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TRANSMISSIVE LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This Nonprovisional application claims priority
under U.S.C. § 119(a) on Patent Application No. 252699/
2007 filed in Japan on Sep. 27, 2007, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a transmissive lig-
uid crystal display device constituted by a backlight and a
liquid crystal panel.

BACKGROUND OF THE INVENTION

[0003] There are various types of color displays that have
been in practical use. Thin displays are classified broadly into
self-luminous displays, such as PDPs (plasma display pan-
els), and nonluminous displays typified by LCDs (liquid crys-
tal displays). Known as an LCD, which is a nonluminous
display, is a transmissive LCD having a backlight disposed on
the rear of a liquid crystal panel.

[0004] FIG. 41 is a cross-sectional view of a typical struc-
ture of a transmissive LCD. The transmissive LCD has a
backlight 210 disposed on the rear of a liquid crystal panel
200. The liquid crystal panel 200 is arranged such that a liquid
crystal layer 203 is disposed between a pair of transparent
substrates 201 and 202, and that polarizers 204 and 205 are
provided on the outer sides of the transparent substrates 201
and 202, respectively. Further, a color filter 206 is provided in
the liquid crystal panel 200, so that color displays become
available.

[0005] Although not shown, an electrode layer and an
alignment layer are provided inside of the transparent sub-
strates 201 and 202. The amount of light that is transmitted
through the liquid crystal panel 200 is controlled for each
pixel by controlling the application of voltage to the liquid
crystal layer 203. That is, the transmissive LCD controls
emitted light from the backlight 210 in such a manner that the
amount of light that is transmitted through is controlled at the
liquid crystal panel 200, thereby controlling displays.

[0006] The backlight 210 emits light that contains wave-
lengths of three colors RGB necessary for color displays. In
combination with the color filter 206, the respective transmit-
tances of red, green, and blue light are adjusted, so that the
luminance and hue of each pixel can be arbitrarily set. Used
commonly as such a backlight 210 is a white light source such
as electroluminescence (EL), a cold-cathode fluorescent
lamp (CCFL), or a light-emitting diode (LED).

[0007] AsshowninFIG. 42, the liquid crystal panel 200 has
a plurality of pixels, arranged in a matrix manner, each of
which is usually constituted by three subpixels. The subpixels
are arranged so as to correspond to red (R), green (G), and
blue (B) filter layers of the color filter 206, respectively.
Hereinafter, the subpixels will be referred to as R, G, and B
subpixels, respectively.

[0008] Eachofthe R, G, and B subpixels selectively trans-
mits, from among the white light emitted from the backlight
210, light falling within the corresponding wavelength band
(i.e., red, green, or blue), and absorbs light falling within the
other wavelength bands.

[0009] In the transmissive LCD thus arranged, the light
emitted from the backlight 210 is controlled in such a manner
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that the amount of light that is transmitted through is con-
trolled at each pixel of the liquid crystal panel 200. This
naturally causes some of the light to be absorbed by the liquid
crystal panel 200. Further, also in the color filter 206, each of
the R, G, and B subpixels absorbs, from among the white light
emitted from the backlight 210, light falling outside the cor-
responding wavelength band. Thus, in an ordinary transmis-
sive LCD, a liquid crystal panel and a color filter absorb so
large an amount of light as to reduce the efficiency of use of
light emitted from a backlight. Accordingly, the ordinary
transmissive LCD suffers from an increase in amount of
electricity that is used by the backlight.

[0010] Known as a technique for reducing the amount of
electricity that is used by a transmissive LCD is a method that
involves the use of an active backlight capable of adjusting its
light emission luminance in accordance with a displayed
image (e.g., Japanese Unexamined Patent Application Publi-
cationNo. 65531/11999 (Tokukaihei 11-65531 (published on
Mar. 9, 1999); hereinafter referred to as “Patent Document
17).

[0011] That is, Patent Document 1 discloses a technique
for, by using a luminance-adjustable active backlight to per-
form display control (luminance control) of an LCD by con-
trolling the transmittance of a liquid crystal panel and the
luminance of the active backlight, reducing the amount of
electricity that is used by the backlight.

[0012] In Patent Document 1, the luminance of the back-
light is controlled so as to be identical to the maximum lumi-
nance value of an input image (input signal). Further, the
transmittance of the liquid crystal panel is adjusted in accor-
dance with the current luminance of the backlight.

[0013] At thistime, the transmittance of a subpixel, i.e., the
maximum value of the input signal becomes 100%. Further,
the transmittances of other subpixels are calculated from the
backlight value to be not more than 100% each. This makes it
possible to darken the backlight when the image is entirely
dark, thereby enabling a reduction in the amount of electricity
that is used by the backlight.

[0014] Thus, in Patent Document 1, the brightness of the
backlight is minimized on the basis of the input signal RGB of
the input image, and the transmittance of the liquid crystals is
increased to the extent that the backlight is darkened. This
makes it possible to reduce the amount of light that is
absorbed by the liquid crystal panel, thereby enabling a
reduction in the amount of electricity that is used by the
backlight.

[0015] With the foregoing conventional arrangement, the
amount of electricity that is used by the backlight can be
reduced by reducing the amount of light that is absorbed by
the liquid crystal panel. However, the amount of light that is
absorbed by the color filter cannot be reduced. If the amount
of light that is absorbed by the color filter can be reduced, the
amount of electricity that is used can be further reduced.

SUMMARY OF THE INVENTION

[0016] Itis an object of the present invention to provide a
transmissive liquid crystal display device capable of achiev-
ing a further reduction in power consumption by reducing the
amount of light that is absorbed by a color filter as well as a
liquid crystal panel.

[0017] Inordertosolvethe foregoing problems, a transmis-
sive liquid crystal device according to the present invention
includes: a liquid crystal panel whose pixels are each divided
into four subpixels, namely red (R), green (G), blue (B), and
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white (W) subpixels; a white active backlight whose light
emission luminance is controllable; a color-saturation con-
version section that performs a color-saturation reduction
process on pixel data high in luminance and color saturation,
from among pixel data contained in a first input RGB signal
serving as an input image, and thereby converts the first input
RGB signal into a second input RGB signal; a gamma-cor-
rection section that converts the second input RGB signal into
a third input RGB signal by performing a gamma-correction
process on the second input RGB signal; an output signal
generation section that generates, from the third input RGB
signal, respective transmittance signals of the R, G, B, and W
subpixels of each pixel of the liquid crystal panel and calcu-
lates a backlight value of the active backlight; a liquid crystal
panel control section that drives and controls the liquid crystal
panel in accordance with the transmittance signals generated
by the output signal generation section; and a backlight con-
trol section that controls the light emission luminance of the
backlight in accordance with the backlight value calculated
by the output signal generation section.

[0018] Alternatively, in order to solve the foregoing prob-
lems, another transmissive liquid crystal device according to
the present invention includes: a liquid crystal panel whose
pixels are each divided into four subpixels, namely red (R),
green (G3), blue (B), and white (W) subpixels; a white active
backlight whose light emission luminance is controllable; a
color-saturation conversion and gamma-correction section
that performs a color-saturation reduction process and a
gamma-correction process in this order on pixel data high in
luminance and color saturation, from among pixel data con-
tained in a first input RGB signal serving as an input image,
and performs a gamma-correction process on pixel data low
in at least either luminance or color saturation, and thereby
converts the first input RGB signal into a third input RGB
signal; an output signal generation section that generates,
from the third input RGB signal, respective transmittance
signals of the R, G, B, and W subpixels of each pixel of the
liquid crystal panel and calculates a backlight value of the
active backlight; a liquid crystal panel control section that
drives and controls the liquid crystal panel in accordance with
the transmittance signals generated by the output signal gen-
eration section; and a backlight control section that controls
the light emission luminance of the backlight in accordance
with the backlight value calculated by the output signal gen-
eration section.

[0019] According to the foregoing arrangement, the use of
a liquid crystal panel whose pixels are each divided into four
subpixels, namely R, G, B, and W subpixels, makes it pos-
sible to transfer a part of each of the R, G, and B components
to the subpixel W, which suffers no loss (or little loss) of light
due to absorption by a filter. This makes it possible to reduce
the amount of light that is absorbed by the color filter and to
reduce the backlight value accordingly, thereby enabling a
reduction in the amount of electricity that is used by the
transmissive liquid crystal display device.

[0020] Furthermore, the backlight value can be more surely
reduced by calculating the backlight value and the RGBW
transmittances after performing the color-saturation reduc-
tion process on the first input RGB signal, which is an original
input.

[0021] Further, as for the color-saturation reduction pro-
cess and the gamma-correction process, the gamma-correc-
tion process is performed after the color-saturation reduction
process. In cases where the color-saturation reduction process
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and the gamma-correction process are performed in an
inverse ordet, there is a difference in luminance between
before the processes and after the processes. However, since
the gamma-correction process is performed after the color-
saturation reduction process, the luminance after the pro-
cesses stays the same as the luminance before the processes.
[0022] 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

[0023] FIG. 1 is a block diagram showing an arrangement
of a main part of a liquid crystal display device according to
an embodiment of the present invention.

[0024] FIGS. 2(a) and 2(b) show example arrangements of
subpixels in the transmissive liquid crystal display device.
[0025] FIG. 3(a) shows how a backlight luminance value is
calculated in the liquid crystal display device. FIG. 3(b)
shows, for comparison, how a backlight luminance value is
calculated in Patent Document 1.

[0026] FIG. 4(a) shows how a backlight luminance value is
calculated in the liquid crystal display device. FIG. 4(b)
shows, for comparisons how a backlight luminance value is
calculated in Patent Document 1.

[0027] FIGS. 5(a) through 5(e) show how a backlight lumi-
nance value and the transmittances of subpixels are deter-
mined in the liquid crystal display device.

[0028] FIG. 6 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 1 of the liquid crystal display device.

[0029] FIG. 7 is a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 6.

[0030] FIG. 8 is a block diagram showing an example
arrangement of an output signal generation section of the
liquid crystal display device.

[0031] FIG. 9 is a flow chart showing a sequence of opera-
tions that are performed by the output signal generation sec-
tion.

[0032] FIG. 10 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 2 of the liquid crystal display device.

[0033] FIG. 11 is a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 10.

[0034] FIG. 12 is a block diagram showing another
example arrangement of the color-saturation conversion sec-
tion in Embodiment 2 of the liquid crystal display device.
[0035] FIG. 13 is a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 12.

[0036] FIG. 14 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 4 of the liquid crystal display device.

[0037] FIG. 15is a flow chart showing a sequence of opera-
tions that are performed by a gamma-curve normalization and
piecewise-linear approximation section of the color-satura-
tion conversion section of FIG. 14.

[0038] FIG. 16 is a flow chart showing a sequence of opera-
tions that are performed by a third color-saturation conver-
sion rate calculation section of the color-saturation conver-
sion section of FI1G. 14.
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[0039] FIG. 17 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 5 of the liquid crystal display device.

[0040] FIG.18is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 17.

[0041] FIG. 19 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 6 of the liquid crystal display device.

[0042] FIG.201s a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 19.

[0043] FIG. 21 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 7 of the liquid crystal display device.

[0044] FIG.22 is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 21.

[0045] FIG. 23 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 8 of the liquid crystal display device.

[0046] FIG.24is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 23.

[0047] FIG. 25 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 9 of the liquid crystal display device.

[0048] FIG.26is a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 25.

[0049] FIG. 27 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 10 of the liquid crystal display device.

[0050] FIG.28is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 27.

[0051] FIG. 29 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 11 of the liquid crystal display device.

[0052] FIG.301is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 29.

[0053] FIG. 31 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 12 of the liquid crystal display device.

[0054] FIG.321is aflow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 31.

[0055] FIG. 33 is a block diagram showing an example
arrangement of a color-saturation conversion section in
Embodiment 13 of the liquid crystal display device.

[0056] FIG.34is aflow chart showinga sequence of opera-
tions that are performed by the color-saturation conversion
section of FIG. 33.

[0057] FIG. 35 s ablock diagram showing an arrangement
of a main part of a transmissive liquid crystal display device
according to another embodiment of the present invention.
[0058] FIG. 36 shows a system configuration in which a
display control process of the present invention is realized by
software.

[0059] FIG. 37 shows a modified example of the system
configuration in which the display control process of the
present invention is realized by software.
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[0060] FIG. 38 is a block diagram showing an arrangement
of a main part of a liquid crystal display device according to
another embodiment of the present invention.

[0061] FIG. 39 is a block diagram showing an example
arrangement of a color-saturation conversion and gamma-
correction section in Embodiment 3 of the liquid crystal dis-
play device.

[0062] FIG. 40 is a flow chart showing a sequence of opera-
tions that are performed by the color-saturation conversion
and gamma-correction section of FIG. 39.

[0063] FIG. 41 is a cross-sectional view of a typical
arrangement of a transmissive liquid crystal display device.
[0064] FIG. 42 shows a typical example arrangement of
subpixels in the transmissive liquid crystal display device.

DESCRIPTION OF THE EMBODIMENTS

[0065] An embodiment of the present invention will be
described below with reference to the drawings. First, a sche-
matic arrangement of a liquid crystal display device accord-
ing to the present embodiment (hereinafter referred to as a
“present liquid crystal display device”) will be described with
reference to FIG. 1.

[0066] The present liquid crystal display device includes a
color-saturation conversion section 11, a gamma-correction
section 12, an output signal generation section 13, a liquid
crystal panel control section 14, an RGBW liquid crystal
panel (hereinafter referred to simply as “liquid crystal panel”)
15, a backlight control section 16, and a white backlight
(hereinafter referred to simply as “backlight™) 17.

[0067] The liquid crystal panel 15 is constituted by Np
pixels arranged in a matrix manner. As shown in FIGS. 2(a)
and 2(b), each of the pixels is constituted by four subpixels,
namely R (red), G (green), B (blue), and W (white) subpixels.
It should be noted that the shapes and arrangement of the R,
G, B, and W subpixels in each pixel are not particularly
limited. Further, the backlight 17 is an active backlight,
capable of adjusting the brightness of light that it emits, which
employs a white light source such as a cold-cathode fluores-
cent lamp (CCFL) or a white light-emitting diode (white
LED).

[0068] TheR,G, and B subpixels in each pixel of the liquid
crystal panel 15 are arranged so as to correspond to R, G, and
B filter layers of a color filter (not shown), respectively.
Therefore, each of the R, G, and B subpixels selectively
transmits, from among the white light emitted from the back-
light 17, light falling within the corresponding wavelength
band, and absorbs light falling within the other wavelength
bands. Further, the W subpixel basically has no correspond-
ing absorption filter layer in the color filter. That is, the light
transmitted through the W subpixel is not absorbed by the
color filter at all, and is emitted from the liquid crystal panel
15 as white light. It should be noted, however, that the W
subpixel may have a filter layer that absorbs the light from the
backlight less than the R, G, and B color filters do.

[0069] The present liquid crystal display device receives an
RGB signal, which carries information on an image to be
displayed, from an external device such as a personal com-
puter or a television tuner, and processes the RGB signal as an
input RGB signal (R[], G[i], B[i]) (i=1, 2, Np).

[0070] The color-saturation conversion section 11 per-
forms a color-saturation conversion process on the input RGB
signal (first input RGB signal), and then outputs, to the sub-
sequent gamma-correction section 12, a saturation-converted
RGB signal (second input RGB signal) finished with the
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color-saturation conversion process. The gamma-correction
section 12 performs a gamma-correction process on the satu-
ration-converted RGB signal, and then outputs, to the subse-
quent output signal generation section 13, a gamma-corrected
RGB signal (third input RGB signal) finished with the
gamma-correction conversion process.

[0071] The output signal generation section 13 calculates a
backlight value of the backlight 17 and the respective trans-
mittances of the R, G, B, and W subpixels in each pixel of the
liquid crystal panel 15 from the gamma-corrected RGB sig-
nal, and then outputs the backlight value and the transmit-
tances. That is, the output signal generation section 13 calcu-
lates the backlight value from the gamma-corrected RGB
signal, and converts the gamma-corrected RGB signal into a
transmittance signal compatible with the backlight.

[0072] The backlight value thus calculated is outputted to
the backlight control section 16, and the backlight control
section 16 adjusts the luminance of the backlight 17 in accor-
dance with the backlight value. The backlight 17 employs a
white light source such as a CCFL and a white LED, and can
be controlled by the backlight control section 16 so as to have
brightness proportional to the backlight value. How the
brightness of the backlight 17 is controlled varies depending
on the type of light source that is used. For example, the
brightness of the backlight 17 can be controlled by applying
voltage proportional to the backlight value or by passing an
electrical current proportional to the backlight value. In cases
where the backlight is an LED, the brightness can also be
controlled by changing the duty ratio with pulse width modu-
lation (PWM). In cases where the brightness of the back-
light’s light source has nonlinear characteristics, it is also
possible to use alook-up table to calculate, from the backlight
value, voltage, an electrical current, or the like that is to be
applied to the light source, and then control the brightness of
the backlight so that the brightness reaches a desired level.
[0073] The transmittance signal obtained at the output sig-
nal generation section 13 is outputted to the liquid crystal
panel control section 14. Based on the transmittance signal,
the liquid crystal panel control section 14 controls the trans-
mittance of each subpixel of the liquid crystal panel 15 so that
the transmittance reaches a desired level. The liquid crystal
panel control section 14 includes a scanning line driving
circuit, a signal line driving circuit, and the like. The liquid
crystal panel control section 14 generates a scan signal and a
data signal, and drives the liquid crystal panel 15 with use of
panel control signals such as the scan signal and the data
signal. The transmittance signal is used for the signal line
driving circuit to generate the data signal. The transmittance
of the liquid crystal panel 15 can be controlled, for example,
by (i) a method for controlling the transmittance of a liquid
crystal panel by applying voltage proportional to the trans-
mittance of a subpixel, or (ii) a method for, in order to linear-
ize nonlinear characteristics, looking up voltage to be applied
to a liquid crystal panel in a look-up table on the basis of the
transmittance of a subpixel, and for controlling the liquid
crystal panel so that the liquid crystal panel has a desired
transmittance.

[0074] In the liquid crystal display device of the present
invention, the input signal is not limited to such an RGB
signal as described above. The input signal may be a color
signal such as a YUV signal. In cases where a color signal
other than an RGB signal is inputted, the color signal may be
converted into an RGB signal and then supplied to the output
signal generation section 13. Alternatively, the output signal
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generation section 13 may be arranged so as be able to convert
a color input signal other than an RGB signal into an RGBW
signal.

[0075] Inthe present liquid crystal display device, the dis-
play luminance of each subpixel of the liquid crystal panel 15
is represented by the product of the brightness of (luminance
of light emitted by) the backlight and the transmittance of the
subpixel. The following fully describes the display principles
of the present liquid crystal device and the effect of reduction
in the amount of electricity that is used by the present liquid
crystal display device. In the present liquid crystal display
device, the output signal generation section 13 calculates a
backlight value and the transmittance of a subpixel. There-
fore, the following process for calculating a backlight value
and the transmittance of a subpixel is a process that is to be
performed on the gamma-corrected RGB signal inputted
from the gamma-correction section 12 to the output signal
generation section 13. In the following description, the
gamma-corrected RGB signal outputted from the gamma-
correction section 12 is expressed as (Rsi, Gsi, Bsi), the
transmittance signal obtained at the output signal generation
section 13 is expressed as (rsi, gsi, bsi), and the backlight
value calculated by the output signal generation section 13 is
expressed as Whs.

[0076] In the present liquid crystal display device, a back-
light value and the transmittance of a subpixel are determined
in the following manner. First, a minimum necessary back-
light value is calculated for every pixel falling within a dis-
play area corresponding to the backlight. How the backlight
value is calculated varies between the following two ways,
depending on the content of data to be displayed by a pixel.
Specifically, how the backlight value is calculated varies
depending on the relationship between the maximum lumi-
nance (i.e., max (Rsi, Gsi, Bsi)) and minimum luminance
(i.e., min (Rsi, Gsi, Bsi)) of subpixels in a target pixel.
[0077] First, the following describes, with reference to
FIGS. 3(a) and 3(4), how a backlight value is calculated for a
pixel where min (Rsi, Gsi, Bsi)Zmax (Rsi, Gsi, Bsi)/2. FIG.
3(a) shows how a backlight value is calculated in the present
liquid crystal display device. F1G. 3(b) shows, for compari-
son, how a backlight value is calculated in Patent Document
L.

[0078] Letit be assumed that the target panel-output lumi-
nance of a target pixel is (R, G, B)=(50, 60, 40) in FIGS. 3(a)
and 3(). In this case, the luminance value 60 of G is max (Rsi,
Gsi, Bsi), and the luminance value 40 of B is min (Rsi, Gsi,
Bsi). Therefore, the following relationship is satisfied:

min(Rsi, Gsi,Bsi)Zmax(Rsi, Gsi, Bsi)/2.

[0079] According to the display method of Patent Docu-
ment 1, as shown in FIG. 3(b), the backlight luminance value
is set to max (Rsi, Gsi, Bs1)=60, and the transmittance of each
subpixel is determined according to the backlight value. That
is, the transmittances of the R, G, and B subpixels are set to
83% (=50/60), 100% (=60/60), and 67% (-40/60), respec-
tively.

[0080] Meanwhile, in the present liquid crystal display
device, each of the R, G, and B components of the input signal
(Rsi, Gsi, Bsi) is transferred to the luminance value of the W
component in an amount corresponding to max (Rsi, Gsi,
Bsi)/2. As a result, the input signal (R, G, B) (50, 60, 40),
which is expressed as an RGB signal, is converted into an
output signal (R, G, B, W)=(20, 30, 10, 30), which is
expressed as an RGBW signal. Further, the backlight lumi-



US 2009/0160747 A1l

nance value is set to max (Rsi, Gsi, Bsi)/2=30 for the target
pixel. Further, the respective transmittances of the R, G, B,
and W subpixels are determined in accordance with the back-
light value Specifically, the transmittances of the R, G, B, and
W subpixels are set to 67% (=20/30), 100% (=30/30), 33%
(=10/30), and 100% (=30/30), respectively. It should be
noted, however, that the transmittances shown in FIG. 3(a)
are examples of transmittances that are obtained in cases
where the backlight value calculated for the target pixel is the
greatest of those backlight values calculated for all the pixels
and is adopted as the luminance value of the backlight.
[0081] Further, in order to make a comparison between the
aforementioned backlight value calculated in the present lig-
uid crystal display device and the backlight value calculated
according to the method of Patent Document 1, it is necessary
to also consider an area ratio of subpixels. That is, whereas a
single pixel is divided into three subpixels in Patent Docu-
ment 1, a single pixel is divided into four subpixels in the
present liquid crystal display device. For this reason, the area
of each subpixel in the present liquid crystal display device is
only ¥ of the area of each subpixel in Patent Document 1. In
order to make up for such a reduction in the area of a subpixel,
the present liquid crystal display device multiplies the back-
light luminance value by 4/3, thereby making it possible to
make a commensurate comparison between the backlight
value calculated in the present liquid crystal display device
and the backlight value calculated in Patent Document 1.
[0082] As a result, making a correction to the backlight
value of FIG. 3(a) in order to make it commensurate with the
backlight value of FIG. 3(b) yields (4/3)x60/2=40. In the
example of FIG. 3(b) where a similar display is performed,
the backlight value is 60. From this, it is obvious that the
present invention brings about an effect of reduction in the
amount of electricity that is used by the target pixel.

[0083] Next, the following describes, with reference to
FIGS. 4(a) and 4(b), how a backlight value is calculated for a
pixel where min (Rsi, Gsi, Bsi)<max (Rsi, Gsi, Bsi)/2. FIG.
4(a) shows how a backlight value is calculated in the present
liquid crystal display device. FIG. 4(b) shows, for compari-
son, how a backlight value is calculated in Patent Document
1.

[0084] Let it be assumed that the target panel-output lumi-
nance of a target pixel is (R, G, B)=(50, 60, 20) in FIGS. 4(a)
and 4(b). Inthis case, the luminance value 60 of G is max (Rsi,
Gsi, Bsi), and the luminance value 20 of B is min (Rsi, Gsi,
Bsi). Therefore, the following relationship is satisfied:

min(Rsi, Gsi,Bsi)<max(Rsi, Gsi,Bsi)/2.

[0085] According to the display method of Patent Docu-
ment 1, as shown in FIG. 4(b), the backlight luminance value
is set to max (Rsi, Gsi, Bsi)=60, and the transmittance of each
subpixel is determined in accordance with the backlight
value. That, the transmittances of the R, G, and B subpixels
are set to 83% (=50/60), 100% (=60/60), and 33% (=20/60),
respectively.

[0086] Meanwhile, in the present liquid crystal display
device, each ofthe R, G, and B components of the input signal
(Rsi, Gsi, Bsi) is transferred to the luminance value of the W
component in an amount corresponding to min (Rsi, Gsi,
Bsi). As aresult, the input signal (R, G, B)=(50, 60, 20), which
is expressed as an RGB signal, is converted into an output
signal (R, G, B, W)=(30, 40, 0, 20), which is expressed as an
RGBW signal. Further, the backlight luminance value is set to
(max (Rsi, Gsi, Bsi)-min (Rsi, Gsi, Bsi))=40 for the target
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pixel. Further, the respective transmittances of the R, G, B,
and W subpixels are determined in accordance with the back-
light value. Specifically, the transmittances ofthe R, G, B, and
W subpixels are set to 75% (=30/40), 100% (=40/40), 0%
(=0/40), and 50% (=20/40), respectively.

[0087] It should be noted, however, that the transmittances
shown in FIG. 4(a) are examples of transmittances that are
obtained in cases where the backlight value calculated for the
target pixelis the greatest of those backlight values calculated
for all the pixels and is adopted as the luminance value of the
backlight. Further. also in the example of FIG. 4(a), the back-
light value is multiplied by 4/3, so that it becomes possible to
make a commensurate comparison between the backlight
value calculated in the present liquid crystal display device
and the backlight value calculated in Patent Document 1.

[0088] As a result, in the example of FIG. 4(a), the back-
light value is (4/3)x(60-20)=53.3. In the example of FIG.
4(b) where a similar display is performed, the backlight value
is 60. From this, itis obvious that the present invention brings
about an effect of reduction in the amount of electricity that is
used by the target pixel.

[0089] FIGS. 3(a), 3(b), 4(a), and 4(b) show how a mini-
mum necessary backlight value is calculated for each pixel.
Minimum necessary backlight values are calculated accord-
ing to the above-described method for all the pixels falling
within a display area corresponding to the backlight. The
value greatest of all those backlight values thus calculated is
set as the luminance value of the backlight.

[0090] The following describes, with reference to FIGS.
5(a) through 5(e), how a backlight value and the transmit-
tances of subpixels are determined in the present liquid crys-
tal display device according to the method described above.
[0091] FIG. 5(a) shows input signals (Rsi, Gsi, Bsi) input-
ted to a display area corresponding to a single backlight. For
convenience of explanation, let it be assumed that the display
area 1is constituted by four pixels A to D.

[0092] FIG. 5(&) shows results obtained for the pixels A to
D by converting the input signals (Rsi, Gsi, Bsi) into output
signals (Rtsi, Gtsi, Btsi, Wtsi), which are expressed as RGBW
signals. Further, FIG. 5(c) shows backlight values respec-
tively calculated for the pixels. With this, the value greatest of
those backlight values respectively calculated for the pixels,
1.e., 100 is set as the backlight value.

[0093] The respective transmittances (rsi, gsi, bsi, wsi) of
the pixels with respect to the backlight value of 100 thus
calculated are calculated from the values of the output signals
(Rtsi, Gtsi, Btsi, Wtsi) shown in FIG. 5(b). The results are
shown in FIG. 5(d). Moreover, the respective final display
luminances of the pixels are shown in FIG. 5(e). From this, it
can be confirmed that the respective final display luminances
of the pixels are identical to the luminance values of the input
signals (Rsi, Gsi, Bsi) shown in FIG. 5(a).

[0094] Thus, according to the aforementioned process for
calculating a backlight value and the transmittances of sub-
pixels in the output signal generation section 13, the amount
of electricity that is used by the backlight 17 can be reduced
by suppressing the absorption of light by the color filer by
causing the W subpixel to bear part of the amount of light of
the white component. For this reason, the transferability of
the amount of light of the white component to the W subpixel
in display image data is a prerequisite for bringing about the
effect of reduction in the amount of electricity that is used by
the backlight.
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[0095] That is, according to the aforementioned process for
calculating a backlight value and the transmittances of sub-
pixels in the output signal generation section 13, the larger the
amount of white-component light that is transferred to the W
subpixel of every pixel falling within a display area corre-
sponding to the backlight (i.e., the lower the color saturation),
the greater the effect of reduction in the amount of electricity
that is used by the backlight. Meanwhile, if the display area
corresponding to the backlight contains a pixel where the
amount of white-component light that is transferred to its W
subpixel is small (i.e., the color saturation is high), the effect
of reduction in the amount of electricity that is used by the
backlight becomes small. If the luminance is higher, there
may be even an increase in power consumption in comparison
with the display method of Patent Document 1.

[0096] The following describes an example of how back-
light values are set for two pixels identical in luminance to
each other but different in color saturation from each other.

[0097] First, the backlight value for a pixel A (Lumi-
nance=208; Color Saturation=0.533) where (R, G, B)=(176,
240, 112) is calculated in the following manner.

[0098] Inthe pixel A, the amount of light that is transferred
to the W subpixel is (112). Then, the amount of light that is
transferred to the W subpixel is subtracted from each of the
amounts of light of the R, G, and B subpixels, so that the
respective amounts of light of the R, G, and B subpixels
become (64, 128, 0). As a result, the backlight value for the
pixel A is (128).

[0099] Meanwhile, the backlight value for a pixel B (Lumi-
nance=208; Color Saturation=0.75) where (R, G, B)=(160,
256, 64) is calculated in the following manner.

[0100] Inthe pixel B, the amount of light that is transferred
to the W subpixel is (64). Then, the amount of light that is
transferred to the W subpixel is subtracted from each of the
amounts of light of the R, G, and B subpixels, so that the
respective amounts of light of the R, G, and B subpixels
become (96, 192, 0). As a result, the backlight value for the
pixel B is (192).

[0101] Thus, a comparison between the pixels A and B
shows that although the pixels A and B are identical in lumi-
nance to each other, the pixel B, which is higher in color
saturation than the pixel A, has a greater backlight value set
therefor than the pixel A. This shows that the effect of reduc-
tion in the amount of electricity that is used by the backlight
is small.

[0102] The output signal generation section 13 can also
calculate a backlight value and the transmittances of subpix-
els by performing the above-described process on the original
image data (i.e. the firstinput RGB signal) originally inputted
to the present liquid crystal display device. However, in this
case, the effect of reduction in power consumption is not
necessarily achieved with every image for the aforemen-
tioned reason (It should be noted that, in reality, the effect of
reduction in power consumption is often achieved with nor-
mal gradation-display screens considered to be most likely to
be displayed).

[0103] For this reason, in the present liquid crystal display
device, the color-saturation conversion section 11 is disposed
in front of the output signal generation section 13 so as to
perform a color-saturation conversion process of converting
the first input RGB signal into a saturation-converted RGB
signal. This makes it possible to more surely obtain, in the
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process performed by the output signal generation section 13,
a greater effect of reducing the amount of electricity that is
used by the backlight.

[0104] Further, in the present liquid crystal display device,
the gamma-correction section 12 is disposed between the
color-saturation conversion section 11 and the output signal
generation section 13 so as to perform a gamma-correction
process of converting the saturation-converted RGB signal
into a gamma-corrected RGB signal. In an ordinary liquid
crystal display device, an input RGB signal on which gamma
correction has been performed is outputted to a liquid crystal
panel. However, in the present invention, the color-saturation
conversion process and the gamma-correction process exert
an influence on each other. Therefore, the present embodi-
ment is characterized so that the color-saturation conversion
process and the gamma-correction process are both suitably
performed.

[0105] The following fully describes, with reference to
each of Embodiments 1 to 13, a color-saturation reduction
process and a gamma-correction process that are performed
in a liquid crystal display device of the present invention.

Embodiment 1

[0106] FIG. 6 shows an arrangement of a color-saturation
conversion section 11 of a liquid crystal display device
according to Embodiment 1. The color-saturation conversion
section 11 includes a backlight upper-limit calculation sec-
tion 21, a calculation section 22 for calculating the maximum
and minimum values of a gamma-corrected RGB signal, a
first color-saturation conversion rate calculation section 23,
and a saturation-converted RGB signal calculation section
25. Further, FIG. 7 is a flow chart that explains the operation
of the color-saturation conversion section 11.

[0107] First, the backlight upper-limit calculation section
21 calculates a backlight upper limit according to Formula (1)
below (S11). The color-saturation conversion section 11 pet-
forms a color-saturation reduction process only on a pixel low
in amount of light that is directly transferred to its W subpixel
(i.e., high in color saturation) and high in luminance, but does
not perform a color-saturation reduction process on a pixel
low in atleast either color saturation or luminance. The reason
for this is as follows: The backlight value for a pixel low in
color saturation can be greatly reduced by transferring a large
amount of light to its W subpixel even if the pixel is high in
luminance, and a pixel low in luminance does not require a
high backlight value for a display in the first place. The
backlight upper limit is used in determining a pixel on which
to perform a color-saturation reduction process. The follow-
ing fully describes a procedure for calculating a backlight
upper limit.

[0108] First, let it be assumed that no color-saturation
reduction process is performed on image data (i.e., an input
RGB signal) and a maximum backlight value is obtained.
This is a case where there exists a pixel where the color
saturation is 1 (the amount of light cannot be transferred to the
W subpixel) and at least one of the RGB values is MAX
(indicative of the upper limit of the input RGB signal). Fur-
ther, at this time, the backlight value also becomes MAX.
[0109] Next, letit be assumed that a color-saturation reduc-
tion process is performed on image data (i.e., an input RGB
signal) and a maximum backlight value is obtained. It should
be noted here that the color-saturation reduction process is a
process by which the color saturation of a processing pixel is
minimized without causing a difference in luminance of the
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pixel between before and after the process. In this case, a
maximum backlight value is obtained when there exists a
pixel where the color saturation is 0 (the backlight value is
irreducible because the color saturation cannot be reduced
any further) and all the RGB values are MAX. In the pixel,
half the amount of light of each of the KGB values is trans-
ferred to the W subpixel (provided the area of each of the R,
G, and B subpixels is equal to the area of the W subpixel).
Therefore, at this time, the backlight value becomes MAX/2.
[0110] Therefore, the backlight upper limit MAXw falls
within a range of MAX/2 to MAX. The backlight upper limit
MAXw can be represented by Formula (1) as follows:

MAXw=MAXxB1 Ratio (1)

[0111] where B1 Ratio falls within a range 0f 0.5 to 1.0.
[0112] MAX here denotes the upper limit of the input RGB
signal. MAX may not take on a single value, but may take on
a plurality of values. That is, the lower limit of MAX is the
maximum value (MAXi) of all the RGB values of the input
RGB signal. The reason for this is that it is impossible to
guarantee a desired backlight value when MAX is smaller
than MAXi. On the other hand, the upper limit of MAX is the
maximum value (MAXs) on which the input RGB signal can
take, The reason for this is that there is no need for a backlight
value greater than MAXSs.

[0113] MAXs is expressed as follows:
MAXs=25"-1
[0114] where Bw is the bit width of the input RGB signal.

For example, if Bw is 8, MAXSs is calculated as 28-1=255.
Therefore, the effective range of MAX is expressed as fol-
lows:

MAXi=MAX=MAXs.

[0115] Basically, MAX may take on any value as long as
the value satisfies MAXi=EMAX=MAXs. If MAX=MAXi,
the backlight value can be minimized. However, this makes it
necessary to calculate MAX for each image. On the other
hand, if MAX=MAXs, the backlight upper limit (MAXw)
becomes higher than MAXi; however, MAX becomes a value
that remains constant regardless of images. This makes it
unnecessary to calculate MAX for each image.

[0116] Further, in Fornwla (1), B1 Ratio is a constant that
denotes the degree of a color-saturation reduction process.
That is, a B1 Ratio of 1 corresponds to a case where no
color-saturation reduction process is performed, and a Bl
Ratio of 0.5 corresponds to a case where such a process is
performed as to minimize the color saturation. In the color-
saturation reduction process, the more the color saturation is
reduced, the greater the effect of reduction in the amount of
electricity that is used by the backlight. However, this natu-
rally causes an increase in deterioration in image quality due
to the reduction in color saturation. For this reason, in con-
sideration of a balance between the effect of reduction in
power consumption and the deterioration in image quality, it
is only necessary to arbitrarily set Bl Ratio within a range of
0.5to 1 in accordance with arequired level of color-saturation
reduction.

[0117] Once the backlight upper limit MAXw is thus deter-
mined, itis judged for each pixel, in Steps S12 to S15, accord-
ing to the following procedure whether or not a color-satura-
tion reduction process is performed.

[0118] First, the calculation section 22 uses Formulae (2)
and (3) below to calculate, from the input RGB signal and a
gamma coefficient, the maximum and minimum values
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maxRGBg and minRGBg of an RGB signal that is obtained
after gamma correction in a target pixel (to be processed) and
then outputs the maximum and minimum values maxRGBg
and minRGBg (S12):

maxRGBg=fg(maxRGB.Y) 2)
minRGBg=fz(minRGB,y) (3)
[0119] where
[0120] maxRGB=max (R[i], G[i], B[i]),
[0121] minRGB=min (R[i], G[i], BIi]),
[0122] max (A, B,. .. )=the maximum value of A, B, . . .,
[0123] min (A, B, ...)the minimum value of A, B, . ..,
[0124] y=the gamma coefficient (>0), and
[0125] fg(x,g)=a gamma-correction function (e.g., fg(x,g)

=(x/MAXFxMAX).

[0126] Next, the first color-saturation conversion rate cal-
culation section 23 judges whether or not the luminance and
color saturation of the target pixel are both high, and calcu-
lates a color-saturation conversion rate a in accordance with a
result of the judgment (S13). In this judgment process, it is
confirmed whether or not the maximum and minimum values
maxRGBg and minRGBg calculated for the gamma-cor-
rected RGB signal according to Formulae (2) and (3) satisfy
Formula (4):

MAXw<maxRGBg-minRGBg. 4

See below for how to derive Formula (4).

[0127] Incases where Formula (4) is satisfied, it is deemed
that the luminance and the color saturation are both high. In
this case, the color-saturation conversion rate o. is calculated
to satisfy Formula (5):

axmaxRGB + axminRGB +
g( ]_"g(<

. ]:MAXW
(1-a)yxY[i],y l-ayxY[d,»

[0128] where Y]i]=the luminance of the input RGB signal
(R[i], G[il, B[] (e.g., Y[i]=(2xR[i]+5xG[i]+BJ[i])/8). See
below for how to derive Formula (5).

[0129] In cases where Formula (4) is not satisfied, it is
deemed that at least either the luminance or the color satura-
tion is low. In this case, a=1.

[0130] Next, the saturation-converted RGB signal calcula-
tion section 25 calculates a saturation-converted RGB signal
(Rs[i], Gs]i], Bs[i]) according to Formulae (6) to (8) (S15):

RsfiJ=axRf{+(1-o)x Y[i] (6
Gsfi]=axG[il+(1-a)x Yfi] M
Bs[i]=axBfi|+(1-)x Y[i]. ®)

See below for how to derive Formulae (6) to (8).

[0131] The following explains how to derive a calculating
formula in each step.

[0132] First, the following explains how to derive Formula
(4), which serves as a condition for judging whether or not to
perform a color-saturation conversion process.

[0133] As shown below, an algorithm up to the calculation
of a backlight value that is obtained in cases where no color-
saturation conversion is performed is a sequence of a step of
performing a gamma-correction process, a step of calculating
a transmission amount of a W subpixel, a step of calculating
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transmission amounts of RGB subpixels, and a step of calcu-
lating a backlight value, the steps being arranged in the order
named.

[0134] According to the gamma-correction process, an
RGB signal (Rg[i], Gg[i], Be[i]) that is obtained after gamma
correction in cases where no color-saturation conversion pro-
cess is performed on the input RGB signal (R[i], G[i], B[i]) is
given by Formulae (101) to (103):

Re ]~ R[]Y) (101)
Gefi]=fe(GALY) (102)
Befi]~f2BL].Y). (103)
[0135] For the gamma-corrected RGB signal (Rg[i], Ggli],

Bgli]), the transmission amount Wtg[i] of the W subpixel is
given by Formula (104):

WigfiJ=min(maxRGBg/2,minRGBg) (104)
[0136] where
[0137] maxRGBg=max(Rg[i], Gg[i], Bg[i]), and
[0138] minRGBg=min(Rg[i], Gg[i], Bg[i]).
[0139] For the gamma-corrected RGB signal (Rg[i], Ggli],

Bg[i]) and the transmission amount Wtg[i] of the W subpixel,
the transmission amounts (Rtg[i], Gtg[i], Btg[i]) of the RGB
subpixels are given by Formulae (105) to (107):

Rig[i]=Rg [i]-Wigfi] (105)
Grgfi]=Gglij-Wig[i] (106)
Bigfij=Bgfi]-Wigli]. (107)
[0140] Then, the backlight value Whbg is given by Formula

(108):

Whg=max(Rtg[1],Gtgf11,Big[1], Witg/1],

Rtg[Np],Gtg[Np], Btg[Np], Wtg[Np]). (108)

[0141] In Formulae (104) to (107), each of the RGBW
transmission amounts does not take on a value that falls short
of 0. Next, from Formula (104), a condition in which the W
transmission amount does not exceed MAXw is given as
Formula (109):

min(maxRGBg/2,minRGBg) =EMAXw. (109)

[0142] Furthermore, form Formulae (105) to (107), a con-
dition in which each of the RGB transmission amounts does
not exceed MAXw is given as Formulae (110) to (112):

Rtg[{]EMAXw (110)
Gtg[i|<MAXw a1
Btg[i]SMAXw. (112)
[0143] From Formulae (104) to (107) and Formulae (110)

to (112), the condition in which each of the RGB transmission
amounts does not exceed MAXw is given as Formula (113):

max(Rigfi], Gig[i] Big[i)) EMAXw
maxRGBg-Wig[i]SMAXw

vmaxRGBg-min(maxRGBg/2,minRGBZ)=MAXw (113)
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[0144] where, if (A) maxRGBg/2=minRGBg, the condi-
tion in which the W transmission amount does not exceed
MAXw is calculated from Formula (109) as follows:

maxRGBRg/2<MAXw. (114)

Further, since MAXw falls within a range of MAX/
2=MAXw=MAX, maxRGBg/2=MAX/2=MAXw, so that
Formula (114) always holds.

[0145] Next, the condition in which the RGB transmission

amounts do not exceed MAXw is calculated from Formula
(113) as follows:

maxRGBg-maxRGBg/2=MAXw

maxRGBg2 =MAXw.

[0146] This formula is identical to Formula (114), and
therefore always holds.

[0147] Meanwhile, if (B) minRGBg<maxRGBg/2, the
condition in which the W transmission amount does not
exceed MAXw is calculated from Formula (109) as follows:

minRGBg=MAXw. (115)

In this case, since MAX/2=MAXw=MAX and
minRGBg<maxRGBg/2, minRGBg<maxRGBg/2=MAX/
2=MAXw, so that Formula (115) always holds.

[0148] Next, the condition in which the RGB transmission

amounts do not exceed MAXw is calculated from Formula
(113) as follows:

maxRGBg-minRGBg=MAXw: (116)

[0149] Since Formula (116) does not always hold, a condi-
tion in which none of the RGBW transmission amounts
exceeds MAXw is given as Formula (116) if (B)
minRGBg<maxRGBg/2.

[0150] On the other hand, a condition in which at least one
of the RGBW transmission amounts exceeds MAXw is given
as Formula (4) if (B) minRGBg<maxRGBg/2.

[0151] In cases where Formula (4) holds, it is found from
MAX/2=MAXw=MAX that:

maxRGBg/2=MAX/2=MAX w<maxRGBg-min-
RGBg

maxRGBg/2<maxRGBg-minRGBg

minRGBg<maxRGEg/2.

That is, (B) minRGBg<maxRGBg/2 always holds.

[0152] Therefore, the condition in which at least one of the
RGBW transmission amounts exceeds MAXw is uncondi-
tionally given as Formula (4).

[0153] That is, in cases where R]i], G[i], and BJ[i] satisfy
Formula (4), a color-saturation conversion process is pet-
formed to prevent the backlight value from exceeding
MAXw.

[0154] The following explains how to derive Formulae (5)
to (8) for calculation in color-saturation conversion.

[0155] First, formulae for converting an RGB signal so that
the luminance and the hue are constant and only the color
saturation is reduced are written as Formulae (6) to (8) above
where Formula (117) is satisfied as follows:

0=a<l. ain

[0156] Itshould be noted, however, that a=1 only when no
color-saturation conversion is performed.
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[0157] Ttis proved as below that Formulae (6) to (8) do not
cause a difference in luminance and hue of the RGB signal
between before and after the color-saturation conversion pro-
cess.
[0158] First, let it be assumed that the luminance is calcu-
lated according to the formula (2xR+5xG+B)/8 when the
RGB values are (R, G, B). In this case, the luminance Ys][i]
after the color-saturation conversion is given by Formula
(118):

Ysfi|=(2xRs [i]+5xGs[i]+Bsfi])/8. (118)

[0159] Substituting Formulae (6) to (8) in Formula (118)
yields Formula (119):

}'s[i]=,1XM;G["]+B“D +(1—a)x Y[ (419
=axX¥[i|+(l —a)x Y[i]

= Y[i].

[0160] From Formula (119), it is found that there is no
difference in luminance value between before and after the
color-saturation conversion.

[0161] Meanwhile, for the hue, let it be assumed that the R
value is at maximum. First, when the R value is at maximum,

the hue H[i] before the color-saturation conversion is given by
Formula (120):

Hi]=(Cb-Cg)x60 (120)
[0162] where
[0163] Cb=(maxRGB BJi])/(maxRGB-minRGB), and
[0164] Cg=(maxRGB-G[i])/(maxRGB-minRGB).
[0165] Next, the hue Hs[i] after the color-saturation con-
version is given by Formula (121):

Hs [i]=(Chs—-Cgs)x60 (121)
where
[0166] Cbs=(maxRGBs-Bs[i])/(maxRGBs—-minRGBs),
[0167] Cgs=(maxRGBs—Gs[i])/(maxRGBs-minRGBs),
[0168] minRGBs=minRGB after the color-saturation con-
version, and
[0169] maxRGBs=maxRGB after the color-saturation con-
version.
[0170] Transforming Formula (121) and substituting For-

mulae (6) to (8) in Formula (121) thus transformed yield
Formula (122):

{(maxRGBs — Bs[i]) -

(maxRGBs — Gs[i])}]x60 (122)
(maxRGBs — minRGBs)

x60

maXRGBs HHDRGBS\ }

(G i
maxRCE'B ml;]nijB)} €0
{(maxRGB — B[i]) — (maxRGB — G[i])}

maxRGB minRGB)
=(Ch-Cg)x60

= HI[i.

-
{ Bt
[T =sie <
-{
[

]x60
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[0171] From Formula (122), it is found that there is no
difference in hue between before and after the color-satura-
tion conversion. The same applies to a case where the G or B
value is at maximum.

[0172] Next, when Formulae (6) to (8) are calculating for-
mulae for color-saturation conversion, such a relational
expression of o is derived that the backlight value is MAXw.

[0173] If all those pixels which satisfy Formula (4) are
subjected to color-saturation conversion so as to satisfy For-
mula (123)

MAXw=maxRGBsg-minRGBsg, (123)

the backlight value is necessarily not more than MAXw.

[0174] From Formulae (6) to (8) and Formula (123), For-
mula (5) is derived. Solving Formula (5) derives such a value
of a that the backlight value becomes MAXw. However, the
formula is a nonlinear equation, and therefore cannot by
easily solved. Accordingly, it is conceivable that Formula (5)
may be solved with use of an approximation method. The
solving method will be fully described below in each of
Embodiments 4 to 13.

[0175] Finally, in the case of a pixel that does not satisfy
Formula (4), setting o to 1 in Formulae (6) to (8) causes the
RGB values (R[i], G[i], B[i]) before the color- saturation con-
version and the RGB values (Rs]i], Gs[i], Bs[i]) after the
color-saturation conversion to be equal Wlth the same result
as in the case where no color-saturation conversion is pet-
formed.

[0176] The color-saturation conversion process causes the
input image to deteriorate in image quality in terms of the
vividness of colors. However, ordinary images do not have so
many portions high in luminance and color saturation. Thus,
in many cases, only limited portions of the images decrease in
color saturation. Further, humans have such a visual property
as not to be as sensitive to a change in color as a change in
brightness. Thus, in many cases, such deterioration in image
quality is hard for humans to recognize. On the other hand,
humans have such a visual property as to be more sensitive to
a change in brightness than to a change in color. Therefore, a
reduction in luminance is recognized as great deterioration in
image quality. Therefore, it is important in the color-satura-
tion conversion process to maintain the luminance so that
there is no difference in luminance between before and after
the conversion.

[0177] The saturation-converted RGB signal calculated by
the color-saturation conversion section 11 is then subjected to
gamma correction by the gamma-correction section 12, and
the gamma-correction section 12 outputs a gamma-corrected
RGB signal. The gamma-correction process in the gamma-
correction section 12 is identical to gamma correction that is
performedin an ordinary display device. Generally, an output
signal (the gamma-corrected RGB signal here) correspond-
ing to an input signal (saturation-converted RGB signal here)
is read out from an LUT (look-up table), or is calculated
according to a conversion formula. Further, the LUT or the
conversion formula for use in the gamma-correction process
of the present embodiment can be identical to that for use in
gamma correction that is performed in an ordinary display
device.

[0178] However, in the present embodiment, it is important
to perform a gamma-correction process after performing a
color-saturation conversion process. That is, the present
embodiment is characterized in one aspect by disposing the
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gamma-correction section 12 behind the color-saturation
conversion section 11. The reason for this will be described
below.

[0179] FIG. 8 shows an arrangement of an output signal
generation section 13 of the liquid crystal display device
according to Embodiment 1. The output signal generation
section 13 includes a W transmission amount calculation
section 41, an RGB transmission amount calculation section
42, a backlight value calculation section 43, and a transmit-
tance calculation section 44. Further, FIG. 9 is a flow chart
that explains the operation of the output signal generating
section 13.

[0180] First, the W transmission amount calculation sec-
tion 41 calculates the W transmission amount Wtsg[i] of a
target pixel from a gamma-corrected RGB signal according to
Formula (55) (S41):

Wisg fi]=min(maxRGBsg/2,minRGBsg). (53)

[0181] Next, the RGB transmission amount calculation
section 42 calculates the RGB transmission amounts (Rtsg[1],
Gtsgl[i], Btsgli]) of the target pixel from the gamma-corrected
RGB signal and the W transmission amount according to
Formulae (56) to (58) (S42):

Risgfi]=Rsgli]-Wisgli] ©6)
Grsg[i]=Gsg[i]-Wisg[i] 67
Bisgfi]=Bsg[i]-Wisgli]. ©9)
[0182] Steps S41 and S42 are repeated as many times as the

number of pixels of the input RGB signal.

[0183] The backlight value calculation section 43 calcu-
lates a backlight value Whsg from the RGBW transmission
amounts of each pixel according to Formula (59) (S43):

Whsg=max(Resg/11,Gtsg/1] Btsg /1], Wisg[1],

Rtsg[Np],Gtsg[Np],Btsg[Np],Wtsg[Np]) (59

Next, the transmittance calculation section 44 calculates the
RGBW transmittances of the target pixel from the RGBW
transmission amounts and the backlight value according to
Formulae (60) to (63) (S44):

rsgfij=Rusg[i]/Whsg (60)
gsgfi]=Gisg[i]/Whsg (61)
bsg[i]=Bisg[i]/Whsg (62)
Wsgfi]=Wisg[i]/Wbsg (63)
[0184] where rsg[i]=gsg[i]=bsg[i]=wsg[i]=0 if Whsg=0.

Step S44 is repeated as many times as the number of pixels of
the input RGB signal.

[0185] The following shows an example of calculation of a
backlight value according to Embodiment 1. For convenience
of explanation, the following shows an example where an
image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63). It
should be noted that the following explanation assumes that
MAX=255, y=2, and B1 Ratio=0.5.

[0186] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
following manner. Performing gamma correction on the pixel
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values of the input image yields gamma-corrected pixel val-
ues (Rg[1], Gg[1], Bg[1]) as follows:

Rell] = (%JVXMAX

[0187] Based on the gamma-corrected pixel values, the W
transmission amount Wtg[1] is calculated as:

. (maxRGBg
Wig[l] = rrun( 5

. (255 16
{2

=16.

, minRGBg]

[0188] Further, at this time, the RGB transmission amounts
(Rtg[1], Gtg[1], Btg[1]) are given by:

Rig[11=Rg/[1]- Wig/11=99-16=83
Gtg[1]=Gg[1]-Wtg[1]=255-16=239
Big[11=Bg/[1]-Wig[1]1=16-16=0.

[0189] From the RGBW transmission amounts, a backlight
value Whg is calculated as:

Wbg = max(Rig[1], Gug[1], Brg[L], Wig[1])
= max(83, 239, 0, 16)
=1239.

That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0190] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. According to the calculating
procedure described above in the present embodiment, the
backlight upper limit MAXw is calculated from Formula (1)
as follows:

MAXw=MAXxB1 Ratio=255x0.5=127.5.
[0191] From Formulae (2) and (3), the maximum and mini-

mum values of the gamma-corrected RGB signal are given
by:
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maxRkRGB
MAX

255

- (E
=255

7
maxRGBg = ( ] X MAX

2
) X255

. minRGB
minRGBg = ( MAX

63V
(—] X255

)
] xMAX

255
=16.

[0192] Since the target pixel satisfies Formula (4), color-
saturation conversion is performed. At this time, a color-
saturation conversion rate cis calculated in the following
manner. First, the luminance Y[ 1] corresponding to the input
pixel values is calculated as:

(2% R[1]+5xG[1]+B[1]
8
(2x 159 +5%255+63)
8

Y[1]=

=207

[0193] Substituting MAX=255, v=2, maxRGB=255, min-
RGB=63, Y[1]=207, and MAXw=127.5 in Formula (5)
vields:

fe(ax255+(1-0)x207,2)-fg(ax63+(1-a)x207,2)
=127.5.

Solving this formula yields a color-saturation conversion rate
. as follows:

{(@x 255+ (1 — 2) x 207)/255)* x 255 —
{ax 63+ (1 —a)x207) /25513 x255 = 127.5
{(ax255 + (1 —a)x 20D —{(ax 63 + (1 —a) x207)}* = 32512.5
(48xa+ 2077 - (-144 xa +207)% = 325125
2304 xa? + 19872 % a + 42849 —
20736 % a® + 59616 x a — 42849 = 32512.5

- 18432 xa% + 2% 39744 xa - 325125 = 0.

[0194] Applying the formula for the solution of a quadratic
equation to this formula yields:

(—39744) - (~18432) x

} /1-18432).
(=32512.5)) /

/
a=V —39744i\/{

Therefore, 0=0.457575 or a=3.854925.

[0195] Since 0=a<1, 0=0.457575.

[0196] Once the color-saturation conversion rate o is deter-
mined, a saturation-converted RGB signal (Rs[1], Gs[1],
Bs[1]) is calculated according to Formulae (6) to (8) as fol-
lows:

11
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Rs[l] =
ax R[]+ (1 -a)x Y[1] = 0.457575x 159 + (1 — 0.457575) x 207 = 185
Gs[l]=ax Gl +(1 -a)x¥[1] =
0.457575%255 + (1 — 0.457575) x 207 = 229
Bs[1] = ax B[]+ (1 —@)x ¥[1] =

0.457575% 63 + (1 — 0.457575)x 207 = 141.

[0197] Performing gamma correction on the saturation-
converted RGB signal yields a gamma-corrected RGB signal
(Rsg[1], Gsg[1], Bsg[1]) as follows:

Rsg[1] = (Rs[1]/MAX)” x MAX = (185/255)% x 255 = 134
Gsgll] = (Gs[1]/MAXY xMAX = (229/255)2 x 255 = 206

Bsgll] = (Bs[1]/MAX)” xMAX = (141/255)2 X255 = 78.

[0198] Based on the gamma-corrected RGB signal, the W
transmission amount Wtsg[1] is calculated as:

Wisg[1] = minmaxRGBsg /2, minRGBsg)

= min(206/2, 78) = 78.

[0199] Further, at this time, the RGB transmission amounts
(Rtsg[1], Gtsg[ 1], Btsg[1]) are given by:

Risg[11=Rsg[1]1-Wisg[1]=134-78=56
Gisg[1]=Gsg/[1]-Wisg[1]=206-78=128

Bisg[1]=Bsg[1]-Wisg[1]=78-78=0.

[0200] From the RGBW transmission amounts, a backlight
value Whsg is calculated as:

Wbsg = max(Risg[1], Gisg[1], Bisg[1], Wisg[1])

= max(56, 128, 0, 78) = 128.

That is, the backlight value obtained in cases where the color-
saturation conversion process is 128.

[0201] Thus, the above example shows that the color-satu-
ration conversion process can reduce the backlight value from
239 to 128 (reduction of approximately 46%).

[0202] As described above, according to the process of the
present embodiment, the gamma-correction section 12 is dis-
posed behind the color-saturation conversion section 11 so
that a gamma-correction process is performed after a color-
saturation conversion process is performed. The reason for
this is as follows: Although performing color-saturation con-
version after gamma correction causes no difference in lumi-
nance between before and after the color-saturation conver-
sion, there is a change in luminance when a human eye
performs inverse gamma correction on light (an image) out-
putted from the display. The human-eye inverse gamma cor-
rection will be described below more in detail.
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[0203] For example, in cases where a human observes a
lamp of certain brightness and then observes the same lamp
with its luminance value halved (physically), the eyes of the
human do not recognize that the light obtained by halving the
luminance value of the lamp is half as bright, but actually
recognize the light as more than half as bright. That is, the
visual property of a human (property of recognizing bright-
ness) is nonlinear, and a graph whose abscissa represents the
physical quantity of brightness and whose ordinate represents
the quantity of light perceived by a human is an upwardly
convex graph (i.e., a gamma curve) that is monotonically
increasing but is not linear.

[0204] For this reason, the display device performs gamma
correction (downwardly convex, monotonically increasing
graph) on input image data so that the physical quantity of the
luminance value of the gamma-corrected image data and the
quantity of light perceived by a human are linear. In other
words, the display device performs gamma correction and the
human perception performs correction (inverse gamma cor-
rection) opposite to the gamma correction performed by the
display. As a result, the gamma correction and the inverse
gamma correction cancel each other out, and the characteris-
tic of brightness finally perceived by a human becomes linear
with respect to the physical quantity of the luminance value of
the gamma-corrected image data.

[0205] Although performing gamma correction after colot-
saturation conversion as in the process according to the
present embodiment causes a temporal change in luminance
at the time of the gamma correction, a human eye performs
inverse gamma correction, so that the change in luminance is
cancelled. Finally, the luminance is retained.

[0206] For example, in the aforementioned example of cal-
culation of a backlight value (where gamma correction is
performed after color-saturation conversion), the luminance
value Ys[1](=Y[1]) before the gamma correction (after the
color-saturation conversion) is 207, and the luminance value
Ysg[ 1] after the gamma correction is given by:

Vsg[l] = 2% Rsg[1]+ 5 x Gsg[1]+ Bsg[1]) /8

= (2X134+5%206+78)/8

=172.

The gamma correction causes a temporal change in lumi-
nance.

[0207] The RGB corresponding values of the amount of
light that is outputted from (transmitted through) the display
are identical to Rsg[1], Gsg[1], and Bsg[1], respectively. On
the other hand, performing inverse gamma correction with a
human eye yields RGB values (Rsgi[1], Gsgi[1], Bsgi[1]) as
follows:

Rsgill] = (Rsg[1]/MAX)Y” x MAX = (134/255)1/2 255 = 185
Gsgill] = (Gsg[1]1/MAX)MY x MAX = (206 /255)1% %255 =220

Bsgill] = (Bsg[11/MAX)YY xMAX = (78/255)/% x 255 = 141.
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Therefore, the RGB values that are obtained in cases where
inverse gamma correction is performed with a human eye
correspond to the following luminance Ysgi[1]:

Ysgill] = (2% Rsgil1] +5 % Gsgi[l] + Bsgil[1])/8
=(2%x185+5%229 +141)/8

=207.

This shows that the luminance is retained.

[0208] Meanwhile, a case where color-saturation conver-
sion is preformed after gamma correction is as follows.

[0209] First, performing gamma correction on the pixel
value (R[1], G[1]), B[1]) of the input image yields pixel
values (Rg[1], Gg[1], Bg[1])=(99, 255, 16).

[0210] Next, such a relational expression of a that a back-
light value that is obtained in cases where color-saturation
conversion is preformed after gamma correction is not more
than MAXw is represented by Formula (124) as follows:

MAXw=maxRGBgs-minRGBgs (124)
where

maxRGBgs=oxmaxRGBg+(1-a)x Yg/1], and
minRGBgs=axminRGBg+(1-a)xYg/1].

[0211]

{oxmaxRGBg+(1-0)x Yg/1]}-{axminRGBg+(1-0)x
Yg/1]}=MAXw

Transforming Formula (124) yields:

=MAXw/(maxRGBg-minRGBg). (125)

[0212]
follows:

At this time, o is calculated from Formula (125) as

a=MAXw/(maxRGBg — minRGBg)
=1275/(255-16)

=0.533473.

[0213] Performing color-saturation conversion yields pixel
values (Rgs[1], Ggs[1], Bgs[1]) as follows:

Rgs[l] =axRg[1]+ (1 —a)x Yg[l] =
0.533473x99 + (1 - 0.533473)x 186.125 = 140

Ggs[l] =axGg[l]+ (1 -a)xYg[l] =
0.533473x223 + (1 - 0.533473) x 186.125 =223

Bgs[l]=axBg[l]+ (1 —a)xYg[l] =

0.533473%95 + (1 —0.533473)x 186.125 = 95.

The RGB corresponding values of the amounts of light that is
outputted from (transmitted through) the display are identical
to Rgs[1], Ggs[1], and Bgs[1], respectively. On the other
hand, performing inverse gamma correction with a human
eye yields RGB values (Rgs[i], Ggs[i], Bgs|i]) as follows:
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Rgsi[l] = (Rgs[1]/MAX)YY xMAX = (140 /255)"% % 255 = 189
Gsi[l] = (Ggs[1]/MAX)"” x MAX = (223/255)"% x 255 =238

Bgsi[1] = (Bgs[1]/MAX)YY xMAX = (95/255)"/2 x 255 = 156.

Therefore, the luminance Ygsi[1] is given by:

Ygsi[1] = (2x Rgsi[1] + 5 x Ggsi[l] + Bgsi[1])/8

=(2x189+5%x238+156)/8

=215.5.

[0214] That is, the original luminance Y[1]=207 is not
retained. Therefore, in order to retain the luminance, it is
necessary to perform gamma correction after performing
color-saturation conversion.

Embodiment 2

[0215] Embodiment 1 uses Formula (4) to judge for each
target pixel whether or not it is necessary to reduce the color
saturation. In this case, it is possible to perform a color-
saturation conversion (color-saturation reduction) process
only on a pixel that satisfies Formula (4), i.e., a pixel whose
color saturation needs to be reduced, and to skip a color-
saturation conversion process for a pixel that does not satisfy
Formula (4), 1.e., a pixel whose color saturation does not need
to be reduced.

[0216] However, in consideration of realization of the
color-saturation conversion section 11 by hardware, the hard-
ware can be better simplified without such a skip process.
Embodiment 2 describes a modified example where a color-
saturation conversion process is performed on every pixel
within an input image. It should be noted that processing
sections identical to those of Embodiment 1 are given the
same reference numerals as those of Embodiment 1 and will
not be described below in detail.

[0217] Inaprocess according to Embodiment 2, for a pixel
that does not satisfy Formula (4), a deviates from a range of 0
to 1, depending on how « is calculated. In view of this, a
limiter process is performed so that ¢t is 0 or 1, with the same
result as in the case where no color-saturation conversion is
performed.

[0218] FIG. 10 shows an arrangement of a color-saturation
conversion section 11 of a liquid crystal display device
according to Embodiment 2. The color-saturation conversion
section 11 includes a backlight upper-limit calculation sec-
tion 21, a second color-saturation conversion rate calculation
section 33, and a saturation-converted RGB signal calcula-
tion section 25. Further, FIG. 11 is a flow chart that explains
the operation of the color-saturation conversion section 11.
[0219] First, the backlight upper-limit calculation section
21 calculates a backlight upper limit according to Formula (1)
(S11).

[0220] Next, the second color-saturation conversion rate
calculation section 33 calculates, from the input KGB signal,
the gamma coefficient, and the backlight upper limit, a color-
saturation conversion rate a that satisfies Formula (5) (S23).
How to calculate a color-saturation conversion rate a will be
fully described below in each of Embodiments 4 to 13.
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[0221] Next, the saturation-converted RGB signal calcula-
tion section 25 calculates a saturation-converted RGB signal
according to Formulae (6) to (8) (S15). Steps S23 and S15 are
repeated as many times as the number of pixels of the input
RGB signal.

[0222] FIG. 12 shows another arrangement of the color-
saturation conversion section 11 of the liquid crystal display
device according to Embodiment 2. The color-saturation con-
versions section 11 of FIG. 12 is arranged such that a color-
saturation conversion rate limiter process section 34 is added
so as to be positioned in front of the saturation-converted
RGB signal calculation section 25 and behind the second
color-saturation conversion rate calculation section 33. The
color-saturation conversion rate limiter process section 34
performs a limiter process so that a color-saturation conver-
sion rate a calculated by the second color-saturation conver-
sion rate calculation section 33 falls within a range of not less
than 0 to not more than 1.

[0223] FIG. 13 is a flow chart for explaining the operation
of the color-saturation conversion section 11 of F1G. 12. The
flow chart of FIG. 13 is obtained by adding a color-saturation
conversion rate limiter process S24 to the flow chart of FIG.
11 so that Step S24 immediately follows Step S23.

[0224] According to the flow chart of FIG. 13, after the
calculation of a color-saturation conversion rate a by the
second color-saturation conversion rate calculation section
33 (S23), the color-saturation conversion rate limiter process
section 34 makes such a correction that o=0 when a.<0 or =1
when 1<a (S24).

[0225] However, in cases where it is obvious in the color-
saturation conversion process (S23) that o is not less than 0,
itis possible to omit a process of judging whether 0.<0 and the
limiter process. Similarly, in cases where it is obvious in the
color-saturation conversion process (S23) that o is not greater
than 1, it is possible to omit a process of judging whether 1<a
and the limiter process.

[0226] The following shows an example of calculation of a
backlight value according to Embodiment 2. For convenience
of explanation, the following shows an example where an
image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(1159, 255, 63)
(first example of calculation). That is, the following shows an
example where the same pixel values are used as in the
example of calculation of a backlight value according to
Embodiment 1. It should be noted that the following expla-
nation assumes that a color-saturation conversion rate limiter
process is performed, and that MAX=255, y=2, and Bl
Ratio=0.5.

[0227] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0228] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0229] First, the calculation of a backlight upper limit is
performed in the same manner as in the example explained in
Embodiment 1. Accordingly, the backlight upper limit
MAXw is set as MAXw 127.5.

[0230] Since Embodiment 2 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 2
calculates a color-saturation conversion rate a for every pixel.
In this example, the color-saturation conversion rate o is
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calculated in the same manner as in the example explained in
Embodiment 1. Therefore, a=0.457575 or 0=3.854925.
However, the present example of calculation adopts the
smaller value. Therefore, a=0.457575.

[0231] In this case, since 0=a=1, a after the limiter pro-
cess 1s calculated as «=0.457575. The subsequent procedure
up to the calculation of a backlight value is the same as in the
example explained in Embodiment 1. Accordingly, the back-
light value is 128. That is, the color-saturation conversion
process can reduce the backlight value from 239 to 128 (re-
duction of approximately 46%).

[0232] The example of calculation thus explained is an
example where the second color-saturation conversion rate
calculation section 33 calculates a color-saturation conver-
sion rate « as 0=a=1. The following shows an example
(second example of calculation) where the second color-satu-
ration conversion rate calculation section 33 does not calcu-
late a color-saturation conversion rate o as 0=a=1. For
convenience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
187, 85). It should be noted that the following explanation
assumes that a color-saturation conversion rate limiter pro-
cess 1s performed, and that MAX=255, yv=2, and B1 Ratio=0.
5.

[0233] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
following manner. Performing gamma correction on the pix-
els values of the input image yields gamma-corrected pixel
values (Rg[1], Gg[1], Bg[1]) as follows:

Rell]= (RIL]/MAX) x MAX = (159/255)2 x 255 = 99
Gg[1] = (G[1]/MAX) x MAX = (187 /255)2 X255 = 137

Bgl1]= (BI1]/MAX) x MAX = (85/255)2 x255 = 28.

[0234] Based on the gamma-corrected pixel values, the W
transmission amount Wtg[1] is calculated as:

Wig[1] = min(maxRGBg/2, minRGBg)

= min(137/2. 28) = 28.

[0235] Further, at this time, the RGB transmission amounts
(Rtg[1], Gtg[1]. Btg[1]) are given by:

Rig[11-Rg[1]-Wig[1]=99-28=T1
Grg[11=Gg[1]-Wig[1]=137-28=109
Big[11=Bg[1]- Wig[1]=28-28=0.

[0236] From the RGBW transmission amounts, a backlight
value Whg is calculated as:

Whg = max(Rig[1], Grg[1], Big[1], Wigl1])

=max(17, 109, 0, 28) = 109.

That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 109.
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[0237] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, a backlight upper limit is
calculated. This calculation is performed in the same manner
as in the example explained in Embodiment 1. Accordingly,
the backlight upper limit MAXw is calculated as
MAXw=127.5.

[0238] Since Embodiment 2 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 2
calculates a color-saturation conversion rate o. for every pixel.
At this time, the color-saturation conversion rate o. is calcu-
lated in the following manner. First, the luminance Y[1] cor-
responding to the input pixel values is calculated as:

Y[1]1= 2 xR[1]+5x G[1]+ B[1])/8

= (2x159+5x187 +85)/8

=167.25.

[0239] Substituting MAX=255, y=2, maxRGB=187, min-
RGB 85, Y[1]=167.25, and MAXw=127.5 in Formula (5)
yields:

fe(ox187-+(1-0)x167.25,2)~fz(ax85+(1-c)x167.25,
2)=127.5.

Solving this formula yields a color-saturation conversion rate
a as follows:

{(@x 187 + (1 —@) x 167.25)/255)* x255 —
{@x85+(1 — ) x 167.25) /2552 x 255 = 127.5
{@x 187+ (1 —a)x 167.25)}> — {(ax85 + (1 - a)x 167.25)}> = 32512.5
(19.75x @ + 167.25)% - (-82.25 x & + 167.25)* = 325125
390.06% o? +6606.4x & + 27973 -
6765.1 xa? + 27512 % @ — 27973 = 32512.5

—6375.0xa” +2x17059x @ —32512.5 = 0.

[0240] Applying the formula for the solution of a quadratic
equation to this formula yields:

@ = =17059 £ V{(=17059)? - (~6375.0) x (-32512.5))} / (~6375.0)

Therefore, 0=1.240458 or 0=4.11139. The present example
of calculation adopts the smaller value. Therefore, o=1.
240458. In this example, since a exceeds 1, a limiter process
is performed so that o=1.

[0241] Thus, in cases where a=1, there are no differences in
RGB values between before and after color-saturation con-
version according to Formulae (6) to (8). with the same result
as in the case where no color-saturation conversion (color-
saturation reduction) is performed.

[0242] That is, in cases where a backlight value obtained in
cases where no color-saturation conversion is performed falls
short of a backlight upper limit, no color-saturation conver-
sion is needed. Also in the present example of calculation, no
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color-saturation conversion is performed. Accordingly, the
backlight value is 109 as in the case where no color-saturation
conversion is performed.

Embodiment 3

[0243] Embodiment 3 is a modified example of Embodi-
ment 1. FIG. 38 schematically shows an arrangement of a
liquid crystal display device according to Embodiment 3.
That is, the present liquid crystal display device includes a
color-saturation conversion and gamma-correction section
(color-saturation conversion section) 18 instead of the color
saturation conversion section 11 and the gamma-correction
section 12 of the liquid crystal display device (see FIG. 1)
according to Embodiment 1.

[0244] The color-saturation conversion and gamma-cor-
rection section 18 performs a color-saturation conversion
process and a gamma-correction process on an input RGB
signal (first input RGB signal), and then outputs, to the sub-
sequent output signal generation section 13, a saturation-
converted and gamma-corrected RGB signal finished with the
processes. It should be noted that the saturation-converted
and gamma-corrected RGB signal outputted from the color-
saturation conversion and gamma-correction section 18 in
Embodiment 3 correspond to the gamma-corrected RGB sig-
nal (third input KGB signal) of Embodiment 1.

[0245] FIG. 39 shows an arrangement of the color-satura-
tion conversion and gamma-correction section 18 of the lig-
uid crystal display device according to Embodiment 3. The
color-saturation conversion and gamma-correction section 18
includes a backlight upper-limit calculation section 21, a
gamma-correction section 26, and a saturation-converted and
gamma-corrected RGB signal calculation section 27.

[0246] The backlight upper-limit calculation section 21
calculates a backlight upper limit from the upper limit of the
input RGB signal and the backlight value determination ratio,
and then outputs the backlight upper limit. The gamma-cor-
rection section 26 calculates a gamma-corrected RGB signal
from the input RGB signal and the gamma coefficient, and
then outputs the gamma-corrected RGB signal. The satura-
tion-converted and gamma-corrected RGB signal calculation
section 27 calculates a saturation-converted and gamma-cor-
rected RGB signal from the input RGB signal, the gamma
coefficient, the gamma-corrected RGB signal, and the back-
light upper limit, and then outputs the saturation-converted
and gamma-corrected RGB signal.

[0247] FIG. 40 is a flow chart for explaining the operation
ofthe color-saturation conversion and gamma-correction sec-
tion 18.

[0248] First, the backlight upper-limit calculation section
21 calculates a backlight upper limit according to Formula (1)
(S11).

[0249] Once the backlight upper limit MAXw is deter-
mined, Steps S16 to S19 are repeated as many times as the
number of pixels of the input RGB signal.

[0250] In Step 16, the gamma-cotrection section 26 calcu-
lates an RGB signal (Rg[i], Gg[i], Bg[i]) that is obtained after
gamma correction in a target pixel (to be processed). The
calculation of the gamma-corrected RGB signal can be per-
formed according to Formulae (101) to (103).

[0251] Then, in Step S17, the saturation-converted and
gamma-corrected RGB signal calculation section 27 Judges,
according to Formula (4), whether or not the luminance and
color saturation of the target pixel (to be processed) are both
high. It should be noted here that although Embodiment 1
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calculates the maximum and minimum values maxRGBg and
minRGBg of the gamma-corrected RGB signal for use in
Formula (4) from Formulae (2) and (3), Embodiment 3 can
calculate maxRGBg and minRGBg with use of the gamma-
corrected RGB signal as follows:

maxRGBg-max(Rg i, G i} B i)

minRGBg—min(Rg/i],Gg/fi] Bgfi]).

[0252] In cases where the luminance and the color satura-
tion are both high, i.e., in cases where Formula (4) is satisfied,
the same saturation-converted and gamma-corrected RGB
signal calculation section 27 calculates a color-saturation
conversion rate a that satisfies Formula (5), and then calcu-
lates a saturation-converted and gamma-corrected RGB sig-
nal with use of a thus calculated (S18). It should be noted that
the saturation-converted and gamma-corrected RGB signal is
calculated by calculating a saturation-converted RGB signal
(second input RGB signal) according to Formulae (6) to (8)
and by further performing gamma correction on the satura-
tion-converted RGB signal.

[0253] Alternatively, in cases where either the luminance or
the color saturation is low, i.e., in cases where Formula (4) is
not satisfied, the same saturation-converted and gamma-cor-
rected RGB signal calculation section 27 uses the following
formulae to cause the saturation-converted and gamma-cor-
rected RGB signal (Rsg[i], Gsg[i], Bsg[i]) to be identical to
the gamma-corrected RGB signal calculated in Step S16 (no
color-saturation conversion process is performed) (S19);

Rsgli]=Rgli]
Gsg[i]=Ggli]
Bsg[i]=Bgl[i].
[0254] Incomparison with Embodiment 1, the arrangement

and processing procedure of Embodiment 3 bring about a
merit of simplifying a process for a pixel that does not satisfy
Formula (4), i.e., for a pixel on which no color-saturation
conversion is performed.

[0255] That is, in the process of judging a pixel on which to
perform a color-saturation conversion process, the color-satu-
ration conversion section 11 according to Embodiment 1
calculates, for every pixel, an RGB signal (Rg[1], Gg[i] Bg[i])
that is obtained after gamma correction in cases where no
color-saturation conversion process is performed. The
gamma-corrected RGB signal is calculated in the process by
which the calculation section 22 calculates the maximum and
minimum values of the gamma-corrected RGB signal.
[0256] Then, for a pixel on which no color-saturation con-
version process is performed, the input RGB signal is directly
outputted to the gamma-correction section 12, and the
gamma-correction section 12 calculates a gamma-corrected
RGB signal. Therefore, for a pixel on which no color-satura-
tion conversion process is performed, the calculation section
22 and the gamma-correction section 12 perform exactly the
same gamma-correction process once each.

[0257] On the other hand, for a pixel on which no color-
saturation conversion process is performed, the color-satura-
tion conversion and gamma-correction section 18 according
to Embodiment 3 only causes the saturation-converted and
gamma-corrected RGB signal to be identical to the gamma-
corrected RGB signal calculated by the gamma-correction
section 26. This makes it necessary to perform a gamma-
correction process only once. Therefore, the arrangement of
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Embodiment 3 makes it possible to simplify hardware con-
figurations in comparison with Embodiment 1 in judging for
each pixel whether or not it is necessary to perform a color-
saturation conversion process.

[0258] As stated in Embodiment 1, the color-saturation
conversion process explained in each of Embodiments 1 to 3
makes it necessary that, in the process, such a value of color-
saturation conversion rate a that the backlight value becomes
MAXw be derived by solving Formula (5). However, For-
mula (5) is a nonlinear equation. Accordingly, it is conceiv-
able that Formula (5) may be solved with use of an approxi-
mation method. Each of Embodiments 4 to 13 below explains
an example of how to calculate a color-saturation conversion
rate a for use in a color-saturation conversion process.

[0259] Further, each of Embodiments 4 to 13 below is an
exemplification ofapplication of the arrangement of Embodi-
ment 1 in an example where it is judged whether or not it is
necessary to perform a color-saturation conversion process.
However, each of Embodiments 4 to 13 below can also be
applied as a method for calculating a color-saturation conver-
sion rate a in the arrangement of Embodiment 3.

Embodiment 4

[0260] Embodiment 4 is a first example of means for
approximately calculating a color-saturation conversion rate

a in the first color-saturation conversion rate calculation sec-
tion 23 (S13) of Embodiment 1.

[0261] In Embodiment 1, in cases where Formula (4) is
satisfied, it is necessary to calculate a color-saturation con-
version rate a according to Formula (5). However, Formula
(5) is a nonlinear equation, and therefore cannot by easily
calculated. Accordingly, in Embodiment 4, . is calculated by
performing piecewise linear approximation of a gamma cor-
rection curve. It should be noted that processing sections
identical to those of Embodiment 1 are given the same refer-
ence numerals as those of Embodiment 1 and will not be
described below in detail.

[0262] FIG. 14 shows an arrangement of a color-saturation
conversion section 11 of a liquid crystal display device
according to Embodiment 4. The color-saturation conversion
section 11 of FIG. 14 includes a backlight upper-limit calcu-
lation section 21, a calculation section 22 for calculating the
maximum and minimum values of a gamma-corrected RGB
signal, a third color-saturation conversion rate calculation
section 53, a gamma-curve normalization and piecewise-lin-
ear approximation section 61, and a saturation-converted
RGB signal calculation section 25.

[0263] The gamma-curve normalization and piecewise-lin-
ear approximation section 61 serves as means for calculating
normalized-gamma-curve polygonal-line information from
the gamma coefficient and the number of normalized-
gamma-curve polygonal-line segments, and for outputting
the normalized-gamma-curve polygonal-line information.
The normalized-gamma-curve polygonal-line information is
atabulation of data, obtained when piecewise linear approxi-
mation of a normalized gamma curve (i.e., a gamma curve
that shows an output value of 1 with an input value of 1) is
performed as many times as the number of normalized-
gamma-curve polygonal-line segments, which indicate the
x-y coordinates of an endpoint of each segment and the slope
and intercept of each segment.
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[0264] FIG. 15 is a flow chart that explains the operation of
the gamma-curve normalization and piecewise-linear
approximation section 61. First, the gamma-curve normaliza-
tion and piecewise-linear approximation section 61 calcu-
lates the coordinates of an endpoint of each normalized-
gamma-curve polygonal-line segment according to Formulae
(9) and (10) by repeating j from 0 to Ndg (S51):

x[j]=}/Ndg ®
00T (10)
[0265] where
[0266] Ndg=the number of normalized-gamma-curve

polygonal-line segments (>0),

[0267] x[j]=the x coordinate of an endpoint of a normal-
ized-gamma-curve polygonal-line segment (0=j=Ndg), and
[0268] y[j]=the y coordinate of an endpoint of a normal-
ized-gamma-curve polygonal-line segment (0=j=Ndg).
That is, Step S51 is repeated as many times as the number of
normalized-gamma-curve polygonal-line segments plus 1.

[0269] Next, the gamma-curve normalization and piece-
wise-linear approximation section 61 calculates the slopealj]
and intercept b[j] of each normalized-gamma-curve polygo-
nal-line segment according to Formulae (11) and (12) by
repeating j from 0 to Ndg-1 (S52):

affl=@l+1 -y D [-11-%[1) amn
b= li+1ixp ] iixy I [+1]-x[]) 1)
[0270] where
[0271] a[j]=the slope of a normalized-gamma-curve

polygonal-line segment j (0=j<Ndg), and

[0272] b[j]=the intercept of a normalized-gamma-curve
polygonal-line segment j (0=j<Ndg). That is, Step S52 is
repeated as many times as the number of normalized-gamma-
curve polygonal-line segments.

[0273] The third color-saturation conversion rate calcula-
tion section 53 calculates a color-saturation conversion rate a
from an input RGB signal, a backlight upper limit, the maxi-
mum and minimum values of a gamma-corrected RGB sig-
nal, and normalized-gamma-curve polygonal-line informa-
tion, and then outputs the color-saturation conversion rate ..

[0274] FIG. 16 is a flow chart that explains the operation of
the third color-saturation conversion rate calculation section
53.

[0275] According to the flow chart, Steps S61 to S65 are
repeated from j=jMin to j=kMax, and further repeated from
k=j to k=kMax.

[0276] It should be noted here that jMin is a normalized-
gamma-curve polygonal-line segment index corresponding
to min RGB, and is an array element number of x[j] that
satisfies x[jMin]=minRGB/MAX-x[jMin+1]. Meanwhile,
kMax is a normalized-gamma-curve polygonal-line segment
index corresponding to maxRGB, and is an array element
number of x[k] that satisfies x[kMax]<maxRGB/MAX=x
[kMax+1]. Further, between jMin and kMax, the following
relationship holds:

0=jMin=kMax<Ndg.
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[0277] First, in Step S61, the third color-saturation conver-
sion rate calculation section 53 calculates an o. candidate
value (at) according to Formula (13):

at = {MAXw — (alk] —al /1) X Y[{] - (blk] - B[ j]) x MAX} / 13

{a[k] x (maxRGB — Y[i]) - al j] X (minRGB - Y[i])}.

[0278] Next, the third color-saturation conversion rate cal-
culation section 53 judges whether or not the o candidate
value at falls within a range of 0=at<1 (S62). If the o can-
didate value at falls within the range, the third color-satura-
tion conversion rate calculation section 53 proceeds to Step
S63. Ifthe o candidate value at goes out of the range, the third
color-saturation conversion rate calculation section 53 skips
Steps S63 to S65.

[0279] In cases where the o. candidate value at falls within
arange of 0=at<l, the third color-saturation conversion rate
calculation section 53 calculates an o calculation judgment
value (judge) according to Formula (14) (S63):

judge = | fg(at xmaxRGB + (1 —atyx Y[i], 7) - (14

felatxminRGB + (1 — at) x Y[i], 7) - MAXwi.

[0280] Next, the third color-saturation conversion rate cal-
culation section 53 judges whether or not to update a (S64).
However, in cases where the third color-saturation conversion
rate calculation section 53 judges for the first time whether or
not to update a or in cases where Judge<judgeMin, the third
color-saturation conversion rate calculation section 53 pro-
ceeds to Step S65, and updates c and the minimum a calcu-
lation judgment value (judgeMin) according to Formulae (15)
and (16):

a=at 1%

judgeMin=judge 16
Juag Juag

[0281] where judgeMin=the minimum a calculation judg-
ment value.

[0282] The following explains how to derive a calculating
formula in each step.

[0283] In order to calculate a from Formula (5), approxi-
mation of a gamma correction function fg(x,g) is performed
with a polygonal line. The approximation formula is repre-
sented by Formula (126) as follows:

falx, g) = (alj]x (x/MAX) (126)

=a[jIxx +b[jHxMAX + b[ /] x MAX.

[0284] Solving Formula (5) to which Formula (126) has
been applied yields a as follows:

(a[kMaxs] % (@ xmaxRGB + (1 — @) x Y[i]) + b[kMaxs] x MAX) —
(a[ Mins] x (¢ xminRGB + (1 —a) x Y[i]) + b[ jMins] x MAX) =

MAXw
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-continued
(a[kMaxs] X (@ X (maxRGB - Y[i]) + Y[{]) + b[kMaxs] x MAX) —

(a[ /Mins] x (@ X minRGB - Y[i] + Y [1]) + b[ /Mins] x MAX) =
MAXw
o X alkMaxs] X (maxRGB - Y[i]) + alkMaxs] X ¥[i] +
BlkMaxs] xMAX — & x af Mins] x (minRGB - ¥[i]) -
al jMins] x Y[i] - b[ jMins] x MAX = MAXw
X (a[kMaxs] X (maxRGB — Y[i]) - a[ jMins] X (minRGB - Y[i])) +
(alkMaxs] - al jMins]) x Y [i] +
(blkMaxs] — b[ jMins]) x MAX = MAXw
@ (a[kMaxs] X (maxRGB — Y[i]) - a jMins] X (minRGB - Y [i])) =
MAXw - (a[kMaxs] - af Mins]) x ¥ [i] - (b[kMaxs] - b[ Mins]) x MAX.
[0285] Thus, o is given by Formula (127) as follows:
@ = {MAXw — (a[kMaxs] — o Mins]) X Y[i] - (127
(b kMaxs] - b[ Mins]) x MAX}/

{a[kMaxs] X (maxRGB — Y[i]) — a[ /Mins] x (minRGB - Y[{])}

[0286] where

[0287] jMins=the normalized-gamma-curve polygonal-
line segment index corresponding to minRGBs, and

[0288] kMaxs=the normalized-gamma-curve polygonal-
line segment index corresponding to maxRGBs.

[0289] Then, based on the magnitude relation between
minRGBs and maxRGBs, Formula (128) holds as follows:

Mins=kMaxs. (128)
[0290] Furthermore, since the color-saturation conversion
(reduction) process causes an increase in minRGB and a

reduction in maxRGB, Formulae (129) and (130) hold as
follows:

minRGB<minRGBs (129)

maxRGBs<maxRGB. (130)
[0291] BasedonFormulae (129)and (130), Formulae (131)
and (132) hold as follows:

Min=jMins (131)

kMaxs=kMax. (132)

[0292] The values of jMins and kMaxs are unknown.
Therefore, based on Formulae (128), (131), and (132), the
third color-saturation conversion rate calculation section 53
calculates, according to Formula (13) derived from Formula
(127), an o candidate value for every j and k that satisfies
Formula (133) (S61):

Min=j=<k=kMax, (133)

[0293] However, the third color-saturation conversion rate
calculation section 53 excludes an o candidate value that
deviates from a range of 0=at-1 (S62). Among the o candi-
date values thus calculated, an o candidate value that satisfies
Formula (5) becomes a desired value of o.. However, since
there occurs an error due to piecewise linear approximate,
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such an CL candidate value that the a calculation judgment
value of Formula (14) derived from Formula (5) is minimized
is set as a desired value of a (863 to S65).

[0294] The following shows an example of calculation a
backlight value according to Embodiment 4. For convenience
of explanation, the following shows an example where an
image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255, y=2,
Ndg=16, and B1 Ratio=0.5.

[0295] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0296] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information (j, x[j], y[jl, aljl, b[j]) is
calculated according to Formulae (9) to (12) to take on values
shown below in Table 1.

TABLE 1

i x[i] y[i] af]] b{i]

0 0 0 0.0625 0

1 00625 0.003906 0.1875 -0.00781
2 0.125 0.015625 0.3125 -0.02344
3 0.1875 0.035156 0.4375 -0.04688
4 025 0.0625 0.5625 -0.07813
5 03125 0.097636 0.6875 -0.11719
6 0375 0.140625 0.8125 -0.16406
7 04375 0.191406 0.9375 -0.21875
8 03 0.25 1.0625 -0.28125
9 05625 0316406 1.1875 -0.35156
10 0.625 0.390625 1.3125 -0.42969
11 0.6875 0.472656 1.4375 -0.51563
12 075 03625 1.5625 -0.60938
13 0.8125 0.660156 1.6875 -0.71094
14 0875 0.765625 1.8125 -0.82031
15 09375 0.878906 1.9375 -0.9375
16 1 1 — —

[0297] The calculation of a backlight upper limit and the

calculation of the maximum and minimum values of a
gamma-corrected RGB signal are performed in the same
manner as in the example explained in Embodiment 1. That s,
the backlight upper limit MAXw is set as MAXw=127.5, and
the maximum and minimum values maxRGBg and min-
RGBg of the gamma-corrected RGB signal are set as
maxRGBg=255 and minRGBg=16, respectively.

[0298] Sincethetarget pixel satisfies Formula (4), the target
pixel is subjected to color-saturation conversion. At this time,
a color-saturation conversion rate ¢. is calculated in the fol-
lowing manner. First, the lTuminance Y[1] corresponding to
the input pixel values is calculated to take on the same value
of 207 as in Embodiment 1.

[0299] Further, minRGB/MAX=63/2505=0.2470558. At
this time, it is found from Table 1 that jMin=3. Further,
maxRGB/MAX=255/255=1. At this time, it is found from
Table 1 that kMax=15.

[0300] Thus, since jMin=3 and kMax=15, the present
example of calculation repeats Steps S61 to S65 of the flow
chart of FIG. 16 from j=3 to j=15 and from k=j to k=15 for
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each value of j. The repetition of the steps yields such varia-
tions in value of j, k, at, judge, a, and judgeMin as shown
below in Table 2.

TABLE 2
j k at judge a judgeMin
3 3 1.517867 — — —
3 4 1.217708 — — —
3 5 0.97583 107.7788 0.97583 107.7788
3 6 0.781939 72.20267 0.781939 72.20267
3 7 0.628038 39.65104 0.628038 39.65104
3 8 0.507813 12.16406 0.507813 12.16406
3 9 0.416211 10.27383 0.416211 10.27383
3 10 0.349144 27.57701 0.416211 10.27383
3 11 0.303267 39.71165 0.416211 10.27383
3 12 0.275815 47.12364 0.416211 10.27383
3 13 0.264486 50.18262 0.416211 10.27383
3 14 0.267344 49.41094 0.416211 10.27383
3 15 0.282752 45.2506 0.416211 10.27383
4 4 1.180556 45.2506 0.416211 10.27383
4 5 0.978824 108.2998 0.416211 10.27383
4 6 0.813867 78.33281 0.416211 10.27383
4 7 0.680432 51.03906 0.416211 10.27383
4 8 0.574219 27.70313 0.416211 10.27383
4 9 0.491678 8.29178 0491678 8.29178
4 10 0.42985 6.754883 0.42985 6.754883
4 11 0.38625 18.00375 0.42985 6.754883
4 12 0.358774 25.09255 0.42985 6.754883
4 13 0.345631 28.48351 0.42985 6.754883
4 14 0.345285 28.57282 0.42985 6.754883
4 15 0.356412 25.70205 0.42985 6.754883
5 5 0.965909 106.0526 0.42985 6.754883
5 6 0.82303 80.09205 0.42985 6.754883
5 7 0.705892 56.38574 0.42985 6.754883
5 8 0.611406 35.95875 0.42985 6.754883
5 9 0.536959 19.15926 0.42985 6.754883
5 10 0.480324 5.56684 0.480324 5.56684
5 11 0.439593 4.24135 0.439593 4.24135
5 12 0.41312 11.07139 0.439593 4.24135
5 13 0.399479 14.59063 0.439593 4.24135
5 14 0.397429 15.11946 0.439593 4.24135
5 15 0.405884 12.93823 0.439593 4.24135
6 6 0.817308 78.99339 0.439593 4.24135
6 7 0.713397 57.96181 0.439593 4.24135
6 8 0.628767 39.81278 0.439593 4.24135
6 9 0.561422 24.86234 0.439593 4.24135
6 10 0.509635 12.60156 0.439593 4.24135
6 11 0.4719 3.545111 0.4719 3.545111
6 12 0.446899 2.455078 0.446899 2.455078
6 13 0.433475 5.819602 0.446899 2.455078
6 14 0.430607 6.559743 0.446899 2.455078
6 15 0.437388 4.810045 0.446899 2.455078
7 7 0.708338 56.80844 0.446899 2.455078
7 g 0.632056 40.5431 0.446899 2.455078
7 9 0.570923 26.97144 0.446899 2.455078
7 10 0.523556 15.94247 0.446899 2.455078
7 11 0.488741 7.586857 0.446899 2.455078
7 12 0.465402 1.985491 0.465402 1.985491
7 13 0.452582 1.091146 0.452582 1.091146
7 14 0.44943 1.847762 0.452582 1.091146
7 15 0.455181 0.467516 0.455181 0.467516
g g 0.625 38.97656 0.455181 0.467516
g 9 0.569308 26.61295 0.455181 0.467516
g 10 0.525933 16.51302 0.455181 0.467516
g 11 0.493877 8.819468 0.455181 0.467516
g 12 0.472245 3.627878 0.455181 0.467516
g 13 0.460236 0.745793 0.455181 0.467516
g 14 0.457129 0 0.455181 0
g 15 0.462271 1.234184 0.457129 0
9 9 0.559211 243713 0.457129 0
9 10 0.519431 14.95252 0.457129 0
9 11 0.489941 7.876 0.457129 0
9 12 0.469989 3.086319 0.457129 0
9 13 0.458891 0.422991 0457129 0
9 14 0.456032 0.263263 0457129 0
9 15 0.460849 0.892756 0457129 0
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TABLE 2-continued

j k at judge a judgeMin
16 10 0505952 11.71763 0.457129 0
16 11 0478834 5.209121 0.457129 0
10 12 0.460494 0.807528 0.457129 0
16 13 0450347 1.627604 0.457129 0
16 14 044786 2.224524 0.457129 0
16 15 0452543 1.100565 0.457129 0
11 11 0461957 1.168628 0.457129 0
11 12 0445146 2.875831 0.457129 0
11 13 0435954 5.180176 0.457129 0
11 14 0433913 5766792 0.457129 0
11 15 0438594 4.499063 0.457129 0
12 12 0425 8.00625 0.457129 0
12 13 0416743 10.13649 0.457129 0
12 14 0415189 10.53741 0.457129 0
12 15 0419959 9.306899 0.457129 0
13 13 0393519 16.12847 0.457129 0
13 14 0392472 16.39858 0.457129 0
13 15 0397391 15.12933 0.457129 0
14 14 0366379 23.13039 0.457129 0
14 15 0371491 21.81157 0.457129 0
15 15 034274 29.22883 0.457129 0
[0301] In Table 2, the final value of a is calculated as:
0=0.457129.
[0302] Once the color-saturation conversion rate ¢ is thus

calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0303] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[l]= axR[1]+ (1 -a)x Y[1]
=0.457129% 159 + (1 - 0.457129) x 207
=185

Gs[1] = ax GI1] + (1 —a) x ¥[1]
=0457129% 255+ (1 - 0.457129) % 207
=229

Bs[1]1= axBll] + (1 - &) x Y[1]
=0.457129% 63 + (1 — 0.457129) x 207
= 141.

[0304] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[l] = (Rs[1]/MAX )y x MAX
= (185/255)* x 253
=134

Gsg[1] = (Gs[1]/MAX)y x MAX
=(229/255)% %255
=206

Bsg[l] = (Bs[1]/ MAX)y xMAX
= (141/255)* % 255
=178.
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[0305] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[1] = minmaxRGBsg /2, minRGBsg)

=min(206/2, 78)

=78.

[0306] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[11=Rsg[1]1-Wisg[1]=134-78=56
Gisg[1]=Gsg/[1]-Wisg[1]=206-78=128

Bisg[1]=Bsg[1]-Wisg[1]=78-78=0

[0307] Finally, the backlight value is calculated according
to Formula (59) as follows:

Whbsg = max(Risg[1], Gtsg[1], Bisg[1], Wisg[1])

= max(56, 128, 0, 56)

=128.

[0308] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

Embodiment 5

[0309] Embodiment 5 is a first example of means for
approximately calculating a color-saturation conversion rate
a in the second color-saturation conversion rate calculation
section 33 of Embodiment 2, and makes such a change to
Embodiment 4 as to perform a color-saturation conversion on
every pixel within the input image. It should be noted that
processing sections identical to those of Embodiments 2 and
3 are given the same reference numerals as those of Embodi-
ments 2 and 3 and will not be described below in detail.
[0310] FIG. 17 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
device according to Embodiment 5. The color-saturation con-
version section 11 of F1IG. 17 includes a backlight upper-limit
calculation section 21, a fourth color-saturation conversion
rate calculation section 63, agamma-curve normalization and
piecewise-linear approximation section 61, a color-saturation
conversion rate limiter process section 34, and a saturation-
converted RGB signal calculation section 25. It should be
noted, in the present embodiment, that since the color-satu-
ration conversion rate a may exceed 1, the color-saturation
conversion rate limiter process section 34 is mounted.
[0311] The fourth color-saturation conversion rate calcula-
tion section 63 calculates a color-saturation conversion rate o.
on the basis of an input RGB signal, a backlight upper limit,
and normalized-gamma-curve polygonal-line information
inputted from the gamma-curve normalization and piece-
wise-linear approximation section 61, and then outputs the
color-saturation conversion rate ¢. The gamma-curve nor-
malization and piecewise-linear approximation section 61
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calculates normalized-gamma-curve polvgonal-line infor-
mation as explained in Embodiment 4.

[0312] FIG. 18 is a flow chart that explains the operation of
the fourth color-saturation conversion rate calculation section
63.

[0313] According to the flow chart, Steps S71 to S73, S64,
and S65 are repeated from j=0 to j=Ndg-1, and further
repeated from k=j to k Ndg-1.

[0314] Embodiment 4 repeats j from jMin to kMax, and
further repeats k from j to kMax. Meanwhile, Embodiment 5
calculates o in such a direction as to cause an increase in color
saturation; therefore, Formulae (131) and (132) donot always
hold. That is, Embodiment 5 repeats a different range from
Embodiment 4 because the ranges of j and k are defined by
Formula (134), which is derived exclusively from Formula
(128):

0=/=k=Ndg-1. (134)

[0315] First, in Step S71, the fourth color-saturation con-
version rate calculation section 63 calculates an ¢ candidate
value (at) according to Formula (13). However, when the
denominator of Formula (13) is 0, the target pixel has a color
saturation of 0. Therefore, at may take on any value. In
Embodiment 5, when the denominator of Formula (13) is 0,
at is set, for example, as at=1.

[0316] Next, the fourth color-saturation conversion rate
calculation section 63 calculates the maximum and minimum
values (maxRGBst, minRGBst) of the input RGB signal after
color-saturation conversion according to Formulae (17) and
(18) (S72):

maxRGBst=max(arxmaxRGB+(1-anx Y[i],0) an

minRGBst=min(orxmaxRGB+(1-at)x Y [i] MAX). (18)

Depending on the value of at, the maximum value after the
color-saturation conversion may exceeds the upper limit
MAX of the signal, or the minimum value after the color-
saturation conversion may fall short of the lower limit 0 of the
signal. Therefore, Formulae (17) and (18) are subjected to a
limiter process.

[0317] Next, the fourth color-saturation conversion rate
calculation section 63 calculates an « calculation judgment
value (judge) according to Formula (19) (S73):

judge = | fg(maxRGBst, y) — fg(minRGBst, y) - MAXw]. (19)

[0318] Next, the fourth color-saturation conversion rate
calculation section 63 judges whether or not to update .
However, in cases where the fourth color-saturation conver-
sion rate calculation section 63 judges for the first time
whether or not to update a or in cases where judge<judgeMin,
the fourth color-saturation conversion rate calculation section
63 proceeds to Step S65 (S64). Next, the fourth color-satura-
tion conversion rate calculation section 63 updates ¢ and the
minimum a caleulation judgment value (judgeMin) accord-
ing to Formulae (15) and (16) (865). Steps S64 and S65 are
identical to Steps S64 and S65 of FIG. 16 explained in
Embodiment 4.

[0319] The following shows a first example of calculation
of a backlight value according to Embodiment 5. For conve-
nience of explanation, the following shows an example where
animage constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
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That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. Tt should be noted that the
following explanation assumes that MAX=255, y=2,
Ndg=16, and B1 Ratio=0.5.

[0320] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0321] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information (j, x[j], y[jl, alj], blj]) is
calculated in the same manner as in Embodiment 4 to take on
values shown above in Table 1.

[0322] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0323] Since Embodiment 5 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 5
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 5, the color-saturation conversion rate ¢, is
calculated in the following manner. First, the luminance Y[1]
corresponding to the input pixel values is calculated to take on
the same value of 207 as in Embodiment 1.

[0324] Since Ndg=16, the present example of calculation
repeats Steps S71 to S73, S64, an S65 of the flow chart of FIG.
18 from j=0 to j=15 and from k=j to k=15 for each value of ;.
The repetition of the steps yields such variations in value of],
k, at, judge, o, and judgeMin as shown below in Tables 3(a)
and 3(b).

TABLE 3(a)

J k ar Judge a JudgeMin
0 0 10.625 127.5 10.625 1275

0 1 5.75651 127.5 10.625 1275

0 2 3405273 127.5 10.625 127.5

0 3 2.060938 127.5 10.625 1275

0 4 1.220052 123.6211 1.220052 123.6211
0 5 0.666853 48.1942 0.666853 48.1942
0 6 0.293457 42.36035 0.293457 42.36035
0 7 0.039931 115.3047 0.293457 42.36035
0 8 -0.12969 169.0359 0.293457 42.36035
0 9 -0.23828 205.8047 0.293457 42.36035
0 10 -0.30111 228.0449 0.293457 42.36035
0 11 -0.32873 237.8185 0.293457 42.36035
0 12 -0.32868 237.8036 0.293457 42.36035
0 13 -0.30651 229.9578 0.293457 42.36035
0 14 -0.26636 215.7437 0.293457 42.36035
0 15 -0.2114 196.4903 0.293457 42.36035
1 1 3.541667 127.5 0.293457 42.36035
1 2514509 127.5 0.293457 42.36035
1 3 1.785645 127.5 0.293457 42.36035
1 4 1.255642 124.582 0.293457 42.36035
1 5 0.864844 88.12031 0.293457 42.36035
1 6 0575284 27.93963 0.575284 27.93963
1 7 0361654 24.34961 0.361654 24.34961
1 8 0.20643 66.10276 0.361654 24.34961
1 9 0.097098 97.81138 0.361654 24.34961
1 10 0.024479 120.0328 0.361654 24.34961
1 11 -0.01831 133.2993 0.361654 24.34961
1 12 -0.03654 139.0947 0.361654 24.34961
1 13 -0.03429 138.3802 0.361654 24.34961
1 14 -0.0148 132.1838 0.361654 24.34961
1 15 0.019336 121.6066 0.361654 24.34961
2 2 2125 127.5 0.361654 24.34961
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TABLE 3(a)-continued
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TABLE 3(b)-continued

j k at judge a judgeMin j k at judge a judgeMin
2 3 1630327 1275 0.361654 2434961 714 044943 1.847762 0452582 1.091146
2 4 1245768 1243154 0.361654 2434961 715 0455181 0.467516 0455181 0467516
2 5 0045913 102.5733 0361654 2434961 8 8 0625 38.97656 0455181 0467516
2 6 0712612 57.79688 0.361654 2434961 8 9 0569308 2661295 0455181 0467516
2 7 0532552 18.10156 0.532552  18.10156 8 10 0525933 16.51302 0455181 0467516
2 8 0395752 15.55225 0395752 1555225 8 11 0493877 8.819468 0455181 0467516
2 9 0.294577 42.0579 0395752 1555225 8 12 0472245 3.627878 0455181 0467516
210 0.22309 61.35038 0395752 1555225 8 13 0460236 (.745793 0455181 0467516
2 11 0.176604 74.69285 0395752 1555225 8 14 0457129 0 0457120 0
2 12 0151367 81.96004 0395752 1555225 8 15 0462271 1234184 0457129 0
213 0144345 83.98326 0395752 1555225 9 9 0559211 243713 0457120 0
2 14 0.153054 81.47514 0395752 1555225 9 10 0519431 14.95252 0457120 0
215 0175442 75.02751 0395752 1555225 9 11 0489941 7.875 0457120 0
3 3 1517857 1275 0395752 1555225 9 12 0469989 3.086319 0457120 0
3 4 1217708 1235678 0395752 1555225 9 13 0458891 (422991 0457120 0
3 5097583 107.7788 0395752 1555225 9 14 0456032 0.263263 0457120 0
3 6 0.781939 7220267 0395752 1555225 9 15 0460849 0.892756 0457120 0
3 7 0.628038 39.65104 0395752 1555225 10 10 0505952 11.71763 0457120 0
3 8 0507813 12.16406 0507813 12.16406 10 11 0478834 5.209121 0457120 0
3 9 0416211 10.27383 0416211 1027383 10 12 0.460494 0.807528 0457120 0
310 0349144 27.57701 0416211 1027383 10 13 0450347 1627604 0457129 0
311 0303267 39.71165 0416211 1027383 10 14 044786 2204524 0457120 0
312 0275815 47.12364 0416211 1027383 10 15 0452543 1.100565 0457120 0
313 0.264486 50.18262 0416211 1027383 11 11 0461957 1.158628 0457120 0
3014 0267344 4941094 0416211 1027383 11 12 0445146 2.875831 0457120 0
3015 0282752 452506 0416211 1027383 11 13 0435954 5.180176 0457120 0
4 4 1180556 1219141 0416211 10.27383 11 14 0433913 5.706792 0457120 0
4 50978824 108.299% 0416211 10.27383 115 0438504 4.499063 0457120 0
4 6 0813867 78.33281 0416211 10.27383 2 120438 8.00625 04571290
4 7 0680432 5103906 0416211  10.27383 20130 0416743 10.13649 0457129 0
4 8 0574219 2770313 0416211 10.27383 2014 0413189 1053741 0457129 0
4 9 0491678 29178 0491678 829178 2013 0419959 9.306899 0457129 0
_ 13 13 0393519 16.12847 0457120 0
4 10 042985 6754883  0.42985 6.754883
4 11 038625 18.00375 0.42985 6.754883 13 140392472 16.39858 0457129 0
: > : : 1315 0397391 15.12933 0457120 0
4 12 0358774 25.09255 0.42985 6.754883 4 14 0366379 2313039 0457129 0
4 13 0345631 28.48351 0.42985 6.754883 14 15 0371401 3181157 0457120 0
15 15 0342742 29.22883 0457120 0
TABLE 3(b) [0325] In Tables 3(a) and 3(b), the final value of o is cal-
culated as:
J k at Judge a JudgeMin
a=0457129.
4 14 0345285 2857282 0.42985 6.754883
4 15 0356412 25.70205 0.42985 6.754883 [0326] Since the color-saturation conversion rate a thus
5 5 0.965909 106.0526 0.42985 6.754883 calculated falls within a range of 0=a.=1, « is set as a=0.
5 6 0.82303 80.00205 0.42985 6.754883 457129 even after the limiter process.
5 7 0.705892 5638574 0.42985 6.754883 . . .
5 8 0.611406 35.95875 0.42985 6.754883 [0327] Once the color-saturation conversion rate . is thus
5 9 0.536959 19.15926 0.42985 6.754883 calculated, the RGBW transmission amounts and the back-
5 10 0.4%0324 5.56684 0480324 5.56684 light value are calculated according to the same procedure as
511 0439593 424135 0439593 424135 ‘0 Embodiment 1
512 041312 11.07139 0439593 424135 :
5 13 0.399479 14.59063 0439393 4.24135 [0328] That is, the saturation-converted input RGB signal
5 14 0397429 15.11946 0.439593 424135 is calculated according to Formulae (6) to (8) as follows:
515 0405884 12.93823 0439593 424135
6 6 0817308 78.99339 0439593 424135
6 7 0.713397 57.96181 0439593 424135
6 8 0.628767 39.81278 0439593 424135 Rs[1] = ax R[1] + (1 @) x ¥[1]
6 9 0561422 24.86234 0439593 424135 = 0457125% 159+ (1 - 0.459129) X 207
6 10 0509635 12.60156 0439593 424135
6 11 04719 3.545111  0.4719 3.545111 =185
6 12 0446899 2455078 0446899  2.455078
6 13 0433475 5819602 0446809  2.455078 Gs[1]=axG[1]+ (1 —a)x Y[1]
6 14 0430607 6559743 0446899 2455078 = 0457129% 255 4+ (1 — 0.459129) 207
6 15 0437388 4810045 0446899 2455078
7 7 0.708333 56.80844 0446899 2455078 =229
7 8 0.632056 405431 0446899 2455078
7 9 0570923 2697144 0446899 2455078 Bs[1]= axB[1]+ (1 -a)x Y[1]
710 0523556 15.94247 0446899 2455078 = D45T129% 63+ (1 - 0.457129)x 207
711 0488741 7586857 0446809  2.455078
712 0465402 1985491 0465402  1.985491 =141
713 0452582 1091146 0452582 1091146
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[0329] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[1] = (Rs[1] /MAX )y x MAX
= (185/255)* x255 = 134

Gsg[l] = (Gs[1]/MAX)y x MAX
= (229/255)t %255
=206

Bsg[1] = (Bs[1]/MAX)y xMAX
= (1412552 %255
=78

[0330] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[l] = minimaxRGBsg [ 2, minRGBsg)
=min(206/2, 78)

=78.

[0331] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[11=Rsg[1]-Wisg/1]=134-78=56
Gtsg[1]=Gsg[1]-Wtsg[1]=206-78=128

Bisg[11=Bsg[1]-Wisg{1]1=78-78=0.

[0332] Finally, the backlight value is calculated according
to Formula (59) as follows:

Wbsg = max(Risg[1], Gtsg[1], Bisg[1], Wisg[1])

= max(56, 128, 0, 56) = 128.

[0333] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

[0334] Thefirst example of calculation thus explained is an
example where the fourth color-saturation conversion rate
calculation section 63 calculates a color-saturation convet-
sion rate a as 0=a=1. The following shows an example
(second example of calculation) where the fourth color-satu-
ration conversion rate calculation section 63 does not calcu-
late a color-saturation conversion rate o as 0=a.=1. For
convenience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
187, 85). That is, the following shows an example where the
same pixel values are used as in the second example of cal-
culation of a backlight value according to Embodiment 2. It
should be noted that the following explanation assumes that
MAX=255, y=2, Ndg=16, and B1 Ratio=0.5.

[0335] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
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same manner as in the second example of calculation
explained in Embodiment 2. That is, the backlight value
obtained in cases where no color-saturation conversion pro-
cess is performed is 109.

[0336] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information j, x[j], yljl, aljl, b[j]) is
calculated in the same manner as in Embodiment 4 to take on
values shown above in Table 1.

[0337] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0338] Since Embodiment 5 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 5
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 5, the color-saturation conversion rate ¢. is
calculated in the following manner. First, the luminance Y[1]
corresponding to the input pixel values is calculated to take on
the same value of 167.25 as in the second example of calcu-
lation of Embodiment 2.

[0339] Since Ndg=16, the present example of calculation
repeats Steps S71 to S73, S64, and S65 of the flow chart of
FIG. 18 from j=0 to j=15 and from k=j to k=15 for each value
of j. The repetition of the steps yields such variations in value
of j, k, at, judge, ., and judgeMin as shown below in Tables
4(a) and 4(b).

TABLE 4(a)
J k ar Judge a JudgeMin
0 0 20 127.5 20 127.5
0 1 12.27827 127.5 20 127.5
0 2 8.102901 127.5 20 127.5
0 3 5.568027 127.5 20 127.5
0 4 3.925962 107.7137 3.925962  107.7137
0 5 2.823456 67.5458 2.823456 67.5458
0 6 2.071903 42.49794 2.071903 42.49794
0 7 1561427 20.46663 1.561427 20.46663
0 8 1.223684 1.342105 1.223684 1.342105
0 9 1.013934 17.54301 1.223684 1.342105
0 10 0.90166 27.07932 1.223684 1.342105
0 11 0.865331 30.22147 1.223684 1.342105
0 12 0.889323 28.1272 1.223684 1.342105
0 13 0.962023 21.95226 1.223684 1.342105
0 14 1.074618 12.49178 1.223684 1.342105
0 15 1.220302 1.602929 1.223684 1.342105
1 1 6.666667 127.5 1.223684 1.342105
1 2 5.120639 127.5 1.223684 1.342105
1 3 3975 109.5902 1.223684 1.342105
1 4 3.117491 78.05738 1.223684 1.342105
1 5 2474677 55.92165 1.223684 1.342105
1 6 1.996028 39.84138 1.223684 1.342105
1 7 1.645718 25.23438 1.223684 1.342105
1 8 1397639 10.64221 1.223684 1.342105
1 9 1.232315 0.676447 1.232315 0.676447
1 10 1.134921 7.989831 1.232315 0.676447
1 11 1.093973 11.04684 1.232315 0.676447
1 12 1.100439 10.56411 1.232315 0.676447
1 13 1.147115 7.079417 1.232315 0.676447
1 14 1.228188 0.994757 1.232315 0.676447
1 15 1338912 6.716617 1.232315 0.676447
2 2 4 110.5469 1.232315 0.676447
2 3 3277753 83.79423 1.232315 0.676447
2 4 2.706494 63.64769 1.232315 0.676447
2 5 2257757 48.69211 1.232315 0.676447
2 6 1.909805 36.73737 1.232315 0.676447
2 7 1.64576 25.23672 1.232315 0.676447
2 8 1452309 14.29468 1.232315 0.676447
2 9 1318818 5.37346 1.232315 0.676447
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TABLE 4(a)-continued
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TABLE 4(b)-continued

j k at judge a judgeMin j k at judge a judgeMin
210 1.236683 0.339588 1236683 0.339588 8 13 1097916  10.75245 1.241086 0
211 1198873 3.215351 1236683 0.339588 8 14 1.13261 8162309  1.241086 0
212 1.199586 3.162185 1236683 0.339588 8 15 1181796 4490324  1.241086 0
213 1.233986 0.547562 1236683 0.339588 9 9 1052632 14.25617 1.241086 0
2 14 1.298018 3.98316 1236683 0.339588 9 10 1023641 16.71856 1.241086 0
215 1388251 10.01466 1236683 0.339588 9 11 1011589 17.74222 1.241086 0
3 3 2857143 68.73772 1236683 0.339588 9 12 1.0155 17.41006 1.241086 0
3 4 2432648 545209 1236683 0.339588 9 13 1.03447 15.79873 1.241086 0
3 5 2090637  43.12232 1236683 0.339588 9 14 1067666  13.01084 1241086 0
3 6 1819369  33.273 1236683 0.339588 9 15 1.11431 9.528518  1.241086 0
3 7 1.609232  23.1706 1236683 0.339588 10 10 0952381 2277121 1.241086 0
3 8 1452276 14.29283 1236683 0.339588 10 11 0.942526  23.60808 1.241086 0
3 9 1341877 6.914839 1236683 0.339588 10 12 0.947377  23.1962 1.241086 0
310 1.272463 2274976 1236683 0.339588 10 13 0.966158  21.60102 1.241086 0
3011 1.23932 0.136165 1.23932 0.136165 10 14 0.998152  18.88351 1.241086 0
3012 1.238429 0.2049 1.23932 0.136165 10 15 1.042691  15.10052 1.241086 0
3013 1.266344 1.865902 1.23932 0.136165 11 11 0.869565  29.81827 1.241086 0
3 14 1320091 5.458611 1.23932 0.136165 11 12 0.875288 2931927 1.241086 0
315 1.397096 10.60538 1.23932 0.136165 11 13 0.893969 2773256 1.241086 0
4 4 2200022 47.60781 1.23932 0.136165 11 14 0.924965  25.09817 1.241086 0
4 5 1.94765 38.09978 1.23932 0.136165 1 15 0967752 21.46566 1.241086 0
4 6 1726805  28.98903 1.23932 0.136165 1212 0.8 36.44219 1241086 0
4 7 1553346 20.02086 123932 0.136165 1213 0818643 3466706 1.241086 0
48 142263 1231268 123032 0136165 3 }‘5‘ 8233%3 353282 Bﬁggg 8
4 9 1329561 6.091575 1.23932 0.136165 ‘ : :
3 13 13 0740741 42.08478 1.241086 0
4 10 1270455 2.140696 1.23932 0.136165 5 ” 0707 3927300 241086 0
4 1 1.341942 0.066045 1241942 0.066045 3 15 ORI0D8 3546832 341086 0
412 1241086 o 1241086 0 14 14 0.689655 4694908 1241086 0
4 13 126512 L796958 1241086 0 14 15 0728482 4325204 1.241086 0
15 15 0.645161  51.61361 1.241086 0
TABLE 4(b) [0340] In Tables 4(a) and 4(b), the final value of o is cal-
culated as:
J k at Judge a JudgeMin
a=1.241086.
4 14 1312357 4941626  1.241086 0 ) o )
4 15 1.380222 0.477952  1.241086 0 In this example, a exceeds 1. Therefore, a limiter process is
3 3 1.818182 33.21804 1.241086 0 perfonned so that o=1.
2 g }'gég;i %2;27 . };ﬁggg 8 [0341] Thus, in cases where a=1, there are no differences in
5 3 1375151 913901 1241086 0 RGB values between before and after color-saturation con-
5 9 1.295508 3.81535 1.241086 0 version according to Formulae (6) to (8), with the same result
5 10 1.24479 0.285655  1.241086 0 as in the case where no color-saturation conversion (color-
2 g 358‘;2 }'ééifg };ﬁggg 8 saturation reduction) is performed.
5 13 124235 0007531 1241086 0 [0342] That is, in cases where a backlight value obtained in
5 14 1.284772 3.0977 1241086 0 cases where 1o color-saturation conversion is performed falls
2 12 }-g;‘éii; 1;-}??59 };ﬁggg 8 short of a backlight upper limit, no color-saturation conver-
6 7 1212395 1162851 1341086 0 sion is needed. Also in the present example of calculation, no
6 8 1316103 5192023 1.241086 0 color-saturation conversion is performed. Accordingly, the
6 9 1247144 0467257  1.241086 0 backlight value is 109 as in the case where no color-saturation
6 10 1203336 2.882228  1.241086 0 conversion is performed.
6 11 1182721 4421257  1.241086 0
6 12 1183541 4359997  1.241086 0
6 13 1.204212 2816785 1.241086 0 Embodiment 6
6 14 1.243301 0.170828  1.241086 0
6 15 1.299509 4.082829  1.241086 0 [0343] Embodiment 6 is a second example of means for
; ; }gigizi 8'2‘1‘3;;3 };ﬁggg 8 approximately calculating a color-saturation conversion rate
- 9 118886 3060055 1241086 0 o in the first color-saturation conversion rate calculation sec-
7 10 1.150819 6.802025  1.241086 0 tion 23 of Embodiment 1, and makes such a change to
7 11 1.133442 8100225 1.241086 0 Embodiment 4 as to speed up the color-saturation converting
; g Hggi ;é é'igggﬂ };ﬁggg 8 means. It should be noted that processing sections identical to
- 1 1191738 3748047 1241086 0 those of Embodiments 1 to 3. are given the same .reference
7 15 1244041 0.227925  1.241086 0 numerals as those of Embodiments 1 to 3 and will not be
8 8 1176471 4.887868  1.241086 0 described below in detail.
g 13 }.(1);3421;1 1?24212362 };ﬁggg 8 [0344] In Embodiment 4, all the o candidate values are
8 11 1075709 12.41039 1.241086 0 calculated, and an o. candidate value from which the smallest
8 12 1.078621  12.19299 1241086 0 o calculation judgment value is calculated is selected as o

from among the o candidate values. Meanwhile, Embodi-
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ment 6 performs a loop process, finishes the loop process at a
point of time where the a calculation judgment value is not
more than a threshold, and outputs a obtained at the point of
time, thereby achieving speeding up.

[0345] FIG. 19 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
device according to Embodiment 6. The color-saturation con-
version section 11 of FIG. 19 is obtained by replacing the
third color-saturation conversion rate calculation section 53
of the color-saturation conversion section 11 (see FIG. 14) of
Embodiment 4 with a fifth color-saturation conversion rate
calculation section 73.

[0346] The fifth color-saturation conversion rate calcula-
tion section 73 calculates a color-saturation conversion rate o
from an input RGB signal, a backlight upper limit, the maxi-
mum and minimum values of a gamma-corrected KGB sig-
nal, and normalized-gamma-curve polygonal-line informa-
tion according to a different method from the third color-
saturation conversion rate calculation section 53, and then
outputs the color-saturation conversion rate .

[0347] FIG. 20 is a flow chart that explains the operation of
the fifth color-saturation conversion rate calculation section
73.

[0348] According to the flow chart, Steps S81 to S84 are
repeated from j=jMin to j=kMax, and further repeated from
k=kMax to k=j or repeated from k=j to k=kMax.

[0349] First, in Step S81, the fifth color-saturation conver-
sion rate calculation section 73 calculates the current value of
o according to Formula (20):

{ MAXw — (alk] - a[ j]) x } (20)
Y[i] - (blk] = b[j1) x MAX
" (alk] x (maxRGB - Y[iD-) °

{ alj]X (minRGB - Y[i]) }

[0350] Next, the fifth color-saturation conversion rate cal-
culation section 73 judges whether or not a falls within a
range of 0=o0<1 (S82). If a falls within the range, the fifth
color-saturation conversion rate calculation section 73 pro-
ceeds to Step S83. If a is out of the range, the fifth color-
saturation conversion rate calculation section 73 skips Steps
S83 and S84.

[0351] Incases where the color-saturation conversion rate a
falls within a range of 0=0.<1, the fifth color-saturation con-
version rate calculation section 73 calculates an o calculation
Judgment value (judge) according to Formula (21) (S83):

aXmaxRGB + 2
g( (- )% Y1i) y] )
judge = . .
aXminRGB +
g( . ] - MAXw
(I-w)xY[il.y
[0352] Next, if the a calculation judgment value judge is

not more than a predetermined threshold (judgeTol) for use in
calculation judgment of ¢, the fifth color-saturation conver-
sion rate calculation section 73 goes out of the loop to finish
the process. If not, the fifth color-saturation conversion rate
calculation section 73 proceeds with the loop process (S84).
In cases where the fifth color-saturation conversion rate cal-
culation section 73 finishes the loop process without satisfy-
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ing the judgment condition of S84, the fifth color-saturation
conversion rate calculation section 73 cannot calculate the
desired value of a.. Therefore, the fifth color-saturation con-
version rate calculation section 73 performs some sort of error
handling (585).

[0353] The following shows an example of calculation of a
backlight value according to Embodiment 6. For convenience
of explanation, the following shows an example where an
image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255, y=2,
Ndg=16, B1 Ratio=0.5, and judgeTol=1.

[0354] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0355] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information (j, x[j], y[jl, aljl, b[j]) is
calculated according to Formulae (9) to (12) in the same
manner as in Embodiment 4 to take on values shown above in
Table 1.

[0356] The calculation of a backlight upper limit and the
calculation of the maximum and minimum values of a
gamma-corrected RGB signal are performed in the same
manner as in the example explained in Embodiment 1. That s,
the backlight upper limit MAXw is set as MAXw=127.5, and
the maximum and minimum values maxRGBg and min-
RGBg of the gamma-corrected RGB signal are set as
maxRGBg=255 and minRGBg=16, respectively.

[0357] Since thetarget pixel satisfies Formula (4), the target
pixel is subjected to color-saturation conversion. At this time,
a color-saturation conversion rate ¢ is calculated in the fol-
lowing manner. First, the luminance Y[1], jMin, and kMax
each corresponding to the input pixel values are calculated to
take on the same values of 207, 3, and 15 as in Embodiment
4, respectively.

[0358] Thus, since jMin=3 and kMax=15, the present
example of calculation repeats Steps S81 to S84 of the flow
chart of FIG. 20 from j=3 to j=15 and from k=15 to k=j for
each value of j. The repetition of the steps yields such varia-
tions in value of j, k, at, judge, a, and judgeMin as shown
below in Table 5.

TABLE 5
j k a Jjudge
3 15 0.282752 45.2506
3 14 0.267344 49.41094
3 13 0.264486 50.18262
3 12 0.275815 47.12364
3 11 0.303267 39.71165
3 10 0.349144 27.57701
3 9 0416211 10.27383
3 0.507813 12.16406
3 7 0.628038 39.65104
3 6 0.781939 72.20267
3 5 0.97583 107.7788
3 4 1.217708 —
3 3 1.517867 —
4 15 0356412 25.70205
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TABLE 5-continued

j k a judge

4 14 0.345285 28.67282
4 13 0.345631 28.48351
4 12 0.358774 25.09255
4 11 0.38625 18.00375
4 10 0.42985 6.754883
4 9 0.491678 829178
4 8 0.574219 2770313
4 7 0.680482 51.03906
4 6 0.813867 7833281
4 5 0.978824 108.2998
4 4 1.180556 —

5 15 0.405884 12.93823
5 14 0.397429 15.11946
5 13 0.399479 14.59063
5 12 0.41312 11.07139
5 11 0.439593 4.24135
5 10 0.480324 5.56684
5 9 0.436959 19.15926
5 8 0.611406 35.95675
5 7 0.705892 56.38574
5 6 0.82303 80.09205
5 5 0.965909 106.0526

6 15 0.437388 4.810045
6 14 0.430607 6.559743
6 13 0.433475 5.819602
6 12 0.446899 2455078
6 11 0.4719 3.545111
6 10 0.509635 12.60156
6 9 0.561422 24.86234
6 8 0.628797 39.81278
6 7 0.713397 57.96181
6 6 0.817308 78.99339
7 15 0.455181 0.467516

[0359] In Table 5, the final value of a is calculated as:
0=0.455181.
[0360] In Embodiment 4, the number of times the loop is

repeated is 91. Meanwhile, in Embodiment 6, the number of
times the loop is repeated is 47, which is only about half as
many as in Embodiment 4.

[0361] Once the color-saturation conversion rate ¢. is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0362] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[1]= ax R[]+ (1 - 2)x ¥[1]
=0.455181x 159+ (1 - 0.455181) x 207
=185

Gs[1] = axG[1] + (1 —a) x Y[1]
=0.455181x255+ (1 - 0.455181) x 207
=229

Bs{1] = axB[1]+ (1 - a)x Y[1]
=0.455181x63 + (1 - 0.455181) x 207

=141

25
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[0363] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[1] = (Rs[1]/MAX)y x MAX

= (185/255)* x 255
=13

Gsg[l] = (Gs[1]/MAX)y xMAX
=(229/255) x 255
=206

Bsg[1] = (Bs[1]/MAX)y x MAX

= (141/255)F x 255
=78.

[0364] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[1] = minimaxRGBsg [ 2, minRGBsg)
=min(206/2, 78)

=78.

[0365] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[1]=Rsg[1]Wisg[1]=134-78=56
Gisg[11=Gsg/1]-Wisg[1]1=206-78=128

Bisg[1]=Bsg[1]-Wisg[1]=78-78=0.

[0366] Finally, the backlight value is calculated according
to Formula (59) as follows:

Whbsg = max(Risg[1], Gtsg[1], Bisg[1], Wisg[1])

= max(56, 128, 0, 56)

=128.

[0367] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

Embodiment 7

[0368] Embodiment 7 is a second example of means for
approximately calculating a color-saturation conversion rate
o in the second color-saturation conversion rate section 33 of
Embodiment 2, makes such a change to Embodiment 5 as to
speed up the color-saturation converting means, and makes
such a change to Embodiment 6 as to perform a color-satu-
ration conversion process on every pixel within the input
image. It should be noted that processing sections identical to
those of Embodiments 2 to 5 are given the same reference
numerals as those of Embodiments 2 to 5 and will not be
described below in detail.

[0369] FIG. 21 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
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device according to Embodiment 7. The color-saturation con-
version section 11 of FIG. 21 is obtained by replacing the
fourth color-saturation conversion rate calculation section 63
of the color-saturation conversion section 11 (see FIG. 17) of
Embodiment 5 with a sixth color-saturation conversion rate
calculation section 83.

[0370] The sixth color-saturation conversion rate calcula-
tion section 83 calculates a color-saturation conversion rate o
from an input RGB signal, a backlight upper limit, and nor-
malized-gamma-curve polygonal-line information according
to a different method from the fourth color-saturation conver-
sion rate calculation section 63, and then outputs the color-
saturation conversion rate o.

[0371] FIG. 22 is a flow chart that explains the operation of
the sixth color-saturation conversion rate calculation section
83.

[0372] According to the flow chart, Steps S91 to S93 and
S84 are repeated from j=0 to j=Ndg-1, and further repeated
from k=Ndg-1 to k=j or repeated from k=j to k=Ndg-1.
[0373] First, the sixth color-saturation conversion rate cal-
culation section 83 calculates the current value of o according
to Formula (20) (891). However, when the denominator of
Formula (20) is 0, the target pixel has a color saturation of 0.
Therefore, a may take on any value. In Embodiment 7, when
the denominator of Formula (20)is 0, . is set, for example, as
al.

[0374] Next, the sixth color-saturation conversion rate cal-
culation section 83 calculates the maximum and minimum
values (maxRGBs, minRGBs) of the input RGB signal after
color-saturation conversion according to Formulae (22) and
(23) (S92):

maxRGBs=max(axmaxRGB+(1-a)xY{i],0) (22)

minRGBs=min(axmaxRGB+(1-a)x Y/i] MAX). (23)

Depending on the value of a, the maximum value after the
color-saturation conversion may exceeds the upper limit
MAX of the signal, or the minimum value after the color-
saturation conversion may fall short of the lower limit 0 of the
signal. Therefore, Formulae (22) and (23) are subjected to a
limiter process.

[0375] Next, the sixth color-saturation conversion rate cal-
culation section 83 calculates an o calculation judgment
value (judge) according to Formula (24) (S93):

Judge=|fg(maxRGBs,y)-fg(minRGBs,y)-MAXwl. (24

[0376] Next, if the a calculation judgment value judge is
not more than a predetermined threshold (judgeTol) foruse in
calculation judgment of @, the sixth color-saturation conver-
sion rate calculation section 83 goes out of the loop to finish
the process. If not, the sixth color-saturation conversion rate
calculation section 83 proceeds with the loop process (S84).
In cases where the sixth color-saturation conversion rate cal-
culation section 83 finishes the loop process without satisfy-
ing the judgment condition of S84, the sixth color-saturation
conversion rate calculation section 83 sets the color-satura-
tion conversion rate cas a=1 (S95).

[0377] The following shows a first example of calculation
of a backlight value according to Embodiment 7. For conve-
nience of explanation, the following shows an example where
an image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
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following explanation assumes that MAX=255, y=2,
Ndg=16, B1 Ratio=0.5, and judgeTol=1.

[0378] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0379] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information (j, x[j], y[jl, aljl, b[j]) is
calculated in the same manner as in Embodiment 5 to take on
values shown above in Table 1.

[0380] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0381] Since Embodiment 7 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 7
calculates a color-saturation conversion rate a for every pixel.
The calculation of a color-saturation conversion rate ¢ in this
example is performed in a way similar to the example
explained in Embodiment 6 (differs only in range of repeti-
tion of j and k).

[0382] That is, since Ndg=16, the present example of cal-
culation repeats Steps S91 to S93 and S84 of the flow chart of
FIG. 22 from j=0 to j=15 and from k=15 to k=j for each value
of j. The repetition of the steps yields such variations in value
ofj, k, ¢, and judge as shown below in Table 6.

TABLE 6
j k a Judge
0 15 -0.2114 196.4903
0 14 -0.26636 215.7437
0 13 -0.30651 229.9678
0 12 -0.32868 237.8036
0 11 -0.32873 237.8185
0 10 -0.30111 228.0449
0 9 -0.23828 205.8047
0 8 -0.12969 169.0359
0 7 0.039931 115.3047
0 6 0.293457 42.36035
0 5 0.666853 48.1942
0 4 1220052 123.6211
0 3 2.060938 127.5
0 2 3405273 127.5
0 1 5.75651 127.5
0 0 10.625 127.5
1 15 0.019336 121.6066
1 14 -0.0148 132.1838
1 13 -0.03429 138.3802
1 12 -0.03654 139.0947
1 11 -0.01831 133.2993
1 10 0.024479 120.0328
1 9 0.097098 97.81133
1 0.20643 66.10276
1 7 0.361654 24.34961
1 6 0575284 27.93963
1 5 0.864844 88.12031
1 4 1255642 124.582
1 3 1785645 127.5
1 2 2.514509 127.5
1 1 3.541667 127.5
2 15 0.175442 75.02751
2 14 0.153054 81.47514
2 13 0.144345 83.96326
2 12 0.151367 81.96094
2 11 0.176604 74.69285
2 10 0.22309 61.35938
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TABLE 6-continued

j k a judge

2 9 0.294577 42.0579

2 8 0.395752 15.55225
2 7 0.532552 18.10156
2 6 0.712612 57.79688
2 5 0.945913 102.5733

2 4 1.245768 124.3154

2 3 1.630327 127.5

2 2 2.125 127.5

3 15 0.282752 45.2506

3 14 0.287344 49.41094
3 13 0.264486 50.18262
3 12 0.275815 47.12364
3 11 0.303267 39.71165
3 10 0.349144 27.57701
3 9 0.416211 10.27383
3 0.507813 12.16406
3 7 0.628038 39.65104
3 6 0.781939 7220267
3 5 0.97583 107.7788

3 4 1.217708 123.5578

3 3 1.517867 127.5

4 15 0.356412 25.70205
4 14 0.345285 2857282
4 13 0.345631 2848351
4 12 0.358774 25.09255
4 11 0.38625 18.00375
4 10 0.42965 6.754883
4 9 0.491678 829178
4 0.574219 2770313
4 7 0.680432 51.03906
4 6 0.813867 7833281
4 5 0.978824 108.2998
4 4 1.180556 121.9141

5 15 0.405884 12.93823
5 14 0.397429 15.11946
5 13 0.399479 14.59063
5 12 0.41312 11.07139
5 11 0.439593 4.24135
5 10 0.480324 5.56684
3 9 0.336959 19.15926
5 8 0.611406 35.96875
5 7 0.705892 5638574
5 6 0.82303 80.09205
5 5 0.965909 106.0526

6 15 0.437388 4.810045
6 14 0.430607 6.559743
6 13 0.433475 5.819602
6 12 0.446699 2455078
6 11 0.4719 3.545111
6 10 0.509635 12.60158
6 9 0.561422 24.86234
6 8 0.628767 39.81278
6 7 0.713397 57.96181
6 6 0.817308 78.99339
7 15 0.455181 0467516

[0383]

a=0.455181.

In Table 6, the final value of o is calculated as:

In Embodiment 5, the number of times the loop is repeated is
136. Meanwhile, in Embodiment 7, the number of times the
loop is repeated is 92, which means a reduction in number of
times the loop is repeated.

[0384] Since the color-saturation conversion rate a thus
calculated falls within a range of 0=a=1, o is set as a=even
after the limiter process.
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[0385] Once the color-saturation conversion rate ¢. is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0386] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[l]=axR[1] +(1 - a)x ¥[1]
=0.455181% 150 + (1 - 0.455181) x 207
=185

Gs[1]=axGl1]+ (1 —a)x ¥[1]
=0.455181%255 + (1 — 0.455181) x 207
=229

Bs{1]=axB[1]+ (1 - @) x Y[1]
=0.455181%63 + (1 - 0.455181) % 207

=141.

[0387] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[1] = (Rs[1]/MAX)y x MAX
= (185/255)" x 255
=134

Gsgl[l] = (Gs[1]/MAX)y x MAX
= (229/255)% %255
=206

Bsg[1] = (Bs[1]/MAX)y x MAX
= (141/255)" x 255

=78

[0388] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[1] = minimaxRGBsg [ 2, minRGBsg)
=min(206/2, 78)

=78.

[0389] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[11=Rsg/1]-Wisg[1]=134-78=56
Gisg[11=Gsg/1]-Wisg[1]1=206-78=128

Brsg11=Bsg/1]-Wisg[1]=78-78=0,
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[0390] Finally, the backlight value is calculated according
to Formula (59) as follows:

Wbsg = max(Resg[1], Gtsg[1], Bisg[1], Wisg[1])

= max(56, 128, 0, 56)

=128,

[0391] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

[0392] The first example of calculation thus explained is an
example where the sixth color-saturation conversion rate cal-
culation section 83 calculates a color-saturation conversion
rate o as 0=0.=1. The following shows an example (second
example of calculation) where the sixth color-saturation con-
version rate calculation section 83 does not calculate a color-
saturation conversion rate o as 0=a.=1. For convenience of
explanation, the following shows an example where an image
constituted by a single pixel is inputted and the input image
has pixel values (R[ 1], G[1], B[1])=(159, 187, 85). That s, the
following shows an example where the same pixel values are
used as in the second example of calculation of a backlight
value according to Embodiment 2. It should be noted that the
following explanation assumes that MAX=255, y=2,
Ndg=16, B1 Ratio=0.5, and judgeTol=1.

[0393] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the second example of calculation
explained in Embodiment 2. That is, the backlight value
obtained in cases where no color-saturation conversion pro-
cess is performed is 109.

[0394] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner. First, normalized-gamma-
curve polygonal-line information (j, x[j1, y[jl, aljl, blj]) is
calculated in the same manner as in Embodiment 5 to take on
values shown above in Table 1.

[0395] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0396] Since Embodiment 7 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 7
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 7, the color-saturation conversion rate o is
calculated in the following manner. First, the luminance Y[1]
corresponding to the input pixel values is calculated to take on
the same value of 167.25 as in the second example of calcu-
lation of Embodiment 2.

[0397] Since Ndg=16, the present example of calculation
repeats Steps S91 to S93 and S84 of the flow chart of FIG. 22
from j=0to0j=15 and from k=15 to k=j for each value ofj. The
repetition of the steps yields such variations in value of j, k, a,
and judge as shown below in Table 7.
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TABLE 7
i k a judge
0 15 1.220302 1.602929
0 14 1.074618 12.49178
0 13 0.962023 21.95226
0 12 0.889323 28.1272
0 11 0.865331 30.22147
0 10 0.90166 27.07932
0 9 1.013934 17.54301
0 8 1.223684 1.342105
0 7 1.561427 20.46663
0 6 2.071903 4249794
0 5 2.823456 67.5458
0 4 3.925962 107.7137
0 3 5.568027 127.5
0 2 8.102901 127.5
0 1 12.27827 127.5
0 0 20 127.5
1 15 1.338912 6.716617
1 14 1.228188 0.994757

[0398] In Table 7, the final value of o is calculated as:
0=1.228188,

[0399] In Embodiment 5, the number of times the loop is
repeated is 116. Meanwhile, in Embodiment 7, the number of
times the loop is repeated is 18, which means a reduction in
number of times the loop is repeated. In this example, since a
exceeds 1, a limiter process is performed so that a=1.
[0400] Thus, in cases where a=1, there are no differences in
RGB values between before and after color-saturation con-
version according to Formulae (6) to (8), with the same result
as in the case where no color-saturation conversion (color-
saturation reduction) is performed.

[0401] That is, in cases where a backlight value obtained in
cases where no color-saturation conversion is performed falls
short of a backlight upper limit, no color-saturation conver-
sion is needed. Also in the present example of calculation, no
color-saturation conversion is performed. Accordingly, the
backlight value is 109 as in the case where no color-saturation
conversion is performed.

Embodiment 8

[0402] Embodiment 8 is a third example of means for
approximately calculating a color-saturation conversion rate
o in the first color-saturation conversion rate calculation sec-
tion 23 of Embodiment 1. Embodiment 8 calculates a color-
saturation conversion rate a by using a dichotomizing search.
It should be noted that processing sections identical to those
of Embodiment 1 are given the same reference numerals as
those of Embodiment 1 and will not be described below in
detail.

[0403] FIG. 23 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
device according to Embodiment 8. The color-saturation con-
version section 11 of FIG. 23 is obtained by replacing the first
color-saturation conversion rate calculation section 23 ofthe
color-saturation conversion section 11 (see FIG. 6) of
Embodiment 1 with a seventh color-saturation conversion
rate calculation section 93.

[0404] The seventh color-saturation conversion rate calcu-
lation section 93 calculates a color-saturation conversion rate
o from an input RGB signal, a gamma coefficient, a backlight
upper limit, and the maximum and minimum values of o
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gamma-corrected RGB signal according to a dichotomizing
search, and then outputs the color-saturation conversion rate
Q.

[0405] FIG. 24 is a flow chart that explains the operation of
the seventh color-saturation conversion rate calculation sec-
tion 93.

[0406] First, in Step S101, the seventh color-saturation con-
version rate calculation section 93 sets the lower and upper
limits low and high of a color-saturation conversion rate o for
use in a dichotomizing search as low=0 and high=1, respec-
tively.

[0407] Next, the seventh color-saturation conversion rate
calculation section 93 repeats Steps S102 to S107 while low+
alphaTol=high, where alphaTol is a threshold for use in cal-
culation loop judgment of a color-saturation conversion rate
.. Further, Steps $102 to S107 may be repeated a predeter-
mined number of times.

[0408] In Step S102, the seventh color-saturation conver-
sion rate calculation section 93 calculates the current value of
a according to Formula (25).

a=(low+high)/2. (23)

[0409] Next, in Step S103, the seventh color-saturation
conversion rate calculation section 93 calculates an o calcu-
lation judgment value (judgeSi) according to Formula (26):

oSt @ xmaxRGB + @ xminRGB + 26)
o gesz‘fg(u—a)xym,y]' g((l—a)xni].,y]‘ "
[0410] The closer to 0 judgeSi is, the closer to the desired

value of o the current value of o is. Further, the current value
of @ is smaller than the desired value in cases where judgeSi
takes on a negative value, and the current value of o is larger
than the desired value in cases where judgeSi takes on a
positive value.

[0411] Next, if judgeSi is smaller than —judgeTol in Step
S104, the current value of o is smaller than the desired value,
Therefore, the seventh color-saturation conversion rate cal-
culation section 93 updates low so that low takes on the
current value of o (S105). Alternatively, if judgeSi is not
smaller than —judgeTol in Step S104, the seventh color-satu-
ration conversion rate calculation section 93 proceeds to Step
S106. It should be noted here that judgeTol is a threshold for
use in calculation judgment of a color-saturation conversion
rate.

[0412] Next, if judgeSiis larger than judgeTol in Step S106,
the current value of o is larger than the desired value. There-
fore, the seventh color-saturation conversion rate calculation
section 93 updates high so that high takes on the current value
of a (S107). Alternatively, if judgeSi is not larger than jud-
geTol in Step S106, the seventh color-saturation conversion
rate calculation section 93 judges that the current value of o is
the desired value of o, and goes out of the loop to finish the
process.

[0413] Alternatively, in cases where the seventh color-satu-
ration conversion rate calculation section 93 finishes the loop
process without saying No to the judgment condition 0ofS106,
the seventh color-saturation conversion rate calculation sec-
tion 93 cannot calculate the desired value of o, Therefore, the
seventh color-saturation conversion rate calculation section
93 performs some sort of error handling (S108).

[0414] The following shows an example of calculation of a
backlight value according to Embodiment 8. For convenience
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of explanation, the following shows an example where an
image constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255, y=2, Bl
Ratio=0.5, judgeTol=1, and alphaTol=10"".

[0415] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0416] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0417] The calculation of a backlight upper limit and the
calculation of the maximum and minimum values of a
gamma-corrected RGB signal are performed in the same
manner as in the example explained in Embodiment 1. That s,
the backlight upper limit MAXw is set as MAXw=127.5, and
the maximum and minimum values maxRGBg and min-
RGBg of the gamma-corrected RGB signal are set as
maxRGBg=255 and minRGBg=16, respectively.

[0418] Since thetarget pixel satisfies Formula (4), the target
pixel is subjected to color-saturation conversion. At this time,
a color-saturation conversion rate ¢ is calculated in the fol-
lowing manner. First, the luminance Y[1] corresponding to
the input pixel values is calculated in the same manner as in
Embodiment 1 to take on a value of 207.

[0419] In the present example of calculation, the seventh
color-saturation conversion rate calculation section 93
repeats Steps S101 to S107 of the flow chart of FIG. 24 while
low+alphatol=high, until the seventh color-saturation con-
version rate calculation section 93 goes out of the loop by
satisfying the judgment condition of S106. The values of low,
high, o, and judgeSi that are calculated based on the flow
chart vary as shown below in Table 8.

TABLE 8
low high a JjudgeSi

0 1 0.5 10.28824

0 0.5 0.25 -54.0882

0.25 0.5 0.375 -20.7706

0.375 0.5 04373 -4.95882

0.4375 0.5 0.46875 2735294

0.4375 0.46875 0.453125 -1.00412

0.453125 0.46875 0.460938 0.825
[0420] In Table 8, the final value of a is calculated as:

0=0.460938.

In Embodiments 4 and 6, the numbers of times the loops are
repeated is 91 and 47, respectively. Meanwhile, in the present
embodiment, the number of times the loop is repeated is only
7.
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[0421] Once the color-saturation conversion rate ¢. is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0422] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[1] = % R[1] + (1 - &) x ¥[1]
= 0.460038x 159+ (1 - 0.460938) x 207
=185

Gs[1] = axG[1] + (1 —a) x Y[1]
= 0.40938 % 255 + (1 — 0.460038) % 207
=229

Bs[1]=axB[1]+ (1 - )x ¥[1]
= 0.460038 %63 + (1 — 0.460038) % 207

=141.

[0423] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[l] = (Rs[1]/MAX)y xMAX
= (185/255)* x 255
=13

Gsg[l] = (Gs[1]/MAX)y xMAX
= (229/255)* x 255
=206

Bsg[1] = (Bs[1]/MAX)y x MAX
= (141/255)* %255

=78

[0424] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wrsg[l] = minimaxRGBsg /2, minRGBsg)
=min{206/2, 78)

=78.

[0425] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[11=Rsg[1]-Wisg/1]=134-78=56
Grsg[11=Gsg[1]-Wisg[1]=206-78=128

Bisgf1]=Bsg[1]-Wisg[1]=78-78=0.
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[0426] Finally, the backlight value is calculated according
to Formula (59) as follows:

Wbsg = max(Risg[1], Gisg[1], Bisg[1], Wisg[1])

=max(56, 128, 0, 56)

=128.

[0427] That is, the backlight value obtained in eases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

Embodiment 9

[0428] Embodiment 9 is a third example of means for
approximately calculating a color-saturation conversion rate
a in the second color-saturation conversion rate section 33 of
Embodiment 2, and makes such a change to Embodiment 8 as
to perform a color-saturation conversion process on every
pixel within the input image. It should be noted that process-
ing sections identical to those of Embodiments 2 and 7 are
given the same reference numerals as those of Embodiments
2 and 7 and will not be described below in detail.

[0429] FIG. 25 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
device according to Embodiment 9. The color-saturation con-
version section 11 of FIG. 25 is obtained by replacing the
calculation section 22 and the seventh color-saturation con-
version rate calculation section 93 of the color-saturation
conversion section 11 (see FIG. 23) of Embodiment 8 with an
eighth color-saturation conversion rate calculation section
103. It should be noted, in the present embodiment, that since
the color-saturation conversion rate C does not deviate from a
range of 0 to 1, no color-saturation conversion rate limiter
process section 34 is mounted.

[0430] The eighth color-saturation conversion rate calcula-
tion section 103 calculates a color-saturation conversion rate
a from an input RGB signal, a gamma coefficient, and a
backlight upper limit according to a dichotomizing search,
and then outputs the color-saturation conversion rate .
[0431] FIG. 26 is a flow char that explains the operation of
the eighth color-saturation conversion rate calculation section
103.

[0432] First, in Step S101, the eighth color-saturation con-
version rate calculation section 103 sets the lower and upper
limits low and high of a color-saturation conversion rate a for
use in a dichotomizing search as low=0 and high=1, respec-
tively. Step S101 of FIG. 26 is identical to Step S101 of FIG.
24.

[0433] Next, the eighth color-saturation conversion rate
calculation section 103 repeats Steps S102 to S107 while
low+alphaTol=high. Steps S102 to S107 of FIG. 26 are also
identical to Steps S102 to S107 of FIG. 24.

[0434] Further, in cases where the eighth color-saturation
conversion rate calculation section 103 finishes the loop pro-
cess without saying No to the judgment condition of S106, the
eighth color-saturation conversion rate calculation section
103 performs such a process that the current value of o is the
desired value of c.

[0435] The following shows a first example of calculation
of a backlight value according to Embodiment 9. For conve-
nience of explanation, the following shows an example where
an image constituted by a single pixel is inputted and the input
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image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255, y=62, Bl
Ratio=0.5, judgeTol=1, and alphaTol=10"".

[0436] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0437] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0438] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw 127.5.

[0439] Since Embodiment 9 does not judge whether or not
it is necessary to reduce the color saturation, Embodiment 9
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 9, the color-saturation conversion rate o is
calculated in the following manner. First, the luminance Y[1]
corresponding to the input pixel values is calculated to take on
the same value of 207 as in Embodiment 1.

[0440] In the present example of calculation, the eighth
color-saturation conversion rate calculation section 103
repeats Steps S101 to S107 of the flow chart of FIG. 26 until
the eighth color-saturation conversion rate calculation section
103 goes out of the loop by satisfying the judgment condition
of $106. The values of low, high, o, and judgeSi that are
calculated based on the flow chart vary as shown below in
Table 8, as with Embodiment 8.

[0441] In Table 8, the final value of o is calculated as:

0=0.460938.

In Embodiments S and 7, the numbers of times the loops are
repeated is 136 and 92, respectively. Meanwhile, in the
present embodiment, the number of times the loop is repeated
is only 7.

[0442] Once the color-saturation conversion rate ¢. is thus
calculated, the RGBW amounts and the backlight value are
calculated according to the same procedure as in Embodi-
ment 1. The subsequent procedure is the same as in the
example of calculation of a backlight value according to
Embodiment 8. That is, the backlight value obtained in cases
where the color-saturation conversion process is performed is
128. Thus, the above example shows that the color-saturation
conversion process can reduce the backlight value from 239
to 128 (reduction of approximately 46%).

[0443] The following shows a second example of calcula-
tion of a backlight value according to Embodiment 9. For
convenience of explanation. The following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
187, 85). That is, the following shows an example where the
same pixel values are used as in the second example of cal-
culation of a backlight value according to Embodiment 2. It
should be noted that the following explanation assumes that
MAX=255, v=2, Bl Ratio=0.5, judgeTol=1, and alpha-
Tol=10"".

[0444] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the second example of calculation
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explained in Embodiment 2. That is, the backlight value
obtained in cases where no color-saturation conversion pro-
cess 1s performed is 109.

[0445] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0446] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5. Further, the luminance Y[1] corre-
sponding to the input pixel values is calculated in the same
manner as in the second example of calculation of Embodi-
ment 2 to take on a value of 167.25.

[0447] In the present example of calculation, the seventh
color-saturation conversion rate calculation section 93
repeats Steps S101 to S107 of the flow chart of FIG. 26 while
low+alphaTol=high. The values of low, high, c, and judgeSi
that are calculated based on the flow chart vary as shown
below in Table 9.

TABLE 9
low high a judgeSi
0.00000000 1.00000000 0.50000000 -66.85000000
0.50000000 1.00000000 0.75000000 -41.21250000
0.75000000 1.00000000 0.87500000 -29.56562500
0.87500000 1.00000000 0.93750000 -24,03515625
0.93750000 1.00000000 0.96875000 -21.34316406
0.96875000 1.00000000 0.98437500 -20.01547852
0.98437500 1.00000000 0.99218750 -19.35621338
099218750  1.00000000  0.99609375  -19.02772522
0.99609375 1.00000000 0.99804688 -18.86376724
0.99804688 1.00000000 0.99902344 -18.78185978
099902344 1.00000000  0.99951172  -18.74092393
0.99951172 1.00000000 0.99975586 -18.72046047
0.99975586 1.00000000 0.99987793 -18.71022986
0.99987793 1.00000000  0.99993896  -18.70511484
099993806  1.00000000  0.99996948  -18.70255740
0.99996948 1.00000000 0.99998474 -18.70127869
099998474 1.00000000  0.99999237  -18.70063934
099999237 1.00000000  0.99999619  -18.70031967
099999619 1.00000000  0.99999809  -18.70015984
0.99999809  1.00000000  0.99999905  -18.70007992
0.99999905 1.00000000  0.99999952  -18.70003996
099999952 1.00000000  0.99999976  -18.70001998
099999976  1.00000000  0.99999988  —-18.70000999
0.99999988  1.00000000  0.99999994  —-18.70000499
[0448] In Table 9, the final value of a is calculated as:
0=0.99999994~1.
[0449] In the second examples of calculation of Embodi-

ments 5 and 7, the numbers of times the loops are repeated is
136 and 18, respectively. Meanwhile, in the present embodi-
ment, the number of times the loop is repeated is 24.

[0450] Thus, in cases where a 1, there are no differences in
RGB values between before and after color-saturation con-
version according to Formulae (6) to (8). with the same result
as in the case where no color-saturation conversion (color-
saturation reduction) is performed.

[0451] That is, in cases where a backlight value obtained in
cases where no color-saturation conversion is performed falls
short of a backlight upper limit, no color-saturation conver-
sion is needed. Also in the present example of calculation, no
color-saturation conversion is performed. Accordingly, the
backlight value is 109 as in the case where no color-saturation
conversion is performed.

Embodiment 10

[0452] Embodiment 10 is a fourth example of means for
approximately calculating a color-saturation conversion rate
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a in the color-saturation conversion rate calculation section
23 of Embodiment 1. Embodiment 10 calculates a color-
saturation conversion rate o by using Newton’s method. It
should be noted that processing sections identical to those of
Embodiment 1 are given the same reference numerals as
those of Embodiment 1 and will not be described below in
detail.

[0453] FIG. 27 shows another example of a color-satura-
tion conversion section 11 of a liquid crystal display device
according to Embodiment 10. The color-saturation conver-
sion section 11 of FIG. 27 is obtained by replacing the first
color-saturation conversion section 23 (see FIG. 6) of
Embodiment 1 with a ninth color-saturation conversion rate
calculation section 113.

[0454] The ninth color-saturation conversion rate calcula-
tion section 113 calculates a color-saturation conversion rate
a from an input RGB signal, a gamma coefficient, a backlight
upper limit, and the maximum and minimum values of a
gamma-corrected RGB signal according to Newton’s
method, and then outputs the color-saturation conversion rate
Q.

[0455] FIG. 28 is a flow chart that explains the operation of
the ninth color-saturation conversion rate calculation section
113.

[0456] First, in Step S111, the ninth color-saturation con-
version rate calculation section 113 initializes variables for
use in processing. Specifically, the ninth color-saturation con-
version rate calculation section 113 initializes variables as
follows:

[0457] oprev=a predetermined constant (e.g., 0.5)

[0458] maxRGBn=maxRGB/MAX

[0459] minRGBn=minRGB/MAX

[0460] Yn=Y[i/MAX

[0461] MAXwn=MAXw/MAX

[0462] overFlag=FALSE

[0463] underFlag=FALSE,

[0464] where aprev=a previous color-saturation conver-
sion rate,

[0465] maxRGBn=the maximum value of a normalized
KGB signal,

[0466] minRGBn=the minimum value of the normalized
RGB signal,

[0467] Yn=a normalized luminance signal,

[0468] overFlag=an indicator of whether or not an out-of-

range correction for o>1 has been made,

[0469] underflag=an indicator of whether or not an out-of-
range correction for a<0 has been made, and

[0470] FALSE=a logic value “FALSE”.

[0471] Next, the ninth color-saturation conversion rate cal-
culation section 113 repeats Steps S112 to S122 a predeter-
mined number of times. It should be noted that it is in order to
avoid an endless loop that the ninth color-saturation conver-
sion rate calculation section 113 repeats the steps a predeter-
mined number of times.

[0472] In Step S112, the ninth color-saturation conversion
rate calculation section 113 calculates the current value of .
according to Formula (27):
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where
xXmaxRGBn + xXminRGBn +
glx) = ( l}’ - ( ]y - MAXwn,
(l-x)x¥n | (l=x)XYn

and

x XmaxRGBn + ]”””

’(w) = y X (maxRGB —Y)x(
g'(w) =y x(ma n—1In | (1-nx¥n

xXminRGBn + ]W*”

¥ X (minRGBn — Yn)x(
(l-x)%XY¥n

[0473] Itshould be noted here that g(x) in Formula (27) is a
normal function obtained by transforming Formula (5) so that
the right-hand side is 0, and that g'(x) 1s the first differential of
2(x). That is, Formula (27) serves as a formula for calculating
the next solution according to Newton’s method.

[0474] Next, in Step S113, the ninth color-saturation con-
version rate calculation section 113 judges whether or not
Formula (28) below is satisfied as follows:

lo-aprev]<alphaTol (28)

where alphaTol=a threshold for calculating a (alphaTol>0).
That is, the ninth color-saturation conversion rate calculation
section 113 judges whether or not the current value of . is the
desired value of a. If Formula (28) is satisfied, the ninth
color-saturation conversion rate calculation section 113 fin-
ishes the process of calculating o.

[0475] If Formula (28) is not satisfied, the ninth color-
saturation conversion rate calculation section 113 shifts to
Step S114, and then judges whether or not o is negative. If o
is negative, the ninth color-saturation conversion rate calcu-
lation section 113 proceeds to Step S115. If not, the ninth
color-saturation conversion rate calculation section 113 pro-
ceeds to Step S118.

[0476] Incases where c. is negative in Step S114, the ninth
color-saturation conversion rate calculation section 113
makes an out-of-range correction for a.<0 by setting . to 0 in
Step S115, and further judges whether or not underFlag is
TRUE, i.e., whether or not an out-of-range correction for c.<0
has been made (S116). If an out-of-range correction for a.<0
has already been made, the ninth color-saturation conversion
rate calculation section 113 proceeds to Step S123. If not, the
ninth color-saturation conversion rate calculation section 113
sets underFlag to TRUE (8117).

[0477] Further, in cases where o is not negative in Step
S114, the ninth color-saturation conversion rate calculation
section 113 judges whether or not a exceeds 1. If a exceeds 1,
the ninth color-saturation conversion rate calculation section
113 proceeds to Step S119. If not so, the ninth color-satura-
tion conversion rate calculation section 113 proceeds to Step
S122.

[0478] In cases where a exceeds 1 in Step S118, the ninth
color-saturation conversion rate calculation section 113
makes an out-of-range correction for a.>1 by setting ato 1 in
Step S119, and further judges whether or not overflag is
TRUE, i.e., whether or not an out-of-range correction for a>1
has been made (S120). If an out-of-range correction for a>1
has already been made, the ninth color-saturation conversion
rate calculation section 113 proceeds to Step S123. If not, the
ninth color-saturation conversion rate calculation section 113
sets overFlag to TRUE (S121).

[0479] Incases where the ninth color-saturation conversion
rate calculation section 113 has proceeded to Step S117 or
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S121, i.e., in cases where an out-of-range correction for a.<0
or an out-of-range correction for ¢>1 has been made, or in
cases where the ninth color-saturation conversion rate calcu-
lation section 113 says No in both Steps S114 and S118, i.e.,
in cases where 0=0.= 1, the ninth color-saturation conversion
rate calculation section 113 updates the previous color-satu-
ration conversion rate oprev according to Formula (29)

aprev=c (29)

so that the previous color-saturation conversion rate cprev
takes on the current value of (0 or 1) (S122).

[0480] Incases where the ninth color-saturation conversion
rate calculation section 113 says Yes to the judgment condi-
tion of S116 or S120 or finishes the loop process, the ninth
color-saturation conversion rate calculation section 113 can-
not calculate the desired value of a. Therefore, the ninth
color-saturation conversion rate calculation section 113 per-
forms some sort of error handling (S123).

[0481] In comparison with Embodiment 8, which uses a
dichotomizing search, Embodiment 10, which uses Newton’s
method, has a larger amount of calculation per loop, but can
be expected to have a smaller number of loops.

[0482] The following shows an example of calculation of a
backlight value according to Embodiment 10. For conve-
nience of explanation, the following shows an example where
animage constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255, y=2, Bl
Ratio=0.5, and alphaTol=10"".

[0483] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0484] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0485] The calculation of a backlight upper limit and the
calculation of the maximum and minimum values of a
gamma-corrected RGB signal are performed in the same
manner as in the example explained in Embodiment 1. That s,
the backlight upper limit MAXw is set as MAXw=127.5, and
the maximum and minimum values maxRGBg and min-
RGBg of the gamma-corrected RGB signal are set as
maxRGBg=255 and minRGBg=16, respectively.

[0486] Since thetarget pixel satisfies Formula (4), the target
pixel is subjected to color-saturation conversion. At this time,
a color-saturation conversion rate o is calculated in the fol-
lowing manner. First, the luminance Y[1] corresponding to
the input pixel values is calculated in the same manner as in
Embodiment 1 to take on a value of 207.

[0487] In the present example of calculation, the ninth
color-saturation conversion rate calculation section 113
repeats Steps S112 to S122 of the flow chart of FIG. 28 until
the ninth color-saturation conversion rate calculation section
113 goes out of the loop by satisfying the judgment condition
of S113. The values of aprev, g(aprev), g'(aprev), and a that
are calculated based on the flow chart vary as shown below in
Table 10.
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TABLE 10
aprev glaprev) g'(aprev) a
0.5 0.040346 0.938962 0457031
0.457031 -0.00052 0.963322 0457575
0.457575 0 0.963014 0457575
[0488] In Table 10, the final value of a. is calculated as:
a=0.457575.
[0489] In Embodiments 4, 6, and 8, the numbers of times

the loops are repeated is 91, 47, and 7, respectively. Mean-
while, in the present embodiment, the number of times the
loop is repeated is only 3.

[0490] Once the color-saturation conversion rate o is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0491] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[1]=axR[1]+ (1 -a)xY[1]
=0.457575%159 + (1 - 0.457575) x 207
=185

Gs[11=ax G+ (1 —a)x 1]
=0.457575% 255 + (1 - 0.457575) x 207
=229

Bs[l]=axB[1]+ (1 -a)xY[1]
=0.457575% 63 + (1 - 0.457575) %207
=141.

[0492] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[1] = (Rs[1]/MAX)y x MAX
= (185/255)F x 255
=13

Gsg[l] = (Gs[1]/MAX)y xMAX
=(229/255) x 255
=206

Bsg[1] = (Bs[1]/MAX)y x MAX
= (14172552 x 255
=78.

[0493] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[1] = minimaxRGBsg [ 2, minRGBsg)
=min{206/2, 78)

=78.
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[0494] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[1]=Rsg[1]-Wisg/1]=134-78=56
Gtsg[1]=Gsg[1]-Wisg[1]=206-78=128

Bisg[1]=Bsg[1]-Wisg[1]=78-78=0.

[0495] Finally, the backlight value is calculated according
to Formula (59) as follows;

Wbsg = max(Risg[1], Gtsg[1], Brsg[1], Wisg[1])

= max(56, 128, 0, 56)

=128.

[0496] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

Embodiment 11

[0497] Embodiment 11 is a fourth example of means for
approximately calculating a color-saturation conversion rate
a in the second color-saturation conversion rate section 33 of
Embodiment 2, and makes such a change to Embodiment 10
as to perform a color-saturation conversion process on every
pixel within the input image. It should be noted that process-
ing sections identical to those of Embodiments 2 and 9 are
given the same reference numerals as those of Embodiments
2 and 9 and will not be described below in detail.

[0498] FIG. 29 shows another arrangement of the color-
saturation conversion section 11 of Embodiment 11. The
color-saturation conversion section 11 of F1G. 29 is obtained
by replacing the second color-saturation conversion rate cal-
culation section 33 of the color-saturation conversion section
11 (see FIG. 10) of Embodiment 2 with a tenth color-satura-
tion conversion rate calculation section 123. It should be
noted, in the present embodiment, that since the color-satu-
ration conversion rate a does not deviate from a range of 0 to
1, no color-saturation conversion rate limiter process section
34 is mounted.

[0499] The tenth color-saturation conversion rate calcula-
tion section 123 calculates a color-saturation conversion rate
a from an input RGB signal, a gamma coefficient, and a
backlight upper limit according to Newton’s method, and
then outputs the color-saturation conversion rate c.

[0500] FIG. 30 is a flow chart for explaining the operation
of the tenth color-saturation conversion rate calculation sec-
tion 123.

[0501] First, in Step S111, the tenth color-saturation con-
version rate calculation section 123 initializes variables for
use in processing. Step S111 of FIG. 30 is identical to Step
S111 of FIG. 28.

[0502] Next, the tenth color-saturation conversion rate cal-
culation section 123 repeats Steps S132 and S113 to S122 a
predetermined number of times.

[0503] In Step S132, the tenth color-saturation conversion
rate calculation section 123 calculates the current value of &
according to Formula (27). However, it is meant in this step
that when g'(aprev) is 0, the target pixel has a color saturation
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of 0. Therefore, . may take on any value. In the present
embodiment, when g'(aprev) is 0, o is set, for example, as
o=1. Steps S113 to S122 that are repeated thereafter are
identical to the steps of the flow chart of FIG. 28. However, in
cases where the tenth color-saturation conversion rate calcu-
lation section 123 finishes the loop process without saying No
in Step S116 or S120, the tenth color-saturation conversion
rate calculation section 123 performs such a process that the
current value of a is the desired value of c..

[0504] The following shows a first example of calculation
of a backlight value according to Embodiment 11. For con-
venience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (K[1], G[1], B[1])=(159,
255, 63). That is, the following shows an example where the
same pixel values are used as in the example of calculation of
abacklight value is calculated according to Embodiment 1. It
should be noted that the following explanation assumes that
MAX=255, y=2, B1 Ratio=0.5, and alphaTol=10"".

[0505] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0506] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0507] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0508] Since Embodiment 11 does notjudge whether ornot
it is necessary to reduce the color saturation, Embodiment 11
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 11, the color-saturation conversion rate ¢. is
calculated in the following manner. First, the luminance Y[1]
corresponding to theinput pixel values is calculated to take on
the same value of 207 as in Embodiment 1.

[0509] In the present example of calculation, the tenth
color-saturation conversion rate calculation section 123
repeats Steps S132 and S113 to S122 of the flow chart of FIG.
30 until the tenth color-saturation conversion rate calculation
section 123 goes out of the loop by satisfying the judgment
condition of S113. The values of aprev, g(aprev), g'(oprev),
and a that are calculated based on the flow chart vary as shown
below in Table 10, as with Embodiment 10.

[0510]
a=0.457575.

In Table 10, the final value of a is calculated as:

In Embodiments 5, 7, and 9, the numbers of times the loops
are repeated is 136, 92, and 7, respectively. Meanwhile, in the
present embodiment, the number of times the loop is repeated
is only 3.

[0511] Once the color-saturation conversion rate o is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1. The subsequent procedure is the same as in
the example of calculation of a backlight value according to
Embodiment 10. That is, the backlight value obtained in cases
where the color-saturation conversion process is performed is
128. Thus, the above example shows that the color-saturation
conversion process can reduce the backlight value from 239
to 128 (reduction of approximately 46%).
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[0512] The following shows a second example of calcula-
tion of a backlight value according to Embodiment 11. For
convenience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
187, 85). That is, the following shows an example where the
same pixel values are used as in the second example of cal-
culation of a backlight value according to Embodiment 2. It
should be noted that the following explanation assumes that
MAX=255, y=2, B1 Ratio=0.5, and alphaTol=10"".

[0513] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the second example of calculation
explained in Embodiment 2. That is, the backlight value
obtained in cases where no color-saturation conversion pro-
cess 1s performed is 109.

[0514] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0515] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5. Further, the luminance Y[1] corre-
sponding to the input pixel values is calculated in the same
manner as in the second example of calculation of Embodi-
ment 2 to take on a value of 167.25.

[0516] In the present example of calculation, the tenth
color-saturation conversion rate calculation section 123 goes
out ofthe loop by saying Yes in Step S120 of the flow chart of
FIG. 30. The values of aprev, g(aprev), g'(aprev), and a that
are calculated based on the flow chart vary as shown below in
Table 11.

TABLE 11
aprev g(aprev) ¢'(aprev) a
0.5 -0.26216 0.426667 1.11443
1 -0.07333 0.328627 1.22315

[0517] Further, although the final value of o in Table 11 is
0=1.22315, o is set as a=1 by Step S119 in this case. There-
fore, the final value of o is calculated as:

a=l1.

[0518] The numbers of times the loops are repeated in the
second examples of calculation of Embodiments 5, 7, and 9
are 136, 18, and 24, respectively. Meanwhile, the number of
times the loop is repeated in the present embodiment is only
2.

[0519] Thus, in cases where a=1, there are no differences in
RGB values between before and after color-saturation con-
version according to Formulae (6) to (8), with the same result
as in the case where no color-saturation conversion (color-
saturation reduction) is performed.

[0520] Thatis, in cases where a backlight value obtained in
cases where no color-saturation conversion is performed falls
short of a backlight upper limit, no color-saturation conver-
sion is needed. Also in the present example of calculation, no
color-saturation conversion is performed. Accordingly, the
backlight value is 109 as in the case where no color-saturation
conversion is performed.

Embodiment 12

[0521] Embodiment 12 is a fifth example of means for
approximately calculating a color-saturation conversion rate
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o in the first color-saturation conversion section 23 of
Embodiment 1. Embodiment 12 directly calculates a accord-
ing to Formula (5) by fixing the gamma coefficient to 2.
[0522] Therefore, Embodiment 12 always gives a gamma
coefficient of 2 to the calculation section 22 for calculating
the maximum and minimum values of a gamma-corrected
RGB signal. The fixation of the gamma coefficient eliminates
the degree of freedom of the gamma coefficient. However,
since the gamma coefficient usually takes on a value of
approximately 1.8 to 2.3, it does not matter if the gamma
coefficient is fixed to 2.

[0523] It should be noted that processing sections identical
to those of Embodiment 1 are given the same reference
numerals as those of Embodiment 1 and will not be described
below in detail.

[0524] FIG. 31 shows another arrangement of the color-
saturation conversion section 11 of a liquid crystal display
device according to Embodiment 12. The color-saturation
conversion section 11 of FIG. 31 is obtained by replacing the
first color-saturation conversion rate calculation section 23 of
the color-saturation conversion section 11 (see FIG. 6) of
Embodiment 1 with an eleventh color-saturation conversion
rate calculation section 133.

[0525] The eleventh color-saturation conversion rate calcu-
lation section 133 calculates a color-saturation conversion
rate a from an input RGB signal, a backlight upper limit, and
the maximum and minimum values of a gamma-corrected
RGB signal according to a direct solving method, and then
outputs the color-saturation conversion rate .

[0526] FIG. 32 is a flow chart for explaining the operation
of the eleventh color-saturation conversion rate calculation
section 133.

[0527] First, in Step S141, the eleventh color-saturation
conversion rate calculation section 133 calculates a coeffi-
cient for use in calculation of @ according to Formulae (30) to
(32):

a = (maxRGB - minRGB) X (maxRGB + minRGB - 2x Y[[)  (30)

b=Y[ijx(maxRGB-minRGB) (31
c=-MAXwxMAX. (32)

[0528] Next, ifthe coefficient a for use in calculation of o is
0, the eleventh color-saturation conversion rate calculation
section 133 calculates o according to Formula (33). If not so,
the eleventh color-saturation conversion rate calculation sec-
tion 133 calculates a according to Formula (34) (S142):

o=-c/(2xb) (33)
a=(-b+Jd)a (34)

[0529] where d=b*-axc.

[0530] The following explains how to derive the above

calculating formulae.

[0531] First, substituting y=2 in Formula (5) transforms
Formula (5) as follows:

axmaxRGB + @ XminRGB +
g( ]_ g((

; . ] =MAXw
(I -a)xY[i], 2 l-a)x Y[, 2
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-continued

(wxmaxRGB+] 2 (axminRGB+
J (1 —a)x¥[i] 1xMAX_I (1-a)x Y[i]
{ )

] 2
MAX = MAX
MAX VIAX l % v
aXminRGB +
o? xmaxRGB? + 2xax (1 — @) xmaxRGB x Y[i] - o* xminRGB* —

A -a)xY[i]

aXmaxRGB +
(1-a)xYl[i]

]}2 = MAXwx MAX
2xaX(l — @) XminRGBX Y[i] - MAWwXxMAX =0
o xmaxRGB? + 2x @ x maxRGB x Y[i] - 2x o x maxRGB x Y[i] -
@ X minRGB? — 2 X @ x minRGB x Y[{] +
2% a? xminRGB X Y[i] - MAWwxMAX = 0
(maxRGB? — minRGB* -2 x maxRGB x Y[i] + 2 xminRGB x Y[i]) x o +
2 X (maxRGB — minRGB) X Y[i] X & —
MAWwWXMAX =0
(maxRGB — minRGB) x (maxRGB + minRGB - 2 x Y[i]) x a® +2 %

(maxRGB - minRGB) X Y[i]) X & — MAWw X MAX = 0

It should be noted, however, that fg(x,g2)=(x MAX¥xMAX.
[0532] Denoting the second term by a, the first term by 2xb,
and the constant term by c in the final formula of the trans-
formation yields Formulae (30) to (32), which are expressed
by Formula (135):

2
(lX(X2+‘

[0533] First, in cases where a=0, Formula (33) is obtained
from Formula (135).

[0534] On the other hand, in cases where a=0, the formula
for the solution of a quadratic equation yields:

2xbxa+c=0. (135)

a={--bz/b*~axc)}/a.
Denoting the square-root term by d yields:

a=(-bxjd)/a.
Although the above formula indicates that there two solutions
of a, it is judged which one of the solutions is the right
solution.

[0535] First, denoting the left-hand side of Formula (135)
by f{c) yields:

fla) =axao? +2xbxa+c, (136)

in which case

f0)=c<0,and

fy=a+2xb+c

= (maxRGB - minRGB) X (maxRGB + minRGB -2 X Y[i]) +
2% Y[i] X (maxRGB — minRGB) - MAXwx MAX

= maxRGB® — minRGB? - MAWwx MAX

= (maxRGB/MAX)* x MAX? - (minRGB /MAX)? x
MAX? - MAXwx MAX

= {(maxRGB/MAX)? x MAX - (minRGB /MAX? x
MAX - MAXw} x MAX

= (maxRGBg — minRGB - MAXw) X MAX.

36
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[0536] Since it is found from Formula (4) that f(1)>0 and
fla) 15 a quadratic equation, there surely exists a solution
between 0 and 1 according to f(0)<0 and f{1)>0.

[0537] When a>0, Formula (136) gives a downwardly con-
vex parabola. Therefore, according to f{0)<0 and f(1)>0, the
bigger one of the solutions of a~(-bx/d)/a is a solution
between 0 and 1. Accordingly, the bigger solution obtained
when a>0 is expressed as a=(-b+/d)/a, 1.e., Formula (34).

[0538] On the other hand, when a<0, Formula (136) gives
an upwardly convex parabola. Therefore, according to {{0)<0
and f(1)>0, the smaller one of the solutions of o=(—b=-d)/ais
a solution between 0 and 1. Accordingly, the smaller solution
obtained when a<0 is similarly expressed as a=(-b+,/d)/a,
i.e., Formula (34).

[0539]

[0540] The following shows an example of calculation of a
backlight value according to Embodiment 12. For conve-
nience of explanation, the following shows an example where
animage constituted by a single pixel is inputted and the input
image has pixel values (R[1], G[1], B[1])=(159, 255, 63).
That is, the following shows an example where the same pixel
values are used as in the example of calculation of a backlight
value according to Embodiment 1. It should be noted that the
following explanation assumes that MAX=255 and Bl
Ratio=0.5.

[0541] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0542] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0543] The calculation of a backlight upper limit and the
calculation of the maximum and minimum values of a
gamma-corrected RGB signal are performed in the same
manner as in the example explained in Embodiment 1. That s,
the backlight upper limit MAXw is set as MAXw=127.5, and
the maximum and minimum values maxRGBg and min-
RGBg of the gamma-corrected RGB signal are set as
maxRGBg=255 and minRGBg=16, respectively.

[0544] Since thetarget pixel satisfies Formula (4), the target
pixel is subjected to color-saturation conversion. At this time,
a color-saturation conversion rate a is calculated in the fol-
lowing manner. First, the luminance Y[1] corresponding to
the input pixel values is calculated in the same manner as in
Embodiment 1 to take on a value of 207.

[0545] Substituting MAX=255, maxRGB=255, min-
RGB=63, Y[i]=207, and MAXw=127.5 in Formulae (30) to
(32) yields coefficients (a, b, ¢) for use in calculation of a as
follows:

That is, when a=0, o is expressed by Formula (34).

a = (maxRGB — minRGB) X (maxRGB + minRGB — 2 X Y[i])
= (255 - 63)% (255 + 63— 2% 207)
= 18432

b = Y[{] X (maxRGB — minRGB)
=207 % (255 - 63)
=39744
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-continued

¢ = -MAXwxMAX
=-127.5%255
=-32512.5.

[0546] Since a=0, it is found from Formula (34) that:

w:(—bi‘/d)/a

= (~39744+ V980315136) / (- 18432)

= 0.457575.

Thus, the present embodiment can calculate o without a loop
process.

[0547] Once the color-saturation conversion rate ¢. is thus
calculated, the RGBW transmission amounts and the back-
light value are calculated according to the same procedure as
in Embodiment 1.

[0548] That is, the saturation-converted input RGB signal
is calculated according to Formulae (6) to (8) as follows:

Rs[l]=axR1]+ (1 -a)x Y[1]
=0.457575% 159 + (1 - 0.457575) x 207
=185

Gs[1] = ax GI1] + (1 —a) x ¥[1]
= 0457575%255 + (1 - 0.457575) % 207
=229

Bs[1]1=axBll]+(1-a)x Y[1]
= 0.457575% 63 + (1 - 0.457575) % 207
= 141.

[0549] Next, the gamma-corrected input RGB signal is cal-
culated as follows:

Rsg[l] = (Rs[1]/Max)” x MAX
= (185/255)* x 255
=134

Gsg[l] = (Gs[1]/Max)” x MAX
=(299/255)* 255
=206

Bsg[1] = (Bs[1]/Max)” x MAX
= (14172552 %255
=78.
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[0550] Next, the W transmission amount is calculated
according to Formula (55) as follows:

Wisg[l] = min'maxRGBsg /2, minRGBsg)

=min(206/2, 78)

=78.

[0551] Next, the RGB transmission amounts are calculated
according to Formulae (56) to (58) as follows:

Risg[1]=Rsg[1]-Wisg[1]=134-78=56
Grsg[11=Gsg[1]-Wisg[1]=206-78=128

Bisg[1]=Bsg[1]-Wisg[1]=78-78=0.

[0552] Finally, the backlight value is calculated according
to Formula (59) as follows:

Wbsg = max(Risg[1], Gisg[1], Brsg[1], Wesg[1])

=max(56, 128, 0, 56)

=128.

[0553] That is, the backlight value obtained in cases where
the color-saturation conversion process is performed is 128.
Thus, the above example shows that the color-saturation con-
version process can reduce the backlight value from 239 to
128 (reduction of approximately 46%).

Embodiment 13

[0554] Embodiment 13 is a fifth example of means for
approximately calculating a color-saturation conversion rate
a in the second color-saturation conversion section 33 of
Embodiment 2, and makes such a change to Embodiment 12
as to perform a color-saturation conversion process on every
pixel within the input image. It should be noted that process-
ing sections identical to those of Embodiments 2 and 11 are
given the same reference numerals as those of Embodiments
2 and 11 and will not be described below in detail.

[0555] FIG. 33 shows another arrangement of the color-
saturation conversion section 11 of Embodiment 13. The
color-saturation conversion section 11 of FIG. 33 is obtained
by replacing the second color-saturation conversion rate cal-
culation section 33 of the color-saturation conversion section
11 (see FIG. 12) of Embodiment 2 with a twelfth color-
saturation conversion rate calculation section 143.

[0556] The twelfth color-saturation conversion rate calcu-
lation section 143 calculates a color-saturation conversion
rate o from an input RGB signal and a backlight upper limit
according a direct solving method, and then outputs the color-
saturation conversion rate .

[0557] FIG. 34 is a flow chart for explaining the operation
of the twelfth color-saturation conversion rate calculation
section 143.

[0558] First, in Step S141, the twelfth color-saturation con-
version rate calculation section 143 calculates a coefficient
for use in calculation of a according to Formulae (30) to (32).
Step S141 of FIG. 34 is identical to Step S141 of FIG. 32.
[0559] Next, if the coeflicient a for use in calculation of o is
0, the twelfth color-saturation conversion rate calculation
section 143 calculates a according to Formula (33). If not so,
the twelfth color-saturation conversion rate calculation sec-
tion 143 calculates a according to Formula (34) (S152). How-
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ever, it is meant in the case of use of Formula (33) that when
b is 0, the target pixel has a color saturation of 0. Therefore, a
may take on any value. In the present embodiment, when b is
0, a.1s set, for example, as a=1.

[0560] The following explains how to derive the above
calculating formulae.

[0561] First, transforming Formula in the same manner as
in Embodiment 12 by substituting y=2 in Formula (5) yields
Formulae (30) to (32) and Formula (135). Further, in cases
where a=0, Formula (33) is obtained from Formula (135). On
the other hand, in cases where a=0, the formula for the solu-
tion of a quadratic equation yields:

a=(-bxjd)/a.

The calculating formulae have been derived so far in the same
manner as in Embodiment 12.

[0562] At thispoint of time, it is indicated that there are two
solutions of c. Either of the solutions is chosen according to
the following way of thinking.

[0563] First, denoting the left-hand side of Formula (135)
by f{) yields Formula (136), in which case the following
relationship always holds:

f0)=c<0.
[0564]
Sf1)=(maxRGBg-minRGBg-MAXw)xMAX.

[0565] Incases where MAXw<maxRGBg-minRGBg, f(1)
>0. This is the same case as in Formula (4), and the twelfth
color-saturation conversion rate calculation section 143 per-
forms a process in such a direction as to cause a reduction in
color saturation. Therefore, the desired value of o falls within
a range of O<a<l1.

[0566] Meanwhile, since f(ct) 1s a quadratic equation, there
surely exists a solution between O and 1 according to f(0)=c<0
and {(1)>0.

[0567] When a>0, Formula (136) gives a downwardly con-
vex parabola. Therefore, according to f{0)<0 and f(1)>0, the
bigger one of the solutions of a=(-b+(d)/a is a solution
between 0 and 1. Accordingly, the bigger solution obtained
when a>0 is expressed as a=(-b+/d)/a, i.e., Formula (34).
[0568] On the other hand, when a<0, Formula (136) gives
an upwardly convex parabola. Therefore, according to f{0)<0
and f(1)>0, the smaller one of the solutions of a=(-b+/d)ais
asolution between 0 and 1. Accordingly, the smaller solution
obtained when a<0 is similarly expressed as a=(-b+,d)/a,
i.e., Formula (34).

[0569] That is, in cases where MAXw<maxRGBg-min-
RGBg, a is expressed by Formula (34) when a=0.

[0570] On the other hand, in cases where maxRGBg-
minRGBg=MAXw, f(1)=0. This is a case opposite to For-
mula (4), and the twelfth color-saturation conversion rate
calculation section 143 performs a process in such a direction
as to cause no change or an increase in color saturation.
Therefore, the desired value of . falls within a range of 1 =a.
Furthermore, in this case, f{0)<f(1).

[0571] When a>0, Formula (136) gives a downwardly con-
vex parabola. Therefore, according to f(0)<0 and f{0)<f(1),
one of the solutions of o=(~bzxd)/a 1s negative and the other
is a value of not less than 1. In this case, the value of not less
than 1, i.e., the bigger solution is the desired value of «.
Accordingly, the bigger solution obtained when a>0 is
expressed by Formula (34).

[0572] On the other hand, when a<0, Formula (136) gives
an upwardly convex parabola. Therefore, according to f{0)<0

On the other hand, (1) is expressed as:
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and 1(0)<f(1), both the solutions of a=(-b=/d)/a are solutions
of notless than 1. In this case, the solution closerto 1,1.e., the
smaller solution is adopted. Accordingly, the smaller solution
obtained when a<0 is similarly expressed by Formula (34).
[0573] That is, also in cases where maxRGBg-
minRGBg=EMAXw, a is expressed by Formula (34) when
a=0.

[0574] The following shows a first example of calculation
of a backlight value according to Embodiment 13. For con-
venience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
255, 63). That is, the following shows an example where the
same pixel values are used as in the example of calculation of
a backlight value according to Embodiment 1. It should be
noted that the following explanation assumes that MAX=255
and B1 Ratio=0.5.

[0575] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the example explained in Embodiment 1.
That is, the backlight value obtained in cases where no color-
saturation conversion process is performed is 239.

[0576] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0577] First, the calculation of a backlight upper limit is
performed in the same manner as in the example explained in
Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5.

[0578] Since Embodiment 13 does notjudge whether ornot
it is necessary to reduce the color saturation, Embodiment 13
calculates a color-saturation conversion rate a for every pixel.
In Embodiment 13, the color-saturation conversion rate ¢, is
calculated in the same manner as in Embodiment 12. In this
case, since 0=a=1, a. after the limiter process is also calcu-
lated as 0=0.457575 as in Embodiment 12.

[0579] Subsequently. the backlight value is calculated
under the same procedure as in Embodiment 12. That is, the
backlight value obtained in cases where the color-saturation
process is performed is 128. Thus, the above example shows
that the color-saturation conversion process can reduce the
backlight value from 239 to 128 (reduction of approximately
46%).

[0580] The following shows a second example of calcula-
tion of a backlight value according to Embodiment 13. For
convenience of explanation, the following shows an example
where an image constituted by a single pixel is inputted and
the input image has pixel values (R[1], G[1], B[1])=(159,
187, 85). That is, the following shows an example where the
same pixel values are used as in the second example of cal-
culation of a backlight value according to Embodiment 2. It
should be noted that the following explanation assumes that
MAX=255 and B1 Ratio=0.5.

[0581] First, in cases where no color-saturation conversion
process is performed, a backlight value is calculated in the
same manner as in the second example of calculation
explained in Embodiment 2. That is, the backlight value
obtained in cases where no color-saturation conversion pro-
cess 1s performed is 109.

[0582] On the other hand, in cases where a color-saturation
conversion process is performed, a backlight value is calcu-
lated in the following manner.

[0583] The calculation of a backlight upper limit is per-
formed in the same manner as in the example explained in
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Embodiment 1. That is, the backlight upper limit MAXw is
set as MAXw=127.5. Further, the luminance Y[1] corre-
sponding to the input pixel values is calculated in the same
manner as in the second example of calculation of Embodi-
ment 2 to take on a value of 167.25.

[0584] Substituting MAX=255, maxRGB=187, min-
RGB=85,Y[i]=167.25, and MAXw=127.5 in Formulae (30)
to (32) yields coefficients (a, b, ¢) for use in calculation of o
as follows:

a = (maxRGB — minRGB) X (maxRGB + minRGB -2 x Y[i])
= (187 -85)% (187 + 85 — 2 x 167.25)
= 6375

b = Y[i] X (maxRGB - minRGB)
= 167.25% (187 - 85)
= 17059.5

¢ = -MAXwxMAX
=-127.5%255
=-32512.5.

[0585] Since a=0, it is found from Formula (34) that:

@ =

(~bxVd)

(~17059.5 + V §3750352.75)
(~6375)

=1.24039.

Thus, the present embodiment can calculate a without a loop
process.

[0586] In the present example of calculation, since a
exceeds 1, a limiter process is performed so that a=1.
[0587] Thus, incases where a=1, there are no differences in
RGB values between before and after color-saturation con-
version according to Formulae (6) to (8), with the same result
as in the case where no color-saturation conversion (color-
saturation reduction) is performed.

[0588] Thatis, in cases where a backlight value obtained in
cases where no color-saturation conversion is performed falls
short of a backlight upper limit, no color-saturation conver-
sion is needed. Also in the present example of calculation, no
color-saturation conversion is performed. Accordingly, the
backlight value is 109 as in the case where no color-saturation
conversion is performed.

[0589] Basically, the present liquid crystal display device
has a single backlight 17 provided for a plurality of pixels. For
this reason, for example, the liquid crystal display device of
FIG. 1 is arranged such that a single white backlight 17
corresponds to the entire display screen of the liquid crystal
panel 15. However, the present invention is not limited to this.
The display screen of the liquid crystal panel 15 may be
divided into a plurality of areas, and a plurality of backlights
may be provided so that it becomes possible to adjust the
luminance of the backlight of each area.

[0590] FIG. 35 shows an example where a single display
area has two white backlights. It should be noted, however,
that the number of backlights is not limited.
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[0591] Theliquid crystal display device of FIG. 35includes
acolor-saturation conversion section 11, a gamma-correction
section 12, an input signal division section 151, output signal
generation sections 13a and 135, liquid crystal panel control
sections 14a and 145, a liquid crystal panel 15, backlight
control sections 164 and 165, and white backlights 17a and
175.

[0592] The input signal division section 151 splits, into
signals corresponding to two areas, a gamma-corrected input
RGB signal, inputted from the gamma-correction section 12,
which corresponds to a single screen, and inputs the RGB
input signals to the output signal generation sections 13a and
135 for the respective areas. Each of the output signal gen-
eration sections 13a and 135 performs, on a corresponding
one of the areas, a process equivalent to the process per-
formed by the output signal generation section 13 of FIG. 1.
[0593] Each of theliquid crystal panel control sections 144
and 145 performs, on a corresponding one of the areas, a
process equivalent to the process performed by the liquid
crystal panel control section 14 of FIG. 1. Bach of the control
sections controls the transmittance of a pixel positioned so as
to correspond to that area of the liquid crystal panel 15 which
corresponds to the control section.

[0594] Each of the backlight control sections 16a and 165
performs, on a corresponding one of the areas, a process
equivalent to the process performed by the backlight control
section 16 of F1G. 1. Each of the whitebacklights 174 and 175
is identical in structure to the backlight 17. Each of the back-
lights illuminates a corresponding one of the areas.

[0595] By thus dividing a single screen into a plurality of
areas and controlling each area, the backlight value can be
further reduced. It should be noted that although the present
embodiment divides a single screen into two areas, it is also
possible to divide a single screen into three or more areas and
control each area.

[0596] In a general image, similar colors tend to be con-
tiguous in a neighborhood area. Thus, dividing the backlight
area as shown in FIG. 35 makes it possible to further darken
the backlight for an area where dark pixels gather. Accord-
ingly, the amount of electricity that is used by the entire
backlight is better reduced when the backlight is divided than
when the backlight is not divided.

[0597] The processes that are performed by the color-satu-
ration conversion section 11, the gamma-correction section
12, and the output signal generation section 13 can be realized
by software operable on personal computers. The following
describes a procedure for realizing the processes by software.
[0598] FIG. 36 is a system configuration in which the pro-
cesses are realized by software. The system is constituted by
a PC main unit 161 and an input-output device 165. Further,
the PC main unit 161 includes a CPU 162, a memory 163, and
an input-output interface 164. The input-output device 165
includes a storage medium 166.

[0599] The CPU 162 controls the input-output device 165
via the input-output interface 164. The CPU 162 reads out,
from the storage medium 166, programs for color-saturation
reduction, gamma correction, and output signal generation,
parameter files (e.g., the upper limit of an input RGB signal,
the backlight value determination ratio, area information for
use indivision of a single screen into a plurality of areas), and
input image data, and stores them in the memory 163.
[0600] Further, the CPU 162 reads out, from the memory
163, the programs for color-saturation reductiorn, gamma cor-
rection, and output signal generation, the parameter files, and
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the input image data. In accordance with each command of
the programs for color-saturation reduction, gamma correc-
tion, and output signal generation, the CPU 162 performs
color-saturation reduction, gamma correction, and output sig-
nal generation on the input image data thus inputted, and then
controls, via the input-output interface 164, the input-output
device 165 to output, to the storage medium 166, the back-
light value and the RGBW transmittances obtained after the
generation of the output signal.

[0601] Alternatively, as shown in FIG. 37, the CPU 162
outputs the backlight value obtained after the generation of
the output signal to the backlight control section 16 and the
RGBW transmittances to the liquid crystal panel control sec-
tion 14 via the input-output interface 164, thereby controlling
the white backlight 17 and the liquid crystal panel 15 so that
an image is actually displayed.

[0602] Thus, the system makes it possible to perform the
aforementioned color-saturation reduction, the aforemen-
tioned gamma correction, and the aforementioned output sig-
nal generation on a personal computer. This makes it possible
to confirm the validity of a method for reducing color satura-
tion and a method for generating an output signal and the
effect of reduction in backlight value before actually manu-
facturing a color-saturation conversion section and an output
signal generation section by way of trial.

[0603] Inorderto solve the foregoing problems, a transmis-
sive liquid crystal device according to the present invention
includes: a liquid crystal panel whose pixels are each divided
into four subpixels, namely red (K), green (G), blue (B), and
white (W) subpixels; a white active backlight whose light
emission luminance is controllable; a color-saturation con-
version section that performs a color-saturation reduction
process on pixel data high in luminance and color saturation,
from among pixel data contained in a first input RGB signal
serving as an input image, and thereby converts the first input
RGB signal into a second input RGB signal; a gamma-cor-
rection section that converts the second input RGB signal into
a third input RGB signal by performing a gamma-correction
process on the second input RGB signal; an output signal
generation section that generates, from the third input RGB
signal, respective transmittance signals of the R, G, B, and W
subpixels of each pixel of the liquid crystal panel and calcu-
lates a backlight value of the active backlight; a liquid crystal
panel control section that drives and controls theliquid crystal
panel in accordance with the transmittance signals generated
by the output signal generation section; and a backlight con-
trol section that controls the light emission luminance of the
backlight in accordance with the backlight value calculated
by the output signal generation section.

[0604] Alternatively, in order to solve the foregoing prob-
lems, another transmissive liquid crystal device according to
the present invention includes: a liquid crystal panel whose
pixels are each divided into four subpixels, namely red (R),
green (G), blue (B), and white (W) sub pixels; a white active
backlight whose light emission luminance is controllable; a
color-saturation conversion and gamma-correction section
that performs a color-saturation reduction process and a
gamma-correction section in this order on pixel data high in
luminance and color saturation, from among pixel data con-
tained in a first input RGB signal serving as an input image,
and converts the first input RGB signal into a third input RGB
signal by performing a gamma-correction process on pixel
data low in at least either luminance or color saturation; an
output signal generation section that generates, from the third
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input RGB signal, respective transmittance signals of the R,
G, B, and W subpixels of each pixel of the liquid crystal panel
and calculates a backlight value of the active backlight; a
liquid crystal panel control section that drives and controls the
liquid crystal panel in accordance with the transmittance sig-
nals generated by the output signal generation section; and a
backlight control section that controls the light emission
luminance of the backlight in accordance with the backlight
value calculated by the output signal generation section.

[0605] According to the foregoing arrangement, the use of
a liquid crystal panel whose pixels are each divided into four
subpixels, namely R, G, B, and W subpixels, makes it pos-
sible to transfer a part of each of the R, G, and B components
to the subpixel W, which suffers no loss (or little loss) of light
due to absorption by a filter. This makes it possible to reduce
the amount of light that is absorbed by the color filter and to
reduce the backlight value accordingly, thereby enabling a
reduction in the amount of electricity that is used by the
transmissive liquid crystal display device.

[0606] Furthermore, the backlight value can be more surely
reduced by calculating the backlight value and the RGBW
transmittances after performing the color-saturation reduc-
tion process on the first input RGB signal, which is an original
input.

[0607] Further, as for the color-saturation reduction pro-
cess and the gamma-correction process, the gamma-correc-
tion process is performed after the color-saturation reduction
process. Incases where the color-saturation reduction process
and the gamma-correction process are performed in an
inverse order, there is a difference in luminance between
before the processes and after the processes. However, since
the gamma-correction process is performed after the color-
saturation reduction process, the luminance after the pro-
cesses stays the same as the luminance before the processes.

[0608] Further, the transmissive liquid crystal display
device is preferably arranged such that the color-saturation
conversion section reduces only the color saturation of the
pixel data on which the color-saturation reduction process is
performed, without causing a difference in luminance and
hue between before and after the color-saturation reduction
process.

[0609] The foregoing arrangement does not cause a change
in luminance and hue, both of which exert a great influence on
the visual property of a human, but causes a reduction only in
saturation, which exerts only a minor influence on the visual
property, thereby enabling the suppression of deterioration in
image quality due to the color-saturation reduction process.

[0610] Further, the transmissive liquid crystal display
device is preferably arranged such that the color-saturation
conversion section is able to change a degree of the color-
saturation reduction process.

[0611] The foregoing arrangement allows a user to selec-
tively set a balance between a power consumption reduction
effect that is brought about by the color-saturation reduction
process and deterioration in image quality due to the color-
saturation reduction process.

[0612] Further, the transmissive liquid crystal display
device may be arranged so as to include a plurality of active
backlights with respect to the liquid crystal panel, wherein the
transmissive liquid crystal display device controls a transmit-
tance of the liquid crystal panel and a backlight value of a
backlight for each of those areas respectively corresponding
to the active backlights.
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[0613] According to the foregoing arrangement, the back-
light is divided into areas so that the backlight value can be
suitably set for each of the areas of the backlight thus divided,
and that the entire amount of electricity that is used by the
backlight can be reduced.

[0614] 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 liquid crystal display device comprising:

a liquid crystal panel whose pixels are each divided into
four subpixels, namely red (R), green (G), blue (B), and
white (W) subpixels;

awhite active backlight whose light emission luminance is
controllable;

acolor-saturation conversion section that performs a color-
saturation reduction process on pixel data high in lumi-
nance and color saturation, from among pixel data con-
tained in a first input RGB signal serving as an input
image, and thereby converts the first input RGB signal
into a second input RGB signal;

a gamma-correction section that converts the second input
RGB signal into a third input RGB signal by performing
a gamma-correction process on the second input RGB
signal,

an output signal generation section that generates, from the
third input RGB signal, respective transmittance signals
oftheR, G, B, and W subpixels in each pixel of the liquid
crystal panel and calculates a backlight value of the
active backlight;

a liquid crystal panel control section that drives and con-
trols the liquid crystal panel in accordance with the
transmittance signals generated by the output signal
generation section; and

a backlight control section that controls the light emission
luminance of the backlight in accordance with the back-
light value calculated by the output signal generation
section.

2. A transmissive liquid crystal display device comprising:

a liquid crystal panel whose pixels are each divided into
four subpixels, namely red (R), green (G), blue (B), and
white (W) subpixels;

awhite active backlight whose light emission luminance is
controllable;

a color-saturation conversion and gamma-correction sec-
tion that performs a color-saturation reduction process
and a gamma-correction process in this order on pixel
datahigh in luminance and color saturation, from among
pixel data contained in a first input RGB signal serving
as an inputimage, performs a gamma-correction process
on pixel data low in at least either luminance or color
saturation, and thereby converts the first input RGB
signal into a third input RGB signal,

an output signal generation section that generates, from the
third input RGB signal, respective transmittance signals
ofthe R, G, B, and W subpixels in each pixel of the liquid
crystal panel and calculates a backlight value of the
active backlight;
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a liquid crystal panel control section that drives and con-
trols the liquid crystal panel in accordance with the
transmittance signals generated by the output signal
generation section; and

a backlight control section that controls the light emission
luminance of the backlight in accordance with the back-
light value calculated by the output signal generation
section.

3. The transmissive liquid crystal display device as set forth
in claim 1, wherein the color-saturation conversion section
reduces only the color saturation of the pixel data on which
the color-saturation reduction process is performed, without
causing a difference in luminance and hue between before
and after the color-saturation reduction process.

4. The transmissive liquid crystal display device as set forth
in claim 2, wherein the color-saturation conversion and
gamma-correction section reduces only the color saturation
of the pixel data on which the color-saturation reduction
process is performed, without causing a difference in lumi-
nance and hue between before and after the color-saturation
reduction process.

5. The transmissive liquid crystal display device as set forth
in claim 1, whetrein the color-saturation conversion section is
able to change a degree of the color-saturation reduction
process.

6. The transmissive liquid crystal display device as set forth
in claim 2, wherein the color-saturation conversion and
gamma-correction section is able to change a degree of the
color-saturation reduction process.

7. The transmissive liquid crystal display device as set forth
in claim 1, wherein the color-saturation conversion section
performs the color-saturation conversion process according
to the steps (A) to (D) of:

(A) calculating a backlight upper limit MAXw according

to Formula (1)
MAXw=MAXxB1 Ratio €3}

where

MAX=an upper limit of a backlight value that is obtained
when no color-saturation conversion process is per-
formed (=a maximum value of all RGB values of the
input RGB signal), and

B1 Ratio=a backlight value determination ratio (0.5=BI
Ratio=1.0);

(B) calculating maximum and minimum values
(maxRGBg, minRGBg) of a gamma-corrected RGB
signal according to Formulae (2) and (3)

maxRGBg=fg(maxRGB.Y) @
minRGBg=fz(minRGB,Y) (3)
where

maxRGB=max (R[i], G[i], B[i]),

minRGB=min (R][i], G[i], B[i]),

R[il, G[i], B[i](i=1, 2, . ..,Np) RGB values of a target pixel
in the first input RGB signal,

Np=the number of pixels of the input image,

max (A, B ... )=a maximum value of A, B, ...

min (A, B, . .. )=a minimum value of A, B,

y=a gamma coefficient (>0), and

fg(x,g)=a gamma correction function;

(C)calculating a color-saturation conversion rate . accord-
ing to the step (a) or (b) of:

(a) if Formula (4) is satisfied, calculating a that satisfies
Formula (5)

MAXw<maxRGBg-minRGBg 4

axmaxRGB + @ XminRGR +
g[ ]_"g(<

. . ]:MAXW
(l-a)x Y[,y 1—a)x Y[,y
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where Y[i]=the luminance of the input RGB signal (R[i],
Gli], B[i]); or
(b) if Formula (4) is not satisfied, setting « as a=1; and

(D) calculating a saturation-converted RGB signal (Rs[i],
Ggli]), Bs[i]) according to Formulae (6) to (8)

Rsfij=axRf{|+(1-a)x Yfi] (6)
Gsfi]=axGfil+(1-a)x ¥fi] M
Bsfi]=oxB[i|+(1-a)x Yfi]. ®)

8. The transmissive liquid crystal display device as set forth
in claim 1, wherein the color-saturation conversion section
performs the color-saturation conversion process according
to the steps (A) to (C) of:

(A) calculating a backlight upper limit MAXw according

to Formula (1)

MAXw=MAXxB1 Ratio 0

where

MAX=an upper limit of a backlight value that is obtained
when no color-saturation conversion process is per-
formed (Za maximum value of all RGB values of the
input RGB signal), and

B1 Ratio=a backlight value determination ratio (0.5=B1
Ratio=1.0);

(B) calculating . that satisfies Formula (5)

a X maxRGB + a X minRGB + &)
g( : ] _ g( . ] = MAXw
(l-a)x Y[,y (I-a)xY[il,y
where
maxRGB max(R [i].B[i]),
minRGB=min(R[i] ,B [il),

R[i], Gli], B[i](i=1, 2, ..., Np)=RGB values of a target
pixel in the first input RGB signal,

Np=the number of pixels of the input image,

max (A, B, ...

min (A, B, . .. )=a minimum value of A, B, . . .,

y=a gamma coefficient (>0),

fg(x,g2)=a gamma correction function, and

Y[i]=the luminance of the input RGB signal (R[i], GJi],
Bli]); and

(C) calculating a saturation-converted RGB signal

(Rsli], Gsli], Bs[i]) according to Formulae (6) to (8)

)=a maximum value of A, B, . . .,

Rsfi]=axR i +(1-)x Y[i] (6
Gsfij=oxG[il+(1-0)x Y}i] M
BsfiJ=oxBfil+(1-o)x Y[i], ®)

the steps (B) and (C) being repeated as many times as the

number of pixels within the input image.

9. The transmissive liquid crystal display device as set forth
in claim 1, wherein the color-saturation conversion section
performs the color-saturation conversion process according
to the steps (A) to (D) of:

(A) calculating a backlight upper limit MAXw according

to Formula (1)

MAXw=MAXxB1 Ratio oY
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where

MAX=an upper limit of a backlight value that is obtained
when no color-saturation conversion process is per-
formed (Za maximum value of all RGB values of the
input RGB signal), and

B1 Ratio=a backlight value determination ratio (0.5=BI
Ratio=1.0);

(B) calculating a that satisfies Formula (5)

axmaxRGB + aXminRGB +
g( ] g((

. . ]:MAXW
(l-a)x Y[,y 1—a)x Y[,y

where
maxRGB=max (R]i], '] BIi]),
minRGB=min (R]i], G[i], B[i]),
R[i], G[i], BIi] (i=1 ., Np)=RGB values of a target

pixel in the first 1nput RGB signal,

Np=the number of pixels of the input image,

max (A, B, .. .)=amaximum value of A, B, . . .,

min (A, B, ... )=a minimum value of A| B, . ..

y=a gamma coefficient (>0),

fo(x,g)=a gamma correction function, and

Y[i]=the luminance of the input RGB signal (R[i], GIi],
B[i]);

(C) setting . as =0 if ct is calculated as c.<0 according to

the step (B) or setting cias a=1 if o is calculated as 1<a
according to the step (B); and

(D) calculating a saturation-converted RGB signal (Rs[i],
Gsli], Bs[i]) according to Formulae (6) to (8)

Rsfi]=axRf{|+(1-a)x Yfi] (6)
Gsfij=axGfil+(1-0)x Yfi] @)
Bsfi]=axBfi|+(1-a)x Yfi], (8)

the steps (B) to (D) being repeated as many times as the

number of pixels within the input image.

10. The transmissive liquid, crystal display device as set
forth in claim 2, wherein the color-saturation conversion and
gamma-correction section performs the color-saturation con-
version process and the gamma-correction process according
to the steps (A) to (C) of:

(A) calculating a backlight upper limit MAXw according

to Formula (1)

MAXw=MAXxB1 Ratio (1)

where

MAX=an upper limit of a backlight value that is obtained
when no color-saturation conversion process is per-
formed (2a maximum value of all RGB values of the
input RGB signal), and

B1 Ratio=a backlight value determination ratio (0.5=Bl
Ratio=1.0);

B) calculating a gamma-corrected RGB signal (Rg[i],

Ggli]. Bg[i]) according to Formulae (101) to (103)
Re[i]=/gRf]Y) (101
Gelij=fe(GLLy) (102)

Beli]~f&(B[iY) (103)
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where

R[i], G[i], B[i] (i=1, 2, . . ., Np)=RGB values of a target
pixel in the first input RGB signal,

Np=the number of pixels of the input image,

y=a gamma coefficient (>0), and

fe(x,g)=a gamma correction function; and

(C) calculating the third input RGB signal (Rsg[i], Gsg[i],
Bsg[i]) according to the step (a) or (b) of:

(a) if Formula (4) is satisfied, calculating a that satisfies
Formula (5)

MAXw<maxRGBg-minRGBg 4)
aXmaxRGB + aXminRGB + Q)]
g[ . ]— g( . ] = MAXw
(l=-a)xY[i],y (I=-a)x Y[,y

where

maxRGBg=max (Rg[i], Gg[i], Bg[i]),

minRGBg=min (Rg[i], Gg[i], Bg[i]), and

Y[i]=the luminance of the input RGB signal (R[i], G[i],
BI[i]),

calculating, with use of a thus calculated, the second input
RGB signal obtained by performing the color-saturation
conversion process on the first input RGB signal,

and then calculating the third input RGB signal obtained by
performing the gamma-correction process on the second
input RGB signal; or

(b)ifFormula (4) is not satisfied, calculating the third RGB
signal (Rsg[1], Gsg[i], Bsg[i]) according to the following

formulae
Rsgli]=Rg[i]
Gsg[i]=Ggli]
Bsgli]=Bg][i]

so that the third RGB signal becomes identical to the gamma-
corrected RGB signal calculated according to the step (B).
11. The transmissive liquid crystal display device as set
forth in claim 7, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate o according
to the steps (A) and (B) of:
(A) in order to perform piecewise linear approximation of
a normalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)=

x[ij=i/Ndg ®
yOI==00Y (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[j]=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[j] the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

affI=o b+ -y D/ +1]-x[]) 1)

bl Ly = iy R DA [+ =% []) 12
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where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[jl=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0 to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) for a pixel that satisfies Formula (4), calculating o
according to the steps (a) to (c) of:

(a) calculating an o. candidate value at according to For-
mula (13)

{ MAXw - (alk] - al j]} % } (13)
_ \ Y[l - (blk] - B[ xMAX )

" (alk]x (maxRGB-Y[D-) '
{ alj] % (minRGB — Y[i]) }

(b) calculating an o calculation judgment value (judge)
according to Formula (14)

ar X maxRGB + (14)
g( (1-anx Y[,y ] h
of XminRGB +
g( (1-anx Y[ y

judge =
] - MAXw

if the candidate value at falls within a range of 0=at=1,
and then

(c) when it is judged for the first time whether or not to
update a or when judge<judgeMin, updating o and a
minimum a calculation judgment value (judgeMin)
according to Formulae (15) and (16)
a=at (15)

judgeMin=judge (16)

where

judgeMin=the minimum a calculation judgment value,

jMin=a normalized-gamma-curve polygonal-line segment
index corresponding to minRGB (x[jMin]=minRGB/
MAX<x[jMin+1]), and

kMax=a normalized-gamma-curve polygonal-line seg-
ment index corresponding to maxRGB (x[kMax]
<«maxRGB/MAX =x[kMax+1])
(0=jMin=kMax<Ndg),

the steps (a) to (c¢) being repeated from j jMin to j kMax in
j and from k=j to k=kMax.

12. The transmissive liquid crystal display device as set
forth in claim 10, wherein the color-saturation conversion and
gamma-correction section calculates a color-saturation con-
version rate according to the steps (A) and (B) of:

(A) in order to perform piecewise linear approximation of
anormalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[j]=j/Ndg ©
yh=x01" (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[jl=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and
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y[j]=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

aff]=p [+ 1=y f+11-5{1) (11
bfij=(x [+ xy li]-x[iixy [+11)/(x [j+1]-x[j]) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[j]=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) for a pixel that satisfies Formula (4), calculating a
according to the steps (a) to (c) of:

(a) calculating an o candidate value at according to For-
mula (13)

{ MAXw — (alk] - a[j]) x } (13)
Y[i] - (blk] - b ) xMAX

= A% masRGB— Y[ -
{ alj] X (minRGB - Y[i]) }

(b) calculating an CL calculation judgment value (judge)
according to Formula (14)

( @r X maxRGB + ] (14)
N -anxyi, y)~
Jjudge= .
at XminRGB +
g((

. ]—MAXW
1—an)xY[i], y

if the candidate value at falls within a range of 0=at=1; and
then
(c) when it is judged for the first time whether or not to
update a or when judge<judgeMin, updating o and a
minimum a calculation judgment value (judgeMin)
according to Formulae (15) and (16)

a=at 1%

JudgeMin=judge (16)

where
judgeMin=the minimum a calculation judgment value,
jMin=a normalized-gamma-curve polygonal-line segment
index corresponding to minRGB (x[jMin]=minRGB/
MAX<x[jMin+1]), and

kMax=a normalized-gamma-curve polygonal-line seg-
ment index corresponding to maxRGB (x[kMax]
<maxRGB/MAX =x[kMax+1])
(0=jMin=kMax<Ndg),

the steps (a) to (c) being repeated from j=jMin to j=kMax

in j and from k=j to k=kMax.

13. The transmissive liquid crystal display device as set
forth in claim 8, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate a according
to the steps (A) and (B) of:
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(A) in order to perform piecewise linear approximation of
anormalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[ij=j/Ndg ®
yll==1Y (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[jl=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[jl=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

af[fl=( i+ 1 -y D -11-%[1) 9
b= i+ 1 xy [f]-x[ilxy +11) e [+ ~x[]) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[jl=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0 to j=Ndg for Formulae
(9) and (10) and from j=0 to j Ndg-1 for Formulae (11)
and (12); and

(B) calculating o for each pixel of the input image accord-
ing to the steps (a) to (d) of:

(a) calculating an o. candidate value at according to For-
mula (13)

{MAXW— (alk] — aljD) x Y[i] - } (13)
(blk] = D[ j) x MAX )
alk] X (maxRGB-Y[i)-) ~
{ alj1% (minRGB - Y[i]) }

at =

at being an arbitrary value if the denominator is 0;

(b) calculating maximun and minimum values (maxRG-
Bst, minRGBst) of the saturation-converted RGB signal
according to Formulae (17) and (18)

maxRGBst=max(arxmaxRGB+(1-anx ¥/i],0) (17

minRGBst=min(cuxmaxR GB+(1-anx Yfi], MAX); (18)

(c) calculating an a calculation judgment value (judge)
according to Formula (19)

judge = | fg(maxRGBst, v) — fe(minRGBst, v) — MAXw; (19)

and then

(d) when it is judged for the first time whether or not to
update a or when judge<judgeMin, updating o and a
minimum a calculation judgment value (judgeMin)
according to Formulae (15) and (16)

a=at (15)

judgeMin=judge (16)
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where
JudgeMin=the minimum a calculation judgment value,
jMin=a normalized-gamma-curve polygonal-line segment
index corresponding to minRGB (x[jMin]=minRGB/
MAX<x[jMin+1]), and

kMax=a normalized-gamma-curve polygonal-line seg-
ment index corresponding to maxRGB (x[kMax]
<maxRGB/MAX =x[kMax+1])
(0=jMin=kMax<Ndg),

the steps (a) to (d) being repeated from j=0to j Ndg-1 and

from k=j to k=Ndg-1.

14. The transmissive liquid crystal display device as set
forth in claim 9, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate a according
to the steps (A) and (B) of:

(A) in order to perform piecewise linear approximation of

a normalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[jj=7/Ndg ®
yOI=={lY (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[j]=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[j]=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

affl= i+ -y 1)/ f+1]-5[1) (11
b=+ 1%y [i]- [i]xy H1]) s+ ~x[f]) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[j]=the intercept of a normalized-gamma-curve polygo-
nal-line segment j(0=j<Ndg),

the step (A) being repeated from j=0to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) calculating a for each pixel of the input image accord-
ing to the steps (a) to (d) of:

(a) calculating an o candidate value at according to For-
mula (13)

{MAXW—(a[k] —a[jhx Y] —} (13)
(blk] - B[ ) x MAX
alk] X (maxRGB - Y[i]) -

{ alj] X (minRGB - Y[1] }

ar =

at being an arbitrary value if the denominator is 0;

(b) calculating maximum and minimum values (maxRG-
Bst, minRGBst) of the saturation-converted RGB signal
according to Formulae (17) and (18)

maxRGBst=max(arxmaxRGB+(1-anx Y/i],0) 17

minRGBst=min{auxmaxRGB+(1-an)x Y i, MAX); (18)
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(c) calculating an a calculation judgment value (judge)
according to Formula (19)

judge = | fg(maxRGBst, v) — fg(minRGBst, y) - MAXw]; (19)

and then
(d) when it is judged for the first time whether or not to
update a or when judge<judgeMin, updating o and a
minimum o calculation judgment value (judgeMin)
according to Formulae (15) and (16)
a=at (15)

judgeMin=judge (16)

where

judgeMin=the minimum a calculation judgment value,

jMin=a normalized-gamma-curve polygonal-line segment
index corresponding to minRGB (x[jMin]=minRGB/
MAX<x[jMin+1]), and

kMax=a normalized-gamma-curve polygonal-line seg-
ment index corresponding to maxRGB (x[kMax]
<maxRGB/MAX =x[kMax+1])
(0=jMin=kMax<Ndg),

the steps (a) to (d) being repeated from j=0to j=Ndg-1 and
from k=j to k=Ndg-1.

15. The transmissive liquid crystal display device as set
forth in claim 7, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate a according
to the steps (A) and (B) of:

(A) in order to perform piecewise linear approximation of
anormalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[j]=j/Ndg ®
yOIxOIY (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[jl=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[jl=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

affl= i+ -y 1)/ f+1]-x[1) (1
b=+ 1)<y [i]- [Txy H1]) (x j+1]-x[f]) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[jl=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0 to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) for a pixel that satisfies Formula (4), calculating a
according to the steps (a) to (c) of:

(a) calculating the current value of o according to Formula
(20)

{ MAXw - (alk] - al /)% } (20)
_ Y[ - (Blk] - B[j) xMAX |

" (alk]x (maxRGB - Y[ -\’
{ al j] % (minRGB - Y[i]) }
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(b) calculating an o calculation judgment value (judge)
according to Formula (21)

@ xmaxRGB + 2D
g((l — )X Y[i} y]_
aXminRGB +
g( (I-a)x Y[,y

Judge =
] - MAXw

if a calculated according to Formula (20) falls within a range
of 0=0<1; and then
(¢) judging whether or not
Judge=judgeTol

where judgeTol=a threshold (>0) for use in calculation

judgment of the color-saturation conversion rate,

the steps (a) to (¢) being repeated from j=jMin to j=kMax

and from either k=kMax to k=j or k= to k=kMax,

the color-saturation conversion section finishing the calcu-

lation of o if judge=judgeTol,

the color-saturation conversion section performing error

handling if the color-saturation conversion section fin-
ishes a predetermined loop without satisfying
judge=judgeTol.

16. The transmissive liquid crystal display device as set
forth in claim 10, wherein the color-saturation conversion and
gamma-correction section calculates a color-saturation con-
version rate a according to the steps (A) and (B) of:

(A)in order to perform piecewise linear approximation of

a normalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[jj=j/Ndg ©
YOl (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[j]=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[j]=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

alfl=oli+1]-y iV [+1]->{]) (1n
b 1= f+1]xy fij-x[i]xy 1) [f+1]-x[]) (12
where

a[j] the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[j]=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) for a pixel that satisfies Formula (4), calculating o
according to the steps (a) to (¢) of:

(a) calculating the current value of o according to Formula
(20)

{ MAXw —(alk] - al D) x } 20)
_ Y[ - (Blk] - B[ XMAX |

alk] X (maxRGB - Y[ -’
{ alj]x (minRGB - Y[i]) }
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(b) calculating an o calculation judgment value (judge)
according to Formula (21)

judge =

aXmaxRGB + a XminRGB +
- Jq (

fg((l—a)xym,y 1—a>xY[i],y]'MAXW‘

if a calculated according to Formula (20) falls within a range
of 0=a<1; and then

(c) judging whether or not
judge=judgeTol

where judgeTol=a threshold (>0) for use in calculation
judgment of the color-saturation conversion rate,

the steps (a) to (c) being repeated from j=jMin to j=kMax
and from either k=kMax to k=j or k= to k=kMax,

the color-saturation conversion section finishing the calcu-
lation of a if judge=judgeTol,

the color-saturation conversion section performing error
handling if the color-saturation conversion section fin-
ishes a predetermined loop without satisfying
judge=judgeTol.

17. The transmissive liquid crystal display device as set
forth in claim 8, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate a according
to the steps (A) and (B) of:

(A) in order to perform piecewise linear approximation of
anormalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[j]=j/Ndg ©)
yOI=x01" (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[j] the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[j] the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized

polygonal-line segment according to Formulae (11) and
(12)

affl= i+ -y 1)/ f+1]->[1) (1
b=+ 1 <y [ [Txy D+~ []) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and

b[jl=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (0=j<Ndg),

the step (A) being repeated from j=0 to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and
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(B) calculating a for each pixel of the input image accord-
ing to the steps (a) to (d) of:

(a) calculating the current value of o according to Formula
(20)

{ MAXw — (alk] - al /1) x } (20)
Y[i] - (blk] - b[ /) xMAX
~ (alk] x (maxRGB - Y[i])—

{ aljlx (minRGB - Y[i]) }

o being an arbitrary value if the denominator is 0

(b) calculating maximum and minimum values (maxRG-
Bst, minRGBst) of the saturation-converted RGB signal
according to Formulae (22) and (23)

maxRGBs=max(axmaxRGB+(1-a)xY{i],0) (22)

minRGBs=min(axmaxRGB+(1-a)x Y/i] MAX); (23)

(c) calculating an o calculation judgment value (judge)
according to Formula (24)

Judge=lfg(maxRGBs,y)-fg(minRGBs,y)-MAXwl; (24)

and then
(d) judging whether or not

Judge=judgeTol

where judgeTol=a threshold (>0) for use in calculation

judgment of the color-saturation conversion rate,

the steps (a) to (d) being repeated from j=0to j=Ndg-1 and

from either k=Ndg-1 to k=j or k=j to k=Ndg-1,

the color-saturation conversion section finishing the calcu-

lation of a if judge=judgeTol,

the color-saturation conversion section setting o as a=1 if

the color-saturation conversion section finishes a prede-
termined loop without satisfying judge=judgeTol.

18. The transmissive liquid crystal display device as set
forth in claim 9, wherein the color-saturation conversion sec-
tion calculates a color-saturation conversion rate a according
to the steps (A) and (B) of:

(A) in order to perform piecewise linear approximation of

a normalized gamma curve, calculating the coordinates
of an endpoint of each polygonal-line segment accord-
ing to Formulae (9) and (10)

x[j]=j/Ndg ®
yOFx0lY (10)
where

Ndg=the number of normalized-gamma-curve polygonal-
line segments (>0),

x[j]=the x coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg), and

y[jl=the y coordinate of an endpoint of a normalized-
gamma-curve polygonal-line segment (0=j=Ndg),

and calculating the slope and intercept of each normalized
polygonal-line segment according to Formulae (11) and
(12)

affl=(+1]-y (D [j+1]-x[]) (11
b= i+ 1 xy [f]-x[i]xy 1)/ (x [+ -x[j]) (12)
where

a[j]=the slope of a normalized-gamma-curve polygonal-
line segment j (0=j<Ndg), and
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b[jl=the intercept of a normalized-gamma-curve polygo-
nal-line segment j (n=j<Ndg),

the step (A) being repeated from j=0 to j=Ndg for Formulae
(9) and (10) and from j=0to j=Ndg-1 for Formulae (11)
and (12); and

(B) calculating a for each pixel of the input image accord-
ing to the steps (a) to (d) of:

(a) calculating the current value of o according to Formula
(20)

MAXw - (alk] - a[j) % Y[1] - Q0
{ (DIK] - B[N x MAX }
alk] X (maxRGB - Y[i]) -
{ al J1x (minRGB - Y[i]) }

. being an arbitrary value if the denominator is 0,

(b) calculating maximum and minimum values (maxRG-
Bst, minRGBst) of the saturation-converted RGB signal
according to Formulae (22) and (23)

maxRGBs=max(a=maxRGB+(1-a)xY/i],0) (22)

minRGBs=min(axmaxRGB+(1-a)x Y/i] MAX); (23)

(c) calculating an a calculation judgment value (judge)
according to Formula (24)

judge=|fg(maxRGBs,y)—-fg(minRGBs,y)-MAXwl, (24)

and then
(d) judging whether or not

judge=judgeTol

where judgeTol=a threshold (>0) for use in calculation
judgment of the color-saturation conversion rate,

the steps (a) to (d) being repeated by from j=0 to j=Ndg-1
and from either k=Ndg-1 to k=j or k j to k=Ndg-1,

the color-saturation conversion section finishing the calcu-
lation of 0 if judge<judgeTol,

the color-saturation conversion section setting o as a=1 if
the color-saturation conversion section finishes a prede-
termined loop without satisfying judge<judgeTol.

19. The transmissive liquid crystal display device as set
forth in claim 7, wherein the color-saturation conversion sec-
tion calculates, for a pixel that satisfies Formula (4), a color-
saturation conversion rate CL, according to the steps (A) to
(D) of:

(A) initializing lower and upper limits low and high of the
color-saturation conversion rate for use in a dichotomiz-
ing search so that low=0 and high=1;

(B) calculating the current value of o according to Formula
25)

a=(low+high)/2; (25)

(C) calculating an o calculation judgment value (judgeSi)
according to Formula (26)

axXmaxRGB + ] ( aXminRGB + ] (26)
- /g
(

jmges":fg[(l—w)xym,y 1oy, y) TV

and then
(D) if judgeSi<—judgeTol, updating low so that low takes
on the current value of o, or if judgeTol<judgeSi, updat-
ing high so that high takes on the current value of o,
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the steps (B) to (D) being repeated either while low+
alphaTol=high

where alphaTol=a threshold (>0) for use in calculation loop
judgment of the color-saturation conversion rate a

or a predetermined number of times,

the color-saturation conversion section finishing the calcu-

lation of o if —judgeTol=judgeSi=judgeTol,

the color-saturation conversion section performing error

handling if the color-saturation conversion section fin-
ishes a predetermined loop without satisfying
—judgeTol=judgeSi=judgeTol.

20. The transmissive liquid crystal display device as set
forth in claim 10, wherein the color-saturation conversion and
gamma-correction section calculates, for a pixel that satisfies
Formula (4), a color-saturation conversion rate o. according to
the following steps (A) to (D) of.

(A) initializing lower and upper limits low and high of the

color-saturation conversion rate for use in a dichotomiz-
ing search so that low=0 and high=1;

(B) calculating the current value of o according to Formula
(25)

o=(low+high)/2; (25)

(C) calculating an o calculation judgment value (judgeSi)
according to Formula 126)

@XmaxRGB + ] ( @ XminkRGB + ] (26)
- f _
(

j”dgESi:fg((l_g)xY[i],y 1-a)xY[i,y

and then

(D) if judgeSi<=judgeTol, updating low so that low takes
on the current value of o, or if judgeTol<judgeSi, updat-
ing high so that high takes on the current value of o,

the steps (B) to (D) being repeated either while low+
alphaTol=high

where alphaTol a threshold (>0) for use in calculation loop
judgment of the color-saturation conversion rate a

or a predetermined number of times,

the color-saturation conversion section finishing the calcu-
lation of o if —judgeTol=judgeSi=judgeTol,

the color-saturation conversion section performing error
handling if the color-saturation conversion section fin-
ishes a predetermined loop without satisfying
—judgeTol=judgeSi=judgeTol.

21. The transmissive liquid crystal display device as set
forth in claim 8, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) to (E)
of:

(A) initializing lower and upper limits low and high of the
color-saturation conversion rate for use in a dichotomiz-
ing search so that low=0 and high=1;

(B) calculating the current value of . according to Formula
(25)

o=(low+high)/2; (25)
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(C) calculating an . calculation judgment value (judgeSi)
according to Formula (26)

axmaxRGB + ] ( @ XminRGB + (26)
—Jg
(

. ]—MAXW:
(1-a)yxY[i],y 1—a)yxY[il,y

JjudgeSi = fg[

and then

(D) if judgeSi <—judgeTol, updating low so that low takes
on the current value of a or if judgeTol<judgeSi, updat-
ing high so that high takes on the current value of a, or
finishing the calculation of o if
—judgeTol=judgeSi=judgeTol,

the steps (B) to (D) being repeated either while low+
alphaTol=high

where alphaTol=a threshold (>0) for use in calculation loop
judgment of the color-saturation conversion rate a

or a predetermined number of times; and

(E) finishing the calculation of a. at a point of time where
the color-saturation conversion section finishes a prede-
termined loop without satisfying
—judgeTol=judgeSi=judgeTol.

22. The transmissive liquid crystal display device as set
forth in claim 9, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) to (E)
of:

(A) initializing lower and upper limits low and high of the
color-saturation conversion rate for use in a dichotomiz-
ing search so that low=0 and high=1;

(B) calculating the current value of o according to Formula
(25)

a=({low+high)/2; (25)

(C) calculating an o calculation Judgment value (judgeSi)
according to Formula (26)

axmaxRGB+] (axminRGB+
—Jg
(

]—NIAXW:
(1-a)yx Y],y l-a)yxY[il,y

JjudgeSi = fg[

and then
(D) if judgeSi<—judgeTol, updating low so that low takes
on the current value of o, or if judgeTol<judgeSi, updat-
ing high so that high takes on the current value of ., or
finishing the calculation of o if
—judgeTol=judgeSi=judgeTol,

the steps (B) to (D) being repeated either while low+

alphaTol=high
where alphaTol=a threshold (>0) for use in calculation loop
judgment of the color-saturation conversion rate o,

or a predetermined number of times; and

(E) finishing the calculation of a at a point of time where
the color-saturation conversion section finishes a prede-
termined loop without satisfying
—judgeTol=judgeSi=judgeTol.

23. The transmissive liquid crystal display device as set
forth in claim 7, wherein the color-saturation conversion sec-
tion calculates, for a pixel that satisfies Formula (4), a color-
saturation conversion rate a according to the steps (A) to (E)
of:

(A) initializing variables for use in processing as follows:

oprev=(an arbitrary constant that satisfies 0=aprev=1)

maxRGBn=maxRGB/MAX

minRGBn=minRGB/MAX
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Yn=Y[il/MAX

MAXwn=MAXw/MAX

overFlag=FALSE

underFlag=FALSE,

where

aprev=a previous color-saturation conversion rate,

maxRGBn=the maximum value of a normalized RGB sig-
nal,

minRGB=the minimum value of the normalized RGB sig-
nal,

Yn=a normalized luminance signal,

overFlag=an indicator of whether or not an out-of-range
correction for a>1 has been made,

underFlag=an indicator of whether or not an out-of-range
correction for a.<0 has been made, and

FALSE=a logic value “FALSE”;

(B) calculating the current value of o according to Formula
27)

a =aprev —glaprev)[ g (aprev) @7
where

xXmaxRGBn+ Y ( xXminRGBn + Y’
glx)= l - — Maxwn,

49

0 (xxmaxRGBrH“’ (xxminRGBn+
glxj=
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overFlag=FALSE

underFlag=FALSE,

where

aprev=a previous color-saturation conversion rate,

maxRGBn=the maximum value of a normalized RGB sig-
nal,

minRGB=the minimum value of the normalized RGB sig-
nal,

Yn=a normalized luminance signal,

overFlag=an indicator of whether or not an out-of-range
correction for o>1 has been made,

underFlag=an indicator of whether or not an out-of-range
correction for a<0 has been made, and

FALSE=a logic value “FALSE”;

(B) calculating the current value of o according to Formula
@7)

a = aprev - glaprev)[ g (aprev) @n

where

¥
] — Maxwn,

(-xxyn )\ (d-xx¥wm

and

(1-x)x¥Yn (1-x)XYn
xXmaxRGBn + )~
and '(x):yx(maxRGBn—Yn)x[ -2 x ] -
-x)xYn
XX maxRGBn + )0
g'(x):yx(maxRGBn—Yn)x( ] - x X minRGBn + \v~1
(1-x)xYn yx(minRGBn—Yn)x[ ] ;
(l-x)%X¥n

X XminRGBn + ]W*“

X (minRGBn — Yn) X
¥ {mi "~ n) [ (1-x)xYn

(C) finishing the calculation of a if Formula (28) is satisfied
as follows:

a-aprevl<alphaTol

where alphaTol=a threshold (>0) for calculating CL;

(D) setting a=0if Formula (28) is not satisfied and c.<0 and
either shifting to the step (E) after setting
underFlag=TRUE if underFlag=FALSE or performing
error handling if underflag=TRUE,

or setting =1 if Formula (28) is not satisfied and o>1 and
either shifting to the step (E) after setting
overflag=TRUE if overFlag=FALSE or performing
error handling if overFlag=TRUE,

where TRUE=a logic value “TRUE”;

(E) updating aprev according to Formula (29)

28)

(C) finishing the calculation of a if Formula (28) is satisfied
as follows:

la=aprevl<alphaTol (28)

where alphaTol=a threshold (>0) for calculating a;

(D) setting a=01if Formula (28) is not satisfied and c.<0 and
either shifting to the step (E) after setting
underFlag=TRUE if underFlag=FALSE or performing
error handling if underFlag=TRUE,

or setting =1 if Formula (28) is not satisfied and c.>1 and
either shifting to the step (E) after setting
overFlag=TRUE if overFlag=FALSE or performing
error handling if overFlag=TRUE,

where TRUE=a logic value “TRUE”;

(E) updating aprev according to Formula (29)

aprev=e (29)

so that aprev takes on the current value of @,

the steps (B) to (E) being repeated a predetermined number

of times.

25. The transmissive liquid crystal display device as set
forth in claim 8, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) to (E)
of:

(A) initializing variables for use in processing as follows:

oprev=an arbitrary constant

maxRGBn=maxRGB/MAX

minRGBn=minRGB/MAX

Yn=Y[i/MAX

MAXwn=MAXw/MAX

overFlag=FALSE

underflag=FALSE,

aprev=o (29)

so that arev takes on the current value of o,

the steps (B) to (E) being repeated a predetermined number

of times.

24. The transmissive liquid crystal display device as set
forth in claim 10, wherein the color-saturation conversion and
gamma-correction section calculates, for a pixel that satisfies
Formula (4), a color-saturation conversion rate a according to
the steps (A) to (E) of:

(A) initializing variables for use in processing as follows:

oprev=(an arbitrary constant that satisfies 0=oprev=1)

maxRGBn=maxRGB/MAX

minRGBn=minRGB/MAX

Yn=Y[il/MAX

MAXwn=MAXw/MAX
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where

aprev=a previous color-saturation conversion rate,

maxRGBn=the maximum value of a normalized RGB sig-
nal,

minRGB=the minimum value of the normalized RGB sig-
nal,

Yn=a normalized luminance signal,

overflag=an indicator of whether or not an out-of-range
correction for a>1 has been made,

underflag=an indicator of whether or not an out-of-range
correction for a.<0 has been made, and

FALSE=a logic value “FALSE”;

(B) calculating the current value of o according to Formula
27)

a = aprev - glaprev)] g (aprev) @7
where
xXmaxRGBn+ Y\ ( xXminRGBn +
g _[ (1-x)x¥n | _( (1-mxYn

s
] — Maxwn,

and
xXmaxRGBn + 07D
g’(x) =y X (maxRGBn — Yn) X _
(1-x)xYn
X XminRGBn + ]W’”

X (minRGBn — Yn) X
¥ {mi "~ n) [ (1-x)xYn

a being an arbitrary value if g’ (aprev) =0;

(C) finishing the calculation of ot if Formula (28) is satisfied
as follows:

a-aprevl<alphaTol (28)

where alphaTol=a threshold (>0) for calculating a;

(D) setting 0=0 if Formula (28) is not satisfied and c.<0 and
either shifting to the step (E) after setting
underFlag=TRUE if underflag=FALSE or finishing the
calculation of o if underflag=TRUE,

or setting =1 if Formula (28) is not satisfied and o>1 and
either shifting to the step (E) after setting
overFlag=TRUE if overFlag=FALSE or finishing the
calculation of a if overFlag=TRUE,

where TRUE=a logic value “TRUE”;

(E) updating aprev according to Formula (29)

aprev=o. 29

so that aprev takes on the current value of a,

the steps (B) to (E) being repeated a predetermined number

of times.

26. The transmissive liquid crystal display device as set
forth in claim 9, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) to (E)
of:

(A) initializing variables for use in processing as follows:

aprev=an arbitrary constant

maxRGBn=maxRGB/MAX

minRGBn=minRGB/MAX

Yo=Y[i/MAX

MAXwn=MAXw/MAX

overFlag=FALSE

underFlag=FALSE,

where

aprev=a previous color-saturation conversion rate,

50

xxmaxRGBr+Y ( xxminRGBn +
o) = | -

"(x) =y X (maxRGBn - Yn) ><(
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maxRGBn=the maximum value of a normalized RGB sig-
nal,

minRGB=the minimum value of the normalized RGB sig-
nal,

Yn=a normalized luminance signal,

overFlag=an indicator of whether or not an out-of-range
correction for o.>1 has been made,

underFlag=an indicator of whether or not an out-of-range
correction for 0.<0 has been made, and

FALSE=a logic value “FALSE”,

(B) calculating the current value of o according to Formula
27)

@ =aprev—glaprev)/ g (aprev) 2N
where

¥
- M
(l-x)%X¥rn | ] anwit

(I-x)X¥n
and
xXmaxRGBn + )~
(1-x)x¥n ] -
x X minRGBn + ]‘V*“_

y X (minRGBn — Yn)x(
(1-x)xYn

@ being an arbitrary value if g’(aprev) =0;

(C)finishing the calculation of o if Formula (28) is satisfied
as follows:

la-aprev]<alphaTol (28)

where alphaTol=a threshold (>0) for calculating a;

(D) setting a=0if Formula (28) is not satisfied and c.<0 and
either shifting to the step (E) after setting
underflag=TRUE if underFlag=FALSE or finishing the
calculation of a if underFlag=TRUE,

or setting =1 if Formula (28) is not satisfied and ct>1 and
either shifting to the step (E) after setting
overflag=TRUE if overFlag=FALSE or finishing the
calculation of a if overFlag=TRUE,

where TRUE=a logic value “TRUE”;

(E) updating aprev according to Formula (29)

aprev=o (29)

so that aprev takes on the current value of o,

the steps (B) to (E) being repeated a predetermined number
of times.
27. The transmissive liquid crystal display device as set

forth in claim 7, wherein the color-saturation conversion sec-
tion calculates, for a pixel that satisfies Formula (4), a color-
saturation conversion rate a according to the steps (A) and (B)
of:

(A) calculating coefficients (a, b, ¢) for use in calculation of
a according to Formulae (30) to (32)

a=(maxRGB-minRGR)x(maxRGB+minRGB-2xYfi]) (30)
b=Y[i]x(maxRGB-minRGE) (31)
c=-MAXwxMAX; (32)

and

(B) if a=0, calculating a according to Formula (33), orifa
#0, calculating o according to Formula (34)
a—c/(2xb) (33)
a=(-b+Jd)/a (34)

where d=b*-axc.



US 2009/0160747 A1l

28. The transmissive liquid crystal display device as set
forth in claim 10, wherein the color-saturation conversion and
gamma-correction section calculates, for a pixel that satisfies
Formula (4), a color-saturation conversion rate a according to
the steps (A) and (B) of:

(A)calculating coefficients (a, b, ¢) for use in calculation of

a according to Formulae (30) to (32)

a=(maxRGB-minRGB)x(maxRGB+minRGB-2xY/fi]) (30)
b=Y/fi/x(maxRGB-minRGE) (31
c=-MAXwxMAX; (32)

and
(B) if a=0, calculating a according to Formula (33), or if
a=(0, calculating a according to Formula (34)

a=—c/(2xb) 33)

a=(-b+Jd)/a (34)

where d=b>-axc.

29. The transmissive liquid crystal display device as set
forth in claim 8, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) and
B)of:

(A)calculating coefficients (a, b, ¢) for use in calculation of

a according to Formulae (30) to (32)

a=(maxRGB-minRGB)x(maxRGB+minRGB-2xY/fi]) (30)
b=Y/i/x(maxRGB-minRGE) (31
c=-MAXwxMAX; (32)

and
(B) if a=0 and b=0, calculating a according to Formula
(33), orif a=0, calculating a according to Formula (34)

a=—c/(2xb) 33)

a=(-b+Jd)/a (34)

where d=b*-axc,

o being an arbitrary value if a=0 and b=0.

30. The transmissive liquid crystal display device as set
forth in claim 9, wherein the color-saturation conversion sec-
tion calculates, for each pixel of the input image, a color-
saturation conversion rate a according to the steps (A) and (B)
of:

(A)caleulating coefficients (a, b, ¢) foruse in calculation of

a according to Formulae (30) to (32)

a=(maxRGB-minRGR)x(maxRGR+minRGB-2xYfi]) (30)
b=Y[i]x(maxRGBxminRGRE) (31
=-MAXwxMAX; (32)

(B) if a=0 and b=0, calculating a according to Formula
(33), or if a=0, calculating a according to Formula (34)

a=—cl(2xb) 33)

a=(-b+d)/a (34)

where d=b*-axc,

obeing an arbitrary value if 2=0 and b=0.

31. The transmissive liquid crystal display device as set
forth in claim 1, wherein the output signal generation means
includes:
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a W transmission amount calculation section for calculat-
ing a transmission amount (Wtsg[i]) of each W subpixel
according to the step of calculating a W transmission
amount (Wtsg[i]) according to the following formula

Witsg[ij=min(maxRGBsg/2 minRGBsg)
where
maxRGBsg=max(Rgsfi],Gsgfi], Bsg[i]), and

minRGBsg=min(Rgsfi],Gsgfi].Bsgfi]);

an RGB transmission amount calculation section for cal-
culating respective transmission amounts (Rtsg[i], Gtsg
[i], Btsg[i]) of each R subpixel, each G subpixel, and
each B subpixel according to the step of calculating
RGB transmission amounts (Rtsg[i], Gtsg]i], Btsg[i])
according to the following formulae

Risgfi]=Rsgi]-Wesgfi]
Gisg[i]~Gsg[i]-Wisgfi]

Bisg[i]=Bsg[i]-Wisg(i]:
abacklight value calculation section for calculating aback-
light value (Whbsg) according to the step of calculating a
backlight value (Wbsg) according to the following for-
mula
Whsg==max(Risg/1],Gtsg[1],Btsg/1] Wisg[1], . ..
Risg[Np]Gisg [Np] Bisg[Np], Wisg[Np);
and
transmittance calculation means for calculating respective
transmittances (rsg[i], gsg[i], bsg[i], wsg[i]) of the R, G,
B, and W subpixels according to the step of calculating
RGBW transmittances according to the following for-
mulae

rsgfij=Risg[i]/Whsg
gsgfi]=Gisg[i]/Whsg
bsgfi]=Btsg[i]/Whsg

wsgfi]=Wisgfi}/Whsg

where rsg[i] gsg[i]=bsg[i]=wsg[i]=0 if Wbsg=0.

32. The transmissive liquid crystal display device as set
forth in claim 2, wherein the output signal generation means
includes:

a W transmission amount calculation section for calculat-
ing a transmission amount (Wtsg[i]) of each W subpixel
according to the step of calculating a W transmission
amount (Wtsg[i]) according to the following formula

WisgfiJ=min(maxRGBsg/2 minRGBsg)

where
maxRGBsg=max(Rgsfi],Gsg[i] Bsgfi]), and

minRGBsg=min(Rgs/fi],Gsgfi] Bsg[i]);

an RGB transmission amount calculation section for cal-
culating respective transmission amounts (Rtsg[i], Gtsg
[i], Btsg[i]) of each R subpixel, each G subpixel, and
each B subpixel according to the step of calculating
RGB transmission amounts (Rtsg[i], Gtsgli], Btsg[i])
according to the following formulae

Risgfi]=Rsgfi]-Wisg[i]
Grsg[ij=Gsgfij-Wisgfi]

Busgfi]=Bsg[i]-Wisgfi];
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abacklight value calculation section for calculating a back-
light value (Wbsg) according to the step of calculating a
backlight value (Wbsg) according to the following for-
mula

Whsg=max(Risg/1],Gtsg/1]Bisg/1], Wisgf1], .. . Risg
[Np]Gisg[Np] Bisg[Np]. Wisg[Np);
and

transmittance calculation means for calculating respective
transmittances (rsg[i], gsg[i], bsg[i], wsg[i]) of the R, G,
B, and W subpixels according to the step of calculating
RGBW transmittances according to the following for-
mulae

rsgli]=Risgfi]/Whsg
gsg[i]=Gisgli]/Whsg
bsgfi]=Bisg[i]/Whsg
wsgfi]=Wisg[i]/Whsg

where rsg[i]=gsg[i]=bsg[i]=wsg[i]=0 if Whsg=0.

33. The transmissive liquid crystal display device as set
forth in claim 1, further comprising a plurality of active back-
lights with respect to the liquid crystal panel, wherein
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the transmissive liquid crystal display device controls a
transmittance of the liquid crystal panel and a backlight
value of a backlight for each of those areas respectively
corresponding to the active backlights.

34. The transmissive liquid crystal display device as set
forth in claim 2, further comprising a plurality of active back-
lights with respect to the liquid crystal panel, wherein

the transmissive liquid crystal display device controls a
transmittance of the liquid crystal panel and a backlight
value of a backlight for each of those areas respectively
corresponding to the active backlights.

35. A recording medium containing a control program that
causes a computer to execute a process of each functional
section as set forth in claim 5.

36. A recording medium containing a control program that
causes a computer to execute a process of each functional
section as set forth in claim 6.

37. A recording medium containing a control program that
causes a computer to execute a process of each functional
section as set forth in claim 7.

38. A recording medium containing a control program that
causes a computer to execute a process of each functional
section as set forth in claim 8.

® %k % ok
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