1 COLOR DI SPLAY DEVI CE, COLOR COVPENSATI ON METHOD, COLOR COWVPENSATI ON .
PROGRAM AND STORAGE MEDI UM READABLE BY COVPUTER * FI ELD OF THE | NVENTI ON The
‘present invention generally relates to a color display device. Preferably,
it relates to one including a signal processing device for carrying out

col or conpensation of color imge signals. BACKGROUND OF THE | NVENTI ON
There are several known col or conpensation techniques for color imge

signals, for obtaining brighter colors upon display. One exanple of such a
t echni que GQLOR@FS&IMDE‘JM@LQ&@NE@N%'F&% MEJHQB:; ORokukai hei
03- 266586/ CIOMPENSATIONRROGRAVE AND STORAGIOMEDH/M READABLERYred to as
Docunent 1). In this exanple, colOCOMPUPERsation is perfornmed by using six
col or conponents of a signal: the three primary colors, R (Red), G (Geen),
and B (Blue); with Y (Yel RIHLDNOFVAGEBIIANVENIOE (Cyan) as conpl enentary
colors of those ’Fri mary colors. The col or conpensation of Docunent 1 is
carried out as TBEl ®EEserdr HIVEHERN| Beealdnaretaigfonknt 8 solar sjgnal ,
the conponents of the three primary colors and the conponents of the three
conpl enent displesi clevidees iHr(ﬁfer@Ing,l yitexeladewsedo Tea, in¢laidiorpoaent of
each col or

signal processing device for carrying out color compensation

of color image signals.

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 (Gre:én'), 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. Theﬁ, the component of each color

is multiplied by an adjustment coefficient which is



is multiplied by an adjustnment coefficient which is 2 determ ned N

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 expressed as 0.8R+1. OG+0.2B. This
expression can be nodified as 0.2 (R+G+tB) + 0.6 (R+G + 0.2G After the

nodi ficati the ori Jnal di vided intp three ¢ nents:
(ReGHE) - (Feer BIRe® Dhifireat 1§ MRS B oGS 8 AT Compar BRENShG ( Req
denotes an Y conponent. Sl nce the Whl te conponent is not used for

cal cul ati dhe cefeubrieg valus fpaicoler ampsa satienats vddepoteifieand a G
conponent. The Y conponent and the G conponent are then respectively

mul ti pl i ecbigimpakdeCdd nsigniaksorst aihtal newd coreectspecplor sigmalsat i on
results are then added to the original RGB signals. Thereafter, the RGB

si gnal hawR'y B'been crbaoedh col or conpensation, is outputted. Wth reference
to Figures 13 and 14, the following w | describe a change of gradation

| evel of a signgtost héﬁdﬁbpld hea cebOsr compgisasi@mali il theidler etel ng
technol ogy of Docunent 1. Figure 13 shows a so- cal | ed HSL col or nodel,
whi ch respective 31gnals 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+G)
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 respf;ctive calculation results are then added to the
oAriginal 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
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i ndi cates distributions of |um nance and saturation of the 3 <color. Figure
13(a) is a perspective view of the HSL (a color nodel expressed by Hue,
Saturation and Lumi nance), while Figure 13(b) shows a circle as an upper
view of the inverted-cone-shaped HSL, and a triangle as a - cross-sectional
view taken along a |ine between a point of Y (Yellow) 1303 and a point of B
(Blue) 1304. The closer to the circunference, the greater the saturation
(the greater the gradation |level denoting saturation), and the nore upward
(the center of circle 1302 is white) fromthe top _1301 (bl ack) of the cone,
the great efolPl | diBHESCcE3 (Ahindabicsspesitre geavt PhdhieuSataejoloti gure 14
is a schematic view showing a change in gradation |evel of |um nance and
saturation m@dch@Xpre@@ﬁﬁo%ynﬂlaﬁd g1 teonpanshi uminagice) hevhdeor
conpensation with the foregoing technol ogy of Docunment 1. Figure 14 (b)
shows the Yigumporiedfb)ofshbesi nputcicoler asi nage spgeal wietsh efihdheed
gradation level. As shown in the Figure, in the color inmage signal having
been t hr oughve etddicoemeengséd on, H&Al or saarde properttiamgtd fied foa the
dormain close to the center (the center denotes an achromatic color, and the

col or becogpgs§Dsectibnad vieaMtalieSiadenigOal NsicdpetiR edl aCholinefofHBL.
However, the color in the vicinity (the circunference denotes a

monochr omaiye106A! @B80RHhd e 5610F JIeBOTBSuEP B3 RNOCHHRMBId S t8M
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 aré properly modified for the
domain close to the center (the center denotes an
achromatfc color, and the color becomes more mixed from
outside to inside the circle) of HSL. However, the color-in
the vicinity (the circumference deﬁotes 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 fal
outside the circunference (see 1401 in Figure 14) of the circle. For
exanpl e, assum ng that the nmaxi num saturation is 255 in gradation |evel,
and the Y conponent after separated fromthe input signal is nultiplied by
a constant, the obtained val ue may exgeed the gradation | evel of 255.
Thus, the color inage signal with the color outside the range will fail to
properly display an i mage. As described, since the color conpensation

according .to Docunent. 1l is perforned by c l,at i in ich nochromati c
col ors and fﬁﬁ@ﬁ%ﬁ%ﬁ?%‘?%@ﬁ?&%‘%ﬂé %8521%@# HF?PQ rIe\s,\,qté}é gbtifn a
desired image, or fails to create and display an image with higher quality.
More speci CREACHy, t Péugﬁxé‘(WBie’co lggn n?]ﬂé f B RPYH
t echnol ogy, the cal cul ated val ue may becone higher than the upper linmt of
sat ur at i on s@turafiamnse 299 igng&rafdadior leyedr awrdpbhenYscorpanért col or
conpensation fails in domains of nmonochromatic colors or donmins close to
monochr omatiftec depara®d havimngthhe inpaltorsiginill as colwltipbimgbnent ai npr oper |y
corrected, the displayed inage contains both properly nodified pixels and
i mpr oper |y copriithingd thiexebsaiTédsvahus magutxseed tie grdidsiapettvatage
becom ng partially unnatural. Further, in color conpensation wth the
foregoi ng ofezHBi qUEh ulshehhicbeo £ ArpRge Highal neitisted Eelo€@hdiside
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. SUMWWARY OF THE | NVENTI ON An

enbodi nent of the present invention iscmade in view of one or nore the
foregoi ng conventi onal problens, and provides a color display device which
determnes a relationship between the RG conponents of an input color
image signal in terns of their gradation levels. This is done so as to
carry out ahdireferent thgireul willonbepeaat i @AlY orsmadkh diffsuenesl oini mage

si gnal dependi ng on whether the input color inage signal belongs to one of
~si x pattersatuofratidre arelatiiomshie belatann atpowdhsrammaticedobots Eatdeen t he

t hree conponents excluding a conponent with the smallest gradation |evel.
Thi s is doneixed ngoVars.abl éBhtibat manypchdepeationgcolonsal {:688 ab tihe t hree
gradation levels. An enbodi nent of the present invention carries out color

conpensat i @ﬁ}g{n@mit@pgén@@h@é aSbaight iifhacgmsi 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 foL qiSPABYSOF 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, inmge
di splay devices of liquid crystal TVs, etc. Additional objects, features,
and strengths of the present invention will be made clear 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 enbodi nent's, in reference to the draw ngs.

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

enbodi nent off for mxesepiej nveabilen. phioes 2menidofrsowotharersohmli ng a fl ow
of color conversion operation according to the first enbodi nent of the
present i ncemhpaners) dmagze3disphayddawiogs sdfoligng daor exiaipT¥ sofe te.

rel ati onshi p between saturation and coefficient in calculation to obtain a

conpensation val gelditignuse ébjecta,dfawitngeshownay siverc@ilos démahes of an
enbodi nent of the present invention in the formof a color triangle. Figure

5 is a drayredepRomwentids GRIIPIbE MAlE cledr WY ¢Readeiseraptiomement of
flesh color is being divided into 7 a R conponént and an conponent .
‘ 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 in
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 6 is a cross-sectional view of a HSL color nodel for show ng a
change of gradation |level of a signal before and after the color
conpensati on operation in the first enbodi nent of the present invention.
Figure 7 is a flow chart showing a flow of color conversion operation
according to the second enbodi nent of 7the present 'invention. Figure 8 is a
schemati c view show ng an exanple of extraction of the col or conponents
froman input signal for <carrying out color collection calculation. Figure
9 is a crossgsectional iewdof q{)HSL col ar ¢ nodel for show ng a change of
gradati on F‘ege“?og}p%ngpgr?d? Pt o’ @ BRE S %er the col or conpensation
operation in the_.second enbodi nent of the g esent invent]| grio Figure 10 is a
Holtorc

bl ock di agram scReFHFFcRI 1§ Showi HS HFCLLIR&hgEifeht Cbf 2a pl ay

device according to the sjixth enbodinent of the present invention. Figure
11 is a cr&edskdoroakiowingy afchapge ob sradabioa legel spbva ngeaathange of
gradation | evel -of a signal before and after the color conpensation

oper ati on befehe asidxtaftenbdes nealonfcampenssdéan opanation. ifi ghee 12 is a
bl ock di agram schematically showing an arrangenent of a color display

devi ce accorditngmbmdimeen eiofhttthe gresetintenivaritiolme present invention. 8
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 is a block diagram schemati‘(:ally 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.



nodel and Figure 13 (b) shows a cross-sectional view of a HSL col or nodel.
Figure 14 is a cross-sectional view of a HSL color nodel for showi ng a
change of gradation |evel of a signal before and after the col or
conpensation operation. Figure 15 is a drawi ng showi ng an exanple of a

rel ationship between saturation and cogfficient in calculation to obtain a
conpensation value. Figure 16 is a cross-sectional view of a HSL col or

nodel for showi ng a change of gradation level with or wthout flesh color
control. Figure 17(a) shows a graph with the m nipnum |um nance = 0, and
Figure 17(b) shoWsgargrhPh(a)i showea pexspentivenivhewcef e gE8Lt ooldre naxi num
gradation value. Figure 18 is a cross-sectional view of a HSL col or nodel
for showi ngnadehangé BigyradhBi (v Isévelsoh ersssHwdctibrbbreieandofafat er t he
col or conpensation operation with a weighting function according to the
third enbo@ $Endolefr tlwrlelpr esent invention. Figure 19 shows a graph where
the maxi mum |um nance is increased in the color conpensation according to

e Lo TRt £ 1 ereni eevenuien o ZSeR Y
------ -+ model -for sh-owi-ng-a-chan%e of gradation level of a signal
before and after the color compensation operation.

Figure 15 is a drawing showing an example of a
relations.hip 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 incr_eased 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



decreased in the color conpensation according to the fourth enbodi nent of
the present invention. Figure 21 shows a graph showing a relationship

bet ween | um nance of an input inage signal and the actual | um nance of a

di spl ay device. Figure 22 shows a graph showing a rel ationship between
transm ttance and a change in chromatig ty. Figure 23 is a bl ock diagram

m nutely show ng an arrangenent of a color display device having an outside
| i ght detecting device shown in Figure 12. Figure 24 is a flow chart show ng
a flow of color conversion operation according to the seventh enbodi nent

of the preshmireiaseehindrhe Eodor edifpies satdonvd ogosdiovg tg dne doanmphe of a
function fnr used in the color conversion operation according to the

sevent h enleadboeimert gfirth e2preseatdnawmdgoahowi ng anot her exanple of the
function fnr used in the col or conversion operation according to the

sevent h enbodi memiguredW B 3hdwsa D! gekpHi aiawink! ust Faldtigndhip
arrangenent of a col or display device according to the ninth enbodi nent.

LS 28 5 hab e HiAEe o Pl GgARDRIRECLY ikl o1 2
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 1is a block diagram illustrating an

arrangement of a color display device according to the tenth

embodiment.



Figure 29 is a block diagramillustrating an arrangenent of a col or display
devi ce according to the eleventh enbodinent. Figure 30 is a block di agram
illustrating an arrangenment of a color display device according to the
twel fth enbodi ment. DESCRI PTI ON OF THE EMBODI MENTS [ First Enbodi nent] One
enbodi ment of the present invention w l$ be described below with reference
to Figures 1 through 5. The present enbodi nent uses an i nput col or signal
made up of three colors, R, G and B, of N gradations (Black 0 to white
(N-1)). More specifically, the input inmage signal is a color digital signal
of 3n bits and i §igude ué9of ig aigiblarksi ghagr®mof ihlwstragi@dgN dhadat i on
(N=2n) that indicates a gradation level of red with an integer r in a
range of Oarsangemandi gift &l edpral dGplayn deévicendadcgrddagi 6o the=2n) that
indicates a gradation |evel of green with an integer g in a range of 0 to
N-1; and aedegehséh emdralinBent. n bit and N gradation (N=2n) that indicates
a gradation level of blue with an integer b in a range of 0 to NI.

Further, the gra&datuiren Bevelisof asablbaki odiagraanotied:durathegdi her ence
bet ween t he maxi num val ue and the mnimumvalue of r, g and b, and the

twelfth embodiment.

DESCRIPTION OF THE EMBODIMENTS

[First Embodiment]

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

The present embodiment uses an inpuf color signal
made up of three colors, R, G and B, of N gradations (Black
O 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=2r) that
indicates a gradation level of red with an 'integer r in a
range of O 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=2n) 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



t he maxi num value of r, g and b. As shown in Figure 1, a color display
device 100 includes a color liquid crystal display panel 102 and a col or
conversion operation circuit 101 for processing the input color inmage
signal RG and outputting the processed color imge signal RGB to the
color liquid crystal display panel % The color liquid crystal display
panel 102 includes a backlight 103 as 5 | i ght source, a color liquid
crystal display elenment 106 having a | arge nunber of TFTs (Thin Film
Transistors) for switching a liquid crystal layer, a source driver 104 for

suppl yi ng dihspheyxishtnalvaliue bhe, sawd®.el ectrodes of the TFTs, a gate
driver 105 for supplying gate vol tages (scanning signals) to the gate

el ectrodes of thegTHigewandra Fig’ﬁﬂg Ponér%ﬁ(?f af la-EhedeH&] ngogontrol | er
107 supplies the color 1 nmage signal to the source driver 104, and

al so CO”trQh%lﬁﬂ%ﬁsé?%o%r%ét;ﬁoug%x%&ﬁa?’}ﬁ ;di éﬁe@'ridﬁr 13585 bé/oﬁ)g.ppl ying a

control signal ereto e prese xarrp e Ts discusse

conj uncti on bl ol auicdosyst al: Q{ﬁpgoi %96@%&5@%@% il ay

device, it ers d rese nvenei on-a may be used
o con]unct gn e gt Okesbe AP Sos bl oL solgr doBY,
panel (PDI?}nageé Cmgnal R'G'B' to the 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 la»rge number of TFTs (Thin
Film Transistors) for switching a liquid crystal layer, a
source driver 104 for supplying display signals to the
source 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.



The col or conversion operation circuit 101 assorts input image signals into
Ssix patterns (six hue domains) depending on the |evel relationship between
the respective gradation levels r, g and b thereof, so as to carry out

di fferent cal cul ation operations for each input color inage signal
dependi ng on whether the input color iymge signal belongs to which of six
patterns of the relationship. Figure 2 shows an operation flow of the col or
conversion operation circuit 101. Wen an inage signal RGB is inputted
(S201), the color conversion operation circuit 101 determ nes the |evel

relationship of ffg cﬂﬂé?‘afc'o%ér%‘i@hswb;?e&ﬁﬂﬁ tbl?EuE@elb‘isF’{sﬁdﬁ’c% col or

signals in the Input signal e specifically, the

conver si on; 0g g&g@gﬁ %ﬁ A0, et bt N8k fitie | ABMaiE g

bel ongs to oW ng six patterns ('six domai n of the

12T onSNUBRGLIERD o5 0P| Pt SRt oupRLhiRL, GateRpeCL Ve
[S1g>b>r Lol Gzt 1dvellod dP% gt & Hlgted e 25500 HIBNE 0Ly 1 BEt13
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 bf 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>T

[S]g>b>r

[6]g>r>b

It should be noted that the assortment of the



gradation levels r, g and b into six patterns is not limted to that

descri bed bel ow but nmay be ot her conbinations. For exanple, the [1] through
[6] may instead be r_g, g<r, r>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, conpgnsation values ro, go, bo, yo, no
and co are calculated for carrying out col or conpensation of the
‘respective color conponents: R, G B, Y, Mand C (S204). The conpensation
val ues for the domains [1] through [6] are cal cul ated according to the

fol I owi ng faraddidsen }d%mlstﬂ)e%ctmmim intb sixppesserhads(nag>initedomkr g
(r-g)Nr, yo=Kyg (g-b)NY go=bo=nb=co=0 For the domain [2] denoted by

(r>_b>g):  tHeaAKdRsCribedl be IBw Bl (Bray) e LerehoTyerbiTAtiord. t Rodomain [ 3]
expressed as (b>r> g): bo=Kbr (b- r)Nb m) Knr (r-g)Nm ro= go yo=co=0 For

the domain J }92] the dgngsth(lbﬁggﬁ)t)r] bglggaq%wp% p;%Kg grSp Ne

r o=go= yom)OF in [5]" expressed as ( Kgb(g b) Ng,
co=Keb(b- r)ﬂ\gr,lézb, 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 (rzg=b):

ro=Krg (r-g)"r, yo=Kyg (g-b)"vy.

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;ng):

bo=Kbr (b-r)Nt, mo=Kmr (r-g)Nm

ro=go=yo=co=0

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

bo=Kbg (b-g)¥?, co=Kcg (g-r)N°¢

ro=go=yo=mo=0

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

go=Kgb (g-b)Ng, co=Kcb(b-r)Ne¢



r o=bo=yo=np=0 - For the domain [6] expressed as (g>r>_b): go=Kgr (g-r)Ng,
yo=Kyr (r-b)NY ro=bo=nb=co=0 where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr,
Knmb, Knr, Keg and Keb are constants or variables, and Nr, Ng, Nb, Ny, Nm
and Nc are constants not less than 0. The ratio of enhancenent degree of
saturation between the white side and,ihe nonochrone side may be
controlled by providing values to Nr, , Nb, Ny, Nmand Nc, and raising
the difference between r, g and b by the powers of the values. For exanple,
when the value of Nr is larger than 1, the red on the white side
(achromatic red)régbgﬁgg= ghanced; conversely, when the value of N is
smaller than 1, the nochrone red is nore enhanced. This change in ratio

of saturation is'ﬁép‘ﬁﬂei@oﬁ%:%i'f{ ﬁ%]?»gg:egieﬁgﬁg]cggg where Nr=1, for exanple, the

conpensation value ro of r Eohes "ro=Krg (r-g) and

linearly changes_acgordi ng .0 the.differgnce between r and g, as shown in
Figure 3. On theg((’)tﬁoglr (It%gh,g’ }%chelﬂﬁé (Egg)gﬁwhere Nr>"1, the degree of

saturation is nore_ eghanged_'hn the vicinity of nonochromatic col or conpared
to that in the ViQTRPEIPATCAcRr omatic color, as shown in Figure 3. Further,

in the case where Nr<l1l, the degreg of ~saturation is nore enhanced in the
vicinity of achr&hereckrg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,

Kmr, Kcg and Kcb are constants or variables, and Nr, Ng,
Nb, Ny, Nm and Nc are constants not less than O.

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<1, the degree of

saturation is more enhanced in the vicinity of achromatic



color conpared to that in the vicinity of nmonochromatic color, as shown in
Figure 3. By thus setting up each value of N, Ng, Nb, Ny, Nm and Nc upon
cal cul ati on of conpensation values, it is possible to independently and
finely control r, g, b, y, m and c. The follow ng describes a preferable
example for setting the value of Nb. {yn view of a tendency such that the
degree of enhancenent of saturation is |l ow when the difference between the
rgb values of an input inage signal is small and an input imge signal is
close to achromatic color; a condition Nb<l is satisfied so that the

conpensat i @d1¥al senhiafed ’@@Wl@étﬂ 19 the ¢pdigfity CONPAISRbLERROADAVIR
i ncreases, and the saturation near achromatic color can be effectively

enhanced. |18, adeshbat niPisfte B89, Nc, and Nmto be not nore than 1 as
well.. However, It Is not desitable to set N\r and Ny to be not nore than 1,

as the Nr and Ny ‘%h(iféefsfe'tﬁ' eé)t‘g? fch dehfd RY tl@g ?ﬂésh Cg nsation

val ues ro and yo |ch great fect |n expressi h or -as an

achronati C4 d)l ﬁlr h‘ggﬁan §lcc§\£ ac[%llxy Ofl o%nf le?lo%]aot%%‘eco eghaqcecg in

saturationas i ove, ‘the f ’deeper when
appeared in tshselbije aIJneerLdeA%lysua{:r?d hnejly control r, g, b, y, 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



may appear to a user as "a deep flesh color with heavy nmakeup" since flesh
color is reproduced directly to sone extent in the displayed i mage when
reproduced with a display panel having a wi de col or reproduction range.
Thi's probl em may be solved by setting small values for the coefficients

Kr g- Krb- Kyg- Kyr. However, if these copficients 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
nonochromatic colors, i.e., red or yellow, to enhance in saturation as much

as possi bl enaywagrmezsr achraomasec asl 8asddepe.flefhesblonl afithsheadwy be
m ni mal |y enhanced. Then, as shown in Figure 15, it is possible to enhance

red or yel lmwkiempFatdihatk drests coldr ds pepsobheed Fdirekety tdisomsiroul d be
done while mnimally enhancing achromatic colors, i.e., flesh color. These

shoul d be emtenfalihy @hanees] By d el Nhal Nyptedke et witiea than 1.
Moreover, if Nr and Ny are set |larger than 1 as shown in Figure 15, the

sat urat i on 94 PSSa el Hayingan Fiee A8k dlep B LRl Whpieee enhanced. In

view of this, it esirab to set coefficients Krg, Kyg and Kyr

L ce as great agniQt BbbieH eyl bed B £bindUmalMalf¥s Keg and

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

- Kcb.



Further, in the actual operation, it is necessary to performthe color
conpensation in consideration of 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

col or nodel of ‘Figure 16. As shown in {5 gure 16, conparison of a domain 1601
wth a domain 1602 indicates that change of lumnance in colors in the
vicinity of flesh color is reduced when flesh color is controlled by
setting Nr and Ny not nore than 1. Moreover, referring to the domain 1603

in the color nodplyrtWeth irhetHd esdtegl @p @ﬁt‘iéﬁ' ,itl tist wekes@udlryt hat the
degree of saturation is enhanced in the Vi cini ty of m)nochromatl c.. color as

much as thee¢pSEmW fheut cfo|l8§h EQhP;BeﬁQQHdH ife é@ﬁ@ﬂféfwn&ﬁrl Jyl es may be
expressed as follows: Krg=Cr Krb=Crfrb ( gr-Cgfgr (g,1),

G (6t R e (55 S
97O/ (R g o&fc%re%*“o?%r%é@ R,
respect | vel Cgfggﬁgge P 168" b S iatFhHS it SrAMnR o' Phe

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
coloré in the vicinity of flesh color is reduced when flesh
color is controlled by seﬁjng 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



)

and b are variabl es obtained by dividing original gradation |evels of the
RG& conponents of the input color image signal by a maxi num gradation val ue
N-1. Further, assum ng that the coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Kyr, Kmb, Knr, Kcg and Kcb are variables, the coefficients may be
expressed as follows:, Krg=Crfar (r)-fag® (g), Krb=Crfar (r)fab (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) Km=Cmfab
(b)-fag (g), Kcg=Cc fab (b)-far (r) Kcb=Cc fag (g)-far (r), Kyr=Cy fag
(g) fab (bpnshdr erer vachab@s aytaigedaby dividiag onsgiaralsgradationab, fag,
fay, fam fac are functions which respectively change depending on the

val ues of tevelsaraf then REGB compepemtisngibthekenpuwndcolory iamalge are

vari abl es obtained by dividing original gradation |levels of the RGB
conponent s spgnhhédy apuiaxtiehain igregatSoanddluy Na Itaxi num  gradati on val ue
N-i. Further, it is preferable that the coefficients far (r), fag (g), and

fab (b) are cont FRuener, fAy¥iiaAg A€ Rhel ¥yesfficiehrl Krgd Kb (Rur, 9, b<_1)
are 0 or 1. As a specific exanple, the functions nay be  expressed as
follows:, K9-CREBY. KH=RPS abkyKIr REIBIaKm KIPREFagaR 1Xchb 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 O when r, g, b (O<r,g,b<1) are O or 1.
As a specific example, the functions may be
expressed as follows:,
Krg=Cr-ar-og, Krb=Cr+ar-ab

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



Kbr =Cbabar, Kbg=Cbabag Kyg=Cyarab, Knb=Crarag Kmr =Cnabag, Kcg=Ccabar
Kcb=Ccagar, Kyr=Cyagab where Cr, Cb, Cg, Cy, Cmand Cc are constants.
Further, the foregoing ar, ag and ab nmay be functions (weighting function)
whi ch change depending on the gradation levels r, g and b, and are
expressed as: ar=foxrk (Osr<M) ar=fljx (1-r)k (M<_r<_ 1) ag=goxgk
(0<-g<My) ag=gt x (1l-g)k (Mysg<_1) ab=hoxbk (0:5b<Md) ab=hlx(1-b)k
(Mo<_b< 1) where, fo, fi, go, gi, ho, hi, M, My, M), and k are constants,
and r, g, and b are obtained by dividing original gradation |levels of the
RGB conponents oKknwCbnpbtacol or Kbge@b silyneg by a maxi num gradati on val ue
N- 1. These ar, ag and ab are functions where the val ues of gradation

level s r, g andKyg=adyairnatb by diRmb+Qnoragio@l gradation |evels of the
RGB conmponents of the I nput color inage signal by a maxi num gradation val ue

N1, and is stanmﬁgj:@@ﬂ-@g.&% NoNREgriC@!dty- dicrease in a range of not
less than 0 and less than M(Mis an integer fromO to 1), and

monotoni cally dgehiRase. by. @ rangkPf=a9toke§p than Mand less than 1. 20

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

Further, the foregoing ar, ag and ab may be functions
(weighting function) which change depending on the
gradation levels r, g and b, and are expressed as:

ar=foxrk (O<r<Mr)

ar=fix(1-r)k  (Mrsr<1)

ag=gox g~ (O<g<Mg)

ag=g1x(1-g)k (Mgsgsl)

- ab=hoxbk (O<b<Mb)

ab=h;x(1-b)k (Mbsbsl1)

where, fo, fi, go, g1, ho, hi, Mr, Mg, Mb, and k are
constants, and r, g, and b are obtained by dividing original
gradation levels of the RGB componénts of the input color
image signal by a maximum gradation value N-1. These ar,
ag and ob 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 O and
less than M (M is an integer from 0 to 1), and monotonically

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



By thus carrying out weighting with a coefficient nonotonically increase or
nonot oni cal | y decrease depending on the gradation | evel of the input
signal, it is possible to carry out color conpensation in which saturation
of m xed color is enhanced while saturation of the domain in the vicinity
of nonochromatic color is reduced. Myjp® 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< r< 1) (2) ag=2xg (05¢g<0.5) ...(3) ag=2x(1-g) (0.5< g< 1) ...(4
ab=2xb (0: 5b<0. 5) (5) ab=2x(1-b) (0 5< b!51) (6) where r, g and b are
functions obt ai n&y byhdsvicdirmyingr ogitnaveighadag onitlevel cadffidienkGa
conponents of the input color inmage signal by a naxi mum gradation val ue
N-1, and thenodormisaHpdar imeeehséurtber, tmyotemyicalldp beddemetisd as

fol | ows: ar =4xr (0:5r<0. 25) ... (1) ar=4/3x(1-r) (0.25<r<1) (2)"

ag=4 xg (Odﬁgﬁhdﬁig .on 1(h':’é graamtilbﬁx(lévgb ofOtRE<impati Slgnal (#) 'is ab=4xb
(0<_b<0. 25) ) (5"

poss_lble 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 ob may be
expressed as follows:,

ar=2Xxr (0sr<0.5) -+ (1)

ar=2x(1-r) (0.5sr<1) -+ (2)

ag=2xg (0<g<0.3) ---(3)

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

ab=2xb (0<b<0.5) --+(5)

ab=2x(1-b) (0.5<b<1) --+(6)

where r, g and b are functions obtaineci 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 (0sr<0.25) --+(1)'

ar=4/3%(1l-r) (0.25sr<1) --+(2)

ag=4xg (0g<0.25) ---(3)'

ag=4/3x(1-g) (0.25<g<1) ---(4)

ab=4xb (0<b<0.25) ---(95)'



ab=4/3x(1-b) (0.25:5b:51) (6)' where r, g and b are functions obtained by
dividing original gradation |evels of the RGB conmponents of the input

col or immage signal by a maxi mum gradation value N1, and then are
standardi zed. The foregoing Expressions (1) through (6), and (1)' through
(6)' use linear functions. However, thejpresent invention, in at |east one
enbodi ment, also allows the use of exponential functions or trigononetric
functions. Further, the range of the domain where m xed col or nobnotonously
i ncreases my be controlled by changing the threshol'd of 0.5 for dividing

t he domai n of condi=td/03x(b-1). 230.25@b&1)Basef(b)on t he conpensation val ues ro,
go, bo, yo, no, and .co thus obtained, color inmage signals R G B after

col or conversi oK é@yin)gggaadaty aird evelctiohs gbtadedbby diestieetively)
are cal cul ated according to followi ng Expressions (7) through (9) (S204).

The resul tb@g@dtueg%a@dﬁohh%v@tép@tft tHel RGP é@h@pohbetu_bd o7 teleal display
panel 102 ( =r +r o+yo+no (7)) d g+go+yo+co ... (8)

bt i e v skt gt o e
and then are standardized.

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 (havtng 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+rotyo+mo ---(7)
g'=gt+gotyo+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



foll ows by incorporating the above-nenti oned Expressions for calculating
the respective conpensation values for the domains [1] through [6], For the
dormain [1] expressed as (r_g b): r'=r+ro+yo g'=g+yo b'=b For the domain
[ 2] expressed as (r>b>g): r'=r+ro+no g'=g b'=b+nmo For the domain f 3
expressed as (b>r_g): r'=r+no g =g b'sz+bo+rm For the domain [4]
expressed as (b>g>r): 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
follows by incorporating 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'=g
b’=b+bo+mo
For the domain [4] expressed as (b>g>r):
r’=r
g'=g+co
b’=b+bo+co
For the domain [5] expressed as (gzb>r):
r’'=r
g’=gtgo+co
b’=b+co

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

r’=r+yo



g' =g+go+yo b'=b. As described, the foregoing Expressions are to

i ndi vidual |y performcolor conpensation for two color conponents of the
three col or conponents of RGB, except for the smallest conponent. More
specifically, the greatest conponent in gradation |evel anong the three
conponents of RGEB is conpensated by using both the conpensation value of

t he greatest conponent and the conpensation value of the conplenentary

col or of the greatest conponent and the second greatest conponent. Further,
t he second greatest conponent in gradation |evel anong the RGB conponents

i s conpensated bgA&igetyohe conpensation val ue of conplenentary col or of
the greatest conponent and the second greatest conponent. For exanple,
when an input sibfrb. of the domain [1] is inputted, color conpensation is
performed with respect to the greatest signal R and the second greatest
signal Gwith aAsandescsilsdd}) hahet héosdgialg RESp cosgioisat edebytosing the
conpensation value ro of a conponent R, and the conpensation value yo of an

Y conponenin@ivildieall$onpe efaRn arabl1ee! ooiperish tidg sfgraltve | cdleppensat ed
by wusing the conpensation value yo of Y conponent. The process of the col or

conver si OncBYn%VBﬁeﬁngéf {IRETHeRN cCOIPF ESSIPb e hts ber FeheTaEkeabkY

expl ai ned bel ow - 24-
for the 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



with reference to Figures 4 and 5. Figure 4 is a schematic view in which
the foregoing six patterns are expressed as a Maxwell's color. triangle. The
foregoing six patterns [1] through [ correspond to the donmains [1]
through [6] in the <color triangle, réspectively. A color triangle is nade
by allotting the three primary colors of red (R), green (G, and blue (B)
to each vertex of an equilateral triangle, so as to show hues nmade by

m xture of three primary colors. The hues are shown as different positions
in a coordinate system The jntersection of three |lines connecting each
vertex andithdeifaemeeptd it eudh adide ex Frle8EEEs Ak t%e SCAHIMERES ni ddl e
point of the line connecting R and G expresses yellow (Y) as conplenentary
col or whi cHeddritaivwii the g@ﬁpaﬁ@ng sikd pettenponent ¢xprematdameunt .
Simlarly, the mddle point of the line connecting R and B expresses
magent a ( Mlaaswebnpl entot atyiaggler wilkhh donegoitsg Rsixopadiiennsanhd] B
conponent in equal anount, and the mddle point of the |line connecting B
and G exprtssesghhfo] cypare$fdndasocdmpldomaaiasy| dotlerouwkicictont dies B
conponent and G conponent in equal anount. Further, the gradation |evel
becones hi ghRir triamdiee teuPESHGEIPN to the vertex R and the vividness

(saturation) of a color becones stronger fromthe- intersection to the

vertex R The sAnE.RA #sididie idirhAdeeBd #1b0tiGg BheYthMe P nfary?S
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 po’int of the line 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 expresses
mageﬁ’t‘a'(M)v as complementary color which contains R
component and B component in equal amount, and the
rnid:dle point of the line connecting B and G expresses the
cyan (C) as complementary color which contains B
corhp'onent 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-- intersection td the vertex R.

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



Figure 5 shows an exanple of the color triangle, showing a pixel in an inage
of a people's face. The position of the pixel on the color triangle changes
depending on the shooting circunstances, the individual difference , g c
and the race etc. However, in this exanple, the flesh color of the inputted
i mge belongs to the domain [1], and ig nainly expressed with the yellow
(Y) conmponent and the red (R) conponent. When a col or display device

di splays an image taken by a digital canera, or a picture of television
broadcasting, the inage or the picture are displayed in sone cases with

col or conversi onFsguas o showsasznsa&xamatplen odndher color naimegia be
greater than the original image in order to obtain nore colorful picture or
nore vivi dstowirsg Reqfikels ineyas danegal by bhaveeapidiar delcer i st Thet 0

i mredi ately notice a delicate change of the flesh color of people's face.

Theref ore, pofsitib® daltWeapiRdl be HRES @S 1Bryti8hiQE EdahycshgepeaEngegree with
respect to an input image signal wwth no anount of the type of color, it

w ! appeabd Nafe Aoty diredinstRneEsO! tREOPAEIPIPER difrertarss vel y

enhanced conpare ckground etc., thus resulting in an’ unnatural

et THe i RO SRS Sl ekkmblE, cHOSLIR B8R 0. 10
of the inputted image belongs to 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
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



controll ed i ndependently, and are set smaller than other 26 coefficients.
As a result, the enhancenent of saturation is suppressed only in the domain
[1], while maintaining the. sane degree of saturation in other donains,

t hus suppressi ng enhancenent of saturation of the flesh color. Further, in
this manner, enhancenent of saturationpgmy not sufficiently work to other
colors than the flesh color, such as red or yellow However, this problem
can be solved by enhancing only the nonochrone side of the red or vyellow
by increasing the constants of Nr and Ny. Moreover, as another nethod of
suppr essi ngaciliciembye- denta 58U HetBetenhpadesneybi ol SesBIALARASSs Kr g,

Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Kmr, Kcg,. Kcb, and Kyr may satisfy

Kr g=Kr b=KbrstKppregiekenly (1@ ithea dometian{}], arkile maintaining the
Kyg=Knb=Knr =Kcg=Kcb=Kyr=C/ 2. That is, the coefficients for conpensating YMC
conponent s sareesetlegmatl| enf t heatwhatiotoefihi cicaites f alormaipsnsathng RGB
conponents. In this manner, it is possible to suppress the Y conponent.

Further, thaispressialguentaynbensait foff seaciratidmeodftHddlesloetdlad.ent for
conpensati ng YMC conponents, as well as each value of the coefficients for

conpensat i I RERr, COHPERRN B ad et hich MRABE M e®HheN CRRMa td6 Al €829
saturation may be uniforned in the three primary colors RGB and the

conpl enent g GRIfficterMy WHFLNES B Rer a0 137Q! RRAPAIR HEHEEHRS, the
such as red or yellow. Howeve;, this problem can be
solved by enhancing only the monochrome side of the red or
yellow 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 value 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,



coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Knr, 27 Kcg, Kcb and
Kyr are expressed as variables by using the above-nentioned wei ghting
functions, and each value of C&, Cg, Cb, C/, Om and Cc is set to satisfy
Cr=Cg=Cb=C and Ch=Cy=Cnw=C/2 (Cis a constant), and then calculation is
carried out according to the foregoi ngy&xpressions (7) through (9). In this
case, since calculation is performed wth the variables which change
according to the gradation |level, the gradation |evel after the cal cul ation
will not exceed the maxi mum gradation |evel. For exanple, when cal cul ation
i's perfornmitdyKedh rgnd clyveatreosrpressst aassvaridblesspgctudiaganhenput

signal R ((r, g, b) = (200/255, 0, 0)) as a nonochromatic color having the

maxi mum gr adadviedmn eh tithbed tweigiatiely &tinelicoseanlileadh valie, o0CH) =
(300/ 255, 0, 0). Since a larger value than 255 gradation is subjected to

clipping dyggt @l hey esthi cdhanCcdagesde OnoB8shlsfi gildatscCheld tdyd t he
resulting display beconmes (r, g, b) = (255/255,°0, 0).7 On the other hand,

when cal cul@lLenfgn KO) o7 (SOPENIAh oMb PERRORIRS UshiBiafing du ferent

constants for the respec si x domai ns, ‘the display resu ones (r, g,

Che same a2, BUtricettAing e 8y, S, I8 el TEAME TR drave, - Y

t he sane a or e, ver, this
s based on,the Jidegthat, the degree of enhangerpnt, should be seh small or
- 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 color 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 saturatién 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,



the case of a signal wth high saturation or high |um nance, 28 so as not
to danage expression of the entire view of the image. Therefore,

manner, it
YMC conpo

maxi mum val ue, thus displaying a pict up

is possible to individually control the RGB conponents
nents, and to prevent the gradation |level from exceedin

conpensated. Incidentally, the foregoing cal cul ati on operation in

conver si on

processing circuit 101 may be performed by software wh

enforces a programwth a CPU included in the color display 100.
Al ternativeloy as tnomyto adlasnabe papressbsin byf haievweneiresivigw adi ¢hei rcuits

i ncl udi ng
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hardware,” it is suitable for a splay requiring high-

MRRDbRRS A {opiaving Uil 2aAda gl R ol
\h%¥heé?é o loPg cFeas(irr]aBEy tcr(])ei‘npensated.

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 wusing 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 progrén1is 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 increaseé. 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,

t he
er with
speed
| evi si on

t he
re may be



coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb, Knr, 29 Kcg, Kcb and
Kyr in the formof I/ (integer power of 2), since this color inage signal
is a binary digital signal, and the calculation for nultiplying the digital
signal by 1/(integer power of 2) can easily performed by shift. Mreover,
the structure of hardware may be sinphgfied by using the same val ue for
each conpensation coefficient of six-color conponents. Mre specifically,
the nunber of logics for calculating the conpensation values of six-color
conponents can be reduced by satisfying Krg=Krb=Cr, Kgr=Kgh=Cg, Kbr=Kbg=Cb,
Ky g=Kyr =Cy Kcg KKiobKandCKy raim tKegfoh=6t 1 /Nbm bogear poawet bé 2)ananecal ue is set
for the coefficients of" the three primary colors RG and the three

conpl ement ahys coblurs i susigresl iis dhbinase digit@l =€igz(di;Cagld ahe
Cy=CmeCc=Cynt, the structure of hardware can be further sinplified.

Further, sicadeultidnsdbur aluibipéypitgnagredigiedhadgnefl bhe 1p(astyierenbodi nent
allows fine control of enhancenent degree of saturation, it can al so be

suitably usAgdef &f @pghheeagggyﬁgrfd}qh@@ Bg $@ifk;transm ssion Iiquid

crystal with | ow contrast, or for other liquid crystal devices

i ncl udi ng but notMé)}é’g‘t,@lq tapld qui iyl S s gwhekevinsh nsP\@i th high

contrast. In these cases, the paraneter of enhancenent degre saturation

may be set 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



up beforehand, or may otherwise allow a user to arbitrary -30- and desirably
set up upon actual usage. [Exanple 1] The follow ng describes an exanple
based on the present enbodinent. In this exanple, color conpensation is
carried out wth reference to the for@@oing formulas (1) through (9) with
respect to an image of one's face received fromtelevision broadcasting.
Each of the input color imge signals R@B 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 G =Cg=Cb=0.5, Cy=Cm=Cc=0. 25,
and Nr =NgaNg=Ngshrang=setviapnupen asdualsusage; the di spl ay device perforns
col or conpensation individually for each signal corresponding to the pixels
of the display dgxamplehd] foll owi ng expl ains process of col or conpensation
in the case of conpensating a signal of a pixel expressing flesh col or of

the face. This sTyealfolhekidgs d¥SBribegorant exexnpessethsead 0Oh, theb) =
(192/ 255, 160/255, 128/255). The first step is perforned to determ ne a

rel ati OnShF?eQént hemfdH GABRANENS tHist ekBEnple ! RRI1br S6aAdséHhoAtIAYEl . INn
this exanple, it is determned that the |evel relationship is r>g>b,

meani ng that dgieqopalt RekANgefetéhdded A TolthoidBefgF@dabisoniyal ues in
the domain [1.]

through (9) with respect to an image of one's face received
from television broadcasting. Each of the input color image
signals RGB 1is 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.

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 ’h,g,b)=(192/255,160/255,128/255y

The first step 1is performed to determine a
relationship of the RGB components in terms of their
gradation levél. 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



are expresses as follows according to the above-nentioned 31 Expressions.
r'=r+ro+yo g,=g+yo b' =b r'=r+ro+yo g¢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 expressgp as follows. Krg=Crx2(1-r)x2(1-9)
Kyg=Cyx2(1-r)x2(1-b) Accordingly, wth the values of r, g and b above, the
gradation levels of the R G B conponents after color conversion may be
nodi fied as follows. r'=r+ro+yo=210/255 @' =g+yo=167/255 b'=b=128/255
Further, fdxpwesgioaxl ai ns the case of conpensating a signal for expressing
a pixel of a landscape image nade of a |arge anount of B conponent. This

signal includes R&Br+ro+yo
g'=gtyo
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'=sr+ro+yo=210/255

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



32 conponents expressed as = (r, g, b) = (128/255, 160/255, 192/255). The
calculation is perfornmed as in the case above, and the gradation |evels 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
wth respect to the all pixels of the gpput 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 nodel, showi ng a process of a
change in gradation level of the B conponent and the Y conponent_of the

i nput | M@ BPHN Y SSFCSBeEEISe = 2@ €noh 5 r(llgiad@%i'-’ﬁ,lng@?%'saﬁv be seen

t hat the enhancenent degree (602) of . saturation of the Y conponent for

expr essi ng 192/ 2B&3h c&ﬂm catcpladprn 4st pesfommegpprestedtiRonsasséd with the
enhancenment degree (601) of saturation of the B conponent included in a
background abhevwe etand Ttlat gsadatiorhdeyetsent thearRi@B't kenephacedsent of
saturation was fully carried out with respect to the domain requiring
great er satafiteri eolosuchraeraibackyrountbdifeyd ashi ke (syppg'esdi'ng=t he
enhancenment of saturation of a color not requiring greater saturation.
Further, sinomvasbabl 8% /268,e20950R58). t IThisokericwmiesaddukitibalscul ation,
each gradation |evel after col or conpensation does not fall outside the

HSL, thus cafd WhéWortied NeitlR! AEssOMPaRSahieOnll pixels of 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 prdcess 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 dbes not fall

outside the HSL, thus carrying out the color compensation



33 w thout exceeding the maxi mum saturation and | um nance. Mreover, this
Exanpl e al so proved that the displayed i mage has no defects of a

di scontinuous line even in the vicinity of borderlines for dividing donmains
[1] through [6], since the color compensation according to the present
enbodi nent is perfornmed by enhancing sgiuration froman achromatic col or

toward a nonochrone col or. [Second Enbodi nent] The following will explain
anot her enbodi nent of the present invention with reference to Figures 7
through 9. In conparison with the first enbodi nent, the color conversion

oper at i on witltoiit eitkeerhng eékeamaxdiniier esturegeoatand iuvmihaacet he
calculation is carried out with the account of white conponent of the input
col or signal as Melreoves,t hthid x Erapopbnt saRBYMrowdicethhts ehdodi ment
has a simlar structure to the first enbodi ment, materials having the

equi val ent disiielyjicensnaszd Mse ridh@Tetts tdfea disvdmgs RS diAendvd® the first

enbodi ment above will be given the sane reference synbols, and explanation
thereof Wl the opicih hgt e oid e3dife s 0%?)(%@{@&1@“(1&%1&%@ 13hows an
operation flow of the color conversion operation citcuit 101. n an inmage

signal RO LSuEAPIL el ¥ Ahe ddiBrCORIpERRNEILH AQetiald 88 wbreuit 101
e Pev e e l'evéls r, g

determ nes t rel'at1onship anong t gradation and b of
the reSpeCHé{geﬁ?lé)ﬂqbsd(ﬁ%éﬁt'f% performed by enhancing saturation

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, fnaterials
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



34 the input signal (S702). More specifically, the color cgnver si on
operation circuit 101 detects which pattern of 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, no3@and co are calculated for carrying
out col or conpensation of the respective color conponents: R G B, Y, M
and C (S704). Here, wo expresses a white component of the input color
signal. The conpensation val ues of the respective domains_ [1] through [6]
are cal culfiedinpedr ;siggalo (heO2bl | ovMege expeetlicaHy, -thost CREOHOMmI n [ 1]
expressed as (r?g>_b): ro;Krg(r.-g).yo:Ki/gég- b) wo=fw(b) go=bo=np=co0=0
-For the domavergipn expersiden gsrq¢uitthlf)l detesds(whighnpakte(m- gf  wo=f w( g)
go=bo=yo=co=0 For the domain [3] expressed as (b>r_g): bo=Kbr(b-r)
mo=Knr (r - ghe 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 vaiues 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 (S704).
Here, wo expresses a white compdnent 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>rz2g):

bo=Kbr(b-r)

mo=Kmr(r-g)



-35- wo=fw(g) 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=np=0 -For the donain [5]
expressed as (g_b>r): go=Kgb(g-b) coe3&cb(b-r) wo=fw(r) ro=bo=yo=np=0
-For the domain[ 6] expressed as (g>r_b): go=Kgr(g-r) yo=Kyr(r-b) wo=fw(b)
ro=bo=np=co=0 where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Knr, Kcg
and Kcb are constants or variables, and fw(X) (Xis one of r, g and b) is a
functi on which changes depending on the values of r, g and b. The function
fw(x) may be expyesgeggis, for exanple: fw(X)= CwXZ where Cw and Z are
constants, and. X is one of the r, g and b.

ro=go=yo=co0=0
‘For the domain [4] expressed as (b>g>r):
bo=Kbg(b-g)
co=Kcg(g-r1)
wo={w(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=fw(b)
ro=bo=mo=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, chand Kcb are constants or variables, and fw(X) (X is
one of r, g and b) is a function which chang;es 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.



36 OQherwi se, the function fw(x) may be expressed as: fw X)=0wmX (0! ~X<Mn)
fwX)=Cw (1-X) (Mwm 5X:51) where Cwo, Owt, Mwv are constants. Further, the
foregoi ng 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 ggnt nmay be used to obtain the sane
effect. That is, the variables nmay be expressed, for exanple, as follows:,
Krg=Crfar(r)fag(g), Krb=Crfar(r)fab(b) Kgr=Cg fag(g) far(r), Kgb=Cg-
-fag(g) fab(b) Kbr=Cb fab(b) farir), Kbg=Cb fab(b) fag(g)

Kyg=Cyf ar (r) f ab( ©thdavisenftdrg fphag(en fwix) 10my beb¢dpressed s: Kecg=Cc
fab(b) far(r) Kcb=Ccfag(g)far(r), Kyr=Cyfag(g)fab(b) where, C, Cbh, Cg,
Cy, Cm and Cc ar éw¢Khs€Cand6, far (osAXabMwfag, fay, famand fac are functions
whi ch respectively change depending on the values of r, g and b in the
correspondi ng br éekEl=Cand1rX)qMwdXxgre vari ables obtained by dividing
original gradation |evels of the RGB conponents of the input col or inmage

signal by a maxi R rdiBdgt O VM weahe torkunther, the coefficients far (r),‘
fag (g), and fab (b) may be expressed as continuous functions which gives

O when r, g, b (@ufthe?, the-Bré8&idh oetfichhid¥rg, Krb, Kbr, Kbg,
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=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 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 (Osr, g, bsl) are 0 or 1. Further,



37 the variables may be expressed as: Krg=Crarag, Krb=Crarab Kgr=Cgagar,
Kgb=Cgagab Kbr=Cbabar, Kbg=Cbabag Kyg=Cyarab, Knmb=Crarag Knmr =Crabag,
Kcg=Ccabar Kcb=Ccagar, Kyr=Cyagab where Cr, Cb, Cg, Cy,Cm and Cc are
constants. The ar, ag and ab may be expressed as follows:, ar=foxrk
(0:5r<m) ar=fix(1-r)k (Msr<l) ag=g )fgk (0:-g<My) ag=gix(l-g)k (Mg:5
g!5 i) ab=hoxbk (0<_b<Md) ab=hlx(i- ?k (Mo<b<_1) where fo, fi, go, gi, ho,
hi, M, My, Mo and k are constants, and r, g and b are vari abl es obt ai ned
by dividing original gradation |evels of the RGB conmponents of the input
col or i magethsd gaalalbly sanmaxibaexgradaedoasval ue N-1.  Further, nore

specifically, ar, ag and ab nay be expressed as: ar=2xr (0sr<0.5) ... (1)
?B_éx(l r)l)(o 5(5<Irg5=1@r axf-dg, agKr¥=0r(@<-@s0.5) ... (3) ag=2x(i-gQ)
< g< -

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-ob-ar

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

where Cr;Cb,Cg,Cy,Cm and Cc are constants. The ar,
ag and ab may be expressed as follows:,

ar=foxrk (O<r<Mr)

ar=fix(1-r)k (Mrsr<1)

ag=goxgk (O<g<Mg)

ag=gix(l-g)x (Mgsgsl)

ab=hoxbk (O<b<Mb)

ab=hi1x(1-b)k (Mbs<bs1)

where fo, fi, 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) (0.5srs1) «++(2)
ag=2xg (0<g<0.5) -++(3)

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



38 ab=2xb (0<_b<0.5) (5) ab=2x(1-b) (0.5< b< 1) (6) where r, g and b
- are variables obtained by dividing original gradation |evels of the RGB
conponents of the input color inmage signal by a naxi mum gradation val ue

" N1. OQherwise, ar, ag and ab may further be expressed as follows: ar=4xr
(Gsr<0.25) (1)" ar=4/3x(1-r) (O. 25<_r3€1) . (2)' ag=4xg (0:5g<0.25)
...(3)" ag=4/3x(1l-g) (0.25sg:51) ...(q)" 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 obtai ned by
dividing original gradation |evels of the RGB conmponents of the input
col or inmage sign@P=By‘k maxi nlsBrQeati on (Pl ue N 1. Next, based on the
conpensation values ro, go, bo, yo, npb, co and wo thus obtained, color
i mage signals R @B‘Q"(éf‘gér @Istb€bhversi(bh (having gradation levels r',
g', and b', respectively) are cal culated according to foll ow ng
Expressi ons (10) wthemeugh g12hd( $70d)e. vEreabbsulebtainead uep darieinigen
outputted to the color liquid crystal display panel 102 (S705).
r' =r+ro+yodmigital gratYtion levels of the RGB components of the

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

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

follows:
ar=4xr (0<r<0.25) «--+(1)
ar=4/3x(1-r) (0.25<r<1) -+ (2)’
ag=4xg (0<g<0.25) -+-(3)’
ag=4/3x(1-g) (0.25sg<l) -+ (4)'
ab=4xb (0<b<0.25) -+« (5)'
ab=4/3x(1-b) (0.25sb<1) --+(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) (S704). The resulting values
are then outputted to the color liquid crystal display panel
102 (S705).

r'=r+ro+yo+mo+wo ---(10)



39 (¢' =g+go+yo+co+wo ..-(11) b'=b+bo+no+co+wo (12) As described, with
the foregoi ng Expressions, color conpensation is perforned by dividing the
three color conponents of R@ into six hue domains according to the |evel
relati onship of them and obtains three primary color conmponents RGB,

conpl ementary col or conponents YMC ang,a white conponent W each of which
are then nultiplied by a coefficient.”Then, the original primary three
col or conponents RGB are nodi fied through addition/ subtraction according
to the result of nmultiplication. Figure 8 schematically shows the
respective col or g'cgrpongbt-gofaro col of1 Konpensation extracted from an input
color signal in the case where the input signal of the domain [1] is

i nputted. The exbrag&%%bu@%w%e.arej)r-g) for the R conponent 801,
(g-b) for the Y conponent 802, and b for the Wconponent 803. Mire

spectically, thaPiddmiyLeR ofitAMRARCRS Fodbthg CBIBRESALSs Dasad,on the

di fference between the greatést conponent cond great est conponent

f the i h i . Further, th
corpl rent 4Py BEPSR Bpanl e Sra el IR L iRie b gk Gles, ence
bet ween t he osegand greatosl UMY AN dolSasE AeShrEB YT ther e

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
dornain [1] is inputted. The extracted values here are (r-g)
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



40 conponents RGB. Still further, the white conponent is conpensated based
on the small est conponent of the input three primary col or conponents RGB.
As can be seen in the calculation results of the Expressions (1) through
(6), and (10) through (12), the Ilumnance level in a domain close to an
achromatic color may be reduced when gie function fw(X) is a function
returning a negative value under X=r, g, b. Consequently, the nonochromatic
col ors have greater |um nance than that of mxed colors, and the saturation
of nmonochromatic colors is visually enhanced. This thus creates a nore

bri ght and compiogepitst RGR.hanStikk %Irit@ienral thecwhide Fompenerdy isetti ng
different values for the six colors conponents, it is possible to obtain
parti cul ar dorhgetisetsed based epethéi smadlest cbanpexramil ef thye septitng t he
coefficients Krg and Krb for conpensating red color to be greater than the

ot her coef ftheeenpsimany }dlbe ¢atpori@itsMIGBhe nore brightly displayed,
thus creating a picture having bright colors. [Exanple 2] The follow ng

describes an examy ecaseft ogedfie inprteeentariledio®ntresttd hos exanpl e,
col or conpensation is carried out wwth reference to the foregoing formul as

oot O iond (89, tbraial (32) o oFopsgiutn TumaRe of o
luminance level in a domain close to an achromatic color
may be reduced when the function fw(X) is a function
returning a negative value under X=r, g, b. Cohsequently,
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 vahies 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



-41- of the input color inmage signals RGB is an 8-bit signal (n=8) of 256
gradati on (N=256). Further, by using the weighting functions (1) through
(6) above, the foregoing coefficients -gatisfy C=Cg=Cb=0.5, Cy=Cm=Cc=0. 25,
and fw (X)=-0.0625X. Wien an inmage is sent, the display device perforns

col or conpensation individually for each signal corresponding to the pixels
of the display device. The follow ng explains process of color conpensation
in the case of an achromatic signal of a pixel with the RGB conponents

expressed asf(fhe Anplt Tdl8PImRaRe Fi22ARORPB52a?) 8-bft siknefl @<3)

according to the above-nentioned Expressions (1) through (6), a relation

o ° ves e it : ;
ere ro=gozfjo Hg@rﬂagdﬁ (N%Q%}(.p}i*elgf;ﬁhé’&‘, B eﬁsﬁ?ﬁ‘ﬁé %&@1 r €ssi ons

(10) through (12),”the foll ow ng ons a er foun =r +r o+yo

02587, G L EEPROERE (9, h0ByEs! AECRMIT g cocticientsy o)
described, TSR ol s PR P BC dmrt ST GHAT CoRI pitr 1 vED Lompdisat i on
val ues are c( )qupggzsait he conpensation -42-

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, bj = (255/255, 255/255, 255/259).

 First of all, according to the above-mentioned Expressions
(1) through (6), a relation where ro=go=bo=yo=mo=co=0 is
found. Then, with reference to the Expressions (10)
through (12), the following Expressions are further found.
kr'=r+ro+yo
g'=gtyo
b' =b

Further, referring to the = relation where
wd=—0.125X255/255=—16/255 (the formula below the
decimal point is omitted), a relation where (r’, g,
b’)=(239/2523, 239/255, 239/255) is found. As described,

in the .case of an achromatic signal, no positive

compensation values are contained, as the compensation



val ues ro, go, be, yo, no and co all becone 0. Accordingly, the negative
conpensation val ue of the white conponent will becone nore effective. Thus,
| um nance | evel after the color conpengation can be reduced. Furthernore,
the foll owi ng describes the case of conpensating a nonochromatic red signa
of a pixel in the |andscape imge. The signal includes the RG conponents
expressed as = (r, g, b) = (255/255, 0, 0). In this case, the conpensation
val ues ro, go, be, yo, nme and co all becone 0. Further, since the small est

I f i ned h
compensat | OIF %&%@B@Hz@tz ¥8, dno %ﬁdakg"%@e@?g&?é’oo C?Péﬂsf‘%éé%lyf bed, in
t he case of m)nocthr omati c gﬁg}%gra atl be mai ntained as

a high valdguglﬂgg H%§ecpgn38n. nd8'gf %ﬁetﬁggéY$%ge %% %EEPFon val ue
i gnal (8 SVHaPEBBRIBAHOHR SERCEHRT o T00NS: TRRBIAT RBSSIFOREeTc B8l or) of
a pixel in the | andscape i mage and including the RGB conponents expressed
(r, g,cobor CO@&DQﬁ@EﬁlOQGQﬁQSEe nexdnesg) , the calculatlon is perforned

as in the case above, and the result conmes out as (r', g, b)) =
(202/ 255, 159/ 255Fu12616255<)ere,Asthan flodlswimg i rd¢$msbee»<anipbe casen péd col or
is under influence of both the negative conpensation value of the white
conponent anohmiSensating 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 O.
Further, since the smallest value of the rgb components is O,
wo also becomes O.

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 value 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) =
(192/255, 160/255, 128/255), the calculation is performed
as in the case above, and.thé‘restﬂt 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



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

| owering the gradation level in a domain close to achromatic color, and by
increasing the gradation level in a doggpin close to nonochromatic color.
This series of calculations are performed with respect to the all pixels of
the input image, and the signal RGB as the calculation result is
displayed on the display panel 102. Figure 9 is-a schematic cross-sectional
view of a 8L peslitivenndempshsaitian a ylvwesofofthe cipangeryn godent i on

| evel of the R conponent and the C conponent when the saturation is
enhanced byomiporienegondgthel coleplaansntary calobesa@ornentti gditee 9 t hat t he
di stribution of gradation |evel through the saturation enhancing process
forms a Mesvkapef {(RflLdncdidppen@3, orxtlendidigidy ofh idte ofhilie ingourponent to
reach the vertexes of the R and C conponents. This distribution form
results frgj btraction of the white conmponent fromthe coefficient fw (x)
above by a tunction returning a negative value. In this manner, by reducing

the white conpongpt @615%%(513?%@&9{1099&7@%&&8%?{[@ 18%@9&5%{1% of

saturation becones stronger nonochromati ¢ col o conpared wth m xed
col ors. 44gradation level in a domain 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 seen' 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.



[ Third Enbodi nent] The following 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 enbodinent carries out different operation in
which the calculation is carried out taking the m nimum | um nance and

t he maxi mum | um nance into account. Otherw se, the display device according
to the present enbodi nent has the sane structure as that of the col or

di spl ay device 100 of the first enbodinent, and therefore, materials having
the equival ent Flitnd &mbedionedt] shown in the drawings pertaining to the
first enbodi nent above will be given the sane reference synbols, and

expl anati on ther&bfe fwllowiag willt expldier stilbraratieenferebpldinatndf As a
feature of the present enbodi nent, the coefficients Krg, Krb, Kbr, Kbg,
Kgb, Kgr, Khg, pKysenKnimverdtion Kaghanefefeln demeogRignges uhittands)l &re deci ded
based on one of the R, G and B conponent havi ng the maxi rum | um nance and

t he one of Ihheosidpatiger heithl nheufirsk unhtdageeonthe rhbbldimiegtsxphai ns a
theory of this manner for setting the weighting functions based on the R G

or B conpepeni lea¢iviasib MBsERIMIiMcRAAER 01 0he ol RiHEIMp rewBhRance wi th

an exanple in which an input 1mage signal 'belongs to the domain [1]

(r_g>_b). émbodiment carries out different operation in which the
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
filrst 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] (r2g=b).



As shown in Figure 17(a), when the value of b as the m ninum | um nance is O,
the value of b should not be enhanced since a nonochromatic col or already
has the strongest saturation and therefore requires no nore enhancenent.
Further, as shown in Figure 17(b), when the value of r cones closer to
255/ 255 gradation, addition of ro or to the inputted r conmponent wl |
result in a value (output inmage signal”r') larger than 255/ 255 gradati on,
thus degradation the gradati on expression since by causing col or
saturation. In view of this problem the weighting functions are decided
based on the R 6soshBwonpofegtirhal¥ ta),twhemithienuadhandhdnes thE or the
maxi mum | um nance (r). Accordingly, the weighting function is reduced when
t he val uemsifnimuenesunliosarcd ois235/ 2ite gralded | oh andhwhdad tihet Wal ue of r
cones closer to 0. As a specific exanple, the coefficients Krg, Krb, Kbr,

Kbg, Kgb, Kahartyed KihceKmb, mitiockKegniitdc Keblopor alpdddy nibigs t tiee
conpensation values ro, go, bo, yo, no and co, as in the step S204 of the

fl rst enbogtfl@ﬂges@r ese@ﬁhtewl@hedan@pcqmlregoﬁ@ theydigkkownig Ei{gFessi ons,
Krg=Crfrg (r,b),Krb=Cr-frb (r,g) Kgr=Cgfgr (g,b),Kgb=Cgfgb (g,r) Kbr=Cbfbr

(b, 9) . Kbg=Chigh §Ornfont. KV et h¥e, s BhoRIGFIRuLE 97 (B)6 when the

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 fhe 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)



Knmr=Cnf mr (b, g), Kcg=Ccfcg (b,r) Kcb=Ccfcb (g,r), Kyr=Cyfyr (g,b) where, Cr,
Ch, Cg, C, Cmand Cc are constants, frg, frb, fgr, fgb, fbr, fbg, fyg,
fmb, fnr, fcg, fcb, fyr are functions which respectively change dependi ng
on the values of r, g and b in the corresponding bracket, and r, g and b
are obtained by dividing the original ggadation |evels of the R Gand B
conponents of the input imge signal by the maxi mnum gradation value N-1.
The coefficients may al so be expressed as: Krg=Crfa r(r)fag (b), Krb=Crfar
(r)fab (g) Kgr=Cgfag (g)-far (b Kgb=Cgf ag g)fab (r) Kbr=Cb fab (b)-far
(g), Kbg=Cb fab (Emragnitim Kigs qgr@gr’p‘cg ,f)b) , Knb=Cm far (r)-fag (g)
Kntr=Cm fab (b)-fag (g),Kcg=Cc fab (b)-far (r) Kcb=Cc fag (g)-far (r),
Kyr=Cy fag (g) Kab#@-ﬂmfmetg,r),(ﬁyr{@y-m (£¥h) Cm and Cc are constants, frg,
frb, fgr, fgb, fbr, fbg, fyg, fnb, fnr, fcg, fcb, fyr are functions which

respectively chanderdependiGig, Org tG¢, @al vasd € cRiréscitstRnts,t g,
correspondi ng bracket, and r, and b are variabl es obtained by dividing

original gfaslat figan fgavemroffﬁ de @%qmoneﬁrs gtgt hecbnpgyr calrer i mage
signal by a maxi mum gradatl on val ué [001201 By thus setting the

;ggf ‘;3' Z;e”fﬁncftflﬁné"’e'vﬂ*ﬂfdkpgreEE@%Tti\Qﬂ? acRaflgel dgdpasadLnopnetne the R G
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),Kgb=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



conponent havi ng the maxi num | um nance and the one of
m ni mum | um nance. For exanple, in the case of an input signal bel onging

t hem havi ng t he

to

the domain [1], the color is conpensated by using the coefficients Krg and

Kyg. As can be seen in the Expressions above, the weighting functions Krg
and Kyg are both decided based on they, conponent having the maxinum

| um nance and the b conponent having the
[1]. On this account,

m ni mum | um nance in the domain
the weighting function is reduced when the val ue of
the col or conponent having the maxi mum | um nance cones cl-oser to the

maxi num gr s6EPencnil bavingdthpematianvam Jaimpnanceeagsl dhecopp®dnt havi ng

the m ni num | um nance

greater

) cones closer to 0. This nethod prevents defect of
col or sat uthemavinghthe cadaimhemelamin@mpie. col or i nage si gnal
gradation | evel than the nmaxi mum gradation val ue,

has a
and al so

prevent s enhanceRentexdngalteyriat ithie wasa ¢han npputssigradl biedoagmgochr omati ¢

col or,

thus outputting (displaying) a color imge with appropriate
gradati on. téuthdiedomadin d 1fjy eftes addlert hat cohepdmsatednisyf asingabheand fag

are conti nuous functions which return 0 when the yal ues of r, g and b are 0
or 1 (undeeotfibientds WKigl) ardd tKyg. cages tdun Wabghtdeet fyact khs becones 0

when t he val ue of

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 wvalue of the
color component having the maximum Iuminance comes
closer to the maximum gradation value, and when the value
of- the color component having the minimum Iluminance
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 O when the
values of r, g and b are O or 1 (under (O<r, g, b<1). In this
case, the weighting function becomes 0 when the value of

the maximum luminance comes closer to the maximum

t he nmaxi mum | um nance cones closer to the maxi nrum 48



gradation val ue, and when the value of the m ninum |um nance cones cl oser
to 0. Accordingly, it is possible to nore securely prevent the defect of
col or saturation, and also nore securely prevent enhancenent of saturation
when the input signal is a nonochromatic color, thus securely outputting
(di splaying) a color inmage wth appr op}ié ate gradation. As a specific
exanpl e, the functions may be expressed as follows: Krg=Crarab, Krb=Crarag
Kgr =Cgagab, Kgb=Cgagar Kbr=Cbabag, Kbg=Cbabar Kyg=Cy ar ab, Knmb=Cm ar
ag Knr=Cmabag, Kcg=Ccabar Kcb=Ccagar, Kyr=Cyagab ar=foxrk (0!5r<M)

ar=fi x(1-rgradMisn<_ttaluag=gaxpkwieg<Wbe wakg x0I- ghe (Mirfigdtim ab=hoxbk
(Osb<My) ab=hi x(1-b)k (Misb< 1) where, C, Cbh, Cg, Cy, Cmand Cc are

const ant s, [ gfénahcedcaftt d Absephlcanedabyogddvhdlpgit he PosginIal t@r adati on
| evel s of the R, G and B conponents of the input 1mage 'signal by the

mexi mum gradatl QRcYakl$ Prdvefl? 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-ab-ar

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

ar=foxrk (O<r<Mr)

ar=f;x(1-r)k (Mrsrs<1)

ag=go* g~ (O<g<Mg)

ag=gix(l-g)k  (Mg=<gs<l)

ab=hoxbk . (O<b<Mb)

ab=hi1x(1-b)¥  (Mbsbs<1)

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.



Furt her,

the foregoing ar, ag and ab may be vari ables expressed as:

ar=foxrk (0:5r<M) ar=fix(1l-r)k (M<r< 1) ag=goxgk (0sg<My) ag=glx(1l-g)k

(My5gcl)
ho, hi,

di viding the

i nput

(21)

ab=hoxbk (05b<My) ab=hlx(1-b)k (MSb<_ 1) where, fo, fi,
M, My, My, and k are constants, and r, g and b are obtained by
original gradation levelg of the R G and B conponents of

go,

gi,
t he

i mage signal by the maxi mum gradation value N=I. Mre specifically,
the foregoing ar, ag and ab may be functions expressed as: ar=2xr (05r<0.5)

ar=2x(1-r)_(0.5<_rb51)
ag=2x(1-g) (0.5<Fgzther, the

(0.5< b< 1)

gradati on txpeEssefl asie R G and B conponents of the input

ag=2xg (0:5g<0.5) ..... (23

22
2&;1"6%&33&5& 0€ Bagl gp may (%)varéabtéi 1- b)

(26) where r, g and b are obtained by dividing the original

i mge signal by

t he maxi num gradati on value N-1. Further, the coefficients Krg, Krb, Kbr,

Kbg,

Kgb, Kgr,

5@r=foxrk (Osr<Mr)
ar=fix(1-r)k (Mrsrs1)
ag=goxgk (0O<g<Mg)
ag=gi1x(1-g)*  (Mgs<gsl)
ab=hoxbk (0<b<Mb)
ab=hix(1-b)k (Mbsbs1)

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, ag and aob may be

functions expressed as:

ar=2xr (0<r<0.5)  +-+-- (21)
ar=2x(1-r)  (0.5sr<1)  +++++(22)
ag=2xg (0<g<0.5)  +---- (23)
ag=2x(1-g) (0.5=<g=<1)  eee- (24)
ab=2xb  (0sb<0.5)  -:---(25)
ab=2x(1-b)  (0.5sbsl)  c---- (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,



Kyg, Kyr, Knb, Knr, Kcg and Kcb may be variables expressed as foll ows:
Krg=Crfmax (r)fmn (b),Krb=Crfmax (r)fmn (g) Kgr=Cg fmax (g) fmn
(b),Kgh=Cg fmax (g) fmn (r) Kbr=Cb fnmax (b) fmn (g),Kbg=Cb fmax (b) fmn
(r) Kyg=Cy fmax (r) fmn (b) ,Kmb=Cm fmax (r) fmn (g0 Km=Cm fnmax
(b) fmn (g) ,Keg=Cc fmax (b) fmn4y) Kcb=Cc fmax (g) fmn (r) ,Kyr=Cy
fmax (g) fmn (b) where, G, Cbh, Cg, Cy, Cmand Cc are constants, fmax and
fmn are functions which respectively change depending on the values of r,
g and b in the correspondin bracket, and r, g and b are obtai ned by

di vi di ng tKggor ikgyhal Kmyp ad&imeon Ksgl erst #nrb Rmayanke B waipdieat s of t he
i nput image signal by the maxi num gradati on value N-1. These wei ghting
functi ons exprees¢diess f@ededson one of the R, G and B conponent having the
maxi rum | um nance and the one of them having the mninmum | um nance. On
this account, asKdgsCribhedxahdvémint (b)sKrbe<Sr tfineako(rprfamémt(g) he def ect of
color saturation in the case where an output color Inmage signal has a

greater gradati oKg r*@?ehﬂabﬁf(\g} ffmimxbnu(glg%@affmwg?mu@r(ﬂ) also to
prevent enhancerment of saturation when the input si gna nonochr omati c

CoL SR = o PR GRs2 . ol KO ) seascr) ot
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 cémponent 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 also 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



conti nuous function which gives 0 when the values of r, g and b are 0 or 1
(under (0<_r, g, b:51) and that the function fmn is a continuous function
whi ch gives 0 when the values of r, g and b are 0. In this case, the

wei ghting function becomes 0 when the value of the maxi mum | um nance cones
cl oser to the maxi mum gradati on val ue, .,and when the val ue of the m ninmum

| um nance cones closer to O. Accordinaﬂy, 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 is a nonochromatic color,

t hus secur etgn tiiypeih s i fugnc{iomns pwaldlnggive scOl erhémagiee walueppfops igt e

gradation. As a specific exanple, the functions may be expressed as
follows: Krgs€rbrdbe 0Kidr=ar ﬁﬁiﬁﬂerKg]i—'@gg?g'Bxl_l)K breCabalr thKbhabBivky,
Kbg=CbSbTr Kyg=CySrTh, Kmb=Cntr Tg Knr=CnSbTg, Kcg=Cc Sb-Tr Kcb=CcSgTr,

Kyr=CySgTb fuiirrr ks Sh=(critikuoh¥sIkunddidd - Wkichlbghle $20 when the

~values of r, g and b are 0. In this case, the weighting

function becomes 0 when the value of the maximum
luminance comes closer to the maximum gradation value,
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-Tb,
Kgr=Cg-Sg-Tb,
Kbr=Cb-Sb-Tg,
Kyg=Cy-Sr-Tb,
Kmr=Cm-Sb-Tg,
Kcb=Cc-Sg-Tr,
Tr=rk

Sr=(1-r)k

Tg=gk
Sg=(1-glk
Tbh=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



Sb=(1-b)k where, C, Cbh, Cg, Cy, Cmand Cc are constants, and r, g and b
are obtained by dividing original gradation |levels of the RG conponents of
the input color image signal by a maxi-mum gradation value N-1. Further, the
coefficient k is preferably set -as 1, since the process for calculating the
-wei ghting functions can be sinplifiedsgn condition where k=1, thus
sinplifying internal operation of the color conversion operation circuit
101. The following explains with reference to a HSL color nodel the color
conpensati on effect usi ng wei ghting function's decided in the foregoing
manner accordi ng 2B={hed)*nmax.it Urn |uninance and the rna<tinmln gradati on
val ue. As shown in Figure 18, through the foregoing saturation enhancenent
operation using wehghti fgr, EimcEigorsy, Gmcando& seen chmstanesnamd al col or
surrounded by the domain 1801 is noved toward greater |um nance and a nore
i ntense satuy gtand. bAhonglitsisclkd by, dividingundegistadograd hatort Hevake of the
foregoing wei ghting function increases |um nance and saturation. Meanwhil e,

- it also canpbehseRGB tdwah pdite M ofhitpmdhiptitcob by s i ANt d fse%ﬁ@mrwmic
colors, which are expressed as the domain 1802, show no changes in

l'um nance tA{ugh g rhd-Rg9ohNgaRad WALl on enhancement operation. [Fourth
Enbodi nent] 53

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
operdtion of the color cotivérsion operation eirctiit 101.

The following explains with refeérerice to a HSL color
model the color compernsation efféct usirg weighting
funictioné declded int the foregding mantier dccording to the
tmaximtin litkinance and the aximiim gradation valug.

As shown ifi Figure 18, through the foregoing
sdturdation enhancement operatioi using weighting
func'fions, 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 lumiﬁance through the foregoing saturation enhancement

operation.

[Fourth Embodiment]



The followng will explain yet another enbodi nent of the present invention
with reference to Figures 19 and 20. |In conparison with the described
enbodi ments above, in the present enbodi nent, the col or conversion
operation «circuit 101 carries out efficient color conpensation operation
by reducing the m ni num val ue of RGB. 53O herw se, the display device
according to the present enbodi nent has the sane structure as that of the
col or display device 100 of the foregoing enbodi nents, and therefore,

mat eri al s having the equival ent functions as those shown in the draw ngs

pertaining to thehki fsllowefigodiilteakpdhiny g et hhoibedi ¥aibddEmsaiteof ef er ence
synbol s, and explanation thereof wll be omtted here. As nentioned above,

the satpra{h@np}éss&@{ IiAgd mdsoh heitili fdrerenee Q?tlv‘%‘iﬂé§“qg7%mya| ue and
“the. mnimum value of the respective gradation levels for expressing R G

and B. Thug, Eg@%iis%% %&W%l@@@%ﬂb@ﬂ t'xh%%rdiiﬁé‘ﬁ@aéwggt N, maxi mum

val ue or by re the mninmum value in e respective gradation |evels

R e e S M s A
bel ol 10, L e, 0T e XRRESSEt ARl 0 Bhols LABHLLSG, Rt el on T
Figure 19. ogéflzration 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,

afid explanation thereof will be omitted here.

As mentioned above,thesaiuraﬁoﬁis defined as the

difference between the maximum value and the minimum

value of the respeétive gradation levels for expressing R, G

and B. Thus, saturation can be enha_nceci 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.



On the other hand, in the present enbodi nent, the saturation enhancenent is
efficiently carried out by increasing the nmaxi mum value and reducing the

m nimum value, i.e., by increasing the difference of the maxi num val ue and
the m ni num val ue. Mre specifically, as shown in Figure 20, when an inmage
signal belonging to the domain [1] (ex%essed as r>g b) is inputted, the
val ue of b conponent - is reduced. Furthér, when an inmage signal belonging to
the domain [2] (expressed as r?b> g) is inputted, the value of g conponent
is reduced. As a result, saturation of R color can be effectively enhanced.
The foll owi ng cofar efted yotdvepl &iarsd sdnurthtei @resemtarcebedimerer,athen of the
present enbodinent. In the first enbodi nent above, the gradation levels r',

g', b afteatueation caneascemenie cal celfficeenealgcorcdiriged o ¢ie fblyl ow ng
expressions (7) through (9). r'=r+ro+yo+nmo ... (7) ¢ =g+go+yo+co ... (8)

b’ =b+bo+motgereasity) tMeerBakimh@NYalPueXRHES Fedhpdaid Rel YRS &mR G and
B conponents of the input color signals, respectively. Further, the

‘;g' 'rgi“gggbﬁrﬁh?%': &Pg(?rﬂés ﬁ'rr&g-gfa%ﬂg- the tdgr&asecOf of M ORI Kich timexpr essed
value and the minimum value. '

More specifically, as shown in Figure 20, when an
image signal belonging to the domain [1] (expressed as
rzgzb) is inputted, the value of b component is reduced.
Further, when an ifnage signal belonging to the domain [2]
(expressed as rzbzg) 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+rot+yo+mo - *(7)

g'=gtgo+yotco ---(8)

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

where r, g and b express gradation levels of R, G and
B comporiehts of the input color signals, respectively.

Further, the following relations are also found.

In the case of the domain [1] expressed as rzg2b:

ro=Krg(r-g)Nr



yo=Kyg(g-b) NY go=bo=nb=co=0O In the case of the domain [2] ex
r> b>g: ro=Krb(r-b)Nr nmo=Knb(b-g) Nm go=bo=yo=co=0 In the case of the
dormain [ 3] expressed as b>r?g: bo=Kbr(b-r)No rmnmo=Knr(r-g)Nm
In the case of the domain [4] expressed as b>g>r: bo=Kbg(b-g)

co=Kcg(g-r)Nc

g?b>r: go=Kgb(g-b)Ng co=Kcb(b-r)Nc r

dormain [ 6] expressed as g>r> b: go=Kgr(g-r)Ng yo=Kyr(r-b)NY
The foregoing expressions (7) through (9) may al so be expressed as foll ows
by using square wpatKyg(83b)of 3x6. 56 H

go=bo=mo=co=0

In the case of the domain [2] expressed as rzb>g:

ro=Krb(r-b)Nr

mo=Kmb(b-g)¥m

go=bo=yo=co=0

In the case of the domain [3] expressed as b>r2g:
bo=Kbr(b-r)Nb

mo=Kmr(r-gjNm

ro=go=yo=co=0

pressed as

ro=go=yo=co=0
Nb

ro=go=yo=npb=0 1In the cgie of the domain [5] expressed as
=bo=yo=nb=0 In the case of the

r o=bo=no=co0=0

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

bo=Kbg(b-g)Nb

co=Kcg(g-r)Ne¢

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)Ne

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

The foregoing expressions (7) through (9) may al

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

so be



= +Aln the case of the domain [1] expressed as r_g b ro=Krg(r-g)Nr
yo=Kyg(g-b) NY go=bo=npb=co=0 In the case of the domain [2] expressed as
[2]r2!'b>g ro=Krb(r-b)Nr nmo=Knb(b-g) Nm go=bo=yo=co=0 In the case of the
domain [ 3] expressed as b>r> g bo=Kbr(b-r)Nb rnmo=Knr(r-g)Nm ro=go=yo=co0=0
In the case of the domain [4] expresseg as b>g>r bo=Kcg(b-g)Nb
co=Kcg(g-r)Nc ro=go=yo=np=0 1In the c %e of the domain [5] expressed as
g_b>r go=Kgb(g-b)Ng co=Kcb(b-r)Nc 57 ro=bo=yo=np=0 In the case of the
dormain [6] expressed as g>r> b go=Kgr(g-r)Ng yo=Kyr(r-b)NY ro=bo=nb=co=0
In the present enbodi nent, when A36 is expressed as

ro
r T | g0
b
g|=|g| +Ase ©
b b yo
mo
\CO J

In the case of the domain [1] expressed as rzgzb
r'o=Krg(r—g)Nr
yo=Kyg(g-b)¥y
go=bo=mo=co=0
In the case of the domain [2] expressed as [2]r2b>g
ro=Krb(r-b)Nr
mo=Kmb(b-g)Nm
go=bo=yo=co=0
In the case of the domain [3] expressed as b>r2g
bo=Kbr(b-r)Nb
mo=Kmr(r-g)Nm
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)Ne
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)Nc



follows, all al2 al3 al4 al5 al6 A36 = a2l a22 a23 a24 a25 a26 a31 a32 a33
a34 a35 a36 it is required to satisfy:

al | =a22=a33=al4=a24=al5=a35=a26=a36=1, and al so,
a2l ,a3l, al2, a32, al3, a23, a34, a25, al6 should be set as 0 or a negative val ue.
Wth this arrangenent, r', g' and b' n@gy be expressed as:
r' =r+ro+al 2go+al3bo+yo+al 5no+al 6co ... Formula (20)
g' =g+a2lr o+go+a23bo+a24yo+nop+a26co Formul a (21)
b' =b+a31r o+a32go+bo+a34yo+a35np+co Forrmul a (22), and further, since
go=bo=np=co=0 i sreabpPsHiosimerder 58 r?g?b, the fol | owings are found.
r'=r+ro+yo g' =g+a2l ro+a24yo b'=b+a3l ro+a34yo. Further, by setting a3l to
be not nore thanlo, thee cBsesiagindhe dom@ivedb]andprresrdsiamag>trzbenhanced.
Further, in the case where r>b>g, a2l is set to be not nore than 0, and
the G signal is gedlgadgarifiet he R signal is enhanced.

yo=Kyr(r-b)Ny

ro=bo=mo=co=0

In the present embodiment, when Aze is expressed as

follows,

(all al2 al3 al4 al5 alb
Ass= ja2l a22 a23 a24 a2d5 a26
a3l a32 a33 a34 a35 a36
it is required to satisfy:
all=a22=a33=al4=a24=a15=a35=a26=a36=1,
and also, a2l,a31,al12,a32,al13,a23,a34,a25,al6
should be set as 0 or a negative value.
With this arrangement, r', g' and b' may be expressed
as:
r'=sr+ro+al2-go+al3-bo+yo+alS-mo+al6-co
- Formula (20)
g=g+a21-ro+go+a23-bo+a24-yo+1no+a26'co
- Formula (21)
b'=b+a31-ro+a32-go+bo+a34-yo+a35-mo+co
-+ Formula (22),

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



In this manner, saturation of the R signal is nore efficiently enhanced.
Simlarly, by setting al2 and a32 to be not nore than O01l-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. Further, A36
satisfies: and, further preferably sat§§fies:

al | =a22=a33=al4=a24=al5=a35=a26=a36=1, " al | +a21+a31=0, al2+a22+a32=0,
al3+a23+a33=0, al4+a24+a34=0, alb5+a25+a35=0, and al6+a26+a36=0 Wth
these conditions, it is possible to equalize the 59 gross input |um nance

(r+g+b) and the EH OS5 PHEPH]lowinE 8aneefdindg’ +b' ). Therefore, saturation
may be enhanced w thout a great Cchange of average | um nance of the input

color signal. Fuprther,,Aa6 satisfies: all al2 al3 al4 al5 al6é Ass= a2l a22
a23 a24 a25 a26 a3l a32 a33 a34 a35 a36 and, further preferably satisfies:

g'=g+a2l-ro+a24-yo
b'=b+a31: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 al3 and a23 to be not more than O, saturation of the
B signal is efficiently enhanced.

Further, Aze satisfies:

and, further preferably satisfies:

all=a22=a33=al4=a24=al5=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



al | ma22=a33=al 4=a24=al5=a35=a26=a36=1, a2l=a3l=al2=a32=al 3=a23=-0.5, and
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 without changing huesyg [Fifth Enbodiment] The fol |l ow ng
wi Il explain still another enbodi nent of the present invention with
reference to Figures 21 and 22. In conparison with the descri bed

enbodi ments above, in the present enbodi ment, the col or conversion

operation circuit 1 S e rgb | uveg,of an input i e signal
to a lum n%gg'%va#n Q%f Clt?@%g%ﬁ%?, gé}f Jrr% cé?‘c&jul athleng%&sst hguéggensati on
val ues ro, ,qo and bo. erw,se, t di spl ay device ,according to the
present enﬁgmmcﬁas%?@l@ +\A€§g'ma s?fhgfﬁf(greas lsﬁéf'lrélhqlﬂe &#dr {Cspl ay
device 100 of, the first enbodi nent, and therefore, terial s having the
equi val ent SFREFBAs WAEhPHEsR SFemn GhARge af m%&g%manw @ the first
enbodi nent above will be given the sane reference synbols, and expl anation
t her eof wi lthepE1pyhiaoales signal. Though the inputted values of r, g and b
denote gradation nunber of an image signal, it does not necessarily

coi nci de with t h&udheal Assnsatisfesval ue of the display

all al2 al3 al4 al5 alé6
Asg= |a2]1 a22 a23 a24 a25 a26
a3l a32 a33 a34 a35 a36

and, further preferably satisfies:
all=a22=a33=al4=a24=al5=a35=a26=a36=1,
a2l1=a31l=al2=a32=al3=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 changing
hues.

[Fifth Embodiment]

The following will explain still another embodiment of
the present invention with 'reference 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



device. For exanple, in a general display device, the |um nance of the

di spl ay 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. \Wen the
difference anong the r, g and b are cal cul ated before being conpensated to
t he | um nance value, the calculated difference for a |ow | um nance domain
will be a larger value than the act uaf 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 andthe, conepenkahanenalwéssaourgoi and becone® tdrexeeidiengtiehi gh, thus
giving too nuch color to a dark display. 61 1In view of this problem in

t he presentisphodideite ddweortdiny ttedtligpredares eatbollimsincbryyenhat ed to the
| um nance val ue of the display device, before calculating the difference

thereof . Mpaenepaeitiaaklas thhe ohpHe colar dii%pnﬁy degiak 160 opdhtied to an
out put color inmage signal having the RR G and B gradation levels wth the

val ues of first0'e@Bddmenticcand Ndhlepetdee f obl Mg Ol idg F@hego ' T
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.

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 lunnhlance‘ 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, thé enhancement of saturation
becomes exceedingly high, thus giving too much color to a

dark display.



g =g+ A36 bo b byo nmo co wherer, g and b express gradation |evels
of R, G and B conponents of the inputted color image signal, and A36
expresses square matrix of 3x6. Al so, the conpensation values are

cal cul ated for each domain as follows. For the domain [1l] expressed as

(r>_g>'b): ro=Krg (fzr (r)-fzg (g9))Nrgyo=Kyg (fzg (g)-fzb (b))NY
go=bo=np=co=0 For the domain [2] expressed as (r_b>g): ro=Krb (fzr
(r)-fzb(b))Nr nmo=Knb (fzb (b)-fzg(g))Nm 62 go=bo=yo=co=0 For the domain [ 3]
expressed as (b>r?g). bo=Kbr. (fzb g%’-efzr(r Nb rmo=Knr (fzr (r)-fzg(g))Nm
ro=go=yo=co=0 FOP %’FF'erB i S[Efoéi sérédﬂ%\% RISSEIHY :emEQQKH@FI(‘sz
(b)-fzg(g))Nb co=Kcg (fzg %g)-fzr(r))Nc r.o=go=yo=np=0 For the donmain [5]
expressed d&e gimpujted rgb values ‘are first compensated to the

luminance value of the display device, before calculating the

difference 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.

(To
r r io
)
gl =|g| +As
b b yo
o mo
co

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

‘For the domain [1] expressed as (rzg=2b):

ro=Krg (fzr (r)-fzg (g))N*

yo=Kyg (fzg (g)-fzb (b))"¥

g0=bo=mo=¢o=0

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

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

mo=Kmb (fzb (b)-fzg(g))\m



go=Kgb (fzg (g)-fzb(b))Ng co=Kcb (fzb (b)-fzr(r))Nc ro:bo:yo:rm:O 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=nb=co=0. Here, Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg,
Kyr, Kmb, Knr and Kcg are variabl es which respectively change depending on
the values of r, g and b; N, Ng, Nb, Dy, Nm and Nc are constants not |ess
than 0; and fzr, fzg and fzb are functions which change dependi ng on the
values of r, g and b in the corresponding bracket. In this manner, the
conpensation values ro, go, ... may be calculated after nodifying the
inputted rgbh val8REP83YO5$OFH ng the functions fzr, fzg and fzb. On this
account, the conpensation val ues can be prevented from exceedi ngly
i ncreasi ng. Wt hiahi shetdemaine[3) expsepsedias dbpg=glevent giving too much
color to a dark display as a result of exceeding enhancenent of saturation.
Further, the |urboa (fabu)r&znirdtferably conpensated individually to each
of r, g and b. Wien the transmttance is changed in a liquid crystal panel,
there causes wawel=dfuirh(fdir ppifsgg))¥whi ch brings about a change in white
bal ance. Accordingly, the | um nance coordi nate of
ro=go=yo=co=0
‘For the domain [4] expressed as (b>g>r):
bo=Kbg (fzb (b)-fzg(g))NP
co=Kcg (fzg (g)-fzr(r))Nec
ro=go=yo=mo=0
‘For the domain [5] expressed as (gzb>r):
go=Kgb (fzg (g)-fzb(b))Ne
co=Kcb (fzb (b)-fzr(r))Ne
ro=bo=yo=mo=0
‘For the domain[6] expressed as (g>r2b):
go=Kgr (fzg (g)-fzr(r))Ne
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 O; 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



white shows such tendency as the solid I[ine of Figure 22 wth respect to
changes in transmttance. 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 transmttance from 10%
to 100% It can be seen in Figure 22 that the chromaticity increases toward
upper right of the figure as the transmttance increases. |In other words,
as the |lum nance rises, white becones nore yellow sh. This indicates that
the gradation |um nance characteristic is different in each of RGB. That

is, it is wfaigmdlthet Mahctivhé upet iy herd geBver DM Hike agicadait on val ue

to the Ium nance val ue is indivi duafly determ ned for each of RGB.

Accor di ngl he BoldiSe RE&EDMH vaThed Hﬁﬁtbei%réﬁcnfg&ff??ﬁ@e%;éé@diﬁél functions
fzr, fzg and fzb have a function 64 of changing unified I nput values to

vari ed out BHErKaLHES, FWERSTnid HirultArandel ) FBYSAIRO e paRlyedy 1ol | ove.

fzr=r2.2, fzg=g I nce a genéral di ay panel “conpensates the

eapoct i ve AiTRsEe BSER falt tbng MAFE, 4Pl b, B ent o

saturation in .e Sui habl e anner fgr a, .gener al display device.
exceeding enhancement ol saturation.

Further, the Iluminance 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 gradatiqn 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



Further, fzr, fzg and fzb may al so be set as follows. fzr=r2, fzg=g2,
fzb=b2 1001551 Wth this nethod, the saturation can be appropriately
enhanced with sinple operation by raising the gradation levels of R G and
B to the second power. [Sixth Enbodi ment] The following will explain still
anot her enbodi mrent of the present im’%ﬂti on with reference to Figures 10
and 11. In conparison with the first d second enbodi nents, the display
devi ce of the present enbodi ment further includes an average |um nance and

peak | um nance detecting device 108. Otherw se, the display device
accordi ng ©bchnging unified input values to varied output valggspresent

enbodi nrent has a simlar structure to that above, and therefore,

expl anation of efuirtheenfzf,ufzg Ao feblmsy abdse thedehexrs folllbevaver age

| um nance and peak | um nance detecting device 108 cal cul ates the average
val ue and the nfpri=r8 val ue of gradation values r, g and b of the R G and
B conponents, and then outputs the average |um nance and the peak |um nance
to the col or confugr=gd20) operation circuit 101. Appearance of color inages
displayed in a liquid crystal display device often relies on the |um nance
of white fzb=b2.2

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



rather than the saturation. A typical exanple of this case is a black
background with white texts. In such a display, increasing relative
saturation of a nonochromatic color by decreasing the |um nance of white
results in darkening the white texts, thus deteriorating the entire inmage.
Thi s probl em may ‘be sol ved by setting é?e function fw (X) as a continuous
function which gives a positive val ue a high lum nance, and gives a
negative value at a low lum nance. In this nmanner, the high | um nance of
the white can be kept while enhancing relative saturation of nonochromatic
col or wit hprespadt embadivedngochassahauiniprastroctiieesta tiratt hdavaddl e

| um nance. Figure 11 shows a process of a change in gradation in this case.
As shown i anf gtherefores hexplamatiolnl 0df egpreslentg fam adbnonmaill cbeol or wit h
a high lum nance, such 66 as white texts, keeps the |um nance, whereas the

| uni nance omittbé Herai n THEO 2wz @s dungiranaehaadapieale dLehinanthe
vicinity of neutral color is reduced. Therefore, saturation of

nonochr omatieGe6Ailnd d&aBebeOelilcvhye entiddCederdde dlivfe acgQURhe it 1S
possible to display white texts upon TV prograns or a white plate with

_23' orful foodyihhis {rﬁpi@Vdﬂ"%raH'é}li@ﬁ_S{er@é £hg &AW 1e Jrmege. RFunt her, a
perior effect can be obtained by using a function fw (X) whi Ch changes
?rergggfji N9 and B BYEHBHEntsIEARNER Plod el el AR ABACEuAhiARR BNt I TE
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 darkéning 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.
Figufe 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



More specifically, by identifying image information of a black background
wth white texts etc. anong the information of the average | um nance or the
peak | um nance of the entire inmage, and selecting an optimal fw (X), it
becomes possible to effectively enhance saturation of a nonochromatic col or
whi | e mai ntai ning the high | um nance white. [Seventh Enbodi ment]
Incidentally, in recent years, there has been a new display device provided
with a wide color reproduction range as a fundanental function, along with
i nprovenent .of backlight systemor nore appropriate designing value for a
col or filtes whitelegtsqglded i $bealumispnge) \Mg@i‘rcas thelughimpaceED (Li ght
Emtting D ode) backlight is one exanple of such a display device. This

di spl ay devncehesdéihaicadall?2 expdespirayiay achobdboratioagelos ih thei der col or
range than the color range of the input color imge signal, thus

di spl ayi ngvidmiitppof rwehtrali pager sisgnatusiedy aThpefons, shrtughtiwss.

However, when the input color imge signal is displayed with a superi or

bri ght nessoft htohbeBhoaitae ebtors heeemBe deknevelyn eils@hagdt hamhhe _
original color, and therefore the entire display becones unnatural. In view

of this prpbtemcdhhs, iyne gfos@ﬁ[% a @eyhp&:}( ngqlﬁe resldsthpdd mysaturation
ou e

of the flesh color etc. In this view, it s

programs or a white plate with colorful food, thus improving
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



noted that Docunment 1 above only describes a nmethod of enhancing
saturation, and there is no disclosure of nmethods for decreasing saturation
of the entire imge or nethods for decreasing saturation of specific colors
such as the flesh color which becones deeper in display due to a w der
color reproduction range. One possiblgystrategy to solve this problemis
setting the foregoing coefficients &, Cg, Cb, C/, Cmand Cc as negative
val ues. Though this arrangenment surely decreases saturation of the entire
display, there is a_ difficulty for decreasing_only.a specific color (for
exanpl e oapahle of sipptayisty a §Ph@§1m%8¢ré¥%éﬁadé’éd§£s@%10§af%ﬂgﬁ on of
the whole image, and therefore, a decrease of saturation of the flesh color
means a dedheasdhef codournangs of thephepttosaler izoage ssigmal, athued or
yellow. 68 To overcone this defect, the present enbodi ment converts an

i nput - col odisphaging gtta¢ imputawcodar pimagsd osignalageitdi gaalsumpenioirch t he RGB

conponents respectively have gradation levels of r', g and b', which are
gi ven by theighohkswi ng expressions: r'=r+ro+yo+nbp ¢' =g+go+yo+co
b' =b+bo+np+co where r, g and b respectively express gradation |levels of RGB
conponents of theldwpuéi edwied®r th@genpignatol@ndimage signal is
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 ohly 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.



-In the case [1] where r>_g?b: ro=Krg fnr(r-g) yo=Kygfny(g-b)
go=bo=npb=co=0 in the case [2] where r?b>g: ro=Krbfnr(r-b) no=Knb fnn(b-g)
go=bo=yo=c0o=0 -1In the case [3] where b>>_g: bo=Kbr fnb(b-r)
nmo=Knr f nm(r-g) ro=go=yo=co=0 -In the case [4] where b>g>r: bo=Kbgfnb(b-g)
co=Kcgfnc(g-r) 69 ro=go=yo=np=0in thgg case [5] where g?b>r:
go=Kgbfng(g-b) co=Kcbfnc(b-r) ro=bo=yo=np=0 -In the case [6] where
g>r>_b: go=Kgr fng(g-r) yo=Kyr fny(r-b) ro=bo=nb=co=0 where Krg, Krb,
Kbr, Kbg, Kgb, Klgr, Kyg, Kyr, Knb, ‘
o overcome this defect, the present embodiment
converts an input color image signal into an output color
image signal in which the RGB components respectively
have gradation levels of r', g' and b', which are given by the
following expressions:
r’=r+ro+yo+mo
g’=gtgotyo+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 r2g2b:
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)



Knr, Kcg and Kcb are variabl es which change depending on values of r, g and
b; and fnr(DX), fng(DX), fnb(DX), fny(DX), fnn(DX) and fnc(DX) are
functions which respectively.change depending on calculation result DX
(0:513X<_1) of <corresponding brackets. Further, it is preferable that the
functions fng(DX), fnb(DX), fnn(DX) agg fnc(DX) are set as follows.
fng( DX) =DXNg f nb(DX) =DXNb. fnn(DX)=DXNm fnc(DX)=DXN Wth this arrangenent,
it is possible to adjust the respective saturations of green, blue, magenta
and cyan, as Ww B=)§é§%l= g5<.= ofurther, it is preferable that the functions
fnr(DX), 70 fngzr X b?‘B) fny(DX) fnm(DX) and fnc(DX) return O when
DX=0O, and returnlla El%atlve ? gst once in a range of 0<DX<_ 1.
Nanely, the funcfibh f‘r‘m?% >E§ f?»%— Tfnb(DX), fny(DX), fnmDX) and
fnc(DX) return a ne ag) e at least at a predetermned value in a
range of 0<DXs18°f @‘ (lgt s preferable that the functions fnr and fny
return a negative val(ﬁg \gg?g X=0.25. Reasons for this arrangenent will be
i

expl ai ned | ater. CpTk “fls preferable that the functions fnr(DX) and

fny(DX) are expressed as:
ro=bo=yo=mo=0

‘In the case [6] where g>r2b:

go=Kgr-fng(g-1)

yo=Kyr-fny(r-b)

ro=bo=mo=co=0

where Krg, Krb, Kbr,vag, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b; and nr(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 cyaﬁ, as
with Example 1.

Further, it is preferable that the functions fnr(DX),



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 witten in
a sinpler formwhich allows easy inplenentation wth hardware. The
following will nore specifically explain color conpensation operation of
"the present enbodinent. In conparisonmth the first enbodi nent, the col or
conversion operation circuit 101 carries out different operation in
figuring out the conpensation values ro, go, bo, no and co. Qherw se, this
enbodi nent _has_a simlar_structure to the first epbodinent, and fherefore
expl anat i ofB8 Xﬁatgb@‘gf M(W}’hé%@@d amd i Bhsrefunn b@ onitted

here for ease of explanation. -71- conversion operation circuit 101. \Wen a
col or i mg&hengRX=0f araB neduirgp gt NEgatsraceluss adhlsgst enaseinigure, the
col or conversion operation circuit 101 determ nes the |evel relationship
bet ween t heaggadaf i @nDPevkl s Namelyndtive ofunctionsedpe®Xye fog(PX)si gnal s in
the input color inage signal (S2402). Mre specifically, the col or
- conver si onfnpédad)j ofny ([@XEui fn D X)etaardn fies(INK@t hetutheai npgativgnal
bel ongs to which of the six patterns: [1]=r_g_ b, [2]=r>:b>g, [3]=b>r7g,
[ 4] =b>g>r, vhbhieg2tbieaand dt6]xgpredetofmihed evalue®nshi p ofange 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 O.

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.



gradation values r, g and b. Next, based on the domains detected in Step
S2402, conpensation values ro, go, bo, yo, nbo and co are calculated by the
col or conversion operation circuit 10l1y$a as to carry out col or
conpensati on of the respective color conponents: R G B, Y, Mand C
(52403). The conpensation values of the respective domains [1] through [6]
are cal cul ated according to the follow ng Expressions. -In the case [1]
where r_g;-_b: ro=Krgfnr(r-g) yo=Kygfny(g-b) go=bo=nb=co=0 in the case
[2] where r> b>g: ro=Krb-fnr(r-b) 72 nm=Knb fnmb-g) go=bo=yo=co=0 -In
the case [3] where b>>_g: bo=Kbr fnb(b-r) nm=Knrfnn(r-g) ro=go=yo=co=0

0 A1 S A =B R IO RS, (TP
signal of RGB is inputted (S2401) as shown in the figure,
the color conversion operation circuit 101 determines the
level relationship between the gradation levels r, g and b of
the respective color signals in the input color image signal
(S2402).

More specifically, the color conversion operation
circuit 101 determines whether the input signal Ibelongs to
which of the six patterns: [1]=r2g2b, [2]=r2b>g, [3]=b>rz2g,
[4]=b>g>r, [5]=g2b>r and [6]=g>r2b 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 r2g=2b:

ro=Krg-fnr(r-g)

yo=Kyg-fny(g-b)

go=bo=mo=co=0

‘In the case [2] where r2b>g:

ro=Krb-fnr(r-b)



go=Kgb fng(g-b) co=Kcbfnc(b-r) ro=bo=yo=np=0 -In the case [6] where
g>r>b: go=Kgr fng(g-r) yo=Kyr fny(r-b) ro=bo=nb=co=0 where Krg, Krb,
Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb, Kmr, Kcg and Kcb are constants or

variabl es; and fnr(DX), fng(DX), fnb(DX), fny(DX), fnm(DX) and fnc(DX) are
functions which respectively change d;;j)endi ng on calculation result DX of
correspondi ng brackets. Here, Krg, Krb;” Kbr, 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 followng functions are used as the functions
f ng( DX) . f nb( DX) .thorEBXP ‘dndn ) DX) .  f ng( DX) =DXN9 f nb( DX) =DXNb

f nm( DX) =DXNm f nc( DX) =DXNC However, it should be noted that these functions
are the same as gdvse=yorcbF0di ng ro, go, bo, yo, no and co used in the
first enbodi ment unless they are expressed in a different way. For exanpl e,

in the present eMhatierealise [g]hw}mmpbﬂﬁg‘;i on value go for the domain [6] is
aven by bo=Kbr - fnb(b-r)

mo=Kmrfnm(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)

ro=go=yo=mo=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>r2b:

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), fam(DX) and fné(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.



go=Kgr~fng(g-r). Here, a relation of go=Kgrr(g-r)Ng is found since fng(DX)=
DXNg. This function is the same as that for finding the conpensation val ue
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 gradations for color conpensation,
thus appropriately enhancing saturation in the vicinity of achromatic
colors. Further, fnr(DX) and fny(DX) are functions which return O when

DX=0O, and return i v al -] ea i r of, .O<RX! 51.
Nanely, it is pr e%?g]%?g’ tﬁ%fg f‘r‘*’ﬂ%&é&?ﬁ“ﬁﬁ%ﬁ% rb}afraee Z%%e%s as?hot\%n%i n
Figure 25, d i.C h t } ro to t vigknity of the center of
flesh -74- %%ﬁoﬁgﬁ%‘%ﬁpﬁcﬁgtgﬁré‘%@ ﬁnﬁgggfk@ val ue and keeps
decreasi ng, and the saturation fromthe vicinity of the center of flesh
color domain to lf]?}%&%gﬁ—sﬁ;h% y being a negative value and keeps

i ncr easi ng, Furtgfer, ggg)_g_g%\l@nd fny(DX) are preferably set around 0 when

t he saturation vicinity of nmonochromatic color. Wth the use
of such functions, it _is possible to reduce saturation of the. flesh color
whi | e mai nt ai ni ngT5a@{PAS% 6t nmonochromatic red and yell ow as nuch as
possi ble. Generally, a |lookup table is used in hardware to deal wth such
functions. Howevdmc(b¥kelX%bl es is not

However, it should be noted that these functions aré
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=KgrOing(g-r).

Here, a relation of go=Kgr-(g-r)Ng is found since
fng(DX)= DXNe. 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 O when DX=0, and return a negative value at least
once in a range of 0<DX<1l. Namely, it is preferable that

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

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



preferable for it requires a | arge anount of cal culation. Then, the
follow ng functions are used to carry out enhancenent of saturation by a
si npl er cal cul ation. fnr(DX)=DX2-Pr f ny( DX) =DX2- Py DX where Pr and Py
are constants greater than 0. The valuge$s of Pr and Py nay be set in two ways
as follows. [1] O<Pr, Py<l [2] Pr, Py' 1 Degree of enhancenent of
saturation depends on whether the Pr and Py are set according to [1] or
[2]. This theory is explained belowwith reference to Figure 26. As shown
in Figure 26, when adoptin Py<l1l, fnr. and fnﬁ%ggcgms negative

I

1] = O<pr,
val ues in CRECTIRRAEH & ant7sbeint & disAativenvBIuE §RPCol or
decreases. |In this case, sa%ur ation in the vicinity of npnochronatic colors
i ncr eases. 9GSTERS1BEeAHANGR CWHEAL WHpPPng TP thsr visimity fof thRd fny are
constantly being negative values in a saturation range of 0 to 1, and
saturati on§esftebor fhesh| eshoroHemand teorocisr ctrmbEaBélorBeHesr aase.
Though this exanple focuses on the flesh color, the sane operation may be
perf or med hmgathee ovhbre condr keepNametycasm gy atﬁ‘wntkwr,aispgai?@i andol or
anong G B, Mand C may be reduced by using functions fng(DX), fnb(DX),
fny(DX) are preferably set around O when the saturation
comes to the vicinity of monochromatic color. With the use
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 wused 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, Pyz21
Degree of enhancement of saturation depends on
whether 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] = O<Pr, Py<1, fnr and

fny become negative values in the flesh color domain,



fnm(DX), fnc(DX) which return O where DX=O, and return a negative val ue at
a desired domain. Further, adoption of the follow ng functions enabl es

rel atively easy cal cul ation. fng(DX)=DX-Pg DX fnb(DX)=DX-Pb DX

f nm( DX) =DX- Pm DX fnc(DX)=DX-Pc DX where Pg, Pb, Pmand Pc are constants
greater than 1. [Ei ghth Enbodiment] The following will explain yet another
enbodi nent of the present invention with reference to Figure 12. In
conmparison with the sixth enbodinent, the display device 76 of the present
enbodi nent fu Jther |ncI udeg ?tegcﬂ co er i on adjusting device 109 and an
outsi de i FHEAHNY Abvilte HAth ephpdr WiesEcasks- di Spl Y &R

accordi ng to t he present enbodi nent _has a simlar _structure to t hat above,
and t her ef SREUTEfATNal ontlee  BipiniaY eneff umeneshiPMate ofialegd here. The
average |um nance and peak |um nance detecting device 108 calculates the
average valinereag€she maxi num value of gradation values r, g and b of the
R, G and B conponents, and then outputs the average |um nance and t he peak
| um nance to theCoolttee odtheerlsaod, opbreat iaglomtiingu[2] ¥0Pr, Py=>1, fnr

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



Appear ance of col or inages displayed in a liquid crystal display d
greatly relies on environnental factors (brightness or color). Anb
bri ght ness and anbient col or change whether the display is carried
roomwith a florescent |ight or under- 44w sun. For exanpl e, under

environment by a florescent light, human's eyes becone acclimted to the
bl ue color, and therefore they are insensible to blue colors. Also
very blight environment with sunlight, human's eyes becone acclimted to
the brightness, and therefore they are insensible to |ow |um nance
etc. In thiog vileqy preseértpresdmdientodi nBartheuchinclmsiamt a brdghrness and
colors when viewi ng ..displayed inages are detected by the outside
det ecti ng dewviveesiGn 188juséalg zettygesutfi9asaadsensor owtsids thghtnam cal |y

control

paranmeters of the calculation formulas of the first throug

evi ce
i ent
out in a
bl ui sh
, under
i mges
| i ght

h seventh

enbodi ment sleaecoirtg ngléwickehe 1dd€d .ect i @thereside,. Huet héispldi s dbgriasi ¢
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sevent h

of paraneters of the

ealedirdengs By theo peepentor b adiaaeditng Has ald ofimilae

cal cul ation fornmulas of the first through
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sevent h
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the calculation fornul as of
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luminance and peak luminance detecting device 108

PSS L pepriim e

calculates the average value and the maximum value of

gradation values r, g and b of the R, G and B components,
and then outbputs 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 whether 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

b



outside |light detected by the outside Iight 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 following will nore specifically describe the case wusing the
outside light detecting device of the pyjesent enbodinent with reference to
Figure 23. Figure 23 shows mnute structure of the color conversion circuit
101 in which the outside Iight detecting device 209 is added. In order to
carry out the operation explained in the fifth enbodinment, a gradation

| uni nance d¥¥ft.acealized by conelr tdhga deenser2090 cafvéet syrrmigsliyal ues of
the input 1image signal into a value equal to the |um nance of the display
devi ce. Mirergpetipacaefers hef ghadatdlomlativimdiocen@das chfirtdot dirstti ¢
converting device 201 uses the functions fzr. fzg and fzb of the fifth

enbodi nent theoaghyesdvertie egibodaheessofaddwerdinguttol nge detpe@diono be equal
to the |um nance value of the display device. However, the color display

device of &BSu@f.eS%rtﬁmcﬁmanM@mdoﬂh&)l of gskatd @ietewsi opnde _
characteristic converting neans 201. To carry out the operation described in

the first cenbqéifienl. fytreni1Usgi ngrdevinee 2f2seet ;%E%L%ﬁda%'b‘?@ntheve' sr, g
and b of an input color inage signal, and determ nes et her the input

col or i mge3hea#n AftsCRESy soBECPe Plorth&d9QBBLAGih 1td BiPweh thel -

result of outside light detection, the average luminance, and
resulf 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 specificalljr 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



To carry out the operation described in the first, second and fifth

enbodi nents, hue data extracting device 203 extracts the difference anong
the respective |um nance values, which are respectively converted fromthe
gradation levels of r, g and b of the input inmage signal according to the
correspondi ng one of the domains [1] thgough [6] determ ned by the hue
judgi ng device 202. \Wen the hue judging device 202 is omtted, the hue
data extracting device 203 extracts the difference anong the original rgb

val ues of the input.inmage signal. nonl i I processi devi ce.204 rai ses.
the di 1 eFBREGCIREIATG HUOR BB BeddCh, 2 PReURES HAT 4 UBEHABS F~ device
203, to th ower, of .the copefficients Nr,. Ng, , Nm or Nc., 79 Jo carry
out the opg?gt 2R ogéé’crqefbégei rflfth?e ‘?qur’%hgﬁéh'éoaﬁanﬁ’ﬁirF% theotgRents, a
wei ghting coefficient generating nmeans 205 ?ener ates the wei ghtjng
functions VRIgeskr®f Wpe, Rt kyBagr siggal k9r bxnsaual , tkcghsnd Keb

according to the correspondi ng hue domai n determ ned by the hue judging
devi ce 202lumuinaney valuea lod therdisplaydesoriceed Hawewer,i tlse aglorthe third

* enbodi nment, a coefficient nmultiplying device 206 carries out calculation to

obt ai n t hedéspbensdeviore vaf utlser presgat monbpdimmnainochago bmitisihg t he
wei ghting functions generated by the weighting function generating device
205, gradation luminance characteristic converting means 201.

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,
second 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.



as well as the calculation to obtain the conpensation value wo so as to
carry out the operation described in the second enbodinent. To carry out

t he operation described in the fourth enbodinent, a matrix constant
generating device 207 generates the factors all, al2, al3, ... a35, and a36
for specifying the matrix A36. A conpggi ng device 208 carries out
calculation to obtain the values r', g and b' of gradation |evels of the
out put i.mage signal by using the compensation value generated by the

coefficient multiplying device, 206, or the trix,A36 gengrated by the
matri x const ant gﬁhe?ﬁ?ﬂﬁgou elfife ORFFaldgn %ﬁeesgdpgl el%i ¢ g’éts tting
device 209 is a light sensor for dej.ecti anbi ent _br.i ght ness..or apbi ent

col or of t%%@o%rﬁﬁis&?‘él}ddé?m(}?é’,élgﬁﬂnggm?ol‘geﬁh{@%tCBﬁ 16t€the

f oregoi ng coefficients. Nr, Nb, Ny, Nm Nc, Cr, , Cb, Cy,. Cm Cc, Pr,
Py and A36,S8@meraHBgs Jﬁéﬁ%gg@% ,gemzeg‘,atfefb,thfew,we%shlcgqg]gfumﬁﬁlp%y, f nm
and fnc according to the detection result. Note that, the function of the

outsi de | i ghrg, datbacKbag Kegi degR0&Kgs Kye, 1Kyt Kdnbe Kher,dKcgcainsh of
anbi ent brightness, but may be detection of other environnmental factors of
t he col or depl agcording tostlth crsrreisproputiatgihoie \Wa¢in aine diedeeguinregl
arrangenent, the col or display

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 functiqn 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 Agzs.

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

device 207.



device of the present enbodi ment controls the foregoing coefficients
according to the environnental factors, particularly the brightness of
outside light, by the outside |ight detecting device 209. On this account,
it is possible to realize adjustnment of saturation according to changes of
environnment. The col or display device @) the present enbodi nent is
especially suitable for a sem -transmssion liquid crystal panel. This is
because, since a sem -transmssion liquid crystal panel functions as a

transm ssion liq C " LO n,.and tions as a
reflection |1i quik%l%créé?%ﬁepaﬁgﬁ%w%ge?ﬁcgeﬁga%%%ht r%q(‘?; 1? h%t l|1gmcol or of

di spl ayed i mages pf em-transm.ssian .l iquid crystal .panel -81- .changes
dependi ng 831\%‘?& ﬁ%rr %teﬁgc @gﬁﬁ'ﬂepgo%ﬁgb&ngﬁs_ °¥I—%M)§P? tR®T8for display
device of the pr sen(igl. eqbodi ment allqQws s tthng of coeffici egtﬁhby t he
outsi de |i GRAE Ge{RttRisplagedtcvdCeo HodsGPRARPLS )y 1888k oRet R €and of f
states of the backlight..In this view,_ the calor_display device of the
present enbOEFSRINE £oE F%eé'btlseNrorNgathaNYorNﬁbj Dst feht C& oe bi fege di spl ay
of a sem-transmssion_liquid crystal panel. [N nth. Enbodinment] The

fol | owi ng WM, ©gplBi,nPytand duet merdetbddumgiions famelsg, efdnt fWavent i on

with reference to Figure 27. Figure 27 illustrates a mnute arrangenent of
t he col or fonydngg,ofnb, 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.

Wit‘h'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



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 th% inputted RGB inmage signals are
extracted by the hue data extracting” &évice 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, Nbo, Ny, Nm and Nc by the
nonl i near processing nmeans 204. Then, the raised differences are nultiplied

by correspondi ng copstant.s by the coefficien l.tiplying device, 206 so as
Lo 1ind t HEDeCasoruaR FBH 08 85 WHEST BBe. DpGKIHBhAMP QUi Theal
conpensation values are added.to the inputted RGB inmage 82 signals by the
conposi ng Heweeepohe eolor disiplay devicgralibine gpr ¢ et SIRbOYMER b’ of
the output inage signal are found. Specifically, the values of r', g and
b' are fouabonys ssetdingl af eeeHodiendst pat thesonritisedei hghie datestirgbodi ment .
That is, the input values r, g and b are calculated to find the output
val ue r', devaal th' bacsurthinly for feed diowifnthe Exprasdi offssta}es hofotigh (9) .
r'=r+ro+yo+nmo ... (7) @' =g+go+yo+co ***(8) b'=b+bo+no+co ... (9) Here,
backlight. In this view, the color display device of the
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, be, yo, mo and co. These

compensation values are added to the inputted RGB image



in the case of the domain [1] where r?g_b: ro=Cr(r-g)Nr, yo=CY(g-b)Ny,
go=bo=np=co0=0, in the case of the domain [2] where r?b>g: ro=Cb(r-b)Nr,
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)Nb, nmo=Cn(r-g)Nm, ro=go=Yo=co=0 , in the case of the domain [4]
where b>g>r: 83 bo=Cb(b-g)Nb, co=Cc(gy5)Nc, ro=go=yo=np=0, in the case of
the domain [5] where g?b>r: go=Cg(g- bf%lg co=Cc(b-r)Nc, ro=bo=yo=np=0, and
in the case of the domain [6] where g>r?b: go=Cg(g-r)Ng,

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 by a
similar method to that described in the first embodiment.
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 rzg=>b:

ro=Cr(r-g)Nr,

yo=Cy(g-b)"y,

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>rzg:

bo=Cb(b-r)Nb,

mo=Cm(r-g)Nm,

ro=go=yo=co=0,

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



yo=Cy(r-b)NY, ro=bo=npb=co=0, where C, Cg, Cb, 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, Knb, Knr, Kcg and Kcb, this
cal cul ati on operation of the present enbodinent uses constants Cr, Cg, Cb,
Cy, Cmand Cc. The constants G, Cg, @, Cy, Cm Cc may be considered

val ues resulting fromrenoval of the weighting functions, that change
depending on the values r, g and b, fromthe coefficients Krg, Krb, Kbr,

Kbg, Kgb, Kgr, Ky, "5%'0 Ir&rgb, Kcg, Kcb and Kry. Accordingly, the present
enbodi ment  provi'des eBfeet of prevention of full saturation of chroma
or color given by the meighting functions. However, by setting the val ues of
Nr, Ng, No, Ny, MNR=€4(g8-d U:Ncin the sane manner as that described in the
first enbodinment, the color control for the flesh color and the achromatic
colors etc. can statgodgovnai®ed without using the weighting functions.
Note that, since the values of r', g and b' are found w thout using the
wei ghting functi dmstha ¢dse pfddendomabodbienherehegebwal ues may becone
| arger than 1 in sone cases. In such cases, the values of r',- g and b' are
required to be nugh#CeglgilmNg,
co=Cc(b-r)Ne,
ro=bo=yo=mo=0, and
in the case of the domain [6] where g>rz2b:
go=Cg(g-r)N,
yo=Cy(r-b)"s,
ro=bo=mo=co=0,
where Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm,
and Nc are constants.
In contrast to the first embodiment wusing 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 Cec.
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,



T TR SRR~

Further, as the constants C, Cg, Cb, Cy, Cmand Cc increase, the values of
r', g and b' becone larger than 1 nore often, which 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 sone extent in view of
prevention of the unnatural vision. [Tesgt h Enbodi ment] The followi ng wll

expl ain yet another enbodi nent of the present invention with reference to

Figure 28. Figure 28 illustrates a mnute arrangenent of the col or
conversion operation circuit 101. The respective bl ocks shown in Figure 27
have i denti Nonin i s sasnehszenaescpisbébat ndenerihadyhoh thebddistent . As

expl ai ned, the differences between the inputted RGB inmage signals are
extract ed erobotiments thtacobxt rexninyg feanhe@03esh aotor damdethet h t he hue
areas 85 detected by the hue judgi ng neans 202. These differences are

mul ti pl i edahroenaekpaadong evef tac etid by bhéairedf frichentt msingpl yi ng
device 206, so as to find the conpensation values ro, go, bo, yo, no and
co. These thenpeighAtim fualciisnere added/ subtracted by the conposing

device 208 to/fromthe inputted REB imge signals, that are inputted based

on the square maNdt¢ ehaf3&ingenghatealluys dfernesr whdarshastfcienarating
device. As a result, the gradation levels r', g" and b' of the output image

without using the weighting functions in the present
embodiment, these values may become larger than 1 in
some cases. In such cases, the valués 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.

[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 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 from the hue data

extracting means 203 in accordance with the hue areas



signal are

go=bo=npb=co=0, in the case of the doma

nmo=Cn( b-g),
bo=Cb(b-r),

found. 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 values r', g and b' are calculated as follows by using square
matrix of A36. ro go r'Jr g =g + A36 bo b' byo nb co Here,
case of the domain [1] where r>g> b: Bgz(ﬁ(r-g), yo=Cy(g-b), 86

in the

[2] where [2]r> b>g: ro=Cr(r-b),

go=bo=yo=co0=0, in the case of the domain [3] where b>r> g:

no=Cm(r-g), ro=go=yo=co=0,
detected by the hue judging means 202. These differences

are multiplied by corresponding coefficients 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/subtracted by the
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 g0
‘ b
g| =8| +Ass °
b’ b yo
mo
co
Here,

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

yo=Cy(g-b),



in the case of the domain [4] where b>g>r: bo=Cb(b-g), co=Cc(g-r),
ro=go=yo=np=0, in the case of the domain [5] where g_b>r: go=Cg(g-b),
co=Cc(b-r), ro=bo=yo=np=0 and in the case of the domain [6] where g>r_b:
go=Cg(g-r), yo=Cy(r-b), ro=bo=nmpb=co=0, where C, Cg, Ch, Cy, Cm and Cc
are constants. In contrast to the fourth enbodi nent using the coefficients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Knb,86KnT, Kcg, Kcb and Kyr, this

cal cul ati on operation of the present 87 enbodi nent uses constants Cr, Cg,
Cb, Cy, Cmand Cc. Further, the calculation is performed with no control of
the coefficientgoNboNmo=Nn=0, Nm and Nc. Accordingly, the present
enbodi nent provides no effects given by the weighting functions and the

control of the ¢pefid ¢aget 61 Nhe Homaln [DY wibte an|Nsb>idowever, by
setting the value of square matrix of A36 In the sane manner as that

described in therf)e@g(p_@ﬂbodi ment, the sanme effect can still be obtained.
mo=Cm(b-g),
go=bo=yo=co=0,
in the case of the domain [3] where b>r2g:
bo=Cb(b-r1),
mo=Cm(r-g),
ro=go=yo=co=0,
in the case of the domain [4] where b>g>r:
bo=Cb(b-g),
co=Cc(g-1),
ro=go=yo=mo=0,
in the case of the domain [5] where g=zb>r:
go=Cg(g-b),
co=Cc(b-1),
ro=bo=yo=mo=0, and
in the case of the domain [6] where g>rzb:
go=Cg(g-r),
yo=Cy(r-b),
ro=bo=mo=co=0,
where Cr, Cg, Cb, Cy, Cm, aﬁd Cc are constants.
In contrast to the fourth émbodiment using the
coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr,

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



As with the ninth enbodi nent, 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 sonme cases. In such, cases, the val ues
of r', g and b' are required to be nodified to 1. Further, as the
constants Cr, Cg, Cb, Cy, Cmand Cc ingiease, the values of r', g and b
becone | arger than 1 nore often, which causes unnatural vision of the

di splay. Accordingly, it is desirable that the constants C, Cg, Cb, Cy, Om
and Cc are se

.o small values [o song _extent ~in y ewof preyention of the
annacur al sPapeimeH Eses EaRstiRli T ronelt o Poug WM ABBI St ot i1
anot her e digent of the present invention with reference.to.F gure 29.
Elgure. 20 RUTHERy ddies calonlRiiaTis AEREHEh it R on Cohet Shin
operation cir yit 101. The respective bl ocks shown in 88 Figure 29 have
i dentical CQfEHCHHALS Ny HbSe NesByi | AnGhBC-ei ght h enbodi nent. As
expl ai ned, the inputted RGB inmage signals are converted into |um nance
val ues of the di dgicaydirglice Hyet paesgnddmbodiznt nanqer aHaesct BRI sti ¢
converting device 201. Then, the difference between these |um nance val ues
are extraeffttbygiven Hue thet avedghtaog figndéionse 208 the aondrdhmde with the
hue areas detected by the hue judging device 202. These differences are
t hen nul ti pheedobfficients Nr, Ng, Nb, Ny, Nm, and Nc. However, by
setting the value of square matrix of Aszs 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', ¢
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 présent invention with reference to Figure 29. Figure

29 illustrates a minute arrangement of the color conversion -

operation circuit 101. The respective blocks shown in



correspondi ng constants by the coefficient nultiplying device 206 so as to
find the conpensation values ro, go, bo, vyo, no and co. These conpensati on
val ues are added to the inputted RG inage signals by the conposing device
208. As a result, the gradation levels r', g and b' of the output inmge

signal are found. Specifically, the vaggies of r', g' and b' are found in a
simlar manner than that described in the fourth enbodinent. That is, the
i nput values r, g and b are converted to the output values r', g and b’

t hrough catigulmt RONhiaveatden tiaad efum & tionfe té alH o @ig sorpk ed sironke( 7)
through (9). r'=r+ro+yo+nmo ... (7) ¢ =g+gotyo+co '(8) b'=b+bo+no+co

(9) Here, e&%hthneﬁf@o@ﬁ—ﬁgan the domain [1] where (r?g?b): ro=Cr (fzr
(r)-fzg (9)), yo=Cy (fzg (g)-fzb (b)), go=bo=npb=co=0, in the case of the

somm L her e 45 bl Ol T, RO RS Bl 29

' converted into luminance values of the display device by the
gradation luminance characteristic converting device 201.
Then, the difference between these luminance values are
extracted by the hue data exfracthlg 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,
yo, 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+rotyo+mo ---(7)

g'=gt+gotyotco ---(8)

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

Here,



bo=Cb (fzb (b)-fzr(r)), m=Cm (fzr (r)-fzg(g)), ro=go=yo=co=0, in the case
of the domain [4] where (b>g>r): bo=Cb (fzb (b)-fzg(g)), co=Cc (fzg
(g)-fzr(r)), ro=go=yo=np=0, 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>r_b): ggo=Cg (fzg (g)-fzr(r)), yo=Cy(fz
r(r)-fzb(b)), ro=bo=nb=co=0, Wiere C, Cg, Ch, Cy, Cmand Cc are
constants; and 90 fzr, fzg and fzb are functions which change dependi ng on
the values of r, g and b in the corresponding bracket. In contrast to the
fifth embodi mentinughegcase ofcides darnenns| Mryhexeb, (Rbgzbkbg, Kgb, Kgr, Kyg,
Knmb, Knr, Kcg, Kcb and Kyr, this cal cul ati on operation of the present
embodi ment uses cm@ra(tﬁZB(ﬂr—fzg:gﬁg))Cb, Cy, Cmand Cc. Further, the
‘calculation is perforned with no control of the coefficients N, Ng, Nb,
Ny, Nm and Nc. joeClye(fagr(g)-izb (1s)), performed without the square matrix of
A36. :

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>rz2g):

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>r):

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



Accordingly, the present enbodi nent provides no effects given by the

wei ghting functions, the control of the coefficients Nr, Ng, Nb, Ny, Nm
and Nc, and the square matrix of A36. However, by setting the val ues of the
functions fzr, fzg and fzb in the sane manner as that described in the
fifth enbodi ment, the sanme effect can ggill be obtained. As with the ninth

enbodi nent, since the values of r', g and b' are found w thout using the
wei ghting functions in the present enbodi nent, these val ues nmay becone
larger than 1 in sone cases. |n such cases, the values of r', g and b’
are requiréert dz®eanddiFheare ofunchonsevhigh changofiependieg ogy, o, oy,
Cm and Cc increase, the values of r', g and b' becone |larger than 1 nore
of ten, whi ¢hecealies odrmag @rud lviisi Bre sforrhe pingping bracketdi ngly, it is
desirable that the constants C, Cg, Cb, Cy, Cmand Cc are set to 91 small
val ues to sone ekhentcomntrastewtof phnevefiftion eshbolkdeémemhatwsialg vithieon.

[ Twel fth Enbodi nent] The following will explain yet another enbodi nent of

t he presentolefifieidnn Keg,h Kdf elkenece Kisg FiKils e K&, Rygyr EmB0 Kimmstrates a
m nut e arrangenment of the color conversion operation circuit 101. The

ST g o, S et lskdagh b presen s e
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 controll of the
coefficients Nr, Ng, Nb, Ny, Nm, é.nd Nc, and the square
matrix of Aase. However, by setting the values of the
functions fzr, fzg and fzb in the samé manner as thaf
described in the fifth 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



through <calculation in accordance with

peak | um nance detecting neans is identical to that shown in Figure 10,
that is explained in the sixth enbodi nent. As explained, the differences
between the inputted RGB inage signals are extracted by the hue data
extracting neans 203 in accordance with the hue areas detected by the hue
judgi ng device 202. These differences gore then nultiplied by corresponding
constants by the coefficient nmultiplying device 206 so as to find the
conpensation values ro, go, bo, yo, no and co. Further, the wo conponent is
cal culated by the function fw. The function fw dynam cally changes

dependi ng ¢ ahe viedBigsmiei 6pmaet aXtREt by tHEWavel Zrevantiphamde thed peak

| um nance detecting device 108. Further, the foregoing conpensation val ues
are added tunnhturahpisived RGB i mage signals by the conposing device 208.
As a result, the gradation levels r', g and b' of the. output 92 inmge
signal are found|[T®péftlf Eaablogintéetival ues of r', g' and b’ are found in a
simlar manner than that described in the second enbodinent. That is, the

i nput values r, Glandoloaviaig @a@iﬂl/%ktpﬂdih%éh%rwﬁw etabveiniént ®f and b’
e follow ng Expressions (10)
through (12he prebeh@ Hve®eied with FeferchcOHIO HIGHGRTWD.. - Fighkk
30 illustrates a minute arrangement of the color 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
RGB 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



b' =b+bo+nmo+co+wo . (12) Here, in the case of the domain [1] where
(r_g>b): ro=Cr(r-g), yo=Cy(g-b), wo=fw(b), go=bo=np=co=0, in the case of
the domain [2] where (r_b>g): ro=Cr(r-b), no=Cm(b-g), wo=fwg),
go=bo=yo=co=0, in the case of the domain [3] where (b>?g): bo=Cb(b-r),
m=Cm(r-g), wo=fw(g), 93 ro=go=yo=cag0, in the case of the domain [4]
where (b>g>r): bo=Cb(b-g), co=Cc(g-r), wo=fw(r), ro=go=yo=np=0, in the
case of the domain [5] where (g> b>r): go=Cg(g-b), co=Cc(b-r),

image signal are found.

Specifically, the values of r', g' and b' are found in a
similar manner than that described in the second
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+rotyo+mo+wo --+(10)
g'=g+go+yo+tco+two ---(11)
b'=b+bo+mo+cot+wo --:(12)
Here,

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

yo=Cy(g-b),

wo=fw(b),

go=bo=mo=co=0,

in the case of the domainv[Q].Where (r=b>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>r2g):
bo=Cb(b-r),

mo=Cm(r-g),

wo=fw(g),



wo=fw(r), ro=bo=yo=np=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=npb=co=0, where C, Cg, Cbh, Cy, Cm
and Cc are constants, and fwis a function dynam cally changes dependi ng on
the average |lum nance and the peak |um nance of the inage. In contrast to
the second enbodi ment using the coeffggients Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Knb, Knr, Kcg, Kcb and Kyr, this <calculation operation of the present
enbodi ment uses constants Cr, Cg, Cb, Oy, Cmand Cc. Further, the
calculation is performed with no control of the coefficients Nr, Ng, Nb,

Ny, Nm and Nc. 94=gbegordiordy, the present enbodi ment provides no effects
given by the weighting functions, the control of the coefficients N, Ng,

No, Ny, Nm and he.thdovrgerof bhe deiiding[4herhataiegbofgife function fwin
the sanme manner as that described in the second enbodi nent, the same effect
can still be obt gioretlh (Bt her, by dynamically changing the function fw
dependi ng on the average uni nance and the peak | um nance as in the sixth
enbodi ment, the ggmgcglfect can be obtained.

wo=fw(r),

ro=go=yo=mo=0,

in the case of the domain [5] where (gzb>r):

go=Cg(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=Cg(g-1),

yo=Cy(r-b),

wo=fw(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.



As with the ninth enbodi nent, 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 some cases. In such cases, the val ues of
r, g and b’ are required to be nodified to 1. Further, as the constants
G, Cy, Cb, ¢, Cmand Cc increase, thgsvalues of r', g' and b' becone

| arger than 1 nore often, which causes unnatural vision of the display.
Accordingly, it is desirable that the constants C, Cg, Cb, Cy, Cmand Cc
are set to small values to some extent in view of preventlon of the :
unnatural vi si onAqchridingéyt htiEebquiersemt suihodemenierpeotiddismene of the
present invention is described below. In the foregoing enbodi ments, each
conponent ieffextisr gtted by tHasseighting fianiotpuh s edhRGBordtirghadfs thet o si x
domai ns according to the relationship of 95 their gradation |levels, and
det er m ni ngotlificitéfifer NrceNgf, Nie, Ne¢spBehj vancdonmpenentbowependi by on t he
correspondi ng domain. However, the present invention is not limted to

thi s net hodetfitgs thk! PxiuEs dESE & Tem @6 nafweimahievSanf®magxaiphe. For
exanpl e, the follow ng cal culation may al so be wused for extracting the

conponent s ¢, Wt HesBPfifcd P tHe WA | OB SYghent, &@%@eofefﬂe‘& i nput

signal, the conpensation values ro, go, bo, yo, no,
can still be obtained. Further, by dynamlcally changing

the function fw depending on the average lumihance 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 énd 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 émbodiments, each

component is extracted by classifying the inputted RGB

signals into six domains according to the relationship of



and wo may be cal cul ated according to the followng equations. ro=Cr mn
(rg, rb), go=Cg-mn (gr, gb), bo=Comin (br, bg), yo=Cy-min (rb, gb),
np=Chmmn (rg, bg), co=Cc-mn (gr, br), where min () is a function for
giving the snmallest value anong those in the bracket, on condition that:
rg=r-g, rb=r-b, - gr=g-r, gb=g-b, br=psr, 96 bg=b-g, in which each of rg,
rb, gr, gb, br and bg are nodified to O when they are m nus values. The
respective cal cul ated conponents according to the foregoing equati ons may
be considered the sane as. those used in the respective enbodi nents above.
For exanpl éhein gnadatagn lgvale, apdpdeterenining dhsr ditigrepgeand ths becone

positive, and the values of gr, br and bg becone negative. However, since
it is set treapeséyer i vemponents depending on the corresponding

domain. However, the present invention is not limited to
this method. - The following descﬂbes 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=Cnrnﬁn(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,



values are nodified to O, these gr, br and bg becone 0. Further, in the
equation of ro for calculating the conponents, 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 conponents
contain O in their function mn(), theygall result in 0. 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 small-er. Specifically, calculation is perforned according to the
fol | owi ng equati d¥&Pr8.order to extract conponents in consideration of the
wei ghting function. in the case where rg<rb: ro=Krg rg in the case where
rg>rb: ro=Krb rhbn whichheachsef wgerd, grxgph, bo=kgd bgragy modnficHe case
where gr>gb: go=Kgb gb in the case where br<bg: bo=Kbr br in the case
wher e br>bgo Dowliegn thgy areymmheusassdudser e rb<gb: yo=Kyr rb in the case
where rb>gb: yo=Kyg gb in the case where rg<bg: nmo=Knr rg in the case
where rg>bg: nmo=Krbe begspettivehealastarder eogipbhents=¥egordingi rtot he case
where gr>br: co=Kcb br 7 v

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



where min () is a function for giving the smallest value anbng 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 nodified to 0 when
they are mnus values. Note that, the coefficients Krg, Krb, Kbr, Kbg, Kgb,
Kgr, Kyg, Knb, Knr, Kcg, Kcb and Kyr age the sane as those used in the
respective enbodi nents above. In this manner, the respective conponents nmay
be extracted w thout classifying the input RE& signhals into six domains. 98
The present invention is not limted to the odj nents above, but may be
altered within thélstpease WhidecEaT&R: 2/ o8Pnent based on a proper
conmbi nati on of technical devices disclosed in djifferent enbodi nents is
enconpassed in t héntidehRRSs Wéwﬁebéfbgheb‘ﬁlé?éﬁbr i nvention. Further, the
col or display device of an enbodi nent of @the present invention nmay al so be
expressed as: a céhdthe gasgl whedevbeebgoni€bggbigue j udgi ng neans for
detecting a
‘in the case where rb<gh: yo=Kyr-rb
‘in the case where rb>gh: 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.



rel ati onship between RGB conponents of an input color image signal in terns
of their gradation |evels and determ ning whether the input signal bel ongs
to which of the six patterns of the relationship; and gradation

conpensati ng neans for carrying out gradation conpensation individually for
the three conponents RGB excluding a gpnponent with a'small est gradation

| evel, using variables that vary depending on the respective gradation

| evel s of the three conponents RGB. The hue judgi ng nmeans i s supported by,
in one exenplary non-limting manner, the hue judging device 202 shown in
Fi gure 23. Furthﬁh,e t IRESgeatat il eedipRnsadi n§O theah@lted subpor £88 by, in
one exenplary non-limting manner, the hue data extracting device 203, the
nonl i near €prledivengsdabpre, Jvat mpy ke glered voehin cikmsceatePdting 99
device 205 and the coefficient nmultiplying device 206, the matrix constant
gener at i ngtilewileem®07 A erhbodampst bgsegkoince pospentdambanatsdown in
Figure 23. Note that, the respective bl ocks or operation processes of the
col or di spbaytetdumicmlade vietdodisdesedi haddiffetrbatf enelgod g eartisods ment s may
be carried out by a programstored in a ROM (Read Only Menory) or a RAM

which is cahtbesipastelly ¢al cthati nghiRbgid seebpas af CPhef opresanpl e, and is
controlled by inputting neans such as a keyboard for exanple, outputting

means suchi@sedtion.

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



di splay for exanple, or comunicating means such as an interface circuit
for exanple. In this manner, the respective functions and operations of the
col or display device of an enbodi nent of the present invention may be
realized only by reading out a programfroma storage mnedium and enforcing
the program by a conputer. Further, by storing the programin a renovabl e
medium the respective functions and operations may be enforced by an
arbitrary conputer. The storage medi um for storing a program may be a
menory (not shown% such as a or, a conputer readable nedium or program
medi um  whid@vire 288d atkp?cfgcr%frﬂcm@édnhlglfdé\l/}ﬂéeg (i 0&1t dhgge devi ce;
not shown) into which the nediumis inserted. Further, in either case, it
is preferaml%txlﬁalcoﬂ’t&tamogem@ﬂansdQW&E|2107héﬂﬁbcﬁhﬁn¢%mm§1@d by a
m croprocessor for enforcenment. Further, it is also preferable that the
program i s desvade 208, aniatherei shdwmnllnaﬂahi‘m 23 program storage area of a
m croconput er before enforcenent. The downl oading is <carried out by a
built-in programNaftet heheeti n tieedy oéspbetivedevilbeckidser exr t heppragoam medi um
above may be a conputer readable nmediumor a storage mediumarranged to be
renovabl e fproesResnaiol beHg, addofaydiepldie device and method
described in the foregoing embodiments 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 eﬁforcing 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



e

medi um fi xedly hol ds 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

i ncludes a magnetic disk such as a floppy k(r) hard disk dis, a or the like
and an optical disk such as a CO-ROM an MO, an MD, a DVD or the like, (c)
a card systemsuch as an IC card (inclyp ve of a nenory card), an optical
card or the like, and (d) a 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

pref er abl e RIRATaRe $EAF G Nl béhehe Medivmyi disy @GGass€d t WY pr8gr am code
so that the program can be downl oaded via the comunications network. Note
that, in tHhelesprofesinmlieoagnigrecprastr-am 101 from the comuni cations
network, the programfor carrying out downl oading may be either previously
stored in the ndiurtiozty idfist hésaguiederabld nbrdl theel fnognaandisf feadnt
storage nedium As described, a color display device of an enbodi nent of

t he. presentounand itbierddsed owmnes aal eckliat aopshigpaleisteeage phrgaalofcal or
conponents of an input color imge signal in terns of their gradation

l.evel s, andn¢erdd®suterc hefdirat iediforbaseshon t e edgwimbakdingf ds each of
the plural color conponents excluding a conponent with a snal | est

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



e e e -

gradation level. This is done using variables that are vary depending on
the respective gradation levels of the plural color conponents. Further, a
col or display device of an enbodi ment of the present invention deternm nes a
rel ati onship between three color conponents of an input color image signal
in terns of their gradation levels, apg carries out a different

cal cul ation for each input color inage signal depending on whether the

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

rel ati onshi p. The calculation is perforned for each of the three color
conponent s feg8l udihey somonpsieatiansh Actwarkest tiye adaregnamevdor using
vari ables that vary depending on the respective gradation |evels of the

t hree col orcaguypogeotis. d ow relnaodiing rmagf hieheipheseprevionesilyi stocadri es out
102 col or conpensation of an input color signal in consideration of RGB
conponent s,inYNie aaspnnboty, oértth ealdewvichi ¢ & instaplerkeftonmn asdiffecands,
contained in the signal, thus achieving desired color conversion operation.
Further, tRheogabermédipilay device is arranged so that the variables are
determ ned so that the gradation |levels of the input col or inmage signal

after color companrsdekeriBed] a ¥bldY AisplaneRvate o LahoeniBHE@] miemat
expresses the gradation |evels of the 1nput color image signal before and
after col oihf HREANSASAA ORnyvRNtfSABd OtethhEsbAtF ORI sAYS bétpkBaNCE
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
cotlor componeﬁts.

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



and saturation. Further, it is preferable that the input color imge signal
is converted into an output color imge signal with the RG 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+np+co, where r, g and b are val ues
obtai ned by dividing original gradatiofpl evels of the thr ee col or- conponent s
of the input color imge signal by a maxi numgradation value N-1; and in a
case [1] where r?g?b, ro=Krg(r-g)Nr, yo=Kyg(g_b) Ny, 103 go=bo=np=co0=0,
for case [2] where r>_b>g, ro= Krb(r-b)Nr no=Knb( b-g) N go=bo=yo=co0=0,
for case [ 3P Qﬁ@@n@ﬁm%}lonb@&l@@r (lbpldfmb) Ofn%lﬂ(lfﬁl(mga%w@ﬁéé@?o co=0,
for case [4] where b>g>r, ‘ .
of RGB components, YMC components, and also white
component in some cases, contained in the signal, thus
achieving desired color conversion opération.
Further, the color display device is arranged so that
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'=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
in a case [1] where r2g2b,

ro=Krg(r-g)Nr,

yo=Kyg(g-b)"v,



bo=Kbg(b-g) Nb, co=Kcg(g-r)Nc ro=go=yo=np=0, for case [5] where gzb>r,
go=Kgb(g-b)Ng, co=Kcb(b-r)Nc, ro=bo=yo=np=0, for case [6] where g>r?b,
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, Knr, Kcg and Kcb are variabl es which change
depending on values of r, g and b; an@d3Nr, Ng, Nb, Ny, Nmand Nc are
constants not less than 0. 104 Further, it is preferable that the vari abl es
are expressed as: Krg=Crfrg (r,b), Krb=Crfrb (r,g) Kgr=Cgfgr (g,b),
Kgb=Cgfgb (g,r) Kbr=Cbfbr (b, Kbg=Cbfbg (b,r) Kyg=Cyfyg (r,b),
Knb=Cnfnb (r, g) gRFP Qdﬁlﬁrc@b(g) Kcg=Ccfcg (b,r) Kcb=Ccfcb (g,r),
Kyr=Cyfyr (g,b) where C , Cmand Cc are constants; frg, frhb,
fgr, fgb, fbr, fiy caps, fQ‘]nWh@frr‘?’rP ¢§, fcb and fyr are

ro=Krb(r—b)Nr,

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

for case [3] where b>r2g,

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)Nm,

ro=go=yo=co=0,

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

bo=Kbg(b-g)N?,

co=Kcg(g-r)¥¢,

ro=go=yo=mo=0,

for case [5] where g2b>r,

go=Kgb(g-b)Ne,

co=Kcb(b-r)Nc

ro=bo=yo=mo=0,

for case [6] where g>r=2b,

go=Kgr(g-r)Ne

yo=Kyr(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 Nr, Ng, Nb, Ny, Nm and Nc are

. constants not less than O.



functions which respectively change depending on values of r, g and b in
correspondi ng brackets; and the r, g and b are obtained by dividi

original gradation levels of the RGB
signal by a maxi rum gradation value N-1. Further,
Krg=Cr far (r)-fag (b)o4Krb=Cr far (r) fab (g) Kgr=Cg

Kgh=Cg fag (g) fab (r) Kbr=Cb fab (b)-far (g), Kbg=Cb fab
Kyg=Cy far (r) fab (b), Knb=Cm far (r)-fag (g0 Km=Cmfab

expressed as:
(g)-far (b),
(b)-fag (r)

(b)-fag (9),

Kcg=Cc fab (h)-far (r): Kgh=Cc . fa fa.r . Kyr
(g) fab (b) \mgFélr ,ercé,lzcd,s cé{g@ﬁaiﬁe @%thing)nsvam%hgfe%%r Yeral

fag are functions which respectively change

ng

conponents of the input color image
t he variabl es may be

fag

fag

ares ah and

dependi ng on val ues of r,

b in corre§p®i85a6d18S brackets; and the r, g and b are obtained by
dividing original gradation |evels of the RG conmponents of the
col or i mage si gnKirghf e frgrimraa&m érb vaigle N-1. Further, the variables
may be expressed as: Krg=Crarab, Krb=Crarag, Kgr=Cgagab, Kgb=Cgagar,
Kbr=Cb ab ag, Kegg=Cg-fab (gab), Kgp=®yg fgb (glr) Knb=Cm ar ag, Knr=Cnabag,

Kcg=Ccabar,

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), 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), ch=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

inpUt

g and



Kcb=Ccagar, Kyr=Cyagab, ar=fOxrk (O<_r<™m), ar=fix(1l-r)k (M<_r<1),
ag=gOxgk (0:5 g<My), ag=gix(1-g)k (Myg<_ g< 1), ab=hOxbk (0:5b<Md), ab=h 1
X (1-b)k (Md< _b< 1), where C, Cb, Cg, C/, Cmand Cc are constants, and
the r, g and b are obtained by dividing original gradation |evels of t he
RGB conponents of the input color imaggs signal by a maxi nrum gradation val ue
N-1. Further, the variables may be expressed as: Krg=Crarab, Krb=Crarag,
Kgr =Cgagab, Kgb=Cgagar, Kbr=Cbabag, Kbg=Cbabar, 106 Kyg=Cyar ab,
Knmb=Cmarag, Knr=Cmabag, Kcg=Ccabar, Kch= Ccagar Kyr=Cyagab, ar=2xr

(0: 5r<0. 5), bragkesg;1-and( 6h& 5 ,r @) ansy=bxgreosined by=zigidigg (0.
5:5g<_1), ab=2xb (05b<0.5), ab=2 x (1-b) (0.5< b<_ 1), where C, Ch, Cg,
Cy, Cm and Ql:lgnalcgmadammsr,l deicels 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, 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=fOxrk (O<sr<Mr),

ar=f1x(1-r)k (Mrsr<1),

ag=g0Oxgk (O=g<Mgj,

ag=glx(l-g)k  (Mgsgsl),

ab=hOxbk (Osb<Mb),

ab=h1x(1-b)k (Mbs<bs1),

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-db, Krb=Cr-ar-ag,

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

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



the r, g and b are obtained by dividing original gradation I|evels of the
R& conponents of the input color image signal by a maxi num gradation val ue
N-1. Further, the variables nmay be expressed as: Krg=Cr frmax (r) fmn (b),
Krb=Cr fmax (r) fmn (g) Kgr=Cg fmax (g) fmn (b), Kgb=Cg fmax (g) fmn (r)
Kbr=Cb frmax (b) fmn (g), Kbg=Cb frmaxi1(p) fmn (r) Kyg=Cy frmax (r) fmn '
(b), Kmb=Cmfmax (r) fmn (g) Km=Cmfmax (b) fmn (g), Kcg=Cc frmax (b)
fmn (r) Kcb=Cc fmax (g) fmn (r), Kyr=Cy fmax (g) fmn (b) where Cr,
Cb, Cg, Oy, Cma:}gléCc are co stantgg}{]n? and fmn are functions which
respectively charfy8aEyerdi % e rBf'“F %% and b in correspondi ng

brackets; and the r, and b are gptai y dividing original gradation
| evel s of the Gﬁg@n&}i’c ‘AHf t KE]T ﬁta o%Br image signal by a d 107
maxi num gradation value N-1. Further, the variables nmay be expressed as:
Krg=Cr Sr Tb, Kr b=CfSpT6C " 0RIPECYSqTRYTREI=OgSEH,, Kbr=ChSbTg, Kbg=ChSbTr,
Kyg=CySr Tb, Knb=CntrTg, Knr=CntSbTg, Kcg=CcSbTr, Kcb=CcSgTr, Kyr:Q/SgTb,
Tr=rk, ar=2xr (Osr<0.5),

ar=2x(1-r) (0.5=sr=<1),

ag=2xg | (0<g<0.95),

ag=2%(1-g) (0.5=g<1),

ab=2xb (0<b<0.5),

ab=2x(1-b) (0.5<bs1),

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)

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 RGB components of the input color image signal by a



Sr=(1-r)k, Tg=gk, Sg=(1-9g)k, Tb=bk, Sb=(1-b)k, where C, Ch, Cg, Cy,
Cm Cc and k are constants, and the r, g and b are obtained by dividing
original gradation |evels of the RG conponents of the input color inmage
signal by a maxi mum gradation value N-1. Further, it is preferable that the
constant k is 1. Further, it is prefgpable that the C, Cb, Cg, C, Cn and
Cc are constants expressed as 1/ (integer power of 2). Further, the input
color image signal may be converted into an output color imge signal with
the RGB conponents res ectlvel haV| ng gradatl on levels of r', g and b';
whi ch are FIBFHNBYN g a‘id@ngéia 4 = g +A36 bo b' b yo no co where
r, g and b respectively express radatl on |l evels of RG conponents of the

i nputted col or i Fugéhergithe; vari@bles may be expressed as:

Krg=Cr-Sr-Tb, Krb=Cr-Sr-Tg,
Kgr=Cg-Sg-Th, Kgb=Cg-Sg-Tr,
Kbr=Cb-Sb-Tg, Kbg=Cb:Sb-Tr,
Kyg=Cy-Sr-Tb, Kmb=Cm-Sr-Tg,
Kmr=Cm-Sb-Tg, K¢g=CC°_Sb'Tr,

Kcb=Cc:Sg-Tr, Kyr=Cy+Sg-Th,

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 expresse'd 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:



A36 expresses square matrix of 3x6; and in the
yo=Kyg(g-b) Ny,
no=Knb( b- g) Nm
nmo=Knr (r-g) Nm
co=Kcg(g-r)Nc, ro=gosyg=no=0,

ro=Krg(r-g)Nr,
ro=Krb(r-b)Nr,
bo=Kbr (b-r) Nb,
bo=Kbg( b- g) Nb,

go=bo=np=c0=0,
go=bo=yo=co0=0,
r o=go=yo=co=0,

case [1] where r?g_b,

in the case [2] where r?b>g,
in the case [3] where b>r?g,
in the case [4] where b>g>r,
109 in the case [5] where

g> b>r, go=Kgb(g-b)Ng, co=Kcb(b-r)Nc, ro=bo=yo=np=0, in the case [6]

wher e g>r ?b,

go=Kgr (g-r) Ng, yo=Kyr (r-b)NY,

Iro
r g0
g | + A bo
b yo
mo
CcO

r o=bo=nbp=co0=0,

where r, g and b respectively express gradation levels

of RGB components of the inputted color image signal; and

Aze expresses square matrix of 3x6; and

in the case [1] where r2g=2b,
ro=Krg(r-g)Nr,
yo=Kyg(g-b)Vv,
go=bo=mo=co=0,

in the case [2] where r2b>g,
ro=Krb(r-b)Nr,
mo¥Kmb(b-g)Nm,
go=bo=yo=co0=0,

in the case [3] where b>rzg,
bo=Kbr(b-r)Nb,
mo=Kmr(r-g)Nm,
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,



where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knmb, Knr, Kcg and Kcb are
vari abl es which change depending on values of r, g and b; and Nr, Ng, Nb,
Ny, Nmand Nc are constants not |ess than 0. Further, the input col or inage
signal may be converted into an output color inage signal with the RGB
conponents respectively having gradatil®f levels of r', g and b', which are
given by: ro go r' r g =g+ A36 bo b, byo nbo co wherer, g and b
respectively express gradati on levels of RGB conponents of the inputted

col or image sign A3 £5S uare matrix of 3x6; and 110 in the
case [1] where riﬁ Carso %]g?'e" CEEPER ) N yoskyg(f2a(g)- f Tb(b)) V.

o=bo=np=co0=0, 2 where r?b>g, ro=Krb(fzr(r)-fzb(b))Nr,
o Kib(f zb(b) - fzéPg‘;[{ g 2! ) (far(r)-1zb(b)

co=Kcb(b-r)Ne,
ro=bo=yo=mo=0,

in the case [6] where g>r2b,
go=Kgr(g-r)Ne

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 irﬁage 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:

ro
r r io
gl =1g| +Ass ©
b' b yo
mo
CO)

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

A3ze expresses square matrix of 3x6; and



go=bo=yo=co=0, in the case [3] where b>_g bo=Kbr(fzb(b)-fzr(r))Nb
mo=Knmr (fzr(r)-fzg(g)) Nm ro=go=yo=co=0 in the case [4] where b>g>r
bo=Kbg(fzb(b)-fzg(g))Nb co=Kcg(fzg(g)-fzr(r) )Nc ro=go=yo=np=0 in the
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 the case [6] where gHl0?b go=Kgr(fzg(g)-fzr(r)) Ng

yo=Kyr (fzr(r)-fzb(b))NY ro=bo=nmb=co=0O where Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Kyr, Knb, 111 Knr, Kcg and Kcb are vari abl es whi ch change dependi ng on

values of r, g aqﬂ ,It)}'le Mys Nﬁl %eﬂyymand Nc are constants not |ess than
z fu Jtl on C

0, and fzr, fzg, are S “respectively change dependi ng on
'mage si gnal ey s U OIPLEREIE 28 oliput color i mage signal in which
the yo=Kyg|(fzg(g)-fzb(b))V,
go=bo=mo=co=0,
in the 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 the case [3] where b>r2g
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))Nb
co=Kcg(fzg(g)-fzr(r))Nc
ro=go=yo=mo=0
in the case [5] where gzb>r
- go=Kgbi(fzg(g)-fzb(b))Ne
co=Kcb(fzb(b)-fzr(r))Ne
ro#bo=yo=mo=0
in the case [6] where g>r=b
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,



RGB conponents respectively have 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 respectively express gradation |evels of RG conponents of the inputted
color image signal; and, in the case [1] where rag> b, ro=Krgfnr(r-g),
yo=Kygf ny(g-b), go=bo=npb=co=0, in thelcase [2] where rab>g, ro=Krb
fnr(r-b), no=Knb fnm(b-g), go=bo=yo=co=0, 1in the case [3] where b>rag,
bo=Kbrfnb(b-r), nmo=Kmr fnm(r-g), 112 ro=go=yo=co=0, in the case [4] where

b>g>r bo=Kbgf nb( b- co=Kcgf nc( o=go=yo=np=0, in the case [5
\mgre 9> bK,mg §§(g<§%1) W@r@flvarlagbles Whlchgchange depending on 3]

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, 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+gotyo+co,

b'=b+bo+mo+co,

where r, g and b respectively exf.)ress gradation levels
of RGB components of the inputted color image signal; and,

in the case [1] where r2g=2b,

ro=Krg-fnr(r-g),

yo=Kyg-fny(g-b),

go=bo=mo=co=0,

in the case [2] where r2b>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=Kmrfnm(r-g),



co=Kcb fnc(b-r),. ro=bo=yo=np=0, in the case [6] where g>r>_b, go=Kgr
fng(g-r), 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 variabl es which change dependi ng on
values of r, g and b; and fnr(DX), fng(DX), fnb(DX), fny(DX), fnm(DX) and
fnc(DX) are functions which respectivéld change depending on calcul ation
result DX (0:513X<_1) of corresponding brackets. As with this arrangenent,
by setting the coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb,
Knr, Kcg and Kcb (we ht| ng uncti ons) based on one of the R G and B
corrponent havi ngr?ﬁgo umi nance and the one of them having the
m ni mum | um nance, i s p055| ble to reduce the weighting functions when
t he gradation | e%lth@f case1lst] whiese Bagpsnent with a maxi mum | uni nance cones
closer to the maxi mum gradation value, or when the gradation I|evel of a
col or conponent WotKRgenRM-@hm | umi nance comes close to 0. Accordingly,
it is possible to prevent the defect of «color saturation in the case where
an out put col or coafeg dnghgir)has a greater gradation |evel than the maxi mum
ro=go=yo=mo=0,
in the case [5] where g=b>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-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 fnr(DX), fng(DX), fnb(DX), fny(DX),
fnm(DX) and fnc(DX) are functions which respectively change
depending on calculation result DX (0sDX<1l) of
corresponding brackets.
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



gradation value, and also to prevent enhancenent of saturation when the
i nput signal is a nmonochromatic color, thus outputting (displaying) a color
imge with appropriate gradation. The foregoing effect offered by the
wei ghting function may al so be obtained with the foll ow ng arrangenents.
That is, the color display device of ansenmbodi ment of the present invention
may be arranged so that the input color inage signal is converted into an
out put color inage signal with the three col or conponents respectively
having gradation levels of r', g and b', which are given by: '+ + + 1 7
ro yo no, cgloyapapotront wittbeboaaxiooym dhenmnancg aathds arleseal ues
obt ai ned by dividing original gradation |evels of the three color conponents
of the inpotthel etaxiragansiggaalathyna vadueguor gddeh i ohevaradativnl ; and,
114 in a case [1] where r_g>b: ro=Cr(r-g)Nr, yo=Cy(g-b)NY,
go=bo=nD=c k] dfNad c&A6e Edmpbaeatr With: th'eOTPAIMAMN luminance
comes close to O.
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,
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+tgo+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,



nmo=Cm(b-g) Nm go=bo=yo=co=0, in a case [3] where b>r?g: bo=Cb(b-r) Nb,
nm=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)Nc, ro=go=yo=np=0, in a case [5] where g?b>r: go=Cg(g-Db)Ng,
co=Cc(b-r)N, ro=bo=yo=np=0, and in a case [6] where g>r?b: go=Cg(g-r) Ng,
yo=Cy(r-b)NY, ro=bo=npb=co=0, in whi ﬁ Cr, Cg, Chb, Cy, Cm Cc, N, Ng, Nb,
Ny, Nm 115 and Nc are constants. Fu ‘her, the col or display device of an
enbodi ment of the present invention may be arranged so that the input
color image signal is converted into an output color inmge signal with the

three col or conppRentaskepllewhierel y>g¥@yi ng gradation levels of r', g and
b', which are given by:
ro=Cr(r-g)Nr,
yo=Cy(g-b)\y,
go=bo=mo=co0=0,
in a case [2] where r2b>g:
ro=Cb(r-b)¥r,
mo=Cm{b-g)N¥m,
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 g=b>r:
go=Cg(g-b)Ne,
co=Cc(b-r)Ne,
ro=bo=yo=mo=0, and
in a case [6] where g>rzb:
go=Cg(g-r)Ns,
yo=Cy(r-b)Ny,
ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm,



ro go r''r g =g+ A36 bo b byo no co wherer, g and b are val ues
obt ai ned by dividing original gradation |evels of the three color conponents
of the input color inmage signal by a nmaxi mum gradation value 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=nmp=co=0, in a casegik2] where [2]r?b>g: ro=Cr(r-b),
no=Cm(b-g), go=bo=yo=co0=0, in a case [3] where b>7?g: bo=Co(b-r), 116
m=Cm(r-g), ro=go=yo=co=0 in a case [4] where b>g>r: bo=Cb(b-g),

and Nc are constants.

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:

ro
r r g0
gl =1|g| +Ass bo
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=Cr(r-g),

yo=Cy(g-b),

go=bo=mo=co=0,

in a case [2] where [2]r2b>g:

ro=Cr(r-b),

mo=Cm(b-g),

go=bo=yo=co=0,

in a case [3] where b>rzg:

bo=Cb(b-r),



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=nb=co=0 in which C, Cg, Cb, Cy, Cn and Cc are
constants. Further, the color display device of an enbodi nent of the
present invention nmay be arranged so thi#® the input color inage signal is
converted into an output color image signal with the three color conponents
respectively having gradation levels of r', g and b', which are given by:
r'=r+ro+yo+no ¢ %tQ%P¥O+ o b'=b+bo+nmo+co where r, g and b are val ues
obt ai ned by di vi di* al gradation levels of the three color conponents
of 117 the |nput color ge signal by a maxi num gradation value N 1; and,

in a case [1] Pe39%°b§ Oro=ar (fzr (r)-fzg (g)),

in a case [4] where b>g>r:

bo=Cb(b-g),

co=Cc(g-1),

ro=go=yd=mo=0,

in a case [5] where g=b>r:

B go=Cg(g-b),

co=Cc(b-r),

ro=bo=yo=mo=0, and

in a case [6] where g>rz=b:

go=Cg(g-1),

yo=Cy(r-b),

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants.

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'=sr+ro+yo+mo

g'=g+gotyo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing

origihal gradation levels of the three color components of



yo=Cy (fzg (g)-fzb (b)), go=bo=np=co0=0, in a case [2] where (r?b>Q):

ro=Cr (fzr (r)-fzb(b)), nm=Cm(fzb (b)-fzg(g)), go=bo=yo=co=0, 1in a case
[3] where (b>r>_g): bo=Cb (fzb (b)-fzr(r)), m=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=no=0, injg7case [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>r?b): go=Cg (fzg (g)-fzr(r)), yo=Cy(fz r(r)-fzb(b)), 118

and 125 ar SPEUHAPFBr SOl BRAERanUEH AbgEhal AP B TRCEVATRBS b AIiy and b i n
corr espondil\?_g1 ;bgg%lfet S. _
in a case [1] where (r2gzb):
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>r):
bo=Cb (fzb (b)-fzg(g)),
co=Cc (fzg (g)-fzr(r)), |
ro=go=yo=mo=0,
in a case [5] where (g2b>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>r2b):
go=Cg (fzg (g)-fzr(r)),
yo=Cy(fz r(r)-fzb(b)),



Further, the color display device of an enbodi nent of the present invention
may be arranged so that the input color inage signal is converted into an
out put color image 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' =g+go+yo+co b' =b+bo+no+co where r]ll& and b are val ues obtai ned by
~dividing original gradation levels of the three color conponents of the

i nput col or image signal by a maxi mum gradation value N 1; and, ro=Crmin

(rg, rb), go=Cg-mn (gr, gb), bo=Comin (br, bg), yo=Cy-min (rb, gb),
mo=Cnmin (rg, bg}'?‘g@c?g'@f-‘gpﬁo(’gr, br), in which min () is a function for
giving a smallest value in a corresponding bracket; and C, Cg, Cb, Cy, Cm
119 and Cc are constants, on condition that: rg=r-g, rb=r-b, gr=g-r,

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+yo+mo

g'=gt+got+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=Cr-min (rg, rb),

go=Cg-min (gr, gb),

bo=Cb-min (br, bg),

yo=Cy-min (rb, gb),

mo=Cm- min (vrg, 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



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, the color display device
of an enbodi nent of the present invention nay be arranged so that the input
color image signal is converted into an output color inmage signal with the
three col or conponents respectively hBMl 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

t hree col Oéﬂﬁo&oﬁf%&éﬁédtar%@ﬁ i nput col or i mage signal by a maxi num

gradation value rgrg where rg<rb, ro=Krb rb where rg>rb,

go=Kgr gr where gr< . =Kgbgb where gr>gb, bo=Kbrbr where br<bg,
bo=Kbgbg where b? b%%?diléoéﬁyF}g%EV\here rb<gb, yo=Kyggb where rb>gb,

rg=r-g,
rb=r-b,

gr=g-r,

gh=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.

Further, the color display device of an embodiment of
the present invention may be arranged so that the input
.coior image signal is converted into an output color image
signal with the three color components respectively havingv
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 obtained by dividing
original gradation levelé 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,



nmo=Knrrg where rg<bg, no=Knbbg where rg>bg, co=Kcggr where gr<br,

co=Kcbbr where gr>br; in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb,
Knr, Kcg and Kcb are vari abl es 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 ad@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 continuous functions which give 0O when the r, g and b

(0<_r,g,b<_1) arg O.0r. 1.. Wih thi rrangenment, the weighting function 121
becomes 0 when t k& \g%theg%]\‘%{’ﬁgé rﬁgeﬂs?l m | um nance cones closer to the
maxi mum gradati o he val ue of the m ninmum | um nance cones

val.ue,, and whe
closer to O. Accﬁlpd—'ﬁhbﬂ}?ri“f F° 3’55 $®le to nmore securely prevent the

defect of color %%t_ géjgg,wﬁgge%ri gme securely

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,

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-r1,

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.

Further, it is preferable that the functions far(r),
fab(b) and fag(g) are continuous functions which give O
when ther, gand b (O<r,g,b<1) are O or 1.

With this arrangement, the weighting function



prevent enhancenent of saturation when the input signal is a nonochromatic
color, thus securely outputting (displaying) a color inage wth 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 sinplify the "
process for cal culating an output colgpiimge signal. Further, it is
preferable that the function fmax is a continuous function which gives 0O
when the r, g and b (0<.r,g,b< 1) are 1; and the function fmn is

continuous, functio i ch gi,ves_0.when t r, and b (0<r., g,b:51) are O.
Furthor - o¢ M 0 dEPER: FAC T RELVEr Plbites Wi | B RRSsb ¢ han 1
and that the vari(ﬁbl es Ng, .No, Nmand Nc are not nore than_1. By making Nr
and Ny notCHBes tHafel, I HdHgemaximum ngrRdatipR nealHoi A Whem esh col or
is reduced, thus appropriately displaying an i mage of flesh color.
Mor eover, ths viedkiengt the waniables | WgimglcaRodRESNelos6t toPe than 1, it is
possible to increase the conpensation value bo etc., 122 which is added to
the original gradlacootimgly;, tiolisr possibbhstat irweret kasuaphy opréetmt y
enhancing saturation in the vicinity of achromatic colors Further, it is
pr ef er abl etidhatiefbet AB6 icolexpsessedtasn, ahld adBaltad! adSuadby
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 O when the r, g and b
(O<r,g,b<1) are 1; and the function fmin is continuous
function which gives 0 when the r, g and b (Osr,g,b<1) 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.,



A36 = a2l a22 a23 a24 a25 a26 a3l a32 a33 a34 a35 a36 where :

al | =a22=a33=al4=a24=al 5=a35=a26=a36=1 and a2l, a3l, al2, a32, al3, a23,

a34, a25 and al6é are 0 or a negative value. This arrangenent of the matrix
A36 with the foregoing conponents offers the follow ng effect. For exanpl e,
in the case where r>b>g, a2l is set td2be not nore than 0, and the G signal
is reduced and the R signal is enhanced. In this manner, saturation of the
R signal is nore efficiently enhanced Sinilarly, by setting al2 and a32 to
be not nore é(gg .0 gtur tion t he .G, si nal efficiently enhanced, and
by settindBi% ard§ a234d€ béono ?mr%rlgﬁ%ﬂ eTSon 18F tHR}OTB si gnal
is efficiently enhanced. Accordingly, the arrangenent of the matrix A36 with
the foregoiGPdRE6RSGIENE s %m%epasﬁrbzpﬁq ¥t ENEARGAEETRIUIGELISE dRat i on for
the input signal havin conmponents. Further, it is preferable that the
A36 is exprtBeseiriasty pgsaclalmm@izc £D30834 al5 alé A36 = a2l a22 a23 a24 a25
a26 a3l a32 a33 a34 a35 a36 where al | =a22=a33=al4=a24=al5=a35=a26=a36=1,

al | +a21+a31=0, aFaudbh2raib16,peiferable 433xt0the M+ 4xa34s8calasa25+a35=0,
and al6+a26+a36=0.

all al?2 al3 al4 al5 al6
Ass= |a21 a22 a23 a24 a25 a26
a3l a32 a33 al34 a35 a36

where all=a22=a33=al4=a24=a15=a35=a26=a36=1
and a21, a31l, al2, a32, al3, a23, a34, a25 and al6 are O
or a negative value.

This arrangement of the matrix Azs with the foregoing
components offers the following effect.

'For example, in the case where r>b>g, a21 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 al3 and a23 to be not more than 0, saturation of the
B signal is efficiently enhanced.

Accordingly, the arrangement of the matrix Azs with
the foregoing components enables appropriate enhancement
of saturation for the input signal having RGB components.

Further, it is preferable that the Aze is expressed as:



Wth these conditions, it is possible to equalize the gross input |um nance
(r+g+b) and the gross output |umnance (r'+g' +b'). Therefore, saturation
may be enhanced w thout a great change of average |um nance of the input
color signal. Further, it is preferable that the A36 is expressed as: al
al2 al3 al4 al5 al6 A36 = a2l a22 a231224 a25 a26 a3l a32 a33 a34 a35 a36
where al | ma22=a33=al4=a24=al 5=a35=a26=a36=1, a2l=a31=al2=a32=al3=a23=-0.5,
and a34=a25=al6=-2. Wth these conditions, it is possible to evenly carry
out addition/ subtraction for each of the RG signals. Therefore,
saturation may be enhanced w thout causing changes in hue. 124 Further, it
is preferable that the functions fzr, fzg, fzb convert input val ues
identical with éach etibberai®t aldouppst ypbves di fferent from each ot her

Wth this ,arran n it . Ls possihle t onpensat e gradation val ues of
the i nputt 8@ fgﬁéps %\?%h aﬁ] i@gguaﬁ5¢ m nance values. This enabl es
enhancenent of ur ag2om 3B ce3k ng3st @B adati on | um nance characteristics

of the respective RGB colors. Further, in a general display panel, the
input gradation levels of RGB are converted into the | um nance '

where al1=a22=a33=a14=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.

With these conditions, it is possible to equalize the
gross input Iluminance (r+g+b) and the gross output
luminance (r'+g'+b’'). Theréfore, saturation may be
enhanced without a great change of average luminance of
the input color signal.

Further, it is preferable that the Aze is expressed as:

all al2 al3 al4 ald5S alé6
Ase= |a21 a222 a23 al24 a25 a26
a3l a32 a33 a34 a35 a36

where all=a22=a33=al4=a24=al15=a35=a26=a36=1,
a21=a31=a12=a32=a13=a23=-0.5, and a34=a25=al16=-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 caﬁsing

changes in hue.



val ues 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=g2 and fzb=b2, the
saturation can be appropriately enhangeq wth sinple operation by raising
the gradation levels of RR G and B to the second power. Further, it is
preferable that the functions fnr(DX) and fny(DX) each give a negative

val ue at |least a redet erm ne [ .0<DX< 1. .In this

a val ue in a range of
arrangenent, by Eé]trtth%& tihelSal CSF‘%fI?eElﬁath%r‘gé’gcprPé’%rb et 4% ned
val ue, the cal culations of conpensatjon val ues éo and yo for cal culating
the out put fZRorenvieshgenpignaialigsyidentigahywivhl fach podbedi d@itp, the 125
R conponent and the B conponent of the output color inmage signal becone
weaker thafutpade values idiglaresd] ofrommagacki gaghert hus WetlucitgiSsat ur ati on
only for flesh color. Further, since the functions fnr(DX) and fny(DX) each
gi ve a negarrangeabemt.ait iegeossible po ettmngran sete \@lada finna valwege of
0<DX: 51, the functions fnr (DX) and fny (DX) may be arbitrary set except
for the raofetht timngpuyrtedetRGB nedgnabd ueitcdardividliyl MoeninhaceX is a
value in the vicinity of nonochromatic color, the functions fnr (DX) and
fny (DX) eaftube. seThivlksisbieisabhhascémestt biiajafuneatiompassatrding
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: fzf=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<DX<1.
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



values ro and yo for calculating the output color inmge signal becone
substantially 0. Therefore, the R conponent and the B conponent of the

out put col or inmage signal beconme substantially the sane values as those in
the input color image signal, thus maintaining saturation in the vicinity
of nmonochromatic color. Further, it ig2preferable that the functions fnr(DX)
and fny(DX) are expressed as: fnr(DX)=DX2-PrDX, fny(DX)=DX2-PyDX, where Pr
and Py are constants greater than 0. In this manner, the functions fnr DX

and fn DX _may be witten in sigpl er form whic | | ows easy
i npl enent af SORPOT R Lo, (e ePefGHEPARER %gst?m eutputy chles

saturation of flesh color with a sjnple operation, 126 Further, a color
di spl ay deVn@gecofigRabndee?ntWenrkerethrBsthosenientherinmyt K©18Fr anged so
that the color display device determ nes a relationship between plural
col or conptmegessignah thipstresblong sageraitymalonly fer desdt colaei r gradati on
| evel s, and carries out calculation based on the relationship, the
cal cul ati on perfBurthgrmsincpl theatfiorc tioh sefan{Dof) 2n REBy 0X) st aeint
conponents, 2) YMC conponents as conplenmentary colors of the RGB
conponent sgarg a3h ewative ccipenent leddtah t aver dibstie rmei¢dctldid innat he pl ural
col or conponents of the input
range of 0<DXx<1, the functions 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.



color image signal, by a coefficient, and addition/ subtraction of a result
of the multiplication to the plural color conponents. Further, a color

di spl ay device of an enbodi nent of the present invention nay be arranged so
that the color display device determnes a rel ationship between RGB
conponents of an input color imge sigpgal in ternms of their gradation

| evel s, and carries out a different calculation for each input col or inmage
- signal dependi ng on whet her the input col or image signal belongs to which

of six patterns gf he rel ati on The col or .di spl ay, deyi ce nultlplles
each of 1) RGB ga’jr %‘Fﬁﬁrﬂ o éﬁglsay Zfe"}‘ﬁ@ Qén%BnSH{Qogém% fmAferent ary
colors of RE& and 3) white conponent, that have been extracted fromthe RGB
conponentsthﬁ PﬁéSPﬁﬁuinVQBFﬁﬁllﬂﬁﬁ% B¢ gABTanggda seodhmEtcitis CARE t hen
add/ subtract 127 the nmultiplication results to the original three color
conponent sdisplathedevige | depeamangtsl e t hatatipasbaporbetivegtay plaviade carries
out the calculation individually for each of the RG@B conponents excluding a
conponent wpidr @osmpbhnestts gf adatingitl evédr iusdge signiadbireserhed ofary
depending on the respective gradation |evels of the RG conponents.
Further, ithes gratertadhelevieds, tared cxdaredi spt ayaldeNatdn doapedsahes white
color by using a coefficient which gives a positive value when the white
conponent ehet heldtipubhipl othe 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

plural 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 mge signal has high |umnance and gives a negative value when the white

conmponent

of the input color inmage signal has |ow lumnance. Further,

it is

preferable that the input color inage signal is converted into an output
color image signal with the RG conponents respectively having gradation

| evel s of

r', g and b', which are giygn by: r'=r+ro+yo+no+wo,

g' =g+go+tyo+co+wo, b'=b+bo+no+co+wo, where r, g and b respectively express

gradation | evel s of RG conponents of the inputted col or inage signal;
in the case [1] where .r?g?b, ro:Krg(r-g)Nr
go=bo=no=cbko, miLHttI?ﬂéC%gl;fPél[

wo=f w(g),

mo=Knr (r-g

ZESHIES e O7piReE
Fmponents.

Further, it is preferable that the color display device
carries out the calculation individually for each of the RGB
components excluding a component with a smallest
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
compénsates 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 outpuf color image signal with
the RGB components respectively having gradation levels of
r', g' and b', which are give.nvby:

r'=r+ro+yo+mo+wo,

- g'=gtgo+yo+co+wo,

b'=b+bo+mo+co+wo,

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

in the case [1] where r2g2b,

ro=Krg(r-g)Nr,

yo=Kyg(g-b)Ny,

and,

yo=Kyg(g-b) Ny, 128 wo=fw(b),
Be “oniagpnplr -thnee ©OIRFAD( b- g) Nm
go=bo=yo=co=0, in the case [3] where b>r_g, bo=Kbr(b-r) Nb,



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, 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=np=co=0
where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kygg Kyr, Knb, Knr, 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 fwis a function which
changes depending on the values of r, g and b in the corresponding bracket.
Further, it is pV@FﬁWﬁPOe that the variables are expressed as:

go=bo=mo=co=0,

in the case [2] where r2b>g,
ro=Krb(r-b)Nr,
mo=Kmb(b-g)Nm,

wo=fw(g),

go=bo=yo=co=0,

in the case [3] where b>r2g,
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)"?,
co=Kcg(g-r)Ne,

wo=fw(r),

ro=go=yo=mo=0,

in the case [5] where g2b>r,
go=Kgb(g-b)"s,
co=Kcb(b-r)Ne,

wo=fw(r),

ro=bo=yo=mo=0,

in the case [6] where g>rz2b,
go=Kgr(g-r)"s,

yo=Kyr(r-b)Ny,



Krg=Cr ar ab, Krb=Cr ar ag, Kgr=Cgagab, Kgb=Cgagar, Kbr=Cbhabag,
Kbg=Cbhabar, Kyg=Cyarab, Knb=Cnmarag, Knr=Cm ab ag, Kcg=Cc ab ar,
Kcb=Ccagar, Kyr=Cyagab, ar=fOxrk (O<_r<M), ar=fIx(1l-r)k (M:5r!5 1),
ag=goxgk (O g<My), ag=gix(1l-g)k (My g<_1), ab=hOxbk (0:5 b<Mdy), a b =nh
Ix(1-b)k (Md<_b<_ 1), where Cr, Ch, Cg29Cy, Cmand Cc are constants, and
the r, g and b are obtained by dividing original gradation |evels of the
RGB conponents of the input color inage 130 signal by a nmaxi num gradation
value N-1. Further, the variables may be expressed as: Krg=Crarab,
Krb=Crarag, Kgr¥%egdWaB), Kgb=Cgagar, Kbr=Cbabag, Kbg=Cbabar, Kyg=Cyar ab,
Kmb=Cmarag, Knmr=Cm ab ag, Kcg=Cc ab ar, Kcb=Ccagar, Kyr=Cyagab,
ar=2xr (0:5r<0. 550=he=mqace5040. 5: 5r: 51),

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 O, 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-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-ob-ag, Kcg=Cc-ab-ar,
Kcb=Cc:ag-ar, Kyr=Cy-ag‘~ab,
ar=fOxrk (O<r<Mr),

ar=f1x(1-r)k (MrSrsl),

ag=g0xgk (Osg<Mg),

ag=glx(l-g)k  (Mgs=g=l),

ab=h0xbk (O<sb<Mb),

ab=h1x(1l-b)k (Mbs<bsl),

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=2xg (0<_g<0.5), ag=2x(1-g) (0.5< g<_1), ab=2xb (05b<0.5), ab=2x(1-b)-
(0.5:5b:51), where C, Cb, Cg, Cy, Cmand Cc 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 inmage signal by the nmaxi num gradation value N 1.
Further, the variables may be expressdadpas: Krg=CrSrTb, Krb=CrSrTg,

Kgr =CgSgTh, Kgh=CgSgTr, Kbr=CbSbTg, Kbg=CbSbTr, Kyg=CySrTb, Knb=Cnftr Tg,
Knmm=Cm Sb Tg, Kcg=Cc Sb Tr, Kcb=CcSgTr, Kyr=CySgTh, 131 Tr=rk,

Sr=(1-r)k, .Tg=gk, Sg=(1-9g)k, Thb=bk, Sb=(1-b)k, where Cr, Ch, Cg, Oy,
cm Cc andSkgla?gbé’oﬁslgléﬁﬁlér}elah&fﬁﬁag}l%dv%l%ﬁ &-dbt ai ned by dividing the
original gradation |evels of the R G and B conponents of the input imge
signal by the maRuftihegr 4bgt Yariaplesemayl be expressed as:

Krg=Cr-ar-ab, Krb=Cr-oar-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, var=Cy-ag-ab,
ar=2xr (0=<r<0.9),

ar=2x(1-r) (0.5sr<1),

ag=2xg (0<g<0.5),

ag=2x(1l-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-SrThb, Krb=Cr-Sr-Tg,

Kgr=Cg-Sg'Tb, Kgb=Cg-Sg-Tr,

Kbr=Cb-Sb-Tg, Kbg=Cb:Sb"Tr, |

Kyg=Cy'Sr:Tb, Kmb=Cm~-Sr-Tg,

Kmr=Cm-Sb'Tg, Kcg=Cc-Sb Tr,

Kcb=Cc-Sg-Tr, Kyr=Cy-Sg-*Tb,



As with this arrangenent, by setting the coefficients Krg, Krb, Kbr, Kbg,
Kgb, Kgr, Kyg, Kyr, Knb, Knr, Kcg and Kcb (weighting functions) based on
one of the R, G and B conponent having the maxi mum | um nance and the one of
t hem having the mnimum | um nance, it is possible to reduce the weighting
functi ons when the gradation |evel of 181 color conponent with a maxi num
| um nance cones closer to the maxi num gradation val ue, or when the
gradation |level of a color conponent with the m nimum | um nance cones
close to 0. Accordingly, it is possible to prevent the defect of color
saturation in thdTédSe where an out put color image signal has a greater
gradation | evel than the maxi num gradation value, and also to prevent
enhancement of $ardfarien when the input signal is a nonochromatic col or,
132 thus outputting (displaying) a color inmge with appropriate gradation.
The foregoing ef flgstgoffered by the weighting function may al so be obtai ned
with the follow ng arrangenents. That is, the color display device of an
enbodi nent of tBg=HrlegPnt i nvention may be arranged so that the input
color image signal is converted into an output color inmage signal with the
t hree col or conp@issidls, respectively having gradation levels of r', g and
b', which are given by: r'=r+ro+yo+n+wo
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 Iluminance, 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,



g' =g+go+yo+co+wo b' =b+bo+no+co+wo where r,

dividing original gradation |evels of the three col or conponents of
i nput col or image signal by a maxi num gradation value N 1; and in a case
[1] where (r_g b): ro=Cr(r-g), yo=Cy(g-b), wo=fw(b), go=bo=npb=co=0 in a
case [2] where (r_b>g): ro=Cr(r-b), ngzCm(b-g), wo=fw(g), 133

go=bo=yo=c0=0, in a case [3] where (b>?g): bo=Cb(b-r), nm=0Cnr-g),
ro=go=yo=co=0, in a case [4] where (b>g>r): bo=Cb(b-g),

wo=f w( g) ,

co=Cc(g-r)lch wo=f W(r)

us outpg,ltting (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
cblor 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+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

in a case [1] where (r2gzb):

ro=Cr(r-g),

yo=Cy(g-b),

wo=fw(b),

go=bo=mo=co0=0,

in a case [2] where (rzb>g):

ro=Cr(r-b),

ﬁ10=Cm(b—g),

Wo‘=fw(g) ,

g and b are val ues obtai ned by

t he



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 [6] where (g>> b): go=Cg(g-r),
yo=Cy(r-b), wo=fw(b), ro=bo=nb=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 nancq3ef a whole image. Further, the color
di spl ay device may be arranged so 134 that the input color inage signal is
converted into 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 +r o+yo+no+wo 0T P MRISPFo+wo b’ =b+bo+np+co+wo where r, g and b are
val ues obtai ned by dividing original gradation |evels of the three color
conponents of thB & RS Dl ¥heieale>E28hal by a maxi num gradation val ue

bo=Cb(b-r),

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-r),

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-1),

yo=Cy(r-b),

wo=fw(b),

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are cohstants;
and fw is a function dynamically changes dependﬁng on an
“average luminance and a peak luminance of a whole image.

Further, the color display device may be arranged so



N1, and, ro=Crmn (rg, rb), go=Cg-min (gr, gb), bo=Cb mn (br, bg),
yo=Cy-mn (rb, gb), m=Cm mn (rg, bg), co=Cc-mn (gr, br), wo=fwmn (r,
g, b), inwhich mn () is a function for giving a snallest value in a
correspondi ng bracket, on condition that: rg=r-g, rb=r-b, gr=g-r, gb=g-b,

134 135 br=b-r, bg=b- g, in
mhlch each of rg, rb, gr, gb, br and bg are nodified to 0 when they are
m nus val ues. Further, the color display device may be arranged so that the

i nput  col or nal is converted into an, output color, inage signal
with the tHAgE gﬁpoﬂg SRS Ipg8hectEvaly 1ﬁa\ﬁW'g‘?t§S]at§rb‘i? [8Pels of r

g and b', which are given by:
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+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-nﬁn(rg,rbL

go=Cg-min (gr, gb),

bo=Cb-min (br, bg),

yo=Cy- min (rb, gb),

1no=Cnrnﬁn(rg,bQ,

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,



r'=r+ro+yo+nmo+wo ¢g' =g+go+yo+co+wo b' =b+bo+nmo+co+wo 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 naxi mum gradation val ue
N-1; and ro=Krgrg where rg<rb, ro=Krbrb where rg>rb, go=Kgrgr where gr<gb,
go=Kgbgb where gr>gb, bo=Kbrbr where jgs<bg, bo=Kbgbg where br>bg,

yo=Kyrrb where rb<gb, yo=Kyggb where rb>gh, no=Knrrg where rg<bg, 136
no=Knbbg where rg>bg, co=Kcggr where gr<br, co=Kcbbr where gr>br, wo=fw
(mn (r, g, b)), inwhich mn () is a function for giving a smallest value
ina correspondih§=Brﬁcket; Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Knb,
Knmr, Kcg and Kcb are vari abl es which change dependi ng on values of r, g and
b; and fwis a P8fA®Beon which changes depending on a value in a

in which each df 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 éignal 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+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=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,



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 which each of rg, rb, gr, gb, br and bg are nodified to
0 when they are mnus values. Further, it is preferable that the constant k
is 1. Further, it is preferable that the function fw changes dependi ng on
an average |um nance and a peak |um ngnge of a whole image. 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 nay be expressed as:
fw( X) =CwoX (osX<Mn), ... f ) =Cwi (1 -X) {MwsXsl), where Omo, Oni, Mw are

const ants. Furthé’??"m%fzglgo% SpT%@{)gevi ce of an enbodinent of the

present invention preferabl furtheb i ncludes: a detecting device for
det ecting envi r offPeriteH %}”h&ﬁ‘gf‘e%% 8AAATA col or converting device for

controlling at |east_one of the
I 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, Kyf, 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-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.

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 é 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



coefficients N, Ng, Nb, Ny, Nm Nc, C, Cg, Cb, C, 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 detegtion by the detecting device. Wth
the additional provision of the detecting device and the color conversion
device, it is possible to adjust saturation according to changes in
environnment. Saturation of inmages displayed in a color display device is
easily changed by outside light. In this view, by using the detecting

devi ce as vice for detecting light intensity of outside of the color

di splay device, it is possible to adjust saturation according to changes in

col or i spl 2y devk BECBETARPEnBBRRHER Y EkeDR SERHE N80T on pref erabl y
the ~188. coet 11 REREE RPONG,  NJOSRYMRAY Ne. Or g Cb. Oy, Gm oo Pr,
Py and a factor of A36, and_the functions fzr; fzg, fzb, fw, fnr, fng, fnb,
fny, fnmand fnc, aepErdPiglon) whetM&F<A=<1backl i ght of a seni-transnission
liquid crystal panel is on or off. A semi-transmssion liquid crystal panel
functions as. a WhErsHCsvioRWigMe argsxaisipamts. with the backl i ght on,
and functions as a reflection liquid crystal panel with the backlight off;
that is, color ofFdirspleayddhd wnjes difspday 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 Ass, 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 cohverskn1 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: coler. .

converting device for controlling at least one of the



sem -transm ssion liquid crystal panel changes depending on whether the
backlight is on or off. Inthis view, the foregoing arrangenent is provided
wi th color converting mneans for contrpdging at | east one of the
coefficients Nr, Ng, Nb, Ny, Nm Nc, C, Cg, Cb, C/, Cmn Cc, Pr, Py and a
factor of A36, and the functions fzr, fzg, fzb, fw, fnr, fng, fnb, fny,
fnm and fnc, depending on whether a backlight of a sem-transm ssion |iquid
crystal panel is on or off. On this account, an enbodi nent of the present

| nvention poufrtleerts 8!, ONgdineB! avy deuhcaysuidabbe fob, seyure ot.,
adj ustnment for i mge displ %y of "a sem -fransm ssion [iquid crystal panel.

Al t hough megy ?& LRg Br esefr %eg?é,g{i}sig] ﬂqpqu‘g?ﬂtgzlsﬁﬁgr’dk?%u?éﬁdﬁ”gy

conj unction Wi aliquid cryst ay pan e color dis

device, it ﬁﬂougggnb?nﬂndﬁéft oH,gmt ?ﬁg%t Eﬁ&ﬁ&gﬁ%gﬂ%}go&np@g%e} ngenti on

al so may be use conju ion w er’di i Cés Capabl e of
col or display,.includi but not limted to,a cathode ray tube.(CRT), a
ol asra. d; SraykbER Ypbppemitransdhistion il Sl PartEbia it 5 of
i npl enentation di scussed in the foregoing detailed explanation serve solely
to illustra®e%he technical details of the present invention, which shoul d
not be narrowy interpreted within the |imts of such enbodi nents and
concret e exanpl esA peMirsr@BsEHSipa Heptidegryatahmanehiaqtdassweshin t he
spirit of the present invention,

a transmission liquid crystal panel with the backlight on,

and functions as a reflection liquid crystal panel with the
backlight off; that 1is, color of displayed images of a
semi-transmission liquid crystal panel changes depending
on whether 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, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and a factor
of Ass, and the functions fzr, fzg, fzb, fw, fnr, fng, fnb, fny,
fnm and fnc, depending on whether a backlight of a
semi-transmission liquid crystal 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



provi ded such variations do not exceed the scope of the patent clains set
forth below. 140 CLAIMS: 1. A color display device (100), characterized in
that the color display device determines a relationship between plural

col or conponents of an input color inage signal in terns of their gradation
| evel s, . and carries out cal cul ation ggged on the relationship for each of
the plural color conponents excl udin conponent with a smallest gradation
| evel, using variables that are vary depending on the respective gradation
| evel s of the plural color conponents, wherein the gradation |evel of the
col or conpaapdbld tdf tdedorsmikipéay, gnadatdiag |leuél nodndimdtedchhanged bef ore
and after the calculation. 2. A color display device (100), characterized
in that thett@dy rdiystlisy (ORTEea dsbenihndis playepahiedHDP) betoween three
col or conponents of an input color image signal in terns of their gradation

level's, and carrimgfe oukngbldiid Galdcul 8bhedetor %@é‘eﬁn?]@ﬁt cof or inmage
si gnal depending on whether the input color image signal belongs to which

of 31X, Palbssnamehchbod o Aibonshea: the cHeul Ridmbel ndapealiegred for

each of the or conponents excl uding a th a small est

or adati on |eugl , H5LO0 VAT AER 145110 0Eh B (8Bl SEedte SpSPect  ve

gradation 1%

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.



three col or conmponents, wherein the gradation |evel of the color conponent
with the small est gradation |evel remains unchanged before and after the
cal culation. 3. The col or display device (100) as set forth in claim 1,
wherein: the variables are determ ned so that gradation | evels of the input
col or image signal after color conpensafjpon fall wthin a range of a color
nodel that expresses the gradation |evels of the input color inage signal
before and after color conpensation in ternms of distributions of hue,
| um nance and saturation. 4. The color display device as set forth in claim
1, wherein: hempeut color image signal is converted into an output col or
i mge 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+no+co, 142 where r, g and b are val ues obtai ned by dividing
original gradation levels of the three color conponents of the input color
i mage signal by a daxi mincgloadiisplay davice (MO00), ehdractesizedsia fhatl where
r> g?b: ro=Krg(r-g)Nr,

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 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,

wherein the gradation level of the color component with the

smallest gradation level remains unchanged before and after

the calculation.

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



yo=Kyg(g-b) Nr go=bo=npb=co=0, in a case [2] where r_b?g: ro=Krb(r-b) Nr,
nmo=Knb( b-g) Nm go=bo=yo=co0=0, in a case [3] whereb> r?g: bo=Kbr(b-r)Nb,
nmo=Knr (r-g) Nm ro=go=yo=co=0, in a case [4] whereb>g>r: bo=Kbg(b-g) Nb,
co=Kcg(g-r)Nc, ro=go=yo=np=0, in a case [5] whereg> b>r: go=Kgb(g-b)Ng ,
co=Kcb(b-r)Nc, ro=bo=yo=np=0, 143 in gcase [6] whereg>r_b: go=Kgr(g-r)Ng,
yo=Kyr (r-b)NY, ro=bo=nb=co=0, in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg,
Kyr, Kmb, Knr, Kcg and Kcb are variabl es whi ch change depending on val ues
of r, g and b; and Nr, Ng, Nbo, Ny, Nmand Nc are

that vary depending on the respective gradation levels of the

three color components, wherein the gradation level of the

color component with the smallest gradation level remains

unchanged before and after the calculation.

3. The color display device (100) as set forth in claim
1, wherein:

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'=r+ro+yo+mo,

g'=g+go+yo-+co,

b'=b+bo+mo+co,



constants not less than 0. 5. The col or display device (100) as set forth in
claim 4, wherein: the variables are expressed as: Krg=Crfrg (r,b),
Krb=Crfrb (r,g), Kgr=Cg fgr (g,b), Kghb=Cg fgb (g,r), Kbr=Cbfbr (b,q),
Kbg=Cb-fbg (b, r), Kyg=Cyfyg (r,b), Knb=Cnrfnb (r,g), Knr=Cm fnr (b,qg),
Kcg=Cc fcg (b,r), Kcb=Cc fcb (g,r), fgr=C fyr (g,b), where C, Cb, Cg,
Cy, Cmand Cc are constants; frg, frb, fgr, fgb, fbr, fbg, fyg, fnb, fnr,
fcg, fcb and fyr are functions which respectively change dependi ng on
values of r, g and b in corresponding brackets; and the r, g and b are

obtai ned by di Vi di gh&eixgigndhd W AEVAAR E8Elifcalby BRillKEErikdal col or

conmponents of the input or image signal by a maxi mumgradation value
L e S haSPLALRN, (00 SR Bl g R el
far (9), Kbg-Colorabagbpidna) i , maKypuoy Erhdntipn valiatN andab-cm far (1)
*fag (g), Knmr=Om fab (b) fag (g), Kcg=Cc fab (b) far (r).

in a case [ 1 | where rzg2b:

ro=Krg(r-g)Nr,

yo=Kyg(g-b)"",

go=bo=mo=co=0,

in a case [2] where r>b>g:

ro=Krb(r-b) Nr,

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

in a case [3] whereb>r>g:

bo=Kbr(b-r)Nb,

mo=Kmr(r-g)Nm

ro=go=yo=co=0,

in a case [4] whereb>g>r:

bo=Kbg(b-g)"®,

co=Kcg(g-r)Ne,

ro=go=yo=mo=0,

in a case [5] whereg>b>r:

go=Kgb(g-b)"e,,

co=Kcb(b-r)Ne,

ro=bo=yo=mo=0,



Kcb=Cc fag (g) fa r(r), Kyr=Cy *fag (g) fab (b), where C, 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 correspondi ng brackets; and the
r, g and b are obtained by dividing original gradation levels of the three
col or conponents of the input color |nq'? signal by a maxinmum gradation
value N-1. 7. The col or display device (100) as set forth in claim 6,
wherein: 145 the functions far(r), fab(b) and fag(g) are continuous
functions which give 0 when the r, g and b (0<.r,g,b< 1) are 0 or 1. 8. The

col or display devi ga%g) 5 h | n claim 4, wherein: the variables
are expressed as: [63%}%@% é>9 or ag, Kgr=Cg ag ab, Kgh=Cg

ag or, Kbr=Cb ab ag g Cb ab ar Kyg=Cy ar ab, Knb=Cm ar ag,
Knr=Cm ab ag, KCSQEKgr(‘gbr) &, Kcb=Ccagar, Kyr=Cyagab, ar=foxrk
(0:5r<m), ar=flx (1-r)k (|vr<_r<_1), ag=goxgk (O-g<My), ag=gi x (1-g)k
(Mygl), yo=Kyr(r-b)\y,
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 O.

5. The color display device (100) as set forth in claim
4, wherein:

the variables are expressed as:

Krg=Crefrg (r,b), Krb=Crefrb (r,g),

Kgr=Cg « fgr (g,b), Kgb=Cg * fgb (g,7),

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

Kyg=Cy-fyg (r,b), Kmb=Cmefmb (r,g),

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

Kcb=Cc e 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 three



ab=hoxbk (0O<b<Md), ab=hix (1-b)k (M<_b< 1), where fo, fl, go, gi, ho, hi,
M, My, Mo and k are constants; C, Cb, Cg, Cy, Cmand Cc are constants,
and the r, g and b are obtained by dividing original gradation |evels of
146 the three col or conponents of the input color image signal by a

maxi mum gradation value N-1. 9. The colqy di splay device (100) as set forth
inclaim 4, wherein: the variables are expressed as: Krg=C ar ab,

Krb=Cr ar ag, Kgr=Cg ag ab, Kgbh=Cg ag ar, Kbr=Cb ab ag, Kbg=Cb ab
ar, Kyg=Cy ar ab, Knb=Cmar ag, Knr=Cm ab ag, Kcg=Cc ab ar, Kch=Cc

ag ar, Kyr=C¢oldtd cotRpondhtXof t(H%<_1hﬁQ1t5)colcﬁf Sgadel - §1kn@0. by _a<_ 1),
(xg=2x g (0<_g<0.5), ag =2X(1-9) (0 <0< 1), ab=2x b (0< _b<0.5), ab=2 x

(1-b) (0 5<b<5%a| rﬁx\gﬁ_{)g at1$ 1\91 Cmand Cc are constants, and the r,

g and b are o i Vi ng orlglnal gradation |evels of the three
col or conponents of the input color inage

0. 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=Cge fag (g) fab (r),

Kbr=Cb ¢ fab (b) * far (g), Kbg=Cb ¢ fab (b) *fag (r),

Kyg=Cy ¢ far (r)  fab (b}, Kmb=Cm e 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 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:



signal by a maxi mum gradation value N-1. 147 10. The col or display device
(100) as set forth in claim 4, wherein: the variables are expressed as:
Krg=Cr fmax (r) fmn (b), Krb=Cr fmax (r) fmn (g), Kgr=Cg fmax (Q)
fmn (b), Kgb=Cg fmax (g) fmn (r), Kor=Cb fmax (b) fmn (g), Kbg=Cb
fmax (b) fmn (r), Kyg=Cy fmax (r) fmsn (b), Knb=Cm fmax (r) fmn (g),
Km=Cm frmax (b) fmn (g), Kcg=Cc fmax (b) fmn (r), Kcb=Cc fnmax (9)
fmn (r), Kyr=Cy fmax (g) fmn (b), where C, Cb, Cg, C, Cmand Cc are
constants; frmax, and fmn are functions which respectively change dependi ng

on values of r, g dne flarioticry rfag@Epneib() irad kielggy) and thetinuoms and b are
obt ai ned by dividing original gradation |evels of the three color

conponent s of ! ' [ y L gyagdat ion val ue
w11 he fongieAPSknER B BotPeBofiar Bled FIREHRALTAR W] Vherai n.
148 the functi oln fmax is a continuous function which gives

or 1.

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, 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=Cceagear, Kyr=Cyeageab,

or=foXk (0<r<Mr),

ar=fix (1-r)k (Mr<r<1),

ag=go*gk  (0<g<Mg),

ag=g1 * (1-g)k (Mg<g<l1),

ab=he*bk  (0<b<Mb),

ab=h* (1-b)k (Mb<b<l1),

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



0O when the r, g and b (0<_.r,g,< 1) are 1; and the function fmnis

conti nuous function which gives 0 when the r, g and b (0_r,g,b< 1) are O.
12. The col or display device (100) as set forth in claim 4, wherein: the
vari abl es are expressed as: Krg=CrSrTh, Krb=CrSrTg, Kgr=Cg Sg Tb, Kgb=Cg
Sg Tr, Kbr=Cb Sb Tg, Kbg=Cb Sb Trig46 Kyg=Cy Sr Tb, Knb=Cm Sr Tgq,
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 C, Cb, Cg, Cy, Cm Cc and k
are constants, and the r, g and b are obtai ned by dividing original

gradati on 149thkeahets colort bemipuremits alfahecioimunesivs infagensignapuiy col or i mage
signal by a maxi num gradation value N-1. 13. The col or display device (100)

as set forth ianm%l}&inlﬁm]gpam%rp(,gl:uetNel.constant k is 1.

9. 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 e+ 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,

or=2xr (0<r<0.5),

or=2x(1-r) (0.5<r<1),

ag=2xg (0<g<0.9),

ag=2*(1-g) (0.5<g<1),

ob=2xb (0<b<0.5),

ab=2 x (1-b) (0.5<b< 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 three color components of the input color image

signal by a maximum gradation value N-1.



14. The col or display device (100) as set forth in claim 5, 6, 8, 9, 10 or
12, wherein: the &, Cb, Cg, C, Cmand 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 forthi4gm claim 4, wherein: the variables
Ng, Nb, Nmand Nc are not nore than 1. 17. The col or display device (100)
as set forth in claim 1, wherein: 150 the input color imge signal is
converted into an output color inmage signal with the three color conponents
respectively havi ngOgr alhki avlot elvsplayatevice (DOOjaasl skt fomhi whclaim gi ven by:
ro r go (90 + A36 bo b Yo nbo co wherer, g and b are val ues obtai ned by
di vi di ng origignaleqigdation levels of the three color conponents of the

i nput col or irage signal by a maxi mnum gradati on value N-1; and

the variables are expressed as:
Krg=Cre fmax (r) * fmin (b), Krb=Cr ¢ fmax (r) * fmin (g),

Kgr=Cg ¢ fmax (g) * fmin (b), Kgb=Cg ¢ fmax (g) * fmin

Kbr=Cb ¢ fmax (b) * fmin (g), Kbg=Cb ¢ fmax (b) ¢ fmin

(r),

Kyg=Cye® fmax (r) * fmin (b), Kmb=Cm ¢ fmax (r) * fmin
(8),

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 ther, 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:



A36 expresses square matrix of 3x6; and in a case [ 11 where r?g_b:
ro=Krg(r-g)Nr, yo=Kyg(g-b)NY, go=bo=np=co=0, 1in 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, 151 no=Knr(r-g), Nmro=go=yo=co=0, in a case [4] where

b>g>r:
g_b>r:
g>r ?b:

bo=Kbg(b-g) No, co=Kcg(g-r)Nc, 14g0=go=yo=np=0, in a case [5] where
go=Kgb(g-b)Ng, co=Kcb(b-r)Nc, ro=bo=yo=np=0, in a case [6] where
go=Kgr(g-r)Ng, yo=Kyr(r-b)NY, ro=bo=np=co=0

the function fmax is a continuous function which gives
0 when the r, g and b (0<r,g,<1) are 1; and the function
fmin is continuous function which gives O when ther, gand b

(O<r,g,b<1) are O.

12. The color display device (100) as set forth in claim
4, wherein:

the variables are expressed as:

Krg=CreSreTh, Krb=CreSrTg,

Kgr=Cg * Sg » Tb, Kgb=Cg ¢ Sg * Tr,

Kbr=Cb ¢ Sb ¢ Tg, Kbg=Cb ¢ Sb « Tr,

Kyg=Cy ¢ Sr « Tb, Kmb=Cm ¢ Sr « Tg,

Kmr=Cm - Sb * Tg, Kcg=Cc ¢ Sb *Tr,

Kcb=CceSg*Tr, Kyr=Cye*Sg*Tb,

Tr=rk,

Sr=(1-1)k,

Tg=g*,

Sg=(1-g)%,

Tbh=Dbk,

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



in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Knr, Kcg and Kcb are
vari abl es whi ch change depending on values of r, g and b; and N, Ng, Nb,
Ny, Nmand Nc are constants not |ess than 0. 18. The col or display device
(100) as set forth in claim 17, wherein: the A36 is expressed as: 152 al
al2 (al3 al4 al5 al6 .i=6 ( all a22 ) agy f | a24 ) a25 f a26 a3l 02 a33
a34 a35 a36 where all =a22=a33=al4=a24=al5=a35=a26=a36=1 and a2l, a31, al2,
a32, al3, a23, a34, a25 and al6 are 0 or a negative value. 19. The color
di spl ay device (100) as set forth in claim 17, wherein: the A36 is

expressed as: |@fel@b? tak3tialed\ cdldb c@h@b&neﬂ?@éﬁ@ﬁ@’iﬁ?ﬁﬁwoﬂz a3l c32
a33 a34ll111l a35" a36 where all =a22=a33=al4=a24=al5=a35=a26=a36=1,

al | +a21+a31:0§%£’%ﬁ+€3§é+rﬂ%ﬁ9mrﬁ§5§aﬁ8ﬁ3§a:l e N5’3¢_l1.4+a24+a34:0, al5+a25+a35=0,

and al6+a26+a e co Irsplay device (100) as set forth in claim
17, wherein: the A36 is expressed as:

13. The color display device (100) as set forth in claim
12, wherein:

the constant kis 1.

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:



all al2 al3 14 al5 al6 ao( a2l)a22 'a23 a f~a24~n25~ a26 a31l' "a32
\\\\\\a33!'! a34 e35 a36 153 where all =a22=a33=al4=a24=al5=a35=a26=a36=1,
a2l=a31=al2=a32=al3=a23=-0.5, and a34=a25=al6=-2. 21. The col or display
device (100) as set forth in claim 1, wherein: the input color inmage signal
is converted into an output color inmagggpsignal with the three color
conponents respectively having gradation levels of r', g and b', which are
given by: ro r r go g g +A36 bo (bl b 310 nbo Co wherer, g and b are
val ues obtai ned by dividing original gradation |levels of the three color

conmponents of the {HiHpuCebr imBEe sipindNas c'@hvérﬂ&lxiﬁfbraﬂro%ﬁ?iﬂton val ue
N-1; and A36 expresses square matrix of 3x6; and in a case [1l] where r?g?b:

ro:Krg(fzr(r)Cc-)lfO;g(igl)lggé\lr 'signal with the three color components

respectively having gradation levels of r', g' and b', which are

given by:
fo ro
r’ r go
(g’) = (8} + Ax | bo
b’ b. Vo
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
A3z expresses square matrix of 3x6; and

in a case [1] where r>g>b:

ro=Krg(r-g)"r,

yo=Kyg(g-b)V,

go=bo=mo=co=0,

in a case [2] where r>b>g:

ro=Krb(r-b)Nr,

mo=Kmb(b-g)Nm,

go=bo=yo=co=0,

in a case [3] where b>r2g:

bo=Kbr(b-r)Nb,



yo= Kyg (fzg(g) -fzb (b)) NY, go=bo=nb=co=0 154 in a case [2] where
r?b>g: ro=Krb(fzr(r)-fzb(b))Nr, no=Knb(fzb(b)-fzg(g))Nm go=bo=yo=co=0,
in a case [3J where b>r>g: bo=Kbr(fzb (b)-fzr(r)) Nb,
mo=Knr (fzr(r)-fzg(g)) Nm ro=go=yo=co=0, in a case [4] where b>g>r:
bo=Kbg(fzb(b)-fzg(g))Nb, co=Kcg(fzg(g)rsfizr(r)) Nc, ro=go=yo=np=0, 1in 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 [6] where g>r?b: go=Kgr(fzg(g) -fzr(r)) Ng,
yo = Kyr (fzr (r) -fzb (b)) NY, ro=bo=npb=co=0, in which Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kygmdgq(mr(?u‘g) NKnr, Kcg and Kcb are variabl es which change
dependi ng on values of r, and b, Nr, Ng, Nb, Ny, Nmand Nc are constants

ro—go—yo—co-O,

in a case [4] where b>g>r:

bo=Kbg(b-g)"®,

co=Kcg(g-r)Nc

ro=go=yo=mo=0,

in a case [5] where g>b>r:

go=Kgb(g-b)"e

co=Kcb(b-r)Ne,

ro=bo=yo=mo=0,

in a case [6] where g>r>b:

go=Kgr(g-r)Ng,

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 O.

18. The color display device (100) as set forth in claim
17, wherein:

the Ase is expressed as:



155 not less than 0, and fzr, fzg, fzb are functions which respectively
change depending on values of r, g and b in correspondi ng brackets. 22. The
col or display device (100) as set forth in claim 21, wherein: the functions
fzr, fzg, fzb convert input values identical wth each other into output
val ues different fromeach other. 23. [Bhe col or di splay device (100) as set
forth in claim 21, wherein: the functions fzr, fzg, fzb satisfy fzr=r2.2,
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 col or display device (100) as set forth in claim 1,
wherein: the input cokoryjsmmgaisigerl /s Gamerted into an out put color
i mage signal with th azm)eézgéhéa€§a@&eﬁb 236 156 respectively having
gradation | evels of r%3i'gedantk3y’,
g' =g+go+yo+co, b'=b+bo+no+co,

where all=a22=a33=al4=a24=al5=a35=a26=a36=1 and

i 'ebb'aréd’ gi ven by: r'=r+ro+yo+no,

a2l1, a3l, al2, a32, al3, a23, a34, a25 and al6 are O or a

negative value.

19. The color display device (100) as set forth in claim
17, wherein:

the Age is expressed as:

elli/el2yfal3\fald) {al5y/alb}
A ( a2l )(QZZ ) a3 ){024 ] (aZS)( a6 |

0317 ‘2327 *a33/ “a34’ ‘e3d’ “e36
where al1=a22=a33=al4=a24=al5=a35=a26=a36=1,
all+a2l+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 Az is expressed as:

. fall}jel2)\fal3) al4) {15} /al6’
A3 ( a2l ) (322) 623 }ia24 aZS) azé)
231 "e32’ Ma33’ "a3d4’ “e35 ‘a3b



where r, g and b are val ues obtai ned by dividing original gradation |evels
of the three color conponents of the input color inmge signal by a maxi num
gradation value N-1; and, in a case [ 1 1 where r?g?b: ro=Krg fnr(r-g),
yo=Kyg - fny(g-b), go=bo=np=co=0, 1in a case [21 where r_b>g: ro=Krb
fnr(r-b), m=Knb fnn(b-g), go=bo=yo568=0, in a case [31 where b>r?g:
bo=Kbrfnb(b-r), nm=Knr fnm(r-g), ro=go=yo=co=0, in a case [41 where
b>g>r: bo=Kbgfnb(b-g), co=Kcg fnc(g-r), 157 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=np=0, in a case
[6] where g>r>b: gorferal f4HB=-433=al4=a24=a15=a35=a26=a36=1,

a2l1=a31=al2=a32=a13=a23=-0.5, and a34=a25=al16=-2.

21. 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
r’ r go
g |18 )T A% po
b’ b yo

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
A3e expresses square matrix of 3x6; and

in a case [1] where r>g>b:

ro=Krg(fzr(r)-fzg(g))™,

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

go=bo=mo=co=0,



yo=Kyr fny(r-b), ro=bo=nmpb=co=0, in which Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Kyr, Knb, Knmr, Kcg and Kcb are vari abl es whi ch change dependi ng on
values of r, g and b; and fnr(DX), fng(DX), fnb(DX), fny(DX), fnmDX) and
fnc(DX) are functions which respectively change depending on calculation
results DX (05DX5 1) of corresponding bisackets. 26. The col or 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 predeterm ned value in a
range of 0<DX <1. 27. The color display device (100) as set forth in claim

25, wherein: 158 fhg ddac ']%ﬁerfenfz(ﬂ:ﬂ;@ and fny(DX) are expressed as:
fnr (DX) =DX2- Pr DX, fny(D>£2|:DX2-Py DX, where Pr and Py are constants

greater than 0. 28. T ol qr. di gjay device (100) as set forth in claim 1,
wherein: the inputr%ﬂk’g?(g rr(a’ﬁ'gfég@ nal is converted into an output col or

i mge signal with the three color conponents respectively having gradation
l evel s of r', g ambaKmbffzbh)-tagée))gi,ven by: r' =r+ro+yo+no,

go=bo=yo=co0=0,

in a case [3J where b>r2g:

bo=Kbr(fzb(b)-fzr(r))Nb,

mo=Kmr(fzr(r)-fzg(g))"Nm,

ro=go=yo=co=0,

in a case [4] where b>g>r:

bo=Kbg(fzb(b)-fzg(g))"®,

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

ro=go=yo=mo=0,

in a case [5] where g>b>r:

go=Kgb(fzg(g)-fzb(b))"e,

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))e,

yo=Kyr(fzr(r)-fzb(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, Nr, Ng, Nb, Ny, Nm and Nc are constants



g' =g+go+yo+co, b'=b+bo+no+co, where r, g and b are val ues obtai ned by

di vi di ng ori gi nal

i nput color imge signal by a nmaxi mum gradation value N 1; and,
[ 1] where r_g_b: ro=Cr(r-g)N= yo=Cy(g-b)Ny, go=bo=npb=co=0, in a case
[2] where r_b>g: ro=Cb(r-b)N1l, 159 noz@(b-g) Nm go=bo=yo=co=0,
[ 3] whereb>r?g: bo=Cb(b-r)Nb, no=Cn(r-g)Nm ro=go=yo=co0=0, in a case [4]
bo=Cb(b-g)Nb, co=Cc(g-r)Nc, ro=go=yo=np=0, in a case [5]

where b>g>r:
wher eg>b>r:

go=Cg(g-b)Ng, co=Cc(b-r)Nc, ro=bo=yo=np=0 and
not less than O, and fzr, fzg, fzb are functions which

respectively change depending on values of r, g and 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.

23. The color display device (100) as set forth in claim

21, wherein:

the functions fzr, fzg, fzb satisfy fzr=r22, fzg=g22 and

fzb=b22.

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 color image signal is converted into an output

color image signal with the three color components

gradation levels of the three color conponents of the

in a case

in a case



in a case [6] where g>r?b: go=Cg(g-r)Ng, yo=Cy(r-b)NY, ro=bo=np=co=0, in
which C, Cg, Cbh, Cy, Cm Cc, Nr, Ng, Nb, Ny, Nm and Nc are constants. 29.
The col or display device (100) as set forth in claim 1, wherein: 160 the

i nput color image signal is converted into an output color inmage signal with
the three col or conponents respectiveljygghaving gradation levels of r', g
and b', which are given by: ro r 90 g - A3; bob" b Yo no Co wherer, g
and b are val ues obtained by dividing original gradation |evels of the

t hree col or conponents of the input color inmage signal by a maximum

?rid?tLﬁgrgalgﬁgﬁgihfgagy?fégfgﬁsgg%S?gygﬁf@f@g@PkﬁRXEwa@M@hzﬁ@d in a case

given by:

r'=sr+ro+yo+mo,

g'=gtgotyotco,

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 r>g>b:

ro=Krg ¢ fnr(r-g),

yo=Kyg - fny(g-b),

go=bo=mo=co=0,

in a case [2] where r>b>g:

ro=Krb e fnr(r-b),

mo=Kmb ¢ fnm(b-g),

go=bo=yo=co=0,

in a case [3] where b>r>g:

bo=Kbrefnb(b-1),

mo=Kmr ¢ fnm(r-g),

ro=go=yo=co=0,

in a case [4] where b>g>r:

bo=Kbgefnb(b-g),

co=Kcge fnc(g-r),



go=bo=np=co=0, in a case [2] where [2] r_b>g: ro=Cr(r-b), no=Cmb-g),
go=bo=yo=co=0, in a case [3] where b>> g: bo=Cb(b-r), nmo=Cm(r-g), 161
ro=go=yo=co=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=bo=yo=np=0, and in a case [6] where 1g%r?b: go=Cg(g-r), yo=Cy(r-b),
ro=bo=no=co=0, in which C, Cg, Cbh, Cy, Cm and Cc are constants. 30. The
col or display device (100) as set forth in claim 1, wherein: the input
color image signal is converted into an out put

ro=go=yo=mo=0,

in a case [5] where g>b>r:

go=Kgb+ fng(g-b),

co=Kcb ¢ fnc(b-r),

ro=bo=yo=mo=0,

in a case [6] where g>r>b:

go=Kgr- fng(g-r),

yo=Kyr ¢ fny(r-bj,

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),
fnm(DX) and fnc(DX) are

functions which respectively change depending on

calculation results DX (0<DX< 1) 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<DX<1.

27. The color display device (100) as set forth in claim

25, wherein:



color image signal wth the three col or conmponents respectively having
gradation levels of r', g and b', which are given by: r'=r+ro+yo+no
g- =g+go+yo+co 162 b' =b+bo+nbp+co where r, g and b are val ues obtai ned by
dividing original gradation |levels of the three col or conponents of the
i nput color image signal by a maxi numiggadati on value N-1; and, in a case |
1] where (r?g?b): ro=Cr (fzr (r)-fzg (g)), vyo=Cy (fzg (g)-fzb (b)),
go=bo=np=c0=0, in a case [2] where (r?b>g): ro=Cr (fzr (r)-fzb(b)), m=Cm
(fzb (b)-fzg(g)), go=bo=yo=co=0 in a case [3] where (b>>g): bo=Cb (fzb
(b)-fzr(r)), no=Cun¢fanctiohsffng(dX) andrfoy{oXyareexPressad ascase [4] where
(b>g>r): bo=Cb (fzb (b)-fzg(g)), co=Cc (fzg (g)-fzr(r)), ro=go=yo=np=0,
fnr(DX)=DX2-Pr « DX,
fny(DX)=DX2-Py ¢ DX,

where Pr and Py are constants greater than O.

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'=sr+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,

in a case [ 1 | where r>g>b:

ro=Cr(r-g)Nr,

yo=Cy(g-b)",

go=bo=mo=co=0,

in a case [2] where r>b>g:

ro=Cb(r-b)Nr,



in a case [5] where (g_b>r): go=Cg (fzg (g)-fzb(b)), co=Cc (fzb
(b)-fzr(r)), 163 ro=bo=yo=np=0, and in a case [6] where (g>r?b): go=Cg
(fzg (g)-fzr(r)), vyo=Cy(fz r(r)-fzb(b)), ro=bo=nb=co=0, Where C, Cg, Cb,
Cy, Cmand Cc are constants; and fzr, fzg and fzb are functions which change
depending on the values of r, g and b j509 correspondi ng brackets. 31. The
col or 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
t hree col or conponents respectively having gradation levels of r', g and
b', which are gi veioH¥in(b-gjf=] o+yo+nd Q' =g+go+yo+co b' =b+bo+mp+co where
r, g and b are values obtained by dividing original gradation levels of the
t hree col or conponggLBOQ 01g§_ nput color inmage signal by a maximum
gradati on val ue N and, = mn (rg, rb), go=Cg mn (gr, gb),

in a case (3] whereb>r>g:
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] whereg>b>r:
go=Cg(g-b)"s,
co=Cc(b-r)Ne,
ro=bo=yo=mo=0, and

in a case [6] where g>r>b:
go=Cg(g-1)",
yo=Cy(r-b)\,
ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm,

and Nc are constants.

29. The color display device (100) as set forth in claim

1, wherein:



164 bo=Cbmn (br, bg), yo=Cymn (rb, gb), nm=Cmmn (rg, bg), co=Cc-mn
(gr, br), in which min () is a function for giving a smallest value in a
correspondi ng bracket; and Cr, Cg, Cb, Cy, Cmand Cc are constants, on
condition that: rg=r-g, rb=r-b, gr=g-r, gb=g-b, br=b-r, bg=b-g, 1in
which each of rg, rb, gr, gb, br and bggegre nodified to 0O when they are

m nus val ues. 32. The col or display device (100) as set forth in claim 1,
wherein: the input color inage signal is converted into an output color

i mge signal with the three color conponents respectively having gradation

levels of r', g a ; [ ; ' Dy T a b
0 2g+goTy 0o fitk PhputRbfdt Rh&ge QiR iR¥onYerted irfc AR HAPR
color image signal with the three color components

respectively having gradation levels of r', g and b', which

are given by:

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 r>g>b:

ro=Cr(r-g),

yo=Cy(g-b),

go=bo=mo=co=0,

in a case [2] where [2] r>b>g:

ro=Cr(r-b),

mo=Cm(b-g),

go=bo=yo=co0=0,

in a case [3] where b>r>g:

bo=Cb(b-1),

mo=Cm(r-g),



b' =b+bo+nmo+co where r, g and b are val ues obtai ned by dividing original
gradation levels of the three color conponents of the input color imge
signal by a maxi mum 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=Kbrbr
where br<bg, bo=Kbgbg where br>bg, yorl{yrrb where rb<gb, yo=Kyggb where
rb>gb, nmo=Knrrg where rg<bg, no=Knb bg where rg>bg, co=Kcggr where
gr<br, co=Kcb br where gr>br, in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg,
Kyr, Knmb, Knr, Kcg and Kcb are variabl es which change dependi ng on val ues
of r, g and b, on g@wggiydytdgmqt: rg=r-g, 166 rb=r-b, gr=g-r, gb=g-b,

br=b-r, bg=b-g,
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 g>b>r:
go=Cg(g-b),
co=Cc(b-1),
ro=bo=yo=mo=0, and
in a case [6] where g>r>b:
go=Cg(g-1),
yo=Cy(r-b),
ro=bo=mo=co=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:

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+gotyotco



in which each of rg, rb, gr, gb, br and bg are nodified to O when they are
m nus val ues. 33. A color conpensation nethod, characterized by conprising
the steps of: a) determning a relationship between plural color conponents
of an input color inmage signal in terns of their gradation |evels; and b)
carrying out calculation based on the rghationship for each of the plural
col or conponents excluding a conponent with a smallest gradation |evel,
using variables that vary depending on the respective gradation |evels of
the plural color conponents, wherein the gradation |evel of the color
conponent w th thepsipldashodeadation [ evel remains unchanged before and
after the calculation. 34. A color conpensation nethod, characterized by

conprising the ste of : 167 determning.a rel ationshi p .bet ween three
col or conponents o?v ﬁeirnﬁu%n%g%alfe Vel @b Q?di%ﬁ' day %grlg%‘rfl gradati on
| evel s; and b) carrying out a different calculation for each input color

i mge signal gepdadbngleyalsvoétther thiese calant cemippneritaagl tBE gitgiutbel ongs to
whi ch of six patterns of the relationship,wherein: the calculation in the
step (b) is cabldrethat sigitil\yddahbyimbied geaghtioh vdigetieandgl or conponents

excluding a
in a case [1] where (r>g>b):
ro=Cr (fzr (r)-fzg (g)),
yo=Cy (fzg (g)-fzb (b)),
go=bo=mo=co0=0,
in a case [2] where (r=b>g):
ro=Cr (fzr (r)-fzb(b)),
mo=Cm (fzb (b)-fzg(g)),
go=bo=yo=co=0,
in a case [3] where (b>r>g):
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 (g=b>1):
go=Cg (fzg (g)-fzb(b)),

co=Cc (fzb (b)-fzr(r)),



conponent with a small est gradation |evel, using variables that vary
dependi ng on the respective gradation |levels of the three color conponents,
wherein the gradation | evel of the color conponent with the small est
gradation | evel remai ns unchanged before and after the calculation. 35. A
col or conpensation program characterizgd by. causing a conputer to execute
the steps of: a) determning a relationship between plural color conponents
of an input color image signal in terms of their gradation |evels; and b)
carrying out calculation based on the relationship for each of the plural
col or conponents exgthshygraot68andonponent with a snallest gradation |evel,
using variables that vary depending on the respective gradation |evels of

the plural color ﬁlo%gqo#%g@?&lﬁ%g(%%gzﬁbe gradation | evel of the color

conmponent with the's evel remmins wunchanged before and
after the calculation. 36. A color conpensation program characterized by
causi ng a conput er 200CeX &L TZHE) st eps of : a) determining a rel ationship
bet ween three color conponents of an input color inage signal in terns of

their gradation If@!@d}y(fzanq-fbb(kgp}rryi ng out a calculation for each input
color image signal depending on whether the input color inage signal
bel ongs to which 0;0—%&191%9:8265 of the relationship, the

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'=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=Cre min (rg, rb),

go=Cge min (gr, gb),



cal cul ation being carried out individually for each of the three color
conponents excluding a conponent with a snmallest gradation |level, using
vari abl es that vary depending on the respective gradation |evels of the
three col or conmponents, wherein the gradation |evel of the col or conponent
with the smallest gradation |evel remggas unchanged before and after the
cal culation. 169 37. A conputer readable storage nedium characterized by
storing a color conpensation programfor causing a conputer to execute the
steps of: a) determning a relationship between plural color conponents of
an input color inmepge=bghdh i(brtemy, of their gradation levels; and b)
carrying out calculation based on the relationship for each of the plural
col or conponents egSLéglﬂﬂna 150 ent with a snallest gradation |evel,
usi ng vari abl es t vary dépéndi >on the respective gradation | evels of
the plural color conmponents, wherein the gradation |evel of the color
conmponent with t heMeEFMesiIB (E&a8lon | evel remains unchanged before and
after the cal culation. 38. A conmputer readabl e storage medi um
characterized by storCpgmiancdgnr dmfpensation programfor causing a
conputer to execute the steps of: a) determning a relationship between

three color  conpofieRsichl nAR () BOYW NEREQEn THRYViREIAmAlledteV ol their

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
respectively having gradation levels of r', g' and b', which are

given by:



gradation | evels; and b) carrying out a calculation for each input col or

i mge signal dependi ng on whether the input color image signal belongs to
whi ch of six patterns of the relationship, the 170 cal cul ati on being
carried out individually for each of the three color components excluding a
component with a smallest gradation | qggl, using variables that vary
dependi ng on the respective gradation levels of the three col or conponents,
wherein the gradation | evel of the color conmponent with the snallest
gradation | evel remai ns unchanged before and after the cal culation. 39. The
col or display deviger{dfQpb+asoset forth in any one of clains 4 through 6, 8
t hrough 10, 12, 15 through 31, further conprising: detecting neans for

detecting environngn s; and color converting neans for controlling
at | east one of ?ge%%gg%yﬁg(%gnts Nr, Ng, Nb, Ny, Nm Nc, C, Cg, Ch, Cy,
Cn Cc, Pr, Py and a factor of A36, and the functions fzr, fzg, fzb, fw,
fnr, fng, fnb, fnyb‘#’r‘fﬂﬁo&'ﬁ’aof%, according to a result of detection by the
detecting neans. 40. The col or display device (100) as set forth in claim
39, wherein: 171 wherer, gand 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=Kbrebr where br<bg,

bo=Kbgebg where br>bg,

yo=Kyrerb where rb<gb,

yo=Kygegb where rb>gb,

mo=Kmrerg where rg<bg,

mo=Kmb ¢ bg where rg>bg,

co=Kcgegr 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,



the detecting nmeans detects light intensity of outside of the color display
device. 41. The col or display device (100) as set forth in any one of
claims 4 through 6, 8 through 10, 12, 15 through 31, further conpri sing:

col or converting nmeans for controlling at | east one of the coefficients Nr,
Ng, No, Ny, Nm Nc, C, Cg, Cb, Cy, CmggCc, Pr, Py and a factor of A36, and
the functions fzr, fzg, fzb, fw fnr, fng, fnb, fny, fnmand fnc, depending

on weather a backlight of a sem -transm ssion |iquid crystal panel is on or
of f.

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.

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, wherein the gradation level of the
color component with the smallest gradation level remains

unchanged before and after the calculation.

34. A color compensation method, characterized by

comprising the steps of:
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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,wherein:

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, wherein the gradation level of the
color component with the smallest gradation level remains

unchanged before and after the calculation.

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
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component with a smallest gradation level, using variables
that vary depending on the respective gradation levels of the
plural color components, wherein the gradation level of the
color component with the smallest gradation level remains

unchanged before and after the calculation.

36. 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 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,
wherein the gradation level of the color component with the
smallest gradation level remains unchanged before and after

the calculation.
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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, wherein the gradation level of the
color component with the smallest gradation level remains

unchanged before and after the calculation.

38. 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 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
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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,
wherein the gradation level of the color component with the
smallest gradation level remains unchanged before and after

the calculation.

39. The color display device (100) as set forth in any
one of claims 4 through 6, 8 through 10, 12, 15 through 31,
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, Nc, Cr, Cg, Cb, Cy, Cm,
Cc, Pr, Py and a factor of Aze, and the functions fzr, fzg,
fzb,

fw, fnr, fng, fnb, fny, fnm and fnc, according to a result

of detection by the detecting means.

40. The color display device (100} as set forth in claim

39, wherein:
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the detecting means detects light intensity of outside of

the color display device.

41. The color display device (100) as set forth in any
one of claims 4 through 6, 8 through 10, 12, 15 through 31,
further 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 Ase, 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.



