
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

19
4 

91
7

B
1

��&������������
(11) EP 1 194 917 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
09.05.2012 Bulletin 2012/19

(21) Application number: 00985026.4

(22) Date of filing: 10.11.2000

(51) Int Cl.:
G09G 3/00 (2006.01)

(86) International application number: 
PCT/EP2000/011250

(87) International publication number: 
WO 2001/037249 (25.05.2001 Gazette 2001/21)

(54) LIQUID CRYSTAL DISPLAY APPARATUS WITH IMPROVED LUMINANCE CONTROL

FLÜSSIGKRISTALL-ANZEIGEVORRICHTUNG MIT VERBESSERTER LUMINANZSTEURUNG

APPAREIL D’AFFICHAGE A CRISTAUX LIQUIDES

(84) Designated Contracting States: 
DE FR GB

(30) Priority: 12.11.1999 JP 32190199

(43) Date of publication of application: 
10.04.2002 Bulletin 2002/15

(73) Proprietor: TPO Hong Kong Holding Limited
Shatin, Hong Kong (CN)

(72) Inventors:  
• HIRANO, Satoshi

NL-5656 AA Eindhoven (NL)

• YASUI, Masaru
NL-5656 AA Eindhoven (NL)

• KAMIYA, Takeo
DECEASED

(74) Representative: Hutter, Jacobus Johannes et al
Nederlandsch Octrooibureau 
P.O. Box 29720
2502 LS Den Haag (NL)

(56) References cited:  
EP-A- 0 330 361 EP-A- 0 541 295
FR-A- 2 534 052  



EP 1 194 917 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates to a liquid crystal display apparatus capable of displaying color images.
[0002] In recent years, liquid crystal display apparatuses capable of displaying color images have been widely used
as display apparatuses, for example, for personal computers, video cameras and car navigation systems.
[0003] A Liquid crystal display apparatus of the RGBW type (hereinafter referred to as "an RGBW-type liquid crystal
display apparatus"), on which a transparent filter (W) is arranged in addition to an RGB filter of the conventional RGB
type, has been proposed in Japanese Patent Application Laid-open No. 10998/1998 as a method for improving luminance
of pixels of a liquid crystal panel of such liquid crystal display apparatus.
[0004] However, even if the transparent filter is added in order to improve luminance, the ratio of red, blue and green
of the original image will be changed, since the white color is mixed in all display colors. As a result, the color purity
(color saturation) of a displayed image is reduced with respect to the original image, so that a chromaticity will be changed,
in particular, in halftones.
[0005] Accordingly, an object of the invention is to provide an RGBW-type liquid crystal display apparatus in which a
chromaticity is not changed even in halftones, by adding a white component to a red component, a green component
and a blue component of an original input image for improving luminance thereof and thereafter further converting the
ratio of these red, green and blue components after the addition of the white component into the ratio of the red, green
and blue components of the original image to drive each RGBW sub-pixel.
[0006] In the liquid crystal display apparatus according to the invention, the chromaticity of halftones of the original
image will not change even when a white component is added to each component of red, blue and green colors of the
original image to improve the luminance, thus the above object being achieved.
[0007] These and other aspects of the invention are apparent from and will be elucidated with reference to embodiments
described hereinafter with reference to the accompanying drawings, in which:
In European Paten Application EP-A-0 541 295, an image processing apparatus extracts white component from input
R,G,B colour data, suppress the white component in accordance with a non-linear characteristic, generates R,G,B,W
display data and drives a liquid crystal display panel, on which R,G,B,W filter are provided, in accordance with the R,G,
B,W display data, so as to display a full colour image.

Fig. 1 is a block diagram showing the constitution of a liquid crystal display apparatus 100 according to a preferred
embodiment of the invention;
Fig. 2 is a top plane view of the liquid crystal panel 1 of Fig. 1, in which the arrangement of sub-pixels, gate buses
and source buses are illustrated;
Fig. 3 is a block diagram schematically illustrating a source driver 3 and a decoder 6 shown in Fig.1;
Fig. 4 is an illustration which explains the function of the preferred embodiment; and
Fig. 5 is a graph which explains a modification of the embodiment.

[0008] These Figures are diagrammatic and not to scale, and wherein corresponding components are generally de-
noted by the same reference numbers.
[0009] The invention is defined by the features of claim 1. Further embodiments are defined in their dependent claims.
A preferred embodiment of a liquid crystal display apparatus according to the invention will now be described.

Fig. 1 is a block diagram showing the constitution of a liquid crystal display apparatus 100 according to an embodiment
of the invention. This liquid crystal display apparatus 100 is provided with a liquid crystal panel 1.
Fig. 2 is a top plane view of this liquid crystal panel 1 in which a horizontal cross-section of the panel is schematically
shown.

[0010] This liquid crystal panel 1 is provided with gate buses G1 to Gm (m: a natural number) each extending in a row
direction and source buses S1 to Sn (n: a natural number) each extending in a column direction as shown in Fig. 2. The
gate buses G1 to Gm are connected to a gate driver 2, and the source buses S1 to Sn are connected to source drivers 3.
[0011] A sub-pixel Lij of R (red), G (green), B (blue) or W (white) is disposed within each area defined by the gate
buses Gi and G1+1 (i = 1 to m) and the source buses Sj and Sj+1 (j = 1 to m).
[0012] A TFT (thin film transistor) Qij is arranged in the vicinity of each intersection of the gate bus Gi and the source
bus Sj.
[0013] Furthermore, the gate bus Gi is connected to a gate of the TFT Qij, the source bus Sj to a source of the TFTQij,
and a display electrode of the sub-pixel Lij to a drain of the TFT Qij.
[0014] Opposed to the display electrode of each sub-pixel Lij is a common electrode which is connected to a common
voltage supply circuit (not shown).
[0015] When the sub-pixels are arranged in the form of vertical stripes as shown in Fig. 2, color filters for RGBW are
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arranged in the following manner with respect to each sub-pixel Lij, wherein one pixel is constituted by four sub-pixels
of RGBW.

R:Lij (i=1, 2, 3, ..., m-1;  j=1, 5, 9, ..., n-3)
G:Lij (i=1, 2, 3, ..., m;  j=2, 6, 10, ..., n-2)
B:Lij (i=1, 2, 3, ..., m; j=3, 7, 11, ..., n-1)
W:Lij (I=1, 2, 3, ..., m-1;  j=4, 8, 12, ..., n)

[0016] In this liquid crystal panel 1, a TFT substrate (not shown) on which the sub-pixel electrodes are formed, a color
filter substrate on which the common electrode is formed and a glass substrate or the like are arranged in a direction
perpendicular to a surface of the panel and a liquid crystal is filled in a space between the substrates.
[0017] The description of the liquid crystal display apparatus 100 will be continued with reference to Fig.1 again.
[0018] The gate driver 2 and the eight source drivers 3 are arranged around the liquid crystal panel 1. Each source
driver 3 comprises amplifiers, DACs (DA converters) and latches, all of which are not shown. A decoder 6 is connected
to the eight source drivers 3. This decoder 6 is connected to an image data holding section 5 for converting an input
signal to digital data, and receives therefrom eight-bit sub-pixel data of the acquired image.
[0019] This liquid crystal display apparatus 100 further comprises a signal control section 4. This signal control section
4 feeds a power supply voltage to the gate driver 2 and the source drivers 3, and supplies control signals to the gate
driver 2 and the source drivers 3.
[0020] The liquid crystal display apparatus100 also comprises a reference potential generating circuit (not shown) for
applying a reference potential to each source driver 3.
[0021] The operation of the liquid crystal display apparatus100 shown in Fig. 1 will be described below.
[0022] The control signals are supplied from the signal control section 4 to the gate driver 2 and the respective source
drivers 3. The gate driver 2 transmits, based on the control signal, to the respective gate buses (refer to Fig. 2) signals
for turning TFTs Qij into the on condition.
[0023] When the control signal is supplied to each source driver 3, a latch portion (not shown) of each source driver
3 latches, based on the above control signal, eight-bit sub-pixel data (hereinafter referred to as "sub-pixel output luminance
data Ro, Go, Bo and Wo") which have been obtained by the decoder 6 as signals for RGBW sub-pixels by performing
a predetermined calculation (described later) on the data of image data RGB (hereinafter referred to as "sub-pixel input
data Ri, Gi, and Bi") constituting the digital image as held in the image data holding section 5.
[0024] The sub-pixel data latched in the latch portion are sequentially supplied to a DAC portion (not shown). The
signal control section 4 also outputs a polarity control signal for controlling whether the DAC portion selects a potential
from the positive polarity reference potential generated by the reference potential generating circuit or a potential from
the negative polarity reference potential generated by the reference potential generating circuit. This polarity control
signal is input to the DAC portion. The DAC portion selects, based on the input polarity control signal and the sub-pixel
output luminance data, a potential from the potential generated by the reference potential generating circuit which
corresponds to the RGBW sub-pixel output luminance data.
[0025] When a potential is thus selected in the DAC portion, the DAC portion divides a voltage of the selected reference
potential by a resistance division into appropriate steps so as to obtain a desired gradation. Thereafter, the divided
voltage is current-amplified by an amplifier (not shown) and transmitted to a corresponding one of the source buses S
1 to Sn (refer to Fig. 2). When TFTs are rendered on by a signal transmitted to any one of the gate buses G1 to Gm,
the signal transmitted to the source bus and representing the potential is transferred through the above TFT to the
corresponding pixel electrode.
[0026] In this manner, a potential corresponding to the sub-pixel data is given to each sub-pixel electrode. Therefore,
a voltage is applied to each portion of the liquid crystal layer which is sandwiched between the common electrode and
a respective one of the sub-pixel electrodes, so that the liquid crystal layer is driven in accordance with the potentials
applied to the respective sub-pixel electrodes, whereby an image is displayed on the liquid crystal panel 1 in accordance
with the principle of additive color mixing.
[0027] A preferred embodiment of the calculation processing performed in the above-described decoder 6 will now
be described with reference to Figs.3(a) and 3(b) and mathematical formulas (1) to (5).
[0028] As shown in Fig. 3(a), the decoder 6 has a function of receiving the sub-pixel input data Ri, Gi, and Bi from the
image data holding section 5 (Fig. 1), obtaining from these data the luminance data Wo for the luminance-enhancing
sub-pixel and the sub-pixel output luminance data Ro, Go, Bo and Wo by calculation, and outputting these data to the
source driver 3. Alternatively, the decoder 6 may be arranged to receive the sub-pixel input data Ri, Gi, and Bi from the
image data holding section 5, to convert the data into values in the luminance dimension and then to perform the
calculation.
[0029] In general, there is a relationship Y=kDig2.2 (k is a constant of proportion) between a digital value Dig (an digital
input data) and luminance Y in a display for a computer. In the calculation processing, a calculation which will be described
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later can also be performed using this luminance dimension.
[0030] However, by the conversion into such luminance dimension an eight-bit digital signal will become a value of
the order of 16 bits, and as a result, a circuit to be used will become more sophisticated and large, whereby the cost will
be increased.
[0031] For this reason, the calculation may be performed on the digital value, as it is, without any conversion of the
above dimension in order to simplify the circuit. Even if the calculation is simplified, the influence on the quality of the
displayed image will not be so large as to cause any trouble, and the quality may be acceptable in the practical use.
Moreover, various calculation formulas according to the invention described herein can be explained based on the same
principles regardless of the dimension of each data of red, blue and green.
[0032] Accordingly, the digital input value would be used as it is for the sake of simplify in the following description of
the embodiment.
[0033] The internal structure and the operation of the decoder 6 will be described with reference to Fig.3 (b).
[0034] The decoder 6 is provided with a comparator 7, a look-up table 8, a red calculating circuit 9, a blue calculating
circuit 10 and a green calculating circuit 11 as shown in Fig. 3(b).
[0035] The comparator 7 receives sub-pixel input data Ri, Gi, and Bi from the image data holding section 5 and then
compares magnitudes of the data values of Ri, Gi and Bi to one another. The comparator 7 then obtains the maximum
and minimum values of the data values of Ri, Gi and Bi as its comparison results, and outputs the minimum value to the
look-up table 8 as Yimin and outputs the maximum value to the red calculating circuit 9, the blue calculating circuit 10
and the green calculating circuit 11 as Yimax.
[0036] The look-up table 8 receives the above minimum value Yimin and converts it into luminance data Wo for the
luminance-enhancing sub-pixel.
[0037] This conversion in the look-up table 8 is performed by using PROM in which calculation results of a function
Wo = f(Ymin) for each value of a variable Yimin are stored in addresses for Yimin, wherein Yimin ranges from zero to
255 when each sub-pixel is expressed in 256-step gradation. Alternatively, this conversion may be performed using a
calculating circuit.
[0038] On the other hand, each of the red calculating circuit 9, the blue calculating circuit 10 and the green calculating
circuit 11 performs a calculation according to a respective one of the following formulas with a respective value of data
of the Ri, Gi, and Bi, the Yimax value and the Wo value: 

(hereinafter referred to simply as "the mathematical formula (1)", "the mathematical formula (2)", and "the mathematical
formula (3)" , respectively) to thereby obtain a respective one of the sub-pixel output luminance data Ro, Go and Bo.
[0039] The decoder 6 then outputs these RGB sub-pixel output luminance data Ro, Go and Bo to the source drivers
3 together with Wo.
[0040] The above-described mathematical formula (1) is a formula obtained by modifying mathematical formula (4):
Ri/Yimax=(Ro+Wo)/(Yimax+Wo) (hereinafter referred to simply as, "mathematical formula (4)").
[0041] More specifically, the mathematical formula (4) is a relational expression for the purpose that the ratio between
the data values Ri, Gi and Bi can be made equal to the ratio between the values obtained by adding Wo to the respective
data Ro, Go and Bo, when the sub-pixel output luminance data Ro, Go and Bo for the RGB sub-pixels are obtained by
adding the sub-pixel output luminance data Wo for the W sub-pixel to the RGB sub-pixel input luminance data Ri, Gi, and Bi.
[0042] Similarly, the mathematical formula (2) is a formula obtained by modifying mathematical formula (5): Gi/Yimax=
(Go+Wo)/(Yimax+Wo), and the mathematical formula (3) is a formula obtained by modifying mathematical formula (6):
Bi/Yimax = (Bo+Wo) /(Yimax+Wo), (hereinafter referred to simply as "mathematical formula (5)", and "mathematical
formula (6)", respectively).
[0043] For the chromaticity of the image which is formed by the liquid crystal panel 1, the following effects can be
obtained by driving the source drivers 3 with the RGB sub-pixel output luminance data Ro, Go and Bo and the sub-pixel
output luminance data Wo for the W sub-pixels which have been obtained by the above mathematical formulas 1 to 3.
[0044] For example, when the above function Wo = f(Ymin) is represented by mathematical formula (7): Wo=Yimin
(hereinafter referred to simply as, "mathematical formula (7)"), the minimum value of Ri, Gi and Bi is selected as the
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value Wo. As a result, when at least one of the values Ri, Gi and Bi is zero, Wo = 0 is established.
[0045] In this case, Ro = Ri, Go = Gi and Bo = Bi are obtained according to the mathematical formulas (1) to (3).
Accordingly, the chromaticity does not change in this case.
[0046] Moreover, according to the mathematical formulas (1) to (3), the ratio between the data values Ri, Gi and Bi
is equal to the ratio between the values obtained by adding Wo to the respective data Ro, Go and Bo, so that the ratio
between the colors does not change, as a result the chromaticity does not change even in the halftones.
[0047] As a specific example, an example of operation of the decoder 6 will be described for the case of Ri=240,
Gi=160 and Bi=120 with reference to Fig. 4.
[0048] First, the comparator 7 receives Ri = 240, Gi = 160, and Bi = 120 as its input data from the image data holding
section 6 and determines from Ri = 240, Gi = 160 and Bi = 120 that the minimum value is 120 and the maximum value
is 240, with the result that Yimin = 120, Yimax = 240.
[0049] The look-up table 8 determines Yimin = 120, which is output from the comparator 7, to be Wo value (here, the
case where the value Wo = f(Yimin) is represented by the mathematical formula (7) is taken as an example).
[0050] Finally, the values of Yimin=120 and Yimax=240 and Wo=120 output from the comparator 7 and the look-up
table 8, and the values of the RGB sub-pixel input luminance data Ri=240, Gi=160, and Bi=120 are substituted into the
mathematical formulas 1 to 3 by the calculating circuits 9 to 11, respectively, whereby the RGBW sub-pixel output
luminance data Ro=360, Go=240 and Bo=180 are obtained (refer to Fig. 4(c)).
[0051] As is apparent from this result, according to the calculations by the mathematical formulas 1 to 4, Ri:Gi:Bi=240:
160:120=6:4:3 are obtained and Ro: Go:Ro=360:240:180=6:4:3 are obtained. Thus, it will be understood that the relation
of Ri:Gi:Bi=Ro:Go:Ro is satisfied.
[0052] Since the ratio of RGB of the output luminance data will not differ from the ratio of RGB of the input data even
when Wo is added in order to improve luminance, the chromaticity (color saturation) of the halftones will not be degraded.
It is needless to say that the relation represented by the mathematical formulas (4) to (6) is also satisfied even in the
case where the digital value of each variable is converted into the dimension of luminance for the reason mentioned above.
[0053] More specifically, when the digital value Ri, Gi, and Bi for the red input sub-pixel, the green input sub-pixel and
the blue input sub-pixel obtained from the input image are converted into RI, GI and BI as the values having the dimension
of luminance, and the luminance values for the red output sub-pixel, the green output sub-pixel, the blue output sub-
pixel and the luminance-enhancing sub-pixel are represented as RO, G0, BO and WO, the relation of RI:GI:BI=1
(RO+WO):(GO+WO):(BO+WO) will be satisfied.
[0054] Furthermore, various kinds of modifications can be adopted to the above-described preferred embodiment.
Such modifications will now be described.

(1) For example, a Wo value which is obtained by a calculating formula represented by Wo=f(Ymin,Ymax) as a
function which is monotonously increased as each of these two values Ymin and Ymax increases, or as a function
which is monotonously increased as the minimum value Ymin increases with the maximum value Ymax being a
constant may also be selected as the function, when the maximum value and the minimum value of the input data
Ri, Gi, and Bi for the RGB sub-pixels are Ymax and Ymin, respectively.
(2) When it is desired to emphasize white of maximum luminance, a Wo value which is obtained by a function such
as mathematical formula (8): Wo=255* (Yimin/255)2 may also be selected.
(3) When it is desired to brighten the halftones, a Wo value which is obtained by a function such as mathematical
formula (9): Wo=-Yimin3/2552+Yimin2/255+Ymin can also be selected.

[0055] In the mathematical formulas (8) and (9), Yimin is the minimum value of input luminance data for RGB sub-
pixels Ri, Gi, and Bi.
[0056] However, when a Wo value is selected, limits should be defined as will be described below, while satisfying
the condition that the ratio between the colors is maintained.
[0057] When the maximum value and the minimum value of the input data are Ymax and Ymin, and the maximum
value and the minimum value of the output luminance data are Yomax and Yomin, a formula Ymin/Ymax= (Yomin+Wo)
/(Yomax+Wo)should be established in order to maintain the ratio between the respective colors, where Yomax=Ymax.
[0058] Since the sub-pixel for luminance is added in order to increase luminance, it is desirable that the value of Wo
which is given thereto is as large as possible.
[0059] To give a value as large as possible to Wo means to replace all the white components in the output data with
Wo, with Yomin=0, the formula described above can be modified into Ymin/Ymax=Wo/(Ymax+Wo).
[0060] When solving this formula with respect to Wo, the following formula can be obtained: Wo=Ymin*Ymax/(Ymax-
Ymin).
[0061] In this formula, it is understood that Wo>Ymax can be obtained when Ymin/Ymax>0.5. When Ymax is the
maximum value which can be taken (for example, 255 gradation level in the case of eight bits), Wo satisfying Wo>Ymax
does not exist.
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[0062] Therefore, Wo=Ymax is established when Ymin/Ymax>0.5.
[0063] In summary, the ratio between the respective colors can be maintained by selecting an optional function so as
to satisfy the following relation in order to determine Wo.
[0064] When Ymin/Ymax <= 0.5, a formula Wo <= Ymin*Ymax/(Ymax-Ymin) can be obtained.
[0065] When Ymin/Ymax > 0.5, a formula Wo <= Ymax can be obtained.
[0066] Although Wo is represented as a function of Ymin and Ymax, since an area of Wo becomes narrower as Ymax
becomes larger, the range in which an arbitrary Ymax can be applied is as shown by hatching in Fig. 5. That is to say,
this hatched area is the range of values of Wo which can be added for improving luminance while satisfying the condition
that the ratio between the respective colors is maintained.
[0067] As described above, according to the liquid crystal display device of the invention, the luminance can be
improved appropriately without changing the chromaticity of halftones, even when the luminance of the image displayed
on the liquid crystal panel is attempted to be enhanced by the white sub-pixels for increasing luminance.

Claims

1. A liquid crystal displaying apparatus capable of displaying a color image, comprising a liquid crystal panel in which
each main pixel unit includes a red sub-pixel, a green sub-pixel, a blue sub-pixel and a luminance-enhancing sub-
pixel comprising :

calculation means (6) adapted to calculate digital output values Ro, Go and Bo for driving said red sub-pixel,
said green sub-pixel and said blue sub-pixel, respectively, from digital input values Ri, Gi and Bi respectively
for said red sub-pixel, said green sub-pixel and said blue sub-pixel, and to calculate a predetermined digital
value W for driving said luminance- enhancing sub-pixel so that a relationship of Ri : Gi: Bi = (Ro+W): (Go+W):
(Bo+W) is satisfied, said values Ri, Gi and Bi being obtained from an input color image, characterised in that
said digital value W is obtained in accordance with a function represented by a formule W = f (Ymax, Ymin)
where Ymax and Ymin are a maximum value and a minimum valve, respectively, of said digital input values for
said red sub-pixel, said green sub-pixel and said blue sub-pixel.

2. A liquid crystal displaying apparatus according to claim 1 characterized in that said function represented by said
formula W = f (Ymax, Ymin) is a function which monotonously increases as a value of said Ymax value or said Ymin
value becomes larger.

3. A liquid crystal displaying apparatus according to claim 1 characterized in that said formula of W is given by a
function in which said Ymin is a variable with said Ymax being a constant and in that said function represented by
said formula W = f (Ymax, Ymin) is a function which monotonously increases as a value of said Ymin becomes larger.

4. A liquid crystal displaying apparatus according to any one of claims 1 to 3 characterized in that said digital input
values Ri, Gi and Bi for said red, green and blue sub- pixels obtained from said input color image are converted
respectively into RI, GI and BI as values having a dimension of luminance, and in that a relationship of RI: GI: BI
= (RO+WO): (GO+WO): (BO+WO) is satisfied when luminance values for said red sub-pixel, said green sub-pixel,
said blue sub-pixel and said luminance-enhancing sub-pixel are represented by RO, GO, BO and WO, respectively.

Patentansprüche

1. Flüssigkristallanzeigevorrichtung, die zur Anzeige eines Farbbilds imstande ist, die eine Flüssigkristalltafel aufweist,
in der jede Hauptpixeleinheit ein rotes Teilpixel, ein grünes Teilpixel, eine blaues Teilpixel und ein luminanzstei-
gerndes Teilpixel aufweist, die aufweist:

eine Berechnungseinrichtung (6), die eingerichtet ist, digitale Ausgangswerte Ro, Go und Bo zum Betreiben
des roten Teilpixels, des grünen Teilpixels bzw. des blauen Teilpixels aus digitalen Eingangswerten Ri, Gi bzw.
Bi für das rote Teilpixel, das grüne Teilpixel und das blaue Teilpixel zu berechnen, und einen Vorbestimmten
digitalen Wert W zum Betreiben des luminanzsteigernden Teilpixels zu berechnen, so dass eine Beziehung
Ri : Gi : Bi = (Ro+W) : (Go+W) : (Bo+W) erfüllt ist, wobei die Werte Ri, Gi und Bi aus einem Eingangsfarbbild
erhalten werden,
dadurch gekennzeichnet, dass der digitale Wert W gemäß einer Funktion erhalten wird, die durch eine Formel
W = f(Ymax, Ymin) repräsentiert wird, wobei Ymax und Ymin ein Maximalwert bzw. Minimalwert der digitalen
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Eingangswerte für das rote Teilpixel, das grüne Teilpixel und das blaue Teilpixel sind.

2. Flüssigkristallanzeigevorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Funktion, die durch die
Formel W = f (Ymax, Ymin) repräsentiert wird, eine Funktion ist, die monoton zunimmt, wenn ein Wert des Ymax-
Werts oder des Ymin-Werts größer wird.

3. Flüssigkristallanzeigevorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Formel von W durch eine
Funktion gegeben ist, in der Ymin eine Variable ist, wobei Ymax eine Konstante ist, und dass die Funktion, die durch
die Formel W = f (Ymax, Ymin) repräsentiert wird, eine Funktion ist, die monoton zunimmt, wenn ein Wert von Ymin
größer wird.

4. Flüssigkristallanzeigevorrichtung nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass die digitalen
Eingangswerte Ri, Gi und Bi für die roten, grünen und blauen Teilpixel, die aus den Eingangsfarbbild erhalten
werden, jeweils in RI, GI und BI als Werte konvertiert werden, die eine Dimension der Luminanz aufweisen, und
dass eine Beziehung von RI : GI : BI = (RO+WO) : (GO+WO) : (BO+WO) erfüllt wird, wenn die Luminanzwerte für
das rote Teilpixel, das grüne Teilpixel, das blaue Teilpixel und das luminanzsteigernde Teilpixel durch RO, GO, BO
bzw. WO repräsentiert werden.

Revendications

1. Dispositif d’affichage à cristaux liquides capable d’afficher une image couleur, comprenant un panneau à cristaux
liquides dans lequel chaque unité principale de pixel comporte un élément de pixel rouge, un élément de pixel vert,
un élément de pixel bleu et un élément de pixel améliorant la luminance, comprenant :

un moyen de calcul (6) adapté pour calculer des valeurs de sortie numériques Ro, Go et Bo pour commander
respectivement ledit élément de pixel rouge, ledit élément de pixel vert et ledit élément de pixel bleu à partir de
valeurs d’entrée numériques Ri, Gi et Bi respectivement pour ledit élément de pixel rouge, ledit élément de
pixel vert et ledit élément de pixel bleu, et pour calculer une valeur numérique prédéterminée W pour commander
ledit élément de pixel améliorant la luminance afin qu’une relation Ri : Gi : Bi = (Ro + W) : (Go + W) : (Bo + W)
soit satisfaite, lesdites valeurs Ri, Gi et Bi étant obtenues à partir d’une image couleur d’entrée,
caractérisé en ce que
ladite valeur numérique W est obtenue selon une fonction représentée par une formule W = f(Ymax, Ymin), où
Ymax et Ymin sont respectivement une valeur maximale et une valeur minimale desdites valeurs d’entrée
numériques pour ledit élément de pixel rouge, ledit élément de pixel vert et ledit élément de pixel bleu.

2. Dispositif d’affichage à cristaux liquides selon la revendication 1, caractérisé en ce que ladite fonction représentée
par ladite formule W = f(Ymax, Ymin) est une fonction qui croît de manière monotone quand une valeur de ladite
valeur Ymax ou de ladite valeur Ymin augmente.

3. Dispositif d’affichage à cristaux liquides selon la revendication 1, caractérisé en ce que ladite formule de W est
donnée par une fonction dans laquelle ladite valeur Ymin est une variable et ladite valeur Ymax est une constante,
et en ce que ladite fonction représentée par ladite formule W = f(Ymax, Ymin) est une fonction qui croît de manière
monotone quand une valeur de ladite valeur Ymin augmente.

4. Dispositif d’affichage à cristaux liquides selon l’une quelconque des revendications 1 à 3, caractérisé en ce que
lesdites valeurs d’entrée numériques Ri, Gi et Bi pour lesdits éléments de pixel rouge, vert et bleu obtenues à partir
de ladite image couleur d’entrée sont converties respectivement en RI, GI et BI en tant que valeurs ayant une
dimension de luminance, et en ce qu’une relation RI : GI : BI = (RO + WO) : (GO + WO) : (BO + WO) est satisfaite
lorsque des valeurs de luminance pour ledit élément de pixel rouge, ledit élément de pixel vert, ledit élément de
pixel bleu et ledit élément de pixel améliorant la luminance sont représentées par RO, GO, BO et WO respectivement.
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