ural col or conponents. 34. A color é%ﬁpensatlon met hod, characterized by
conprising the steps of: a) deternining a rel ationship bet ween t hree col or
conmponents of an |n8§; color image sig |n terms of their gradation

| evel s; andrﬁ%%e(br)lv MAHE & & Ebtll‘F”f"-e “é‘Fﬁ Iscaf cul s emd dp', ewdtichnput

col or i nmage_si ﬁal d@ﬁendl ng on whet her the input color inmage signal
bel ongs to HhT X patterns of the relationship, wherein: the
calculation in the ste éb% is carried out individually for each of the
three col or corrpcfneﬁ'f'% TEQEMRMi ng a conmponent with a smallest gradation
| evel, using vari,ables that vary depending on the respective gradation
| evel s of the thr%egé'gpd'ﬁ’oé'&ﬁ?ponents 35. A col or conpensation program

characteri zed by %qru5|+ng (1 conputer to execute the steps of:
bo+mo+co

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and
ro=Krg-'rg where rg<rb,
ro=Krb-rb where rg>rb,
go=Kgr-gr where gr<gb,
go=Kgb-gh where gr>gb,
bo=Kbr-br where br<bg,
bo=Kbg-bg where br>bg, '
yo=Kyr-rb where rb<gb, ' I
yo=Kyg-gb where rb>gb,
mo=Kmr-rg where rg<bg,
mo=Kmb-bg where rg>bg,
co=Kcg-gr where gr<br,
co=Kcb-br where gr>br,
in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on

values of r, g and b,

on condition that;




a) determning a rel ationship between plural color conponents of an input
color image signal in terns of their gradation |levels; and b) carrying out
cal cul ati on based on the relationship for each of the plural color
conponents excluding a conponent with a smallest gradation |evel, using
vari ables that vary depending on the respective gradation |evels of the
pl ural col or conmponents. 36. A col or é&ﬁpensation program characterized
by causing a conmputer to execute the steps of: a) determning a

rel ati onshi p between _three color 166 conponents of an input color inmage
signal in terns of 8The&®r gradation levels; and b) carrying out a

cal cul ation for eagn inhput color imge signal depending on whether the

i nput col or i mage? SFghal bel ongs to which of six patterns of the

rel ati onship, the calculation being carried out individually for each of
the three color 8bWPohents excluding a conponent with a snall est
gradation |l evel, using variables that vary depending on the respective
gradation | evels 8 =€nB-three col or conponents. 37. A conputer readable
storage nedi um gharacterized by storing a col or conpensation program for
causing a conpute ITB-Bxecute the steps of: a) determning a relationship
bet ween plural co]or

bg=b-g,
in which each of rg, rb, gr, gb, br and bg are modified

to O when they are minus values.

33. A color compensation method, characterized by
comprising the steps of:

a) determining a relationship between plural color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out calculation based on the relationship
for each of the plural color components excluding a
component with a smallest gradation level, using variables
that vary depending on the respective gradation levels of the

plural color components.

34. A color compensation method, characterized by
comprising the steps of:
a) determining a relationship between three color

components of an input color image signal in terms of their

gradation levels; and




conponents of an input color imge signal in terns of their gradation

| evel s; and b) carrying out cal cul ati on based on the relationship for each
of the plural color conmponents excluding a conmponent with a snall est
gradation level, using variables that vary depending on the respective
gradation | evels of the plural color %3rrponents. 38. A conputer readable
storage nedium characterized by stor]i g a col or conpensation program for
167 causing a conputer to execute the steps of: a) determning a

rel ati onship between three col or components_ of an input col or image signal
in terms of theirP) §REAEMISPUkreldiifesgn thralarlation eactalinpdt i on for
each input color .  image signal, depending on whether the input col or inmage
si gnal bel diR}oTt déMagcsignadi dapanding on whethemtthmsmpyt edler

cal cul ation being carried out individually for each of the three color
conponent s ‘Sx@Eadisignalcdiglonar Wt iwhicknwf] iz gpatkerinen bBvehe using
vari abl es that vary _ depending on the respective gradation |evels of the
three col delab@svieiR,s. 39. A col or di splay device (100), characterized in
that the color display device determnes a relationship between plural

col or conponents CElinput color image signal in terns of their

gradation levels, and carries out
the calculation in the step (b) is carried out

individually for each of the three color components
excluding a component with a smallest gradation level,
using variables that vary depending on the respective

gradation levels of the three color components.

35. A color compensation program, characterized
by causing a computer to execute the steps of:

a) determining a relationship between plural color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out calculation based on the relationship
for each of the plural color components excluding a
component with a smallest gradation level, using variables
that vary depending on the respective gradation levels of the

plural color components.

36. A color compensation program, characterized

by causing a computer to execute the steps of:

a) determining a relationship between three color




cal cul ati on based on the relationship, the calculation performng

mul tiplication of each of 1) RGB adjustnent conponents, 2) YMC conponents
as conplenmentary colors of the RG conponents and 3) white conponent, that
have been extracted fromthe plural col or conponents of the input color

| mge signal, by a coefficient, and ag%ition/ subtraction of results of
the multiplication to the plural color conponents. 168 40. A color display
device (100), characterized in that the color display device detern nes a

rel ationship. _between three color canponents of an input color image

signal in tgf"ﬁ%&%ﬁe?ﬁ%iq}y ﬁPaHb‘PPBrF‘ﬁQ&e‘I@?gﬁnﬂl&fbﬁlr iredesms of thefrer ent

cal cul ation_for,_each input color image signal depending on whether the

i nput col orgf?rﬂagmé} {n¥ishdtigs  to which of six patterns of the

rel ati onship, the_cal cul ation erforming nultiplication of each of 1) RGB
adj ust nent  conpo )en‘f%r,ryéﬁngIQ@’EcﬁrpSﬂgﬂ ti@ncdap| epsht dnpubol eelor of the
RGB conponents andég,l% i/\/g:ite cgtrponent, that have been extracted fromthe
three col or "B8BSoREE_! SACRFRAINGUPD Bigthemdde dngndl cobyrairagefi ci ent
and addition/ subtraction of results of the nultiplication to the three
col or conpoRtEtal Pglonggeta arhickiialsiy pritcsas ofMhagedationship,in ¢l ai m

39 or 40, erei r]: &he, col or display device carries out the cal culation
the calculation being carriéd out individually for each of the

three color components excluding a component with a
smallest gradation level, using variables that vary
depending on the respective gradation levels of the three

color components.

37. A computer readable storage medium,
characterized by storing a color compensation program for
causing a computer to execute the steps of:

a) determining a relationship between plural color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out calculation based on the relationship
for each of the plural color components excluding a
component with a smallest gradation level, using variables
that vary depending on the respective gradation levels of the

plural color components.

38. A computer readable storage medium,

characterized by storing a color compensation program for




i ndi vidually for each of the three color conponents excluding a conponent
with a small est gradation level, using variables that vary dependi ng on
the respective gradation levels of the three color conponents. 169 42. The
col or display device (100) as set forth in claim39 or 40, wherein: the
col or display device conpensates whi t216§0| or by using a coefficient which
gives a positive value when the whit onponent of the input color inage
signal has high lum nance and gives a negative value when the whi tﬁ I
conponent o | t l.qr,_image signal has | ow. |um nance. 43. The col or
di spl ay dev%%ggﬁﬂg%?%ggﬁg&%foﬁpt xFﬁugﬁﬁg‘ien‘?‘ S Wer ei n: the input col OL

i mge signal is converted into an output color. image signal with the three
col or conponents Ecl))r e‘gﬁtm%fémlg hﬁ’virﬁaagﬁp l.poanngg dfiree gplogng b,
which are given by: r'=r+roty' o+nb+wo,, g, =g+go+y0+Cco+wo, .

b' =b+bo+nD+¢cd ?ng%%roél?fl HYBHH cB)lerenggﬁe%‘ Laimdarms @if vihgisg

ori gi nal grada@é n Iivel s of the three color conponents of the input color

i rage si gna®’ S le Adation value N 1; and,

b} carrying out a calculation for each input color

image signal depending on whether the input color image
signal belongs to which of six patterns of the relationship,
the calculation being carried out individually for each of the
three color components excluding a component with a
smallest gradation level, using variables that vary
depending on the respective gradation levels of the three

color components.

39. A color display device (100), characterized in
that the color display device determines a relationship
between plural color components of an input color image
signal in terms of their gradation levels, and carries out
calculation based on the relationship, the calculation
performing maultiplication of each of 1) RGB adjustment
components, 2) YMC components as complementary colors
of the RGB components and 3) white component, thét have
been extracted from the plural color components of the
input color image signal, by a coefficient, and

addition/subtraction of results of the multiplication to the

plural color components.




in acase | I] where r.~pb, ro=Krg(r-g)Nr, yo=Kyg(g-b)Ny, 170 wo=fw(b),
go=bo=npb=co0=0, in a case [2] where r_b>g, ro=Krb(r-b)N, no=Knb(b-g)Nm
wo=fw(g), go=bo=yo=co=0O, in a case [3] where b>r?g, bo=Kbr(b-r)Nb,
mo=Knr (r-g)Nm wo=fw(g), ro=go=yo=co= 0, in a case [4] where b>g>r,
bo=Kbg(b-g) Nb, co=Kcg(g-r)Nc, wo=fw(r), ro=go=yo=np=0, in a case [5]
where g> b>r, go=Kgb(g-b)Ng, co=Kcb(1b"r)Nc, wo=fw(r), ro=bo=yo=no=0

40. A color display device (100), characterized in
that the color display device determines a relationship
between three color components of an input color image
signal in terms of their gradation levels, and carries out a
different calculation for each input color image signal
depending on whether the input color image signal belongs
to which of six patterns of the relationship, the calculation
performing multiplication of each of 1) RGB adjustment
components, 2) YMC components as complementary colors
of the RGB components and 3) white component, that have
been extracted from the three color components of the input
color image signal, by a coefficient, and
addition/subtraction of results of the multiplication to the

three color components.

41. The color display device (100) as set forth in
claim 39 or 40, wherein:

the color display device carries out the calculation
individually for eac;h of the three color components
excluding a component with a smallest gradation level,

using variables that vary depending on the respective

gradation levels of the three color components.




in a case [6] where g>r?b, go=Kgr(g-r)Ng, yo=Kyr(r-b)Ny, 171 wo=fw(b),
ro=bo=nb=co0=0, in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Knr,
Kcg, Kcb and kw are either constants, or variables changing depending on
values of r, g and b; Nr, Ng and N\r are constants not less than 0, and fw
Is a function which changes dependi ngmgn the values of r, g and b in the
correspondi ng bracket. 44. The col or di'splay device (100) as set forth in
claim43, wherein: the vari abl es are expressed as Krg=Crar-ab, Krb=Crarag,
Kgr = ag ab, Kgb=Cg Kbr=Cb ab . ag =Cb ab ar, Kyg=Cy ar
ag CK:gnb Crgn ar "%2 KnTT'l'{‘? rﬁoalé?ts dé@?l@g%‘“cafb(la ? gebset foggh #m, Kyr =0y

ag ab, ar=foxrk(0Q0:5 r<Mm),
claim 39 or 40, wherein:

the color display device compensates white color by
using a coefficient which gives a positive value when the
white component of the input color image signal has high
luminance and gives a negative value when the white
component of the input color image signal has low

luminance,

43. The color display device (100) as set forth in
claim 39, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b', which
are given by:

r'=sr+ro+yo+mo+wo,

g'=g+got+yo+co+wo,

b'=b+bo+mo+co+wo,

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and,

in a case {1] where r2gzb,

ro=Krg(r-g)Nr,

yo=Kyg(g-b)Ny,
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ar=f1 x(1-r)k(M<_r<_1), ag=goxgk(0sg<Mmy), ag=gl x(1-g)k(Msg 1),

ab=hoxbk( 0<b<My), ab=hi x(1-b)k(Mosb:51), where C, Ch, Cg, Cy, Cmand Cc
are constants, and 172 the r, g and b are obtained by dividing original
gradation levels of the three col or conponents of the input color inage
signal by a maxi num gradati on val ue N-im 45. The col or di splay device (100)
as set forth in claim43, wherein: tHdOvari abl es are expressed as: Krg=Cr
ar ab, Kgr=Cg - ag ab, Kbr=Cbabag, Kyg=Cy ar- ab, Knr=Cm ab ag,
Kcb=Cc ag ar, ar=2 x {) ar=2x(1-r) ag=2xg ag=2x(1-g) ab=2xb
ab=2x(1-b) where Wo=fw(b),

go=bo=mo=co=0,

in a case [2] where r2b>g,
ro=Krb(r-b)Nr,
mo=Kmb(b-g}Nm,
wo=fw(g),
go=bo=yo=co=0,

in a case [3] where b>r2g,
bo=Kbr(b-r)Nb,
mo=Kmr(r-g}im,

wo=fw(g),

ro=go=yo=co=0,

in a case [4] where b>g>r,
bo=Kbg(b-g)®,
co=Kcg(g-r)Ne,

wo=fw(r},
ro=go=yo=mo=0,

in a case [S] where gzb>r,
go=Kgb{g-b)Ns,
co=Kch(b-r)Ne,

wo=fw(r),
ro=bo=yo=mo=0,

in a case [6] where g>r2b,
go=Kgr(g-r)Ne,

yo=Kyr(r-b)Vy,




Krb=Cr ar ag, Kgh=Cg ag ar, Kbg=Cb ab ar, Knb=Cm ar ag, Kcg=Cc
ab ar, Kyr=Cy ag ab, (0Osr<0.5), (0.5sr< 1), (0sg<0.5), (0.5sg<_ 1),
(0<_b<0.5), (0.5sh<_ 1), C, Cb, Cg, Cy, Cmand r, g and b are obtained by
dividing Cc are constants, and the original gradation levels of the R G
and B conponents of the input inmage siﬁnal by the maxi mum gradati on val ue
N-1. 46. The col or display device (1001) as set forth in 173 claim43,
wherein: the variables are expressed as: Krg=Cr Sr Th, Kgr=Cg Sg Tb,

Kbr=Cb Sb Tg, P‘i}/g:f%/(%]Tb,

ro=bo=mo=co0=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg, Kcb and kw are either constants, or variables
changing depending on values of r, g and b; Nr, Ng and Nr
are constants not less than 0, and fw is a function which
changes depending on the values of r, g and b in the

corresponding bracket.

44. The color display device {(100) as set forth in
claim 43, wherein:

the variables are expressed as:

- Krg=Cr-ar-ab, Krb=Cr-ar-ag,
Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,
Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,
Kyg=Cy-ar-ab, Kmb=Cm'ar-ag,
Kmr=Cm-ab-ag, Kcg=Cc-ab-ar, |
Kcb=Cc-ag-ar, Kyr=Cy-og-ab,
ar=foxrk (Osr<Mr),

ar=f1x(1-r)k (Mr=r<1),
ag=goxgk (Osg<Mgj,
ag=g1*x{l-gj*  (Mgsgsl),
ab=hgxbk (0<b<Mb)},
eb=h;x{1-b)k (Mbsbs1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and




Knmr=Cm Sb Tg, Kcb=Cc Sg Tr, Tr=rk, Sr=(1-r)k, Tg=gk, Sg=(1-9)k,
Krb=Cr SrTg, Kgb=Cg Sg Tr, Kbg=Cb Sb Tr, Knb=Cm Sr Tg, Kcg=Cc Sb
Tr, Kyr=CySgTb, Th=bk, Sb=(1-b)k, where Cr, Cb, Cg, Cy, Cm Cc and k are
constants, and r, g and b are obtained by dividing the original gradation

| evel s of the R, G and B conponents of1 he input image signal by the

maxi mum gradati on value N-1. 47. The cg or display device claim 46,
wherein: the constant k is 1. (100) as set forth in 48. The col or display

i ' | ai m 43, wher ein:
devi ce (100)thaesr?egt zIr?tr:it are ‘obtained by d{eviding original gradation

levels of the three color components of the input color

image signal by a maximum gradation value N-1.

45. The color display device (100) as set forth in

claim 43, wherein:

the variables are expressed as:

Krg=Cr-ar-ab, Krb=Cr-ar-ag,
Kgr=Cg-ag-ab, Kgb=Cg-ag-ar,
Kbr=Cb-ab-ag, Kbg=Cb-ab-ar,
Kyg=Cy-ar-ab, Kmb=Cm-*-ar-ag,
Kmr=Cm-ab-ag, Kcg=Cc-ab-ar,

) Kcb=Cc-ag-ar, Kyr=Cy-ag-ab,
ar=2xr (0=r<0.3),

ar=2x(1-r) {0.5=r<1),

ag=2xg (0<g<0.5),

ag=2x(l-g) (0.5=<gs<1},

ab=2xh (0<b<0.5),

ab=2x(1-b) (0.5=bs1},

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and
r, g and b are obtained by cliviciing the original gradation
levels of the R, G and B components of the input image

signal by the maximum gradation value N-1.

46. The color display device (100) as set forth in




174 the function fw changes depending on an average |um nance and a peak

| um nance of a whole imge. 49. The col or display device (100) as set forth
in claim43, wherein: the function fw satisfies: fwX) =CwXz, where Cw and
Z are constants, and X is one of ther, g and b. 50. The col or display
device (100) as set forth in claim43.,,wherein: the function fw are
expressed as: fw X)=OwW0X (0sX<Mwn), fWCX)=CwW (1-X) (MwsX:5 1), where Cwo,
Cwi, Mv are constants. 51. The col or display device (100) as set forth in
claim 39, wherein: the input color inage signal is converted into an

out put col cHalRhgS,sVReLEINi th the three col or conponents respectively

having gradation levels of r', g and b', which are given by:
r' =r +r o+yo+mo+wo the ¥griphles+apewxpugssgdogsim+co+wo 175 where r, g and b
are values obtained by dividing original gradation |levels of the three
col or conponent s k¥g=Cr-Sr-Tb, Krb=Cr-Sr-Tg,

Kgr=Cg-Sg-Tb, Kgb=Cg-Sg-Tr,

Kbr=Cb-Sb-Tg, Kbg=Cb-Sb-Tr,

Kyg=Cy-Sr:Thb, Kmb=Cm-Sr-Tg,

Kmr=Cm-Sb-Tg, Kcg=Cc-Sb'Tr,

Kcb=Cc-Sg-Tr, Kyr=Cy-Sg-Thb,

Tr=rk,

Sr=(1-r)k,

Tg=g*,

Sg=(1-g)*,

Th=bk,

Sb=(1-b)k,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants,

and r, g and b are obtained by dividing the original

gradation levels of the R, G and B components of the input

image signal by the maximum gradation value N-1.
47. The color display device (100) as set forth in
claim 46, wherein:

the constant k is 1.

48. The color display device (100) as set forth in

claim 43, wherein:




the input color inmage signal by a maxi mum gradation value N1; and in a
case [1] where (r_>g>b) : ro=Cr(r-g), yo=Cy(g-b), wo=fwb),
go=bo=nmp=co=0, in a case [2] where (r?b>g): ro=Cr(r-b), no=Cmb-g),
wo=fw(g), go=bo=yo=co=0, in a case [3] where (b>r?g): bo=Cb(b-r),
n=Cm(r-g), wo=fwg), ro:go:yo:co:O,L7 in a case [4] where (b>g>r):
bo=Cb(b-g), co=Cc(g-r), wo=fw(r), ro=do=yo=np=0, in a case [5] where
(g_b>r): 176 go=Cg(g-b), co=Cc(b-r),

the function fw changes depending on an average

luminance and a peak luminance of a whole image.

49. The color display device (100) as set forth in
claim 43, wherein:

the function fw satisfies: fw(X)=CwX2,

where Cw and Z are constants, and X is one of the r,

g and b.

50. The color display device (100) as set forth in
claim 43, wherein:

the function fw are expressed as:

fw(X)=CwoX (0=X<Mw),

fw(X)=Cwi1{1-X) (MwsX<1),

where Cwop, Cwi1, Mw are constants.

51. The color display device {100) as set forth in
claim 39, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respectively having gradation levels of r', g' and b’, which
are given by:

r'=r+rotyo+mo+wo

g'=gtgo+yo+co+wo

b'=b+bo+mo+co+wo




wo=fw(r), ro=bo=yo=np=0, and in a case [61 where go=Cg(g-r), yo=Cy(r-b),
wo=f W( b), ro=bo=npb=co=0, (g>r'b): in which G, Cg, Cb, Cy, Cm and Cc are
constants; and fwis a function dynam cally changes dependi ng on an
average | um nance and a peak |um nance of a whole inmage. 52. The col or

di spl ay device (100) as set forth in aim 39, wherein: the input color

I mge signal is converted into an ouﬂgét color image signal with the three
color conponents respectively having gradation are given by:

r' —r+ro+yo+nn+mo 0+y0+CO b' =b+bo+nb+cot+wo where r, g and b are
l evel s of r' ﬁ&’oﬂ% T wBi @nd mgué’é'eoﬂiaépﬁéd aBtadneddiby diviging

gradation Ievel Pﬁﬁf th thre onents of  the input color_imge

signal by aSHB ngéi’fl ALkary e\ygh t e three color components of

the input color image signal by a maximum gradation value
N-1; and
in a case [1] where (r2g=b):
ro=Cr(r-gj,
yo=Cy(g-b),
wo=fw(b),
go=bo=mo=co=0,
in a case [2] where (rzb>g):
ro=Cr(r-b),
mo=Cm(b-g),
wo=fw(g],
go=bo=yo=co=0,
in a case [3] where (b>r2g):
bo=Cb(b-r1),
mo=Cm(r-g),
wo=fw(g),
ro=go=yo=co=0,
in a case [4] where (b>g>r1):
bo=Cb(b-g),
co=Cc(g-1),
wo=fw(r),

ro=go=yo=mo=0,

in a case [5] where (gzb>r):




177 N1; and, ro=Cr -mn (rg, rb), go=Cg-mn (gr, gb), bo=Cb mn (br,

bg) ,
mn (r,

yo=Cy-mn (rb, gb), m=Cm mn (rg, bg), co=Cc-mn (gr, br), wo=fw
b), in which min () is a function for giving a smallest value

in a correspondi ng bracket, on condition that: rg=r-g, rb=r-b, gr=g-r,

gb:g' b1
nodified to 0 when they are m nus val

br=b-r, bg=b-g, in which e?ﬁé of rg, rb, gr, gb, br and bg are

53. The col or display device

(100) as set forth in claim39, wherein: the input color image signal is
converted into an&qo_\tjégbjgt ol or image signal with the three color

conponent s

178

respe ving gradation levels of r', g and b', which

co=Cc(b-r),

wo=fw(r},

ro=bo=yo=mo=0, and

in a case [6] where (g>rzb):

go=Cg(g-r),

yo=Cy{r-b),

wo=fw(b),

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants;
and fw is a function dynamically changes depending on an

average luminance and a peak luminance of a whole image.

32. The color display device (100) as set forth in
claim 39, wherein:

the input color image signal is converted into an
output color image signal with the three color components
respcctively having gradation levels of r', g' and b', which
are given by:

r'=r+ro+yo+mo+wo

g'=g+go+yot+co+wo

b'=b+bo+mo+co+wo

where r, g and b are values obtained by dividing

original gradation levels of the three color components of

the input color image signal by a maximum gradation value




are given by: r'=r+ro+yo+tno+wo 9, =9+90+yo+co+wo b' =b+bo+no+co+wo where
r, g and b are val ues obtained by dividing original gradation |evels of the
three col or conmponents of the input color imge signal by a nmaxi num
gradation value N 1; and ro=Krg-rg where rg<rb, ro=Krb-rb where rg>rb,
go=Kgr-gr where gr<gb, go=Kgb-gb wheﬁg7gr>gb, bo=Kbr - br where br<bg,
bo=Kbg- bg where br>bg, yo=Kyr-rb where'rb<gb, yo=Kyg-gb where rb>gb,
nmo=Knr-rg where rg<bg, no=Knb - bg where rg>bg, co=Kcg-gr where gr<br
co=Kcb-br whgre br, wo=fw (mn (r, g, b)), inwhich mn () is a ,
function for gi'ving’a snallest value in a correspondi ng bracket; Krg, Krb,
Kbr, Kbg, Kgb, Kg.~Xydq.: , Knr, Kcg and Kcb are variabl es which
change dependi ng gé 5§]g%§¥%#g7, and b; and fWis a 179

go=Cg-min (gr, gb),

bo=Cb-min (br, bg},

yo=Cy-min (rb, gb),

mo=Cm-min (rg, bg),

co=Cc*min (gr, br),

wo=fw-min (r, g, b),

in which min () is a function for giving a smallest
value in a corresponding bracket,

on condition that:

rg=r-g,

rb=r-b,

gr=g-r,

gb=g-b,

br=b-r,

bg=b-g,

in which each of rg, rb, gr, gb, br and bg are modified

to O when they are minus values.

53. The color display device (100) as set forth in
claim 39, wherein:
the input color image signal is converted into an

output color image signal with the three color components

respectively having gradation levels of r', g' and b', which




functi on which changes depending on a value in a correspondi ng bracket, on
condition that: rg=r-g, rb=r-b, gr=g-r, gb=g-b, br=b-r, bg=b-g, in
whi ch each of rg, rb, gr, gb, br and bg are nodified to O when they are

m nus val ues. 54. A col or conpensation nethod, characterized by conprising
the steps of: a) determning a relati hi p between plural color

conponents of an input col or image si | interns of their gradation

| evel s; and b) carrying out cal cul ation based on the rel ationship, the

cal cul ati on r g mul tiplication of each of 1) RGB adjustnent
conponents,ag§ éﬁ%gﬂ % ponents as conplenentary colors of the RGB
conmponents and 3) .t C gnent, that have been extracted fromthe

pl ural col or conﬁgﬂgﬁﬁgyggqﬁﬂng%put col or image signal, by a coefficient,
and addi tion/ subéggq;iqp of results of the multiplication to the plural
col or conponents. 180 &% YA BT §° conpensati on nethod, characterized by

b'=b+bo+mo+co+wo

where r, g and b are values obtained by dividing
original gradation levels of the three color components of
the input color image signal by a maximum gradation value
N-1; and

ro=Krg'rg where rg<rb,

ro=Krb-rb where rg>rb,

go=Kgr-gr where gr<gb,

go=Kgb:gb where gr>gb,

bo=Kbr-br where br<bg,

bo=Kbg-bg where br>bg,

yo=Kyr-rb where rb<gb,

yo=Kyg-gb where rb>gb,

mo=Kmr-rg where rg<bg,

mo=Kmb-bg where rg>bg,

co=Kcg'gr where gr<br,

co=Kcb-br where gr>br,

wo=fw (min (r, g, b)),

in which min. () is a function for giving a smallest
value in a'corresponding bracket; Krg, Krb, Kbr, Kbg, Kgb,

Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb are variables which

change depending on values of r, g and b; and fw is a




conprising the steps of: a) determning a relationship between three col or
conponents of an input color imge signal in ternms of their gradation

| evel s; and b) carrying out a different cal culation for each input color

i mage signal depending on whether the input color inmage signal belongs to

whi ch of six patterns of the rel atiorﬁgl p, wherein the calculation in the
step (b) performs nultiplication of each of 1) RGB adjustment conponents,
2) YMC conponents as conpl enentary colors of RGB conponents and 3) white

conponent, t. e exi.r d f,romthe three col or .conponents of the
i nput col ortfﬂ?’r%g‘gﬂsi%g‘g h b?/hg?‘%%ffggpgﬁ,l%doéﬂdiatiHﬁ‘/lu§ub‘cr? adion of
results of t W' N i tp the three color conponents. 56. A color
corrpensatior?%%%'ggbéh]%bﬁgﬁﬁg%?ﬁzed by causing a conputer to execute the f
steps of: a) determininag.a relationship between plural color conponents o
an input color inﬁ&ecgpgﬁﬁpni ﬁﬁﬁt‘rms of their gradation levels; and b)
carrying out calculation based on the relationship, the calculation
perform ng mul ti prgEﬁ’tg’on of each of 1) RGB 181 adjustnment conponents, 2)
YMC conponents as_, conpl enentary colors of the RGB conponents and 3) white
conponent, that hE9&ThRen extracted from the pl ural col or

gr=g-r,
gb=g-b,
br=b-r,
bg=b-g,
in which each of rg, rb, gr, gb, br and bg are modified

to 0 when they are minus values.

~ 54. A color compensation method, characterized by
comprising the steps of:

a) determining a relationship between plural color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out calculation based on the relationship,
the calculation performing multiplication of each of 1) RGB
adjustment components, 2) YMC components as
complementary colors of the RGB components and 3) white
component, that have been extracted from the plural color
components of the input color image signal, by a coefficient,

and addition/subtraction of results of the multiplication to

the plural color components.




conponents of the input color image signal, by a coefficient, and
addition/ subtraction of results of the multiplication to the plural color
conponents. 57. A col or conpensation program characterized by causing a
conputer to execute the steps of: a) determning a relationship between
three color conponents of an input colggr image signal in terms of their
gradation levels; and b) carrying out a different calculation for each

i nput col or image signal dependi ng on whether the input color inmage
signal belongs to which of six patterns of the relationship, the
calculation performng multiplication of each of 1) RGB adj ust nent

: I I f th
component s and 3) St t eRcoansnsam BEASR B atsthY SR e et T F B Y he three
col or conpor&g)%égféligyg?é %&géﬁfﬁéor i mage signal, by a coefficient, and

addi tion/ subtr of the multiplication to the three color
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| evel s; and g%d%‘%ié ilré e Su;t aﬁ?il cul ati on based on the relationship,
b) carrying out a different calculation for each input
color image signal depending on whether the input color
image signal belongs to which of six patterns of the
relationship,
wherein the calculation in the step (b) performs
multiplication of each of 1) RGB adjustment components, 2)
YMC components as complementary colors of RGB
components and 3) white component, that have been
extracted from the three color components of the input color

image signal, by a coefficient, and addition/subtraction of

results of the multiplication to the three color components.

56. A color compensation program, characterized
by causing a computer to execute the steps of:

a) determining a relationship between plural éolor
components of an input color image signal in terms of their
gradation levels; and

b) carrying out calculation based on the relationship,

the calculation performing multiplication of each of 1) RGB




the calculation performng multiplication of each of 1) RGB adj ustnent
conponents, 2) YMC conponents as conplenentary colors of the RGB
conponents and 3) white conponent, that have been extracted fromthe
plural color conponents of the input color imge signal, by a coefficient,
and addition/ subtraction of results gﬁlthe multiplication to the plural
col or conponents. 59. A conputer readabl'e storage nedium characterized by
storing a color conpensation programfor causing a conmputer to execute the

steps of: a) shi p Jhet three col or conponents of
an input col%(?ﬂsﬁrangééﬂ |gnacfm|%r’ija}i eér‘)ﬁ%' y\?ﬂ]ﬁradﬁf’%opgﬁéﬁs 48d b)
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100) as set  for one of clains 4 through 6, 8 through 10, 12, 15
( ) the piuralncofl components. J J

S7. A color compensation program, characterized
by causing a computer to execute the steps of:

a) determining a relationship between three color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out a different calculation for each input
color image signal depending on whether the input color
image signal belongs to which of six patterns of the
relationship, the calculation performing multiplication of
each of 1) RGB adjustment components, 2) YMC
components as complementary colors of the RGB
components and 3) white component, that have been
extracted from the three color components of the input color
image signal, by a coefficient, and addition/subtraction of

results of the multiplication to the three color components.

8. A computer readable storage medium,

characterized by storing a color compensation program for




t hrough 31, 43 through 46 and 48 through 52, further conprising: detecting
nmeans for detecting environnental changes; and col or converting neans for
controlling at |least one of the coefficients Nr, Ng, No, Ny, Nm Nc, Cr,
Cg, Cb, C, Om Cc, Pr, Py and a factor of A36, and the functions fzr, fzg,
fzb, fw fnr, fng, fnb, fny, fnmand fggc, according to a result. of
detection by the detecting neans. 61.]F2e col or display device (100) as set
forth in claim®60, wherein: the detecting neans detects light intensity of

outside of_ the color disp]ay,device.. 6 The col or di.splay device (100) a
et “Torth CRUGARE BreoBFIE 1 HdhisShee BT hough 0. 12, 15 Chroligh
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Nb, , Nm_Nc, Cr, Ch, . Cmn.., Cc, Pr, Py and a.factor _.qf A36, and
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dependi ng on at her, a b_ackld' ght of a sem-transm ssion liquid crystal
panel is Orgraa%tb?pllevels, an

b) carrying out calculation based on the relationship,
the calculation performing multiplication of each of 1) RGB
adjustment components, 2} YMC components as
complementary colors of the RGB components and 3) white
component, that have been extracted from the plural color
components of the input color image signal, by a coefficient,
and addition/subtraction of results of the multiplication to

the plural color components.

59. A computer readable storage medium,
characterized by storing a color compensation program for
causing a computer to execute the steps of:

a) determining a relationship between three color
components of an input color image signal in terms of their
gradation levels; and

b) carrying out a different calculation for each input
color image signal depending on whether the input color
image signal belongs to which of six patterns of the
relationship, the calculation performing multiplication of

each of 1) RGB adjustment components, 2} YMC

components as complementary colors of the RGB
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components and 3) white component, that have been
extracted from the three color components of the input color
image signal, by a coefficient, and addition/subtraction of

results of the multiplication to the three color components.

60. The color display device (100) as set forth in
any one of claims 4 through 6, 8 through 10, 12, 15
through 31, 43 through 46 and 48 through 52, further
comprising:

detecting means for detecting environmental changes;
and

color converting means for controlling at least one of
the coefficients Nr, Ng, Nb, Ny, Nm, N¢, Cr, Cg, Cb, Cy, Cm,
Cc, Pr, Py and a factor of A36, and the functions fzr, fzg, fzb,
fw, fnr, fng, fnb, fny, fnm and fnc, according to a result of

detection by the detecting means.

61. The color display device (100) as set forth in
claim 60, wherein:
the detecting means detects light intensity of ocutside

of the color display device.

62. The color display device (100) as set forth in
any one of claims 4 through 6, 8 through 10, 12, 135

through 31, 43 through 46 and 48 through 52, further
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comprising:

color converting means for controlling at least one of
the coefficients Nr, Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm,
Cc, Pr, Py and a factor of A35, and the functions fzr, fzg, fzb,
fw, fnr, fng, fnb, fny, fnm and fnc, depending on weather a

backlight of a semi-transmission liquid crystal panel is on

or off.




