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FIG. 3 (a)
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FIG. 4 (a)
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FIG. 5 (a)
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FIG. 16 (a)
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FIG. 17 (a)
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TRANSMISSIVE-TYPE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This Nonprovisional application claims priority
under35U.S.C. § 119(a) on Patent Applications No. 345017/
2006 filed in Japan on Dec. 21, 2006, and No. 31239/2007
filed in Japan on Feb. 9, 2007, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a transmissive-type
liquid crystal display device using an active backlight as a
light source.

BACKGROUND OF THE INVENTION

[0003] There are various types of color displays, and they
have become practical. Thin displays are roughly classified
into self-emitting displays, such as PDP (plasma display
panel), and non-luminescent displays exemplified by LCD
(liquid crystal display). A known LCD, which is a non-lumi-
nescent display. is a transmissive-type LCD having a back-
light on a rear side of the liquid crystal panel.

[0004] FIG. 13 is a sectional view showing a common
configuration of the transmissive-type LCD. The transmis-
sive-type LCD has a backlight 110 on a rear side of a liquid
crystal panel 100. The liquid crystal panel 100 is configured
in such a manner that a liquid crystal layer 103 is provided
between a pair of transparent substrates 101 and 102, and
polarizers 104 and 105 are provided on outer sides of the
transparent substrates 101 and 102, respectively. Further, a
color filter 106 is provided in the liquid crystal panel 100 so
that color displays become available.

[0005] Although not illustrated, an electrode layer and an
alignment layer are provided inside of the transparent sub-
strates 101 and 102. Voltage to be applied to the liquid crystal
layer 103 is controlled so that the amount of light passing
through the liquid crystal panel 100 is controlled on a pixel-
to-pixel basis. Specifically, the transmissive-type LCD con-
trols light from the backlight 110 in such a manner that the
amount of light that is to pass through is controlled at the
liquid crystal panel 100, thereby controlling displays.

[0006] The backlight 110 emits light that contains wave-
lengths of three colors RGB necessary for color displays. In
combination with the color filter 106, respective RGB are
adjusted in transmissivity of light, whereby it becomes pos-
sible to determine luminance and hue of the pixels arbitrarily.
White-color light sources, such as Electro-luminescence
(EL), cold-cathode fluorescent lamps (CCFL), and light emit-
ting diodes (LED) are commonly used as the backlight 110.
[0007] As shown in FIG. 14, plural pixels are arranged in
matrix in the liquid crystal panel 100. Each of the pixels is
generally constituted of three subpixels. The respective sub-
pixels are disposed so as to correspond to filter layers red (R),
green (G), and blue (B) in the color filter 106, respectively.
Hereinafter, the subpixels will be referred to as a subpixel R,
a subpixel G, and a subpixel B, respectively.

[0008] Respective subpixels R, G, and B selectively trans-
mit, out of white-color light emitted from the backlight 110,
the light having the corresponding wavelength band (i.e. red,
green, blue), and absorbs the light having other wavelength
bands.
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[0009] In the transmissive-type LCD of the foregoing con-
figuration, the light emitted from the backlight 110 is con-
trolled in such a manner that the amount of light that is to pass
through is controlled at each pixel of the liquid crystal panel
100. This naturally causes some of the light to be absorbed by
the liquid crystal panel 100. Further, respective subpixels R,
G, and B in the color filter 106 also absorb, out of the white-
color light emitted from the backlight 110, the light having a
wavelength band other than the corresponding wavelength
band. Since the liquid crystal panel and the color filter absorb
a great amount of light, the use of the light emitted from the
backlight becomes less efficient. Accordingly, a common
transmissive-type LCD has the problem of increase in power
consumption of the backlight,

[0010] The use of an active backlight by which luminance
of light emitted is adjustable according to an image displayed
is known as a technique that reduces the power consumption
of transmissive-type LCD (e.g. Japanese Unexamined Patent
Publication No. 65531/1999 (Tokukaihei 11-65531 (pub-
lished on Mar. 9, 1999)).

[0011] Specifically, Publication No. 65531/1999 discloses
the technique that reduces the power consumption of the
backlight by employing an active backlight by which the
luminance is adjustable, and controlling the liquid crystal
panel and the active backlight in transmissivity and in lumi-
nance, respectively, thereby controlling displays (luminance
control) shown on the LCD.

[0012] In Publication No. 65531/1999, the luminance of
the backlight is controlled so as to match the greatest lumi-
nance in the input image (input signal). Further, the transmis-
sivity of the liquid crystal panel is adjusted according to the
current luminance of the backlight.

[0013] At thistime, atransmissivity of a subpixel that is the
highest value in the input signal is 100%. Further, the trans-
missivities other than the highest value, which transmissivi-
ties are obtained by calculation on the basis of the backlight
value, are 100% or below each. This makes it possible to
darken the backlight if the image is dark overall, whereby the
power consumption of the backlight is reduced.

[0014] Accordingly, in Publication No. 65531/1999, the
brightness of the backlight is restrained to a minimum nec-
essary brightness on the basis of the input signals RGB of the
input image, and the transmissivity of the liquid crystal is
increased by the amount equal to that by which the backlight
is darkened. This makes it possible to reduce the amount of
light absorbed by the liquid crystal panel, whereby the power
consumption of the backlight is reduced.

[0015] With the foregoing conventional configuration, the
amount of Tight absorbed by the liquid crystal panel is reduced
so that the power consumption of the backlight is reduced.
However, the amount of light absorbed by the color filter is
not reducible with the conventional configuration. If it
becomes possible to reduce the amount of light absorbed by
the color filter, the power consumption is reduced further.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to provide a
transmissive-type liquid crystal display device by which the
amount of light absorbed by not only aliquid crystal panel but
also acolor filter is reduced, whereby the power consumption
is reduced further.

[0017] To attain the above object, the transmissive-type
liquid crystal display device of the present invention includes:
a liquid crystal panel having pixels each divided into four
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subpixels red (R), green (G), blue (B), and white (W); a
white-color active backlight by which a luminance of light
that is to be emitted is controllable; a color-saturation reduc-
ing section that carries out a process of reducing color satu-
ration on pixel data that is high in luminance and in color
saturation, among pixel data contained in a first RGB input
signal which is an input image, so that the first RGB input
signal is converted into a second RGB input signal; an output
signal generating section that generates, from the second
RGB input signal, a transmissivity signal of each of the sub-
pixels R, G, B, W of each pixel of the liquid crystal panel, and
calculates a backlight value in the active backlight; a liquid
crystal panel controlling section that controls and drives the
liquid crystal panel on the basis of the transmissivity signal
generated in the output signal generating section; and a back-
light controlling section that controls, on the basis of the
backlight value calculated in the output signal generating
section, the luminance of light that is to be emitted from the
backlight.

[0018] With this configuration, the liquid crystal panel in
which a single pixel is divided into four subpixels R, G, B, W
is employed. This makes it possible to transfer a part of the
respective color components K, G, B to the subpixel W, in
which no loss (or little loss) of light due to absorption by a
filter is produced. This makes it possible to reduce the amount
of light absorbed by the color filter and therefore to reduce the
backlight value, whereby it becomes possible to achieve
reduction in power consumption in the transmissive-type lig-
uid crystal display device.

[0019] Further, the process of reducing color saturation is
carried out on the first RGB input signal, which is the original
input, and the backlight value and the respective RGBW
transmissivities are calculated on the basis of the second RGB
input signal, which has undergone the process of reducing
color saturation. This makes it possible to reduce the back-
light value more reliably.

[0020] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1isablock diagram illustrating a configuration
of amain part of a liquid crystal display device in accordance
with an embodiment of the present invention.

[0022] FIGS. 2(a) and 2(b) are figures illustrating examples
of arrangements of subpixels in the transmissive-type liquid
crystal display device.

[0023] FIG. 3(a) is a figure illustrating how a backlight
value is obtained in the liquid crystal display device. FIG. 3(b)
is a comparative figure illustrating how the backlight value is
obtained in Publication No. 65531/1999.

[0024] FIG. 4(a) is a figure illustrating how a backlight
value is obtained in the liquid crystal display device. FIG. 4(b)
is a comparative figure illustrating how a backlight value is
obtained in Publication No. 65531/1999.

[0025] FIGS. 5(a) to 5(e) are figures illustrating how the
backlight value and transmissivities of the subpixels are
determined in the liquid crystal display device.

[0026] FIG. 6is a block diagram illustrating an exemplary
configuration of a color-saturation reducing section in the
liquid crystal display device.
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[0027] FIG. 7 is a flowchart illustrating a sequence of
operation of the color-saturation reducing section operates.
[0028] FIG. 81is a block diagram illustrating an exemplary
configuration of an output signal generating section in the
liquid crystal display device.

[0029] FIG. 9 is a flowchart illustrating a sequence of an
operation of the output signal generating section.

[0030] FIG. 10 is a block diagram illustrating a configura-
tion of a main part of the transmissive-type liquid crystal
display device in accordance with another embodiment of the
present invention.

[0031] FIG. 11 is a figure illustrating a system configura-
tion in the case in which a display control process of the
present invention is realized with software.

[0032] FIG. 12 is a figure illustrating a modified configu-
ration of a system in the case in which a display control
process of the present invention is realized with software.
[0033] FIG. 13 is a sectional view illustrating a common
configuration of the transmissive-type liquid crystal display
device.

[0034] FIG. 14 is a figure illustrating a common arrange-
ment of the subpixels in the transmissive-type liquid crystal
display device.

[0035] FIG. 15(a) is a figure illustrating how the backlight
value is obtained in the liquid crystal display device. FIG.
15(b) is a comparative figure illustrating how the backlight
value is obtained in Publication No. 65531/1999.

[0036] FIG. 16(a) is a figure illustrating how the backlight
value is obtained in the liquid crystal display device.

[0037] FIG. 16(b) is a comparative figure illustrating how
the backlight value is obtained in Publication No. 65531/
1999.

[0038] FIG. 17(a) is a figure illustrating how the backlight
value is obtained in the liquid crystal display device. FIG.
17(b) is a comparative figure illustrating how the backlight
value is obtained in Publication No. 65531/1999.

[0039] FIG. 18(a) is a figure illustrating how the backlight
value is obtained in the liquid crystal display device. FIG.
18(b) is a comparative figure illustrating how the backlight
value is obtained in Publication No. 65531/1999.

DESCRIPTION OF THE EMBODIMENTS

[0040] The following describes an embodiment of the
present invention, with reference to the drawings. A sche-
matic configuration of a liquid crystal display device of the
present embodiment (the display device will be referred to as
a present liquid crystal display device hereinafter) is dis-
cussed first in the following description, with reference to
FIG. 1.

[0041] The present liquid crystal display device includes a
color-saturation reducing section 11, an output signal gener-
ating section 12, a liquid crystal panel controlling section 13,
an RGBW liquid crystal panel (the panel will be simply
referred to as a liquid crystal panel hereinafter) 14, abacklight
controlling section 15, and a white-color backlight (the white-
color backlight will be simply referred to as a backlight here-
inafter) 16.

[0042] The liquid crystal panel 14 is constituted of Np
pieces of pixels arranged in matrix. As shown in FIGS. 2(a)
and 2(b), each pixel is constituted of four sub pixels R (red),
G (green), B (blue), and W (white). Note that the shapes of the
subpixels RGBW and the arrangement of the subpixels
RGBW in the respective pixels are particularly limited. Fur-
ther, the backlight 16 is an active backlight using a white-
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color light source such as cold cathode fluorescence lumps
(CCFL) and white-color light emitting diodes (white-color
LED), which active backlight allows control of the brightness
of the light that is to be emitted.

[0043] The subpixels R, G, B in the liquid crystal panel 14
are arranged in such a way as to correspond to filter layers R,
G, B in the color filter (not illustrated), respectively. Thus, the
respective subpixels R, G, B selectively transmit, out of the
white-color light emitted from the backlight 16, the light
having the corresponding wavelength band, and absorb the
light having other wavelength bands. Further, the subpixel W
basically has no corresponding absorption filter layer in the
color filter. In other words, the light having passed through the
subpixel W is in no way absorbed by the color filter, and
outgoes from the liquid crystal panel 14 as the white-color
light. It should be noted, however, that the subpixel W may
have afilter layer that less absorbs the light from the backlight
than the respective color filters R, G, B do.

[0044] Thelightemitted from the subpixel W is whitecolor.
If the subpixels RGB have the same transmissivity, the light
emitted from respective subpixels RGB collectively becomes
white in color. It should be noted, however, that even if the
subpixels RGB and the subpixel W are same in transmissivity,
the brightness of the white-color light emitted as an aggregate
of the light from the respective subpixels RGB is not always
the same as that of the white-color light emitted from the
subpixel W. The reason therefor is that the brightness varies
according to the sizes of the subpixels and to the amount of
light absorbed by the color filters of the respective subpixels.
[0045] The intensity ratio of the white-color light emitted
from the subpixels KGB to the white-color light emitted from
the subpixel W at this time is referred to as a white-color
luminance ratio WR. Concretely, the white-color luminance
ratio WK is P2/P1, where P1 is a display luminance P1 of the
case in which the subpixels KGB each have the transmissivity
of x % and the subpixel W has the transmissivity of 0%, and
P2 is a display luminance P2 of the case in which the subpix-
els RGB each have the transmissivity of 0% and the subpixel
W has the transmissivity of x %. Normally, the white-color
luminance ratio WR is uniform across a sheet of liquid crystal
panel (that is to say, in every pixel).

[0046] The present liquid crystal display device receives
RGB signals (first RGB input signal), which is image infor-
mation that is to be displayed, from external devices such as
personal computers and television tuners, and carries out
processing by use of the KGB signals as input signals Ri, Gi,
Bi(=1,2,...,Np).

[0047] Thecolor-saturation reducing section 11 carries out,
when necessary, a process of reducing color saturation on the
first RGB input signal, and then supplies this first RGB input
signal, as a second RGB input signal, to the output signal
generating section 12.

[0048] The output signal generating section 12 is a means
of obtaining, on the basis of the second RGB input signal, a
transmissivity of each subpixel in the liquid crystal panel 14
and a backlight value in the backlight 16. Specifically, the
output signal generating section 12 obtains the backlight
value Whs based on input signals Rsi, Gsi, Bsi, which are
second RGB input signals, and converts the input signals Rsi,
Gsi, Bsi into transmissivity signals rsi, gsi, bsi, wsi according
to the backlight value Wbs.

[0049] The backlight value Whs thus obtained is supplied
to the backlight controlling section 15. The backlight control-
ling section 15 adjusts the luminance of the backlight 16 in
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accordance with the backlight value Whbs. The backlight 16
uses a white-color light source such as CCFL and white-color
LED. With the backlight controlling section 15, itis possible
to control the brightness so as to be proportional to the back-
light value. The way to control the brightness of the backlight
16 varies according to the types of the light sources that are
employed. For example, the brightness is controllable by
applying an electric voltage relative to the backlight value or
by passing an electric current relative to the backlight value.
If the backlight is an LED, the brightness is also controllable
by changing a duty ratio with pulse width modulation
(PWM). If the brightness of the backlight light source has a
nonlinear characteristic, it is also possible to control the
brightness to a desired brightness by obtaining, from a look-
up table on the basis of the backlight value, an electric voltage
or an electric current that is to be applied to the light source.
[0050] The transmissivity signals rsi, gsi, bsi, wsi are sup-
plied to the liquid crystal panel controlling section 13. On the
basis of the transmissivity signals, the liquid crystal panel
controlling section 13 controls the respective transmissivities
of the subpixels of the liquid crystal panel 14 so that each of
the transmissivities becomes a desired transmissivity. The
liquid crystal panel controlling section 13 includes a scan line
driving circuit, a signal line driving circuit, and the like. The
liquid crystal panel controlling section 13 generates scan
signals and data signals, and drives the liquid crystal panel 14
with the use of panel control signals such as the scan signal
and the data signal. The transmissivity signals rsi, gsi, bsi, wsi
are utilized to generate the data signals in the signal line
driving circuit. The liquid crystal panel 14 controls the trans-
missivity in various ways, including: controlling the trans-
missivity of the liquid crystal panel by applying an electric
voltage proportionate to the transmissivity of the subpixel,
and controlling looking up, on the basis of the transmissivity
of the subpixel, an electric voltage in a look-up table, which
electric voltage is to be applied to the liquid crystal panel in
order to make the nonlinear characteristic linear, whereby the
liquid crystal panel is controlled to have a desired transmis-
sivity.

[0051] Tt should be noted that the input signals are not
limited to the above-described KGB signals in the liquid
crystal display device of the present invention. The input
signals may be color signals such as YUV signals. If a color
signal other than the RGB signal is to be supplied, the color
signal may be converted into the KGB signal and then sup-
plied to the output signal generating section 12. Alternatively,
the output signal generating section 12 may be configured in
such a manner that the output signal generating section 12 is
allowed to convert a color input signal other than the RGB
signal into an RGBW signal.

[0052] Inthe present liquid crystal display device, the dis-
play luminance of each subpixel of the liquid crystal panel 14
is represented by the brightness (luminance of light emitted)
of the backlight, the transmissivity of the subpixel, and the
white-color luminance ratio WR. If the brightness of each of
the subpixels RGB is a product of the brightness of the back-
light and the transmissivity of the subject subpixel, then the
brightness of the subpixel W is expressed in terms of the
product of the brightness of the backlight, the transmissivity
of the subpixel W, and the white-color luminance ratio WR.
Note that the display luminance of each subpixel is propor-
tional to the transmission-amount of the subject subpixel.
[0053] Itshouldbe noted that although the term “backlight
value” is used in the present embodiment, the backlight value
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is not an identical value to the brightness of the backlight in
the strict sense but is in a proportional relationship to the
brightness of the backlight. Similarly, the transmission-
amount of the subpixel is not an identical value but is in a
proportional relationship to the brightness of the subpixel. In
other words, the backlight value in the present embodiment is
asignal that is to be transmitted to the backlight and is merely
in a proportional relationship to the actual brightness.
[0054] Concretely, in the present embodiment, the trans-
mission-amount is obtainable by multiplying the backlight
value and the transmissivity (and WR in the case of the
subpixel W) together. Further, the brightness of the subpixel
is obtainable by multiplying the luminance (brightness) of the
backlight, the transmissivity of the color filter of each sub-
pixel, and the LCD transmissivity of the subpixel together.
[0055] Further, the white-color luminance ratio WK is
expressed by (white-color luminance by the subpixels RGB):
(white-color luminance by the subpixel W), with RGB being
the reference. The white-color luminance ratio is also obtain-
able by (transmissivity by the color filter W)/ (transmissivity
by the color filter RGB).

[0056] The following describes in detail the display prin-
ciples and the effects of reduction in power consumption in
the present liquid crystal display device. The backlight value
and the subpixel transmissivity are obtained in the output
signal generating section 12 in the present liquid crystal dis-
play device. Thus, the following process of calculating the
backlight value and the subpixel transmissivity is to be carried
out on the second RGB input signal supplied from the color-
saturation reducing section 11 to the output signal generating
section 12.

[0057] Inthe presentliquid crystal display device, theback-
light value and the subpixel transmissivity are determined as
follows. First, a minimum-necessary backlight value is
obtained for the respective pixels within the display area that
corresponds to the backlight. Then, on the basis of the mini-
mum-necessary backlight values thus obtained for the respec-
tive pixels, the highest value in the sheet of image is obtained.
The highest value thus obtained is determined as the backlight
value. The way to obtain the minimum-necessary backlight
value for the respective pixels varies between the following
two ways according to the content of the display data of the
pixels. Concretely, the way to obtain the backlight value for
the target pixel differs according to the relationship between
the maximum luminance (i.e. max (Rsi, Gsi, Bsi)) and the
minimum luminance (i.e. min (Rsi, Gsi, Bsi)) of the subpixels
in the target pixel.

[0058] First, the following describes the way to obtain the
minimum-necessary backlight value for the target pixel to
satisfy min (Rsi, Gsi, Bsi)Zmax (Rsi, Gsi, Bsi)/(1+1/WR).
[0059] Let the highest value among the second RGB input
signals Rsi, Gsi, Bsi, which are to be supplied to the output
signal generating section, be maxRKGBsi, and let the lowest
value among the second KGB input signals Rsi, Gsi, Bsi be
minRGBsi. Although the following discusses the case in
which the color component corresponding to the highest
value maxRGBsi is R (red), the case in which maxRGBsi
corresponds to G (green) and the case in which maxRGBsi
corresponds to B (blue) can be considered in the same man-
ner. Note that maxRGBsi and minRGBsi are both values that
are expressed in terms of the transmission-amount of the
subpixel.

[0060] If display light of the component R, which is the
transmission-amount maxRGBsi, is solely considered, trans-
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ferring the transmission amount to the subpixels R and W in
such a manner that the transmissivities of the subpixels R and
W each become 100% allows the backlight value to be
reduced to a minimum with respect to the display light.
[0061] Since the transmissivities of the subpixels R and W
are 100% each, if the white-color luminance ratio WR is taken
into consideration, the luminance of light emitted from the
subpixel R is Blmin, and the luminance of light emitted from
the subpixel W is WRxBlmin, where Blmin denotes the mini-
mum-necessary backlight value. The sum of'the light emitted
from the subpixel R and the light emitted from the subpixel W,
that is to say (1+WR)xBlmin, is the transmission-amount of
the component R. Since (1+WR)xBlmin is equal to maxRG-
Bsi, Blmin is maxRGBsi/(1+4WR).

[0062] Itshould be noted, however, that the foregoing only
considers the display light of the component R, so that neither
of the components C and B is taken into consideration. In
reality, if the backlight value is set to maxRGBsi/(1+WR)
when minRGBsi<maxRGBsi/(1+1/WR), the transmission
amount of the color component, which transmission amount
corresponds to the lowest value minRGBsi, exceeds a neces-
sary amount, as the following formula implies

maxRGBsi/(1+WR)x WR=maxRGBsi/(1+1/WR)>min-
RGBsi.

[0063] Thus, the minimum-necessary backlight value in
the target pixel is set to maxRGBsi/(1+WR) in accordance
with the foregoing view only if minRGBsiZmaxRGBsi/(1+
1/WR) is satisfied in the target pixel.

[0064] In the target pixel where minRGBsi<maxRGBsi/
(1+1/WR), minRGBsi is the maximum transmission-amount
transferable to the subpixel W in such a manner that the
transmission-amount of the color component that corre-
sponds to the lowest value minRGBsi does not exceed the
necessary amount. In this case, the transmission amount in
the subpixel of the color component that corresponds to the
highest value maxRGBsi is transferred to the subpixel W by
the same amount, whereby the transmission amount thereaf-
ter becomes maxRGBsi-minRGBsi. As a result, the mini-
mum-necessary backlight value for the target pixel becomes
maxRGBsi-minRGBsi.

[0065] The minimum-necessary backlight value is
obtained for each pixel accordingly, and the highest one of the
necessary backlight values for all pixels in the sheet of an
image is determined as the backlight value Wbs.

[0066] The respective transmissivities of the subpixels are
obtained as follows on the basis of the backlight value Whbs.
The respective RGB transmissivities are expressed as (trans-
mission amount)/(backlight value). Since the subpixel W is
brighter than the subpixels RGB by the white-color lumi-
nance ratio WR, the backlight value necessary for the output
luminance of the subpixel W is calculable by multiplying the
backlight value necessary for the subpixels RGB by 1/WR.
Therefore, the transmissivity of the subpixel W is expressed
as (transmission amount)/(backlight value)/(white-color
luminance ratio).

[0067] The following describes concrete examples, with
reference to FIGS. 3, 4, and 15 to 18.

[0068] First, the following describes how the backlight
value for a pixel where min (Rsi, Gsi, Bsi)Zmax (Rsi, Gsi,
Bsi)/(1+1/WR) is obtained in the case in which a liquid crys-
tal panel having the white-color luminance ratio WR of 1 is
used, with reference to FIGS. 3(a) and 3(5). FIG. 3(a) illus-
trates how the backlight value is obtained in the present liquid
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crystal display device. FIG. 3(b) is a comparative figure illus-
trating how the backlight value is obtained in Publication No.
65531/1999.

[0069] The following discusses the case in which a target
luminance ofa panel output of a target pixel is (R, G, B)=(50,
60, 40) in FIGS. 3(a) and 3(3). In this case, 60 which is the
luminance of G is max (Rsi, Gsi, Bsi), 40 which is the lumi-
nance of B is min (Rsi, Gsi, Bsi), and the following relation-
ship is satisfied

min(Rsi, Gsi, Bsi)Zmax(Rsi, Gsi, Bsi)/(1+1/WR).

[0070] In the display method of Publication No. 65531/
1999, the backlight value is set to max (Rsi, Gsi, Bsi)=60, and
the respective transmissivities of the subpixels are deter-
mined according to the backlight value as shown in FIG. 3(4).
Specifically, the transmissivities of the subpixels R, G, B are
set to 83% (=50/60), 100% (=60/60) and 67% (=40/60),
respectively.

[0071] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B of the
input signals Rsi, Gsi, Bsi are transferred to the transmission
amount of the component W by the amount that corresponds
to max (Rsi, Gsi, Bsi)/(1+1/WR). As a result, the input signal
(R, G, B)=(50, 60, 40), which is expressed by the RGB signal,
is converted into the transmission amount (R, G, B, W)=(20,
30, 10, 30), which is expressed by the RGBW signal. Further,
the backlight value for the target pixel is set to max (Rsi, Gsi,
Bsi)/(1+WR) 30. Further, the respective transmissivities of
the subpixels R, G, B, W are determined according to the
backlight value. Specifically, the transmissivities of the sub-
pixels R, G, B, W are set to 67% (=20/30), 100% (=30/30),
33% (=10/30), and 100% (=30/30/WR), respectively. It
should be noted that the transmissivities shown in FIG. 3(a)
are exemplary transmissivities in the case in which the back-
light value obtained for the target pixel is the highest value
among the plural backlight values obtained for all pixels and
is adopted as the luminance of the backlight.

[0072] Further, in order to make it possible to compare the
backlight value in the present liquid crystal display device
with the backlight value obtained by the method of Publica-
tion No. 65531/1999, an area ratio of the subpixels also needs
to be considered. A single pixel is divided into three subpixels
in Publication No. 65531/1999. whereas a single pixel is
divided into four subpixels in the present liquid crystal dis-
play device. Thus, ifit is assumed that the pixel is divided into
equal subpixels, the area of each subpixel in the present liquid
crystal display device is only ¥ of that in Publication No.
65531/1999. To make up for this reduction in area of the
subpixel, the backlight value is multiplied by %4 in the present
liquid crystal display device so that it becomes possible to
compare the backlight value with that of Publication No.
65531/1999 by a common standard.

[0073] Accordingly, correcting the backlight value in FIG.
3(a) so as to have the same standard as that of the backlight
value of FIG. 3(b) brings (#5)x60/(1+WR)=40. The backlight
value in F1G. 3(b), in which similar displaying is carried out,
is 60. It is apparent therefrom that the present invention pro-
duces the effect of reduction in power consumption of the
target pixel.

[0074] The following describes how the backlight value for
a pixel where min (Rsi, Gsi, Bsi)<max (Rsi, Gsi, Bsi)/(1+1/
WR) is obtained in the case in which the liquid crystal panel
having the white-color luminance ratio WR of 1 is used, with
reference to FIGS. 4(a) and 4(b). FIG. 4(a) is illustrates how
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the backlight value is obtained in the present liquid crystal
display device. FIG. 4(b) is a comparative figure illustrating
how the backlight value is obtained in Publication No. 65531/
1999.

[0075] The following discusses the case in which the target
luminance of the panel output of the target pixel is (R, G,
B)=(50, 60, 20)in FIGS. 4(a) and 4(b). In this case, 60 which
is the luminance of G is max (Rsi, Gsi, Bsi), 20 which is the
luminance of B is min (Rsi, Gsi, Bsi), and the following
relationship is satisfied

min(Rsi, Gsi,Bst)<max(Rsi, Gsi,Bsi)/(1+1/WR).

[0076] In the display method of Publication No. 65531/
1999, the backlight value is set to max (Rsi, Gsi, Bsi)=60, and
the respective transmissivities of the subpixels are deter-
mined according to the backlight value as shown in FIG. 4(5).
Specifically, the transmissivities of the subpixels R, G, B are
set to 83% (=50/60), 100% (=60/60), and 33% (=20/60),
respectively.

[0077] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B ofthe
input signals Rsi, Gsi, Bsi are transferred to the transmission
amount of the component W by the amount that corresponds
to min (Rsi, Gsi, Bsi). As a result, the input signal (R, G,
B)=(50, 60, 20), which is expressed by the RGB signal, is
converted into the transmission amount (P, G, B, W)=(30, 40,
0, 20), which is expressed by the RGBW signal. Further, the
backlight value for the target pixel is set to (max (Rsi, Gsi,
Bsi)-min (Rsi, Gsi, Bsi))=40. Further, the respective trans-
missivities of the subpixels R, G, B, W are determined
according to the backlight value. Specifically, the transmis-
sivities of the subpixels R, G, B, W are set to 75% (=30/40),
100% (=40/40), 0% (=0/40) and 50% (=20/40/WR), respec-
tively.

[0078] It should be noted that the transmissivities shown in
FIG. 4(a) are exemplary transmissivities in the case in which
the backlight value obtained for the target pixel is the highest
value among the plural backlight values obtained for all pixels
and is adopted as the luminance of the backlight. Further, the
backlight value is multiplied by 45 also in the case shown in
FIG. 4(a) in order to make it possible to compare the backlight
value with that of Publication No. 65531/1999 by a common
standard.

[0079] Accordingly, the backlight value in the case shown
in FIG. 4(a) becomes (%3)x(60-20)=53.3. The backlight
value in F1G. 4(b), in which similar displaying is carried out,
is 60. It is apparent therefrom that the present invention pro-
duces the effect of reduction in power consumption in the
target pixel.

[0080] The following describes how the backlight value for
a pixel where min (Rsi, Gsi, Bsi)Zmax (Rsi, Gsi, Bsi)/(1+1/
WR) is obtained in the case in which a liquid crystal panel
having the white-color luminance ratio WR of 1.5 is used,
withreference to FIGS.15(a) and 15(0). F1IG. 15(a) illustrates
how the backlight value is obtained in the present liquid
crystal display device. FIG. 15(b) is a comparative figure
illustrating how the backlight value is obtained in Publication
No. 65531/1999.

[0081] The following discusses the case in which the target
luminance of the panel output of the target pixel is (R, G,
B)=(100, 120, 80) in FIGS. 15(@) and 15(5). In this case, 120
which is the luminance of G is max (Rsi, Gsi, Bsi), 80 which
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is the luminance of B is min (Rsi, Gsi, Bsi), and the following
relationship is satisfied

min(Rst, Gsi,Bsi)Zmax (Rsi, Gsi, Bsi)/(1+1/WR)=72.

[0082] In the display method of Publication No. 65531/
1999, the luminance of the backlight is set to max (Rsi, Gsi,
Bsi)=120 as shown in FIG. 15(5), and the respective trans-
missivities of the subpixels are determined according to the
backlight value. Specifically, the transmissivities of the sub-
pixels R, G, B are set to 83% (=100/120), 100% (=120/120)
and 67% (=80/120), respectively.

[0083] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B of the
input signals Rsi, Gsi, Bsi are transferred to the transmission
amount of the component W by the amount that corresponds
to max (Rsi, Gsi, Bsi)/(1+1/WR). As a result, the input signal
(R, G, B)=(100, 120, 80), which is expressed by the RGB
signal, is converted into the transmission amount (R, G, B,
W)=(28, 48, 8, 72), which is expressed by the RGBW signal.
Further, the backlight value for the target pixel is set to max
(Rsi, Gsi, Bsi)/(1+WR)=48.

[0084] The respective transmissivities of the subpixels R,
G, B, W are determined according to brightness of the back-
light, which brightness is produced on the basis of the back-
light value. Further, since the subpixel W is brighter than the
subpixels RGB by the white-color luminance ratio WR, the
backlight value necessary for the transmission-amount of the
subpixel W is calculable by multiplying the backlight value
necessary for the subpixels RGB by 1/WR. The transmissivi-
ties of the subpixels R, G, B, W are set to 58% (=28/48), 100%
(=48/48), 16.7% (8/48) and 100% (=72/48/WR), respec-
tively.

[0085] It should be noted that the tansmissivities shown in
FIG. 15(a) are exemplary transmissivities in the case in which
the backlight value obtained for the target pixel is the highest
value among the plural backlight values obtained in all pixels
and is adopted as the luminance of the backlight. In the case
shown in FIG. 15(a), the luminance of the backlight is mul-
tiplied by 45 so that it becomes possible 1o compare the
backlight value with that of Publication No. 65531/1999 by a
common standard.

[0086] Accordingly, correcting the backlight value in FIG.
15(a) so as to have the same standard as that of the backlight
value of FIG. 15(b) brings (45)x48=64. The backlight value in
FIG. 15(b), in which similar displaying is carried out, is 120.
It is apparent therefrom that the present invention produces
the advantage of reduction in power consumption of the target
pixel.

[0087] The following describes how the backlight value for
a pixel where min (Rsi, Gsi, Bsi)<max (Rsi, Gsi, Bsi)/(1+1/
WR) is obtained in the case in which the liquid crystal display
panel having the white-color luminance ratio WR of 1.5 is
used, with reference to FIGS. 16(a) and 16(5). FIG. 16(a)
illustrates how the backlight value is obtained in the present
liquid crystal display device. FIG. 16(b) is a comparative
figure illustrating how the backlight value is obtained in Pub-
lication No. 65531/1999.

[0088] The following discusses the case in which the target
luminance of the panel output of the target pixel is (R, G,
B)=(100, 120, 70) in FIGS. 16(@) and 16(5). In this case, 120
which is the luminance of G is max (Rsi, Gsi, Bsi), 70 which
is the luminance of B is min (Rsi, Gsi, Bsi), and the following
relationship is satisfied

min(Rst, Gsi, Bsi)<max(Rsi, Gsi,Bsi)/(1+1/WWR).
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[0089] In the display method of Publication No. 65531/
1999, the backlight value is set to max (Rsi, Gsi, Bsi)=120,
and the respective transmissivities of the subpixels are deter-
mined according to the backlight value as shown in FIG.
16(b). Specifically, the transmissivities of the subpixels R, G,
B are set to 83% (=100/120), 100% (=120/120), and 58%
(=70/120), respectively.

[0090] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B ofthe
input signals Rsi, Gsi, Bsi are transferred to the transmission
amount of the component W by the amount that corresponds
to min (Rsi, Gsi, Bsi). As a result, the input signal (R, G,
B)=(100, 120, 70), which is expressed by the RGB signal, is
converted into the transmission amount (R, G, B, W)=(30, 50,
0, 70), which is expressed by the RGBW signal. Further, the
backlight value for the target pixel is set to max (Rsi, Gsi,
Bsi)-min (Rsi, Gsi, Bsi))=50. Further, the respective trans-
missivities of the subpixels R, G, B, W are set to 60% (=30/
50), 100% (=50/50), 0% (=0/50), and 93% (=70/50/WR),
respectively.

[0091] It should be noted that the transmissivities shown in
FIG. 16(a) are exemplary transmissivities in the case in which
the backlight value obtained for the target pixel is the highest
value among the plural backlight values obtained for all pixels
and is adopted as the luminance of the backlight. Further, in
the case shown in FIG. 16(a), the luminance of the backlight
is multiplied by 44 in order to make it possible to compare the
backlight value with that of Publication No. 65531/1999 by a
common standard.

[0092] Accordingly, the backlight value in the case shown
in FIG. 16(a) becomes (¥5)x(120-70)=66.7. The backlight
value in FIG. 16(d), in which similar displaying is carried out,
is 120. It is apparent therefrom that the present invention
produces the effect of reduction in power consumption of the
target pixel.

[0093] The following describes how the backlight value for
a pixel where min (Rsi, Gsi, Bsi)Zmax (Rsi, Gsi, Bsi)/(1+1/
WR) is obtained in the case in which a liquid crystal panel
having the white-color luminance ratio WR of 0.6 is used,
withreference to FIGS.17(a) and 17(d). F1IG. 17(a) illustrates
how the backlight value is obtained in the present liquid
crystal display device. FIG. 17(b) is a comparative figure
illustrating how the backlight value is obtained in Publication
No. 65531/1999.

[0094] The following discusses the case in which the target
luminance of the panel output of the target pixel is (R, G,
B)=(100, 120, 50) in FIGS. 17(a) and 17(5). In this case, 120
which is the luminance of G is max (Rsi, Gsi, Bsi), 50 which
is the luminance of B is min (Rsi, Gsi, Bsi), and the following
relationship is satisfied

min(Rst, Gsi,Bsi)Zmax(Rsi, Gsi,Bsi)/(1+1/WR)=45.

[0095] In the display method of Publication No. 65531/
1999, the luminance of the backlight is set to max (Rsi, Gsi,
Bsi)=120 as shown in FIG. 17(4), and the respective trans-
missivities of the subpixels are determined according to the
backlight value. Specifically, the transmissivities of the sub-
pixels R, G, B are set to 83% (=100/120), 100% (=120/120),
and 42% (=50/120), respectively.

[0096] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B ofthe
input signals Rsi, Gsi, Bsi are transferred to the transmission-
amount of the component W by the amount that corresponds
to max (Rsi, Gsi, Bsi)/(1+1/WR). As a result, the input signal
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(R, G, B)=(100, 120, 50), which is expressed by the RGB
signal, is converted into the transmission amount (R, G, B,
W)=(55,75, 5, 45), which is expressed by the RGBW signal.
Further, the backlight value for the target pixel is set to max
(Rsi, Gsi, Bsi)/(1+WR)=75. The respective transmissivities
of the subpixels R, G, B, W are set to 73% (=55/75), 100%
(=75175), 6.7% (=5/75), and 100% (=45/75/WR), respec-
tively.

[0097] Itshould be noted that the transmissivities shown in
FIG. 17(a) are exemplary transmissivities in the case in which
the backlight value obtained for the target pixel is the highest
value among the plural backlight values obtained for all pixels
and is adopted as the luminance of the backlight. In the case
shown in FIG. 17(a), the luminance of the backlight is mul-
tiplied by 44 in order to make it possible to compare the
backlight value with that of Publication No. 65531/1999 by a
common standard.

[0098] Accordingly, correcting the backlight value in FIG.
17(a) so as to have the same standard as that of the backlight
value of FIG. 17(b) brings (45)x75=100. The backlight value
in FIG. 17(b), in which similar displaying is carried out, is
120. It is apparent therefrom that the present invention pro-
duces the effect of reduction in power consumption of the
target pixel.

[0099] The following describes how the backlight value for
a pixel where min (Rsi, Gsi, Bsi)<max (Rsi, Gsi, Bsi)/(1+1/
WR) is obtained in the case in which the liquid crystal panel
having the white-color luminance ratio WR of 0.6 is used,
withreference to FIGS. 18(a) and 18(5). FIG. 18(a) illustrates
how the backlight value is obtained in the present liquid
crystal display device. FIG. 18(b) is a comparative figure
illustrating how the backlight value is obtained in Publication
No. 65531/1999.

[0100] The following discusses the case in which the target
luminance of the panel output of the target pixel is (R, G, B)
(100, 120, 40) in FIGS. 18(a) and 18(b). In this case, 120
which is the luminance of G is max (Rsi, Gsi, Bsi), 40 which
is the luminance of B is min (Rsi, Gsi, Bsi), and the following
relationship is satisfied

min(Rsi, Gsi,Bsi)<max(Rsi, Gsi,Bsi)/(1+1/WR).

[0101] In the display method of Publication No. 65531/
1999, the backlight value is set to max (Rsi, Gsi, Bsi)=120 as
shown in FIG. 18(b), and the respective transmissivities of the
subpixels are determined according to the backlight value.
Specifically, the transmissivities of the subpixels R, G, B are
set to 83% (=100/120), 100% (=120/120) and 33% (=40/
120), respectively.

[0102] On the other hand, in the present liquid crystal dis-
play device, some of the respective components R, G, B of the
input signals Rsi, Gsi, Bsi are transferred to the transmission
amount of the component W by the amount that corresponds
to min (Rsi, Gsi, Bsi). As a result, the input signal (R, G,
B)=(100, 120, 40), which is expressed by the RGB signal, is
converted into the output signal (R, G, B, W)=(60, 80, 0, 40),
which is expressed by the RGBW signal. Further, the back-
light value for the target pixel is set to max (Rsi, Gsi, Bsi) min
(Rsi, Gsi, Bsi))=80. Further, the transmissivities of the sub-
pixels R, G, B, W are set to 75% (=60/80), 100% (=80/80),
0% (=0/80) and 83% (=40/80/WR), respectively.

[0103] Itshould be noted that the transmissivities shown in
FIG. 18(a) are exemplary transmissivities in the case in which
the backlight value obtained for the target pixel is the highest
value among the plural backlight values obtained for all pixels
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and is adopted as the backlight value for the backlight. In the
case shown in FIG. 18(a), the luminance of the backlight is
multiplied by 45 in order to make it possible to compare the
backlight value with that of Publication No. 65531/1999 by a
common standard.

[0104] Accordingly, the backlight value in the case shown
in FIG. 18(a) becomes (%3)x(120-40)=107. The backlight
value in FIG. 18(5), in which similar displaying is carried out,
is 120. It is apparent therefrom that the present invention
produces the effect of reduction in power consumption of the
target pixel.

[0105] FIGS. 3, 4, and 15 to 18 illustrate how the minimum
necessary backlight value is obtained for each pixel. In accor-
dance with the foregoing method, the minimum necessary
backlight value is obtained for each of the pixels within the
display area corresponding to the backlight. The highest
value among the plural backlight values thus obtained is
determined as the luminance of the backlight.

[0106] The following describes how the backlight value
and the transmissivities of the subpixels are determined in
accordance with the above-described method in the present
liquid crystal display device, with reference to FIGS. 5(a) to
5(e).

[0107] FIG. 5(a) illustrates the input signals (Rsi, Gsi, Bsi)
of the display area that corresponds to the backlight. To make
the description simple, let the white-color luminance ratio
WR be 1, and let the display area be constituted of four pixels
A to D. The actual white-color luminance ratio WR is deter-
mined according to the liquid crystal panel, is a common
value for the all pixel, and is greater than 0.

[0108] FIG. 5(b) shows the results of converting the input
signals (Rsi, Gsi, Bsi) into the output signals (Rtsi, Gtsi, Btsi,
Witsi), which are expressed by the RGBW signals, in the
respective pixels A to D. Further, the backlight values
obtained for the respective pixels are as shown in FIG. 5(c).
The highest one of the plural backlight values obtained for the
respective pixels is determined as the backlight value. That is
to say, 100 is determined as the backlight value.

[0109] Thetransmissivities (rsi, gsi, bsi, wsi) of the respec-
tive pixels with respect to the backlight value of 100 thus
determined are obtained on the basis of the values of the
output signals (Rtsi, Gtsi, Btsi, Wtsi) shown in FIG. 5(b). The
results thereof are as shown in FIG. 5(d). The final display-
luminances of the respective pixels are as shown in FIG. 3(e).
It is confirmed therefrom that the final display-luminances
match the luminances of the input signals (Rsi, Gsi, Bsi)
shown in FIG. 5(a).

[0110] As the foregoing describes, in the process of calcu-
lating the backlight value and the transmissivities of the sub-
pixels by the output signal generating section 12, the subpixel
W shares the amount of light of the white component so that
absorption of the light by the color filter is restrained,
whereby power consumption of the backlight 16 is reduced.
Thus, transferability of the amount of light of the white com-
ponent to the subpixel W in display image data is necessary in
order to produce this effect of reduction in power consump-
tion of the backlight.

[0111] If the greater amount of light of the white compo-
nent is to be transferred to the subpixel W of every pixel
within the display area corresponding to the backlight (i.e.
color saturation is low), the process of calculating the back-
light value and the transmissivities of the subpixels by the
output signal generating section 12 produces a greater effect
of reduction in power consumption of the backlight. On the
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other hand, if the display area corresponding to the backlight
contains a pixel with a subpixel W to which the lower amount
of light of the white component is to be transferred (i.e. color
saturation is high), the effect of reduction in power consump-
tion of the backlight is low. In this case, if the luminance is
high, the power consumption may even increase, compared
with the display method of Publication No. 65531/1999.
[0112] The following describes the way to determine the
backlight value for two pixels that are same in luminance and
different in color saturation, in the case in which the liquid
crystal panel having the white-color luminance ratio WR of 1
is used.

[0113] In the case of pixel A (luminance=208, color satu-
ration=0.533) of (R, G, B)=(176, 240, 112), the backlight
value is calculated as follows.

[0114] In the pixel A, the amount of light that is to be
transferred to the subpixel W is (112). The respective amounts
of light in the subpixels R, G, B after subtraction of the
amount of light that is to be transferred to the subpixel W
become (64, 128, 0). Accordingly, (128) is determined as the
backlight value for the pixel A.

[0115] In the case of pixel B (luminance 208, color satura-
tion=0.75) of (R, G, B)=(160, 256, 64), the backlight value is
calculated as follows.

[0116] In the pixel B, the amount of light that is to be
transferred to the subpixel W is (64). The respective amounts
of light in the subpixels R, G, B after subtraction of the
amount of light that is to be transferred to the subpixel W
become (96, 192, 0). Accordingly, (192) is determined as the
backlight value for the pixel B.

[0117] In comparison of the pixel A with the pixel B,
although the pixel A and the pixel B are same in luminance,
the higher backlight value is determined for the pixel B,
which is higher in color saturation. This indicates that the
effect of reduction in power consumption of the backlight is
low.

[0118] The output signal generating section 12 can use the
process also to calculate the backlight value and the transmis-
sivities of original image data (i.e. first KGB input signal ) that
is originally supplied to the present liquid crystal display
device. However, in the foregoing case, the effect of reduction
in power consumption is not always achieved in every image
because of the reasons mentioned above (note that, in reality,
the effect of reduction in power consumption is achieved in
many cases in common halftone-display screens that are con-
sidered to have the most occasion to be displayed).

[0119] Thus, the color-saturation reducing section 11 is
provided before the output signal generating section 12 in the
present liquid crystal display device, whereby the process of
reducing color saturation is carried out on the first RGB input
signal to convert the first KGB input signal into the second
RGB input signal. This makes it possible to achieve the effect
of reduction in power consumption of the backlight more
reliably and significantly in the process carried out in the
output signal generating section 12. The following describes
in detail the process of reducing color saturation, which pro-
cess is carried out in the color-saturation reducing section 11.
[0120] FIG. 6 is a block diagram illustrating a schematic
configuration of the color-saturation reducing section 11. As
shown in FIG. 6, the color-saturation reducing section 11
includes a backlight upper limit calculating section 21 and a
signal converting section 22. The backlight upper limit cal-
culating section 21 calculates an upper limit of the backlight
on the basis of an upper limit of the first RGB input signal, the
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white-color luminance ratio WR, and the backlight value
determination ratio. The backlight upper limit calculating
section 21 supplies the upper limit of the backlight to the
signal converting section 22. The signal converting section 22
calculates the second RGB input signal on the basis of the first
RGB input signal and the upper limit of the backlight, which
upper limit is supplied from the backlight upper limit calcu-
lating section 21. The signal converting section 22 outputs the
second RGB input signal.

[0121] FIG. 7 is a flowchart showing the operation of the
color-saturation reducing section 11.

[0122] In S11 the upper limit of the backlight is calculated
in the backlight upper limit calculating section 21 (S11). The
color-saturation reducing section 11 carries out the process of
reducing color saturation only on the pixels having a high
luminance and the low amount of light transferable to the
subpixel W (i.e. color saturation is high). The color-saturation
reducing section 11 does not carry out the process of reducing
color saturation on the pixels that are low in at least one of
color saturation or luminance. The followings are reasons
therefor. Regarding the pixels that are low in color saturation,
the backlight value can be reduced significantly by transfer-
ring a larger amount of light to the subpixel W, even if the
luminance is high. Further, in the first place, the pixels that are
low in luminance do not need a high backlight value for
display. The upper limit of the backlight is used to determine
the pixels on which the process of reducing color saturation
needs to be carried out. The following describes in detail the
process of calculating the upper limit of the backlight.
[0123] First, the following discusses the case in which no
process of reducing color saturation is to be carried out on
image data (i.e. RGB input signal), and in which the backlight
value becomes highest. Inthis case, there exists a pixel having
the color saturation of 1 (the amount of light is not transfer-
able to the subpixel W) and having RGB values at least one of
which is MAX (indicating the upper limit of the RGB input
signal). The backlight value at this time also becomes MAX.
[0124] Next, the following discusses the case in which the
process of reducing color saturation is to be carried out on
image data (i.e. RGB input signal), and in which the backlight
value becomes highest. The process of reducing color satu-
ration in this case is a process by which the color saturation
becomes minimum without changing the luminance of the
pixels, to which the process is carried out, before and after the
process. In this case, the backlight value becomes maximum
when there exists a pixel having the color saturation of 0 (the
color saturation is not reducible any further, and therefore the
backlight value is not reducible) and having the RGB values
that are all MAX. The subpixel W shines WR times brighter
than the subpixels RGB do. Thus, the most efficient backlight
is achieved by transferring the amount of light of WR/(1+
WR) of the respective RGB values to the subpixel W and the
amount of light of 1/(1+WR) of the respective RGB values to
the respective subpixels RGB in the pixels. The backlight
value at this time i1s MAX/(1+WR).

[0125] Accordingly, the range of the upper limit MAXw of
the backlight is from MAX/(1+WR) to MAX. The upper limit
MAXw of the backlight is expressed by Formula (1) below

MAXw=MAXxB! Ratio (1)

where the range of Bl Ratio is from 1/(1+WR) to 1.0.

[0126] It should be noted that MAX mentioned here indi-
cates the upper limit of the KGB input signal. MAX may not
be a single value and may be plural values. In other words, the
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lower limit of MAX is a highest value (MAXi) of all KGB
values of the RGB input signal. The reason therefor is that
setting MAX lower than MAXi makes it impossible to set the
backlight value to a desired value. On the other hand, the
upper limit of MAX is a highest value (MAXs) that the KGB
input signal can possibly take. The reason therefor is that
there is no case in which MAX that is greater than MAXs is
needed.
[0127]

MAXs=2Bv_1,

MAXs is expressed as

where Bw is a bit width of the RGB input signal. For example
ifBw is 8, MAXs is calculated as 2°~1=255. Accordingly, the
effective range of MAX is expressed as

MAXi=EMAX=MAXs.

[0128] Any value may be determined as MAX, as long as
the wvalue satisfies MAXi=MAX=MAXs. Setting
MAX=MAXi makes it possible to reduce the backlight value
most significantly, but MAX needs to be calculated for each
image. On the other hand, setting MAX=MAXjs results in a
higher backlight upper limit (MAXw) than MAXi. Setting
MAX=MAXs also results in MAX being a constant that does
notdepend on the image, and therefore MAX does not need to
be calculated for each image.

[0129] The Bl Ratio in Formula (1) above is a constant that
denotes the level of the process of reducing color saturation.
Specifically, the Bl Ratio of I corresponds to the case in which
no process of reducing color saturation is to be carried out,
and the Bl Ratio of 1/(1+WR) corresponds to the case in
which the process is to be carried out in such a way as to make
the color saturation minimum. In the process of reducing
color saturation, the more the color saturation is reduced, the
more the effect of reduction in power consumption of the
backlight improves, but, naturally, the degree of deterioration
in image quality as a result of the reduction in color saturation
increases. Thus, the Bl Ratio may be arbitrarily determined
within the range of 1/(1+WR) to 1 according to the level of the
reduction in color saturation, in consideration of the balance
between the effect of reduction in power consumption and the
deterioration in image quality.

[0130] Once the upper limit MAXw of the backlight is
determined accordingly, it is then determined in S12, for each
pixel, whether or not the process of reducing color saturation
is to be carried out, on the basis of Formula (2) below

MAXw<maxRGB-minRGB (2).
[0131]

maxRGB=max(Ri, Gi,Bi)

Note that

and
minRGB=min(Ri,Gi,Bi)

in Formula (2) above.

[0132] Ifthe RGB values of the target pixel satisfy Formula
(2) above, then the target pixel is determined as the pixel that
is high in luminance and in color saturation and therefore
brings a consequence that the backlight value exceeds the
backlight upper limit MAXw if the target pixel remains as the
way it is. Therefore, the process of reducing color saturation
is carried out on the pixel in S13.

[0133] The process of reducing color saturation causes the
input image to deteriorate in image quality in terms of vivid-
ness of colors. However, general images contain not so many
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portions that are high in luminance and in color saturation.
Thus, in many cases, only limited portions of the images
decrease in saturation. Further, human visual features are not
so sensitive to the changes in color, compared with those to
the changes in brightness. Thus, in many cases, deterioration
in image quality as a result of reduction in color saturation is
difficult for humans to recognize. On the other hand, human
visual features recognize the changes in luminance as signifi-
cant deterioration in image quality. It is therefore important in
the process of reducing color saturation to reduce only color
saturation without a change in luminance.

[0134] On the other hand, a pixel that does not satisfy
Formula (2) in S12 is determined as a pixel that is low in
luminance or in color saturation and therefore brings a con-
sequence that the backlight value does not exceed the upper
limit MAXw of the backlight even if the pixel remains as the
way it is. No process of reducing color saturation needs to be
carried out on the pixel. Thus, the process moves to S14, and
pixel data in the first input RGB data is used in the second
input RGB data without being changed.

[0135] The following describes why Formula (2) above is
used to determine whether or not the process of reducing
color saturation needs to be carried out on the target pixel.
[0136] First of all, the subpixel-W transmission amount
Wti in the case in which no reduction of color saturation is to
be carried out is calculated according to Formula (3) below

Wri-min(maxRGB/(1+1/WR),minRGB) 3)
[0137] Further, the subpixels-RGB transmission amounts

(Rti, Gri, Bri) are calculated according to Formulae (4) to (6)
below, respectively:

Rei=Ri-Wri )
Gti=Gi-Witi 5%
and

Bti=Ri-Wti (6).

In Formulae (3)to (6) above, none of the RGBW transmission
amounts falls below 0, since Wti does not exceed minRGB.
[0138] Formulae (7)to (9) below express conditions under
which the RGB transmission amounts do not exceed MAXw,
respectively;

Rt=MAXw (M3

Gti=MAXw (8);

and

Bti=MAXw 9).
[0139] On the other hand, the W transmission amount does

not exceed MAXw under a condition that a value obtained by
dividing Wti by WR does not exceed MAXw, because the W
subpixel shines WR times brighter than the subpixels RGB
do. Thus, from Formula (3) above, Formula (10) below is
obtained at the end. Specifically,

Wei/WR=MAXw
and thus

min(maxRGB/(1+1/WR),minRGB)EMAXwx R (10)
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is obtained. From Formulae (3) to (6) and Formulae (7) to (9),
the condition under which none of the RGB transmission-
amounts exceeds MAXw is as expressed by Formula (11)
below. Specifically,

max(Rei, Gti,Bti) EMAXw
and
maxRGB-WH=MAXw
and thus

maxRGB-min(maxRGB/(1+1/WR),minRGB)
=MAXw 11

is obtained. The condition under which the W transmission
amount does not exceed MAXw in the case (A) in which
maxRGB/(1+1/WR)=minRGB is as follows, from Formula
(10) above:

maxRGB/(1+1/WR)=MAXwx WR
and thus

maxRGB/(1+WR) SMAXw 12)

[0140] Further, since MAXw is within the range of MAX/
(I+WR)=MAXw=MAX, maxRGB/(1+WR)=MAX/(1+
WR)=MAXw. Thus Formula (12) above is always true.
[0141] Next, the condition under which the RGB transmis-
sion-amount does not exceed MAXw is as follows, from
Formula (11) above,

maxRGB-maxRGB/(1+1/WR)=MAXw
therefore

maxRGB/(1+ WR) =MAXw.

This formula is identical to Formula (12) above and is there-
fore always true.

[0142] On the other hand, the condition under which the W
transmission amount does not exceed MAXw is as follows,
from Formula (10),

minRGE=MAXwxWR.

[0143] In this case, from MAX/(1+WR)=EMAXw=MAX
and minRGB<maxRGB/(1+1/WR), minRGB<maxRGB/(1+
1/WR)=WRxmaxRGB/(1+WR)=WRxMAX/(1+WR)
=MAXwxWR. The formula above is always true.

[0144] Next, the condition under which the RGB transmis-
sion amounts do not exceed MAXw is as follows, from For-
mula (11),

maxRGB-minRGB=MAXw 13)

Formula (13) above is not always true. Thus, the condition
under which none of the RGBW transmission amounts
exceeds MAXw is as expressed by Formula (13) above in the
case of (B) minRGB<maxRGB/(1+1/WR).

[0145] Ontheother hand, the condition under which at least
one of the RGBW transmission-amounts exceeds MAXw is
as expressed by Formula (2) above when (B)
minRGB<maxRGB/(1+1/WR).

[0146] Thecaseinwhich Formula (2)is true is, from MAX/
(I+WR)=MAXW=MAX,

maxRGB/(1 +1/WR) < MAX/(1 +1/WR)
= WRxMAX/(l + WR) = MAXwx WR <
(maxRGB — minRGB) x WR
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-continued
and

maxRGB/(1 +1/WR) < (maxRGB - minRGB) x WR
thus

minRGB < maxRGB/ (1 + 1/ WR).

[0147] Therefore, (B) minKGB<maxRGB/(1+1/WR) is
always true.

[0148] Accordingly, the condition under which at least one
of the RGBW transmission amounts exceeds MAXw is as
expressed by Formula (2) above unconditionally.

[0149] Therefore, if Ri, Gi, and Bi satisfy Formula (2)
above, the process of reducing color saturation is carried out
so that the backlight value does not exceed MAXw.

[0150] The following describes in detail the process of
reducing color saturation, which process is carried out on the
pixels that are determined high in color saturation and in
luminance by Formula (2).

[0151] With respect to the pixels that are high in both lumi-
nance and color saturation and therefore need the process of
reducing color saturation, the signal converting section 22
carries out the process of reducing color saturation on the
pixels in accordance with Formulae (16) to (19) below,
whereby the first RGB signal (Ri, Gi, Bi) unprocessed is
converted into the second RGB signal (Rsi, Gsi, Bsi).

Rsi=axRi+(1-a)x ¥ (16);
Gsi=axGi+{(1-a)x ¥ (17);
Bsi=oxBi+(1-a)x ¥ (18);
and

a=MAXw/(maxRGB-minkRGB) (19).

[0152] In Formulae (16) to (18) above, Yi is the luminance
(e.g. Yi=(2xRi+5xGi+B1)/8) of the RGB input signal (Ri, Gi,
Bi).

[0153] The following describes how Formulae (16) to (19),
all of which are formulae for calculations carried out in the
process of reducing color saturation, are derived.

[0154] First, formulae for converting the RGB signals to
reduce only the color saturation without changing the lumi-
nance and the hue are Formulae (16) to (18) where Formula
(20) below is satisfied

D=a=1 {20).

[0155] The following proves that Formulae (16) to (18)
above changes neither the luminance nor the hue of the RGB
signal before and after the process of reducing color satura-
tion.

[0156] First, let (2xR+5xG+B)/8 be the formula for calcu-
lating the luminance when the RGB value is (R, G, B). Then,
the luminance Ysi after the color saturation is reduced is
expressed by Formula (21) below, with respect to the lumi-
nance Yi before the color saturation is reduced

Ysi=(2xRsi+5x Gsi+Bsi)/$ (1),
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[0157] Substituting Formula (21) into Formulae (16) to
(18) gives Formula (22) below

Ysi=axX(2XRi+5xGi+B)/8+ (1 —a)xYi (22)
=aXxYi+(l-a)xYi

=Yi

[0158] Itis seen from Formula (22) above that the process
of reducing color saturation using Formulae (16) to (18) does
not change the luminance before and after the process.

[0159] Regarding the hue, the case in which the value of R
is highest. When the value of R is highest, hueHi before the
process of reducing color saturation is as expressed by For-
mula (23) below

Hi=(Cb-Cg)x60 23),
where

Ch(maxRGB-Bi)/(maxRGB-minRGB)

and

Cg=(maxRGB-Gi)/(maxRGB-minRGB).

[0160] Next, the hue Hsi after the process of reducing color
saturation becomes as expressed by Formula (24) below

Hsi=(Cbs-Cgs)x60 (24),
where

Cbs=(maxRGBs-Bsi)/(maxRGBs-minRGBs),
Cgs=(maxRGBs-Gsi)/(maxRGBs-minRGBs),
maxRGBs=max(Rsi,Gsi,Bsi), and

minRGBs=min(Rsi, Gsi, Bsi).

[0161] Modifying Formula (24) and then substituting For-
mulae (16) to (18) gives Formula (25) below

His = {{maxRGBs — Bsi) — (maxRGBs — Gsi)}/ (maxRGBs — (25)

minRGBs) X 60

{(Gsi — Bsi)/ (maxRGBs — minRGBs)} x 60

= % (Gi - Bi)/ {& X (maxRGB — minRGB)} x 60

= {(Gi - Bi)/(maxRGB — minRGB)} x 60

= {(maxRGB - Bi) — (maxRGB - Gi)} / (maxRGB —
MinRGB) x60

= (Ch-Cg)x60

=Hi

[0162] It is seen from Formula (25) that the process of
reducing color saturation using Formulae (16) to (18) above
does not change the hue before and after the process. This is
the same in the cases in which the value of G or the value of
B is highest.
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[0163] Then, o that makes the backlight value become the
upper limit MAXw of the backlight in Formulae (16) to (18)
above is derived.

[0164] Ifall pixels that satisfy Formula (2) are reduced in
color saturation in such a manner that

MAXw=maxRGBs-minRGBs

is satisfied, the backlight value always becomes equal to or
below MAXw. From this formula and Formulae (16) to (18),

aXmaxRGB + (1 —a)xYi—axXminRGB - (1 —a) x Yi= MAXw
and

a X (maxRGB — minRGB) = MAXw

and thus

a = MAXw/(maxRGB — minRGB)

[0165] Accordingly, carrying out the process according to
the foregoing descriptions, the color-saturation reducing sec-
tion 11 converts the first RGB input signal into the second
KGB input signal, which is to be supplied to the output signal
generating section 12 provided subsequently to the color-
saturation reducing section 11. The second RGB input signal
is a signal formed by converting pixel data in the first RGB
input signal, which pixel data is high in luminance and in
color saturation, into pixel data that is reduced in color satu-
ration. Further, pixel data in the first RGB input signal, which
pixel data is low in luminance or in color saturation, is not
converted and is used in the second RGB input signal as the
way it is.

[0166] The following describes a schematic configuration
of the output signal generating section 12, with reference to
FIG. 8. As shown in FIG. 8, the output signal generating
section 12 includes a W transmission-amount calculating sec-
tion 31, an RGB transmission-amount calculating section 32,
a backlight value calculating section 33 and a transmissivity
calculating section 34. Further, FIG. 9 is a flowchart illustrat-
ing operation of the output signal generating section 12.
[0167] On the basis of the second input RGB signal sup-
plied from the color-saturation reducing section 11, the W
transmission-amount calculating section 31 calculates the W
transmission amount by Formula (26) below (S21)

Wisi=min(maxRGBs/(1+1/WR),minRGBs) (26)

This W transmission amount is supplied to the RGB trans-
mission-amount calculating section 32, to the backlight value
calculating section 33, and to the transmissivity calculating
section 34. On the basis of the second input RGB signal and
the W transmission amount, the RGB transmission-amount
calculating section 32 calculates the KGB transmission
amount by Formulae (27) to (29) below (S22):

Risi=Rsi-Wisi (27);
Grsi=Gsi-Wist (28);
and

Bisi=Rsi-Wisi {29).

The RGB transmission amount is supplied to the backlight
value calculating section. Steps S21 and S22 are repeated as
many times as the number of pixels in the input RGB signal.
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[0168] The backlight value calculating section 33 calcu-
lates the backlight value Wbs in the image by Formula (33)
below, on the basis of the RGBW transmission amounts of all
pixels in the image, which RGBW transmission amounts
have been supplied from the W transmission-amount calcu-
lating section 31 and from the KGB transmission-amount
calculating section 32 (S23)

Whs=max(Rts1, Gis1,Bis1,Wisl/WR, . .. RtsNp,
GtsNp,BtsNp, WisNp/WR) (33).

[0169] Calculating the W transmission amount Wts by the
foregoing way always gives the result that max (Rts, Gts,
Bts)=Wts/WR with respect to the respective RGB transmis-
sion amounts Rts, Gts, Bts. Therefore, it is also possiblein the
backlight value calculating section 33 to calculate the back-
light value Whs for the image by Formula (34) below, on the
basis of the KGB transmission amounts excluding the W
transmission amount, among the RGBW transmission
amounts of all pixels in the image, which RGBW transmis-
sion amounts are supplied from the W transmission-amount
calculating section 31 and the RGB transmission-amount
calculating section 32

Whs=max(Ris1,Gts1,Bs1, . .., RtsNp,GisNp, BtsNp) (34).

[0170] Thebacklight value Whs is supplied to the transmis-
sivity calculating section 34. On the basis of the RGBW
transmission amounts supplied from the W transmission-
amount calculating section 31 and from the RGB transmis-
sion-amount calculating section 32 and the backlight value
Whs supplied from the backlight value calculating section 33,
the transmissivity calculating section 34 calculates the
respective transmissivities of the subpixels by Formulae (35)
to (38) below:

rsi=Risi/Wbs (35);
gsi=Glsi/Whs (36);
bsi=Bisi/Whs (37);
and

wsi=Wisi/Whs/WR (38).

The process of S24 is repeated as many times as the number
of pixels in the RGB input signal.

[0171] As the foregoing describes, in the liquid crystal
device in accordance with the present embodiment, the pro-
cess of reducing color saturation is carried out on the RGB
input signal, which is the original input, before the backlight
value and the RGBW transmissivity are calculated in the
output signal generating section 12, whereby it becomes pos-
sible to reduce the backlight value reliably.

[0172] For example if the liquid crystal panel with the
white-color luminance ratio WR=1 is used, the backlight
value in the case in which no process of reducing color satu-
ration is to be carried out is 192, considering of the above-
mentioned pixel B with (R, G, B)=(160, 256, 64).

[0173] In the case in which the process of reducing color
saturation is carried out on the pixel B with MAX=256 and Bl
Ratio=1/(1+WR)=0.5, the values of the pixel B in the second
KGB input signal after the reduction of color saturation are
derived as follows:
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MAXw = MAX x Bl Ratio
=256x05
=128;

(from Formula (1))

o =128/(256 - 64)
=2/3

(from Formula (19))

Y1 =2xRl+5xG1+Bl)/8
=(2x160+5x256+64)/8
=208

Rsl =axRl+(1-a)XxYl
=(2/3)x160+(1-2/3)x208
= 176;

(from Formula (16))

Gsl =axGl+(l-a)xYl
=(2/3)%256+ (1 -2/3)%x208
= 240;

(from Formula 17))

and

Bsl=axBl+(l-a)xYl
=(2/3Ix64+(1-2/3)x208
=112.

(from Formula 18))

[0174] Thus, the input values RGB in the pixel B after the
reduction of color saturation are (176, 240, 112). The back-
light value in this case is 128.

[0175] In other words, the process of reducing color satu-
ration allows the backlight value to be reduced from 192 to
128 (reduction by approximately 33%).

[0176] Further, it is possible to change the level of the
process of reducing color saturation, which process is carried
out in the present liquid crystal display device, by adjusting
the value of Bl Ratio in Formula (1) within the range of
1/(1+WR) to 1. In other words, providing the present liquid
crystal display device with the function of changing the value
of Bl Ratio allows the user to arbitrarily select which one of
the image quality (increase the value of Bl Ratio) or the power
saving (lower the value of Bl Ratio) is given a priority. In this
case, setting the value of Bl Ratio to 1 results that no process
of reducing color saturation is carried out. This means that 1t
is also possible to select whether or not the process of reduc-
ing color saturation is to be carried out.

[0177] Inthe presentliquid crystal display device, theback-
light 16 is basically provided one for plural pixels. Thus, for
example the liquid crystal display device shown in FIG. 1 has
the configuration in which one white backlight 16 corre-
sponds to the entire screen of the liquid crystal panel 14. The
present invention is not limited to this configuration, though.
The screen of the liquid crystal panel 14 may be divided into
plural areas, and plural backlights may be provided so that it
becomes possible to adjust the luminances of the backlights
of the respective areas.

[0178] FIG. 10 shows the case in which one display areahas
two white backlights. It should be noted that the number of
backlights is not limited.

[0179] The liquid crystal display device shown in FIG. 10
includes the color-saturation reducing section 11, an input
signal dividing section 41, output signal generating sections
12a and 125, liquid crystal panel controlling sections 13a and
135, theliquid crystal panel 14, backlight controlling sections
15a and 156, and white backlights 16a and 165.
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[0180] The input signal dividing section 41 splits one-
screen second RGB input signals supplied from the color-
saturation reducing section 11 into two-area signals, and sup-
plies the RGB input signals of the respective areas to the
output signal generating sections 12¢ and 125. The output
signal generating sections 12a and 125 carry out, on the
respective corresponding areas, the same processing as that
carried out by the output signal gererating section 12 shown
in FIG. 1.

[0181] Theliquid crystal panel controlling sections 13a and
135 carry out, on the respective corresponding areas, the same
processing as that carried out by the liquid crystal panel
controlling section 13 shown in FIG. 1. Each controlling
section controls the transmissivity of a pixel sitvated at a
position corresponding to the counterpart-area of the liquid
crystal panel 14.

[0182] The backlight controlling sections 15a¢ and 156
carry out, on the respective corresponding areas, the same
processing as that carried out by the backlight controlling
section 15 in FIG. 1. Each of the white backlights 16a and 165
is same as the backlight 16 in configuration. The respective
backlights illuminate their corresponding areas.

[0183] As the foregoing describes, a single screen is
divided into plural areas, and area-by-area controlling is car-
ried out, whereby it becomes possible to reduce the backlight
value further. It should be noted that, although the single
screen is divided into two areas in the present embodiment, it
is also possible to divide a single screen into three or more
areas and carry out the area-by-area controlling.

[0184] In a general image, similar colors tend to be con-
tiguous in a neighborhood area. Thus, dividing the backlight
area as shown in FIG. 10 makes it possible to further darken
the backlight for an area where dark pixels gather. Accord-
ingly, the power consumption of the entire backlight is
reduced more in the case in which the backlight is divided
than in the case in which the backlight is not divided.

[0185] The processes thatare to be carried out by the color-
saturation reducing section 11 or by the output signal gener-
ating section 12 are also realizable with software that is oper-
able with personal computers. The following describes how
the processes are realized with software.

[0186] FIG. 11 is a figure illustrating a system configura-
tion in the case in which the foregoing processes are realized
with software. The system is configured with a main unit 51 of
a personal computer and an input-output device 55. The main
unit 51 of a personal computer includes a CPU 52, a memory
53, and an input-output interface 54. The input-output device
55 includes a storage medium 56.

[0187] The CPU 52 controls the input-output device 55 via
the input-output interface 54. The CPU 52 reads out, from the
storage medium 56, programs for reducing color saturation
and generating output signals, parameter files (e.g. the upper
limit of the RGB input signal, the backlight value determina-
tion ratio, area information that is used to divide a single
screen into plural areas), and input image data to store them
into the memory 53.

[0188] Further, the CPU 52 reads out, from the memory 53,
the programs for reducing color saturation and generating
output signals, the parameter files, and the input image data.
In accordance with respective commands of the programs for
reducing color saturation and generating output signals, the
CPU 52 carries out, on the input image data thus supplied, the
process of reducing the color saturation and the process of
generating output signals, and then controls, via the input-
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output interface 54, the input-output device 55 to feed, to the
storage medium 56, the backlight value after the generation of
the output signals and the RGBW transmissivities.

[0189] Alternatively, as shown in FIG. 12, the CPU 52
feeds, via the input-output interface 54, the backlight value
after the generation of the output signals and the RGBW
transmissivities after the generation of the output signals to
the backlight controlling section 15 and the liquid crystal
panel controlling section 13, respectively, thereby controlling
the white backlight 16 and the liquid crystal panel 14 so that
an image is actually caused to be displayed.

[0190] As the foregoing describes, it is possible with the
system to reduce the color saturation and to generate the
output signals on the personal computers. This makes it pos-
sible to determine, before experimental color-saturation
reducing sections and output signal generating sections are
actually made, whether the methods of reducing color satu-
ration and generating output signals are appropriate, and to
determine the effect of reduction of the backlight value.
[0191] As the foregoing describes, a transmissive-type lig-
uid crystal display device in accordance with the present
invention includes: a liquid crystal panel having pixels each
divided into four subpixels red (R), green (G), blue (B), and
white (W); a white-color active backlight by which a lumi-
nance of light that is to be emitted is controllable; a color-
saturation reducing section that carries out a process of reduc-
ing color saturation on pixel data that is high in luminance and
in color saturation, among pixel data contained in a first RGB
input signal which is an input image, so that the first RGB
input signal is converted into a second RGB input signal; an
output signal generating section that generates, from the sec-
ond RGB input signal, a transmissivity signal of each of the
subpixels R, G, B, W of each pixel of the liquid crystal panel,
and calculates a backlight value in the active backlight; a
liquid crystal panel controlling section that controls and
drives the liquid crystal panel on the basis of the transmissiv-
ity signal generated in the output signal generating section;
and a backlight controlling section that controls, on the basis
of the backlight value calculated in the output signal gener-
ating section, the luminance of light that is to be emitted from
the backlight.

[0192] With this configuration, the liquid crystal panel in
which a single pixel is divided into four subpixels R, G, B, W
is employed. This makes it possible to transfer a part of the
respective color components R, G, B to the subpixel W, in
which no loss (or little loss) of light due to absorption by a
filter is produced. This makes it possible to reduce the amount
of light absorbed by the color filter and therefore to reduce the
backlight value, whereby it becomes possible to achieve
reduction in power consumption in the transmissive-type lig-
uid crystal display device.

[0193] Further, the process of reducing color saturation is
carried out on the first RGB input signal, which is the original
input, and the backlight value and the respective RGBW
transmissivities are calculated on the basis of the second RGB
input signal, which has undergone the process of reducing
color saturation. This makes it possible to reduce the back-
light value more reliably.

[0194] Further, it is preferable in the transmissive-type lig-
uid crystal display device that the color-saturation reducing
section reduce only the color saturation of the pixel data on
which the process of reducing color saturation is carried out,
without changing luminance and hue of the pixel data before
and after the process of reducing color saturation
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[0195] With this configuration, only color saturation,
which gives less impact on human visual features, is reduced
without a change in luminance and hue, both of which give
greater impact on the visual features. This makes it possible to
restrain the deterioration in image quality as a result of the
process of reducing color saturation.

[0196] Further, it is preferable in the transmissive-type lig-
uid crystal display device that a level of the process of reduc-
ing color saturation be changeable by the color-saturation
reducing section.

[0197] Further, it is preferable that the range of the level of
the process of reducing color saturation be changeable
according to the characteristics of the liquid crystal panel that
is to be used. One of the characteristics of the liquid crystal
panel is the white-color luminance ratio WR, which indicates
the ratio of brightness between the white color of the subpixel
W with respect to the white color produced by the subpixels
RGB in the case in which the subpixels RGBW are same in
transmissivity.

[0198] This configuration allows the user to selectively
determine the balance between the effect of reduction in
power consumption and the deterioration in image quality as
a result of the process of reducing color saturation.

[0199] Further, the transmissive-type liquid crystal display
device may be configured in such a manner that the color-
saturation reducing section extracts, from the pixel data con-
tained in the first RGB input signal which is the input image,
pixel that is high in luminance and in color saturation, in
accordance with process (A) below, and carries out, in accor-
dance with process (B) below, a process of reducing the color
saturation on the pixel data thus extracted: (A) calculating an
upper limit MAXw of the backlight by

MAXw=MAXxB! Ratio,

and extracting, as the pixel data that is high in luminance and
in color saturation, target pixel data that satisfies

MAXw<maxRGB-minRGB,

where: WR is a white-color luminance ratio (this is a ratio
P2/P1 of a display luminance P2 in a case in which a trans-
missivity of each of the subpixels KGB is 0% and a transmis-
sivity of the subpixel W is x %, with respect to a display
luminance P1 in a case in which the transmissivity of each of
the subpixels RGB is x % and the transmissivity of the sub-
pixel W is 0%); MAX is the upper limit of the backlight value
in a case in which the process of reducing color saturation is
not carried out; Bl Ratio is a backlight value determination
ratio (1/(1+WR)=BI Ratio=1.0); maxRGB=max (Ri, Gi,
Bi); minRGB=min (Ri, Gi, Bi); Ri, Gi, Bi (i=1, 2, ..., Np) are
RGB values of the target pixel in the first RGB input signal;
Np is the number of pixels in the input image; max (A, B, ..
.)is amaximum value of A, B, .. .;and min (A, B, ...)isa
minimum value of A, B, .. . ); and (B) obtaining, on the basis
of the pixel data thus extracted,

Rsi=axRi+(1-a)x H,
Gsi=oxGi+(1-a)x ¥i, and
Bsi=axBi+(1-a)x K,

pixel data after the process of reducing color saturation,
where: Rsi, Gsi, Bsi (i=1, 2, .. ., Np) are RGB values of the
target pixel in the second RGB input signal after the process
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of reducing color saturation; Yi (i=1, 2, . . ., Np) is a lumi-
nance of the target pixel; and o=MAXw/(maxRGB-min-
RGB).

[0200] Further, the output signal generating means in the
transmissive-type liquid crystal display device may be con-
figured to include: a W transmission-amount calculating sec-
tion that calculates a transmission amount (Wtsi) of the sub-
pixel W in accordance with process (A) of calculating the W
transmission amount (Wtsi) by

Wesi=min(maxRGBs/(1+1/WR),minRGBs),

where maxRGBs=max (Rsi, Gsi, Bsi), and minRGBs=min
(Rsi, Gsi, Bsi); an RGB transmission-amount calculating sec-
tion that calculates a transmission amount (Rtsi, Gtsi, Btsi) of
each of the subpixels RGB in accordance with process (B) of
calculating the RGB transmission amounts (Rtsi, Gtsi, Btsi)
by

Risi=Rsi-Wisi,
Gtsi=Gsi-Wisi, and

Btsi=Bsi-Wisi;

a backlight value calculating section that calculates a back-
light value (Wbs) in accordance with process (C) of calculat-
ing the backlight value (Wbs) by

Whs=max(Ris1,Gts1,B1s1, WisUUWR, . . . RtsNp,GisNp,
BisNp, WisNp/WR);

and a transmissivity calculating means for calculating a trans-
missivity (rsi, gsi, bsi, wsi) of each of the subpixels RGBW in
accordance with process (D) of calculating the RGBW trans-
missivities (rsi, gsi, bsi, wsi) by

rsi=Risi/Whbs,
gsi=Glsi/Whs,
bsi=Btsi/Wbs, and

wsi=Wisi/Whs/WR,

where rsi=gsi=bsi=wsi=0 when Wbs=0.

[0201] Further, the transmissive-type liquid crystal display
device may be configured in such a manner that a plurality of
active backlights are provided with respect to the liquid crys-
tal panel, and controlling a transmissivity of the liquid crystal
panel and controlling the backlight value of the backlight are
carried outon individual areas that correspond to the plurality
of active backlights, respectively.

[0202] With the foregoing configuration, the backlight is
divided so that it becomes possible to suitably determine the
backlight value for each section of the backlight thus divided,
whereby it becomes possible to reduce the overall power
consumption of the backlight.

[0203] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of 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.

What is claimed is:
1. A transmissive-type liquid crystal display device, com-
prising:
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a liquid crystal panel having pixels each divided into four
subpixels red (R), green (G), blue (B), and white (W);

a white-color active backlight by which a luminance of
light that is to be emitted is controllable;

a color-saturation reducing section that carries out a pro-
cess of reducing color saturation on pixel data that is
high in luminance and in color saturation, among pixel
data contained in a first RGB input signal which is an
input image, so that the first RGB input signal is con-
verted into a second RGB input signal;

an output signal generating section that generates, from the
second RGB input signal, a transmissivity signal of each
of the subpixels R, G, B, W of each pixel of the liquid
crystal panel, and calculates a backlight value in the
active backlight;

a liquid crystal panel controlling section that controls and
drives the liquid crystal panel on the basis of the trans-
missivity signal generated in the output signal generat-
ing section; and

abacklight controlling section that controls, on the basis of
the backlight value calculated in the output signal gen-
erating section, the luminance of light that is to be emit-
ted from the backlight.

2. The device of claim 1, wherein the color-saturation
reducing section reduces only the color saturation of the pixel
data on which the process of reducing color saturation is
carried out, without changing luminance and hue of the pixel
data before and after the process of reducing color saturation.

3. The device of claim 1, wherein a level of the process of
reducing color saturation is changeable by the color-satura-
tion reducing section.

4. The device of claim 3, wherein the color-saturation
reducing section determines, on the basis of a white-color
luminance ratio WR, the range of change of the level of the
process of reducing color saturation,

where the white-color luminance ratio WR is a ratio P2/P1
of a display luminance P2, in a case in which a transmis-
sivity of each of the subpixels RGB is 0% and a trans-
missivity of the subpixel W is x %, to a display lumi-
nance P1, in a case in which the transmissivity of each of
the subpixels RGB is x % and the transmissivity of the
subpixel W is 0%.

5. The device of claim 1, wherein the color-saturation
reducing section extracts, from the pixel data contained in the
first RGB input signal which is the input image, pixel that is
high in luminance and in color saturation, in accordance with
process (A) below, and carries out, in accordance with pro-
cess (B) below, a process of reducing the color saturation on
the pixel data thus extracted:

(A) calculating an upper limit MAXw of the backlight by

MAXw=MAXxBA! Ratio,

and extracting, as the pixel data that is high in luminance
and in color saturation, target pixel data that satisfies

MAXw<maxRGB-minRGB,

where:

WR is awhite-color luminance ratio (this is a ratio P2/P1 of
adisplay luminance P2 in a case in which a transmissiv-
ity of each of the subpixels RGB is 0% and a transmis-
sivity of the subpixel W is x %, with respect to a display
luminance P1 in a case in which the transmissivity of
each of the subpixels RGB is x % and the transmissivity
of the subpixel W is 0%);
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MAX is the upper limit of the backlight value in a case in
which the process of reducing color saturation is not
carried out;

Bl Ratio is a backlight value determination ratio (1/(1+
WR)=BI Ratio=1.0);

maxRGB=-max(Ri, Gi,Bi);
minRGB=min(Ri, Gi,Bi);
Ri, Gi, Bi (i=1, 2, . . ., Np) are RGB values of the target
pixel in the first RGB input signal;
Np is the number of pixels in the input image;
max (A, B, .. .)is amaximum value of A, B, and
min (A, B, ...)is a minimum value of A, B, .. .); and
(B) obtaining, on the basis of the pixel data thus extracted,

Rsi=axRi+(1-a)x ¥,
Gsi=oxGi+(1-a)x i, and
Bsi=axBi+(1-a)x ¥,
pixel data after the process of reducing color saturation,
where:
Rsi, Gsi. Bsi (I=1, 2, . . ., Np) are RGB values of the target
pixel in the second RGB input signal after the process of

reducing color saturation;
Yi (i=1, 2, ..., Np) is a luminance of the target pixel; and

a=MAXw/(maxRGB-minRGB).

6. The device of claim 5, wherein the output signal gener-

ating means includes:

a W transmission-amount calculating section that calcu-
lates a transmission amount (Wtsi) of the subpixel W in
accordance with process (A) of calculating the W trans-
mission amount (Wtsi) by

Wiesi=min(maxRGBs/(1+1/WR),minRGBs),

where maxRGBs=max (Rsi, Gsi, Bsi), and minRGBs=min
(Rst, Gsi, Bsi);
an RGB transmission-amount calculating section that cal-
culates a transmission amount (Rtsi, Gtsi, Btsi) of each
of the subpixels RGB in accordance with process (B) of
calculating the RGB transmission amounts (Rtsi, Gtsi,
Btsi) by

Risi=Rsi-Wisi,
Gisi=Gsi-Wisi, and
Btsi=Bsi-Wisi;

abacklight value calculating section that calculates a back-
light value (Wbs) in accordance with process (C) of
calculating the backlight value (Wbs) by

Whs=max(Rts1,Gts1,Bts1,WisU/WR, .. . RtsNp,GisNp,
BtsNp, WisNp/WR);
and

a transmissivity calculating means for calculating a trans-
missivity (rsi, gsi, bsi, wsi) of each of the subpixels
RGBW in accordance with process (D) of calculating
the RGBW transmissivities (rsi, gsi, bsi, wsi) by

rsi=Risi/Whbs,

gsi=Glsi/Whs,
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bsi=Bisi/Wbs, and
wsi=Wisi/Whs/WR,

where rsi=gsi=bsi=wsi=0 when Wbs=0.
7. The device of claim 1, wherein:

aplurality of active backlights are provided with respect to
the liquid crystal panel; and

controlling a transmissivity of the liquid crystal panel and
controlling the backlight value of the backlight are car-
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ried out on individual areas that correspond to the plu-
rality of active backlights, respectively.

8. A control program, causing a computer to execute
respective processes of the sections defined in claim 5 and of
the means defined in claim 5.

9. A control program, causing a computer to execute
respective processes of the sections defined in claim 6 and of
the means defined in claim 6.
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