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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57) A liquid crystal panel 10 has color filters for RGB
colors, i.e., three colors, and a backlight 20 includes a
plurality of LEDs for each of four colors (RGB and cyan)
independently controllable for luminance. A backlight da-
ta processing portion 33 divides an output signal from a
color signal correction portion 32 into a plurality of areas
and calculates luminance values for LEDs corresponding
to each area based on a gradation in that area, thereby

obtaining backlight data for four or more colors for use
in driving the backlight 20. A video data processing por-
tion 34 performs color correction on an output signal from
the color signal correction portion 32 while referencing
the backlight data, thereby obtaining video data for three
colors for use in driving the liquid crystal panel 10. Thus,
color crosstalk can be prevented, thereby achieving a
high-definition multi-primary color display and precise
color reproduction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal display devices, particularly to a liquid crystal display device
provided with a liquid crystal panel having color filters for three colors and a backlight including light sources for four or
more colors.

BACKGROUND ART

[0002] In liquid crystal display devices, a liquid crystal is sealed between two transparent electrodes and voltages are
applied to control switches arranged in a matrix, thereby changing orientations of liquid crystal molecules, so that light
transmittance is changed to optically display an image. The liquid crystal does not emit light by itself, and therefore it is
necessary to provide the liquid crystal display device with a backlight or suchlike.
[0003] While various types of backlights are available, for example, large-sized liquid crystal televisions mainly use
direct type backlights. Direct type backlights are configured by a plurality of light sources arranged on a plane and a
diffuser plate provided between a liquid crystal panel and the light sources so as to keep them at a constant distance.
Also, there is a known drive method (hereinafter, referred to as "area-active drive") in which a plurality of LEDs (Light
Emitting Diodes) are used to configure a direct type backlight and luminance of the LEDs is controlled for each area
(see, for example, Patent Document 1). Liquid crystal display devices in which area-active drive is performed make it
possible to achieve improved displayed image quality and reduced power consumption when compared to liquid crystal
display devices having cold cathode fluorescent lamps as a backlight.
[0004] In general, an LED backlight is configured using an LED unit which includes red, green, and blue LEDs.
Alternatively, the LED unit may only include a white LED or may include a white LED along with LEDs for the aforemen-
tioned three colors. Also, the LED backlight is generally configured by a plurality of LED units arranged in a matrix on
backlight boards. Alternatively, the LED backlight may be configured using backlight boards on which a plurality of LED
units are arranged in arrays.
[0005] Also, the following technologies are conventionally known in relation to display device color reproducibility.
Concerning with an image quality adjustment method of a display device in which color characteristics data is measured
for red, green, and blue, and a lookup table to be incorporated into the display device is created, Patent Document 2
describes the lookup table being created by repeating processes for obtaining two types of color characteristics data
and two types of luminance values while changing signal levels. Patent Document 3 describes a color signal processing
device for adaptively transforming a color gamut of a video being reproduced depending on an input video. Patent
Document 4 describes a display device provided with an illumination source for generating light in three or more colors
and color filters for four or more colors. Patent Document 5 describes a display device provided with light emitters for
three primary colors and light emitters for another color to be caused to emit light only when the light emitters for three
primary colors cannot provide color representation by themselves.

[Patent Document 1] Japanese Laid-Open Patent Publication No. 2005-338857
[Patent Document 2] Japanese Laid-Open Patent Publication No. 2006-113151
[Patent Document 3] Japanese Laid-Open Patent Publication No. 2006-5940
[Patent Document 4] International Publication Pamphlet 2004/107025 
[Patent Document 5] Japanese Laid-Open Patent Publication No. 2005-227586

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, there are the following problems with the display device (Patent Document 4) having color filters for
four or more colors in each pixel and the display device (Patent Document 5) having each pixel configured by light
emitters for four or more colors. For example, when displaying nearly pure red with a liquid crystal display device provided
with color filters for five colors (red, green, blue, yellow, and cyan) in each pixel or a self-light-emitting display device
provided with light emitters for the aforementioned five colors, brightness of red is maximized, whereas brightness of
the other four is minimized (i.e., the other four become darker) . However, in these five-color display devices, the proportion
of red in each pixel is lower than in three-color display devices. Therefore, when displaying nearly pure red, a low-
resolution display is provided, i.e., an undesirable display is provided as if some pixels were dead, although the color is
vivid.
[0007] Also, in the case of the liquid crystal display device having color filters for four or more colors, there are a
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plurality of color combinations to realize a target display color (e.g., to realize target tristimulus values X, Y, and Z).
Therefore, taking an optimum combination for viewing angle characteristics of each color gradation into consideration,
a more complicated algorithm is required as compared to the case of three colors, and development and adjustment of
the algorithm incurs additional cost.
[0008] Furthermore, area-active drive for individually controlling the luminance of LEDs for a plurality of colors has a
problem that color crosstalk (inconvenient color mixture) occurs and color reproducibility is reduced because of a differ-
ence between LED emission characteristics and color filter transmission characteristics. An exemplary case will be
considered where the emission intensity of a three-color (red, green, and blue) LED backlight and the transmittance of
color filters for three colors are those as shown in FIG. 11. In this example, the green color filter and the blue color filter
greatly overlap with each other in terms of their transmission wavelength bands. Therefore, when an image is displayed
based on a video signal which is high in green and blue components, light emitted from the green LED is transmitted
through the blue color filter, and light emitted from the blue LED is transmitted through the green color filter, resulting in
a color being displayed as if a pure color is slightly dulled.
[0009] Therefore, an objective of the present invention is to provide a liquid crystal display device capable of preventing
color crosstalk as described above and achieving a high-definition multi-primary color display and precise color repro-
duction.

SOLUTION TO THE PROBLEMS

[0010] A first aspect of the present invention is directed to a liquid crystal display device having a function of controlling
backlight luminance, comprising: a liquid crystal panel having color filters for three colors; a backlight including a plurality
of light sources for each of four or more colors independently controllable for luminance; a backlight data processing
portion for dividing an input video signal into a plurality of areas and calculating luminance values for light sources
corresponding to each area based on a gradation in that area, thereby obtaining backlight data for four or more colors
for use in driving the backlight; and a video data processing portion for performing color correction on the input video
signal while referencing the backlight data, thereby obtaining video data for three colors for use in driving the liquid
crystal panel.
[0011] In a second aspect of the present invention, based on the first aspect of the invention, the video data processing
portion obtains a color reproduction range achievable by light transmitted through the color filters for each color when
the backlight is driven using the backlight data, and performs color correction on the input video signal while referencing
the obtained color reproduction range.
[0012] In a third aspect of the present invention, based on the first aspect of the invention, the backlight includes light-
emitting diodes as the light sources.
[0013] In a fourth aspect of the present invention, based on the third aspect of the invention, the light-emitting diodes
are controlled using a pulse-width modulation signal.
[0014] In a fifth aspect of the present invention, based on the third aspect of the invention, the backlight includes a
plurality of light-emitting diodes for each of the same three colors as those of the color filters and also includes a plurality
of light-emitting diodes for each of one or more colors different from those of the color filters.
[0015] In a sixth aspect of the present invention, based on the first aspect of the invention, the backlight data processing
portion obtains backlight data with an added margin, in order to enlarge a color reproduction range achievable by light
transmitted through the color filters for each color.
[0016] In a seventh aspect of the present invention, based on the first aspect of the invention, the backlight data
processing portion obtains backlight data with an offset higher than zero, in order to suppress a calculation error.
[0017] In an eighth aspect of the present invention, based on the first aspect of the invention, the backlight data
processing portion has a function of changing characteristics of the light sources that are to be referenced when obtaining
the backlight data.
[0018] In a ninth aspect of the present invention, based on the first aspect of the invention, the video data processing
portion has a function of changing characteristics of the light sources that are to be referenced when obtaining the video
data.
[0019] A tenth aspect of the present invention is directed to a display method in a liquid crystal display device provided
with a liquid crystal panel having color filters for three colors and a backlight including a plurality of light sources for each
of four or more colors independently controllable for luminance, the method comprising the steps of : dividing an input
video signal into a plurality of areas and calculating luminance values for light sources corresponding to each area based
on a gradation in that area, thereby obtaining backlight data for four or more colors; performing color correction on the
input video signal while referencing the backlight data, thereby obtaining video data for three colors; driving the backlight
using the backlight data; and driving the liquid crystal panel using the video data.
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EFFECT OF THE INVENTION

[0020] According to the first or tenth aspect of the present invention, by using the backlight including light sources for
four or more colors, it becomes possible to achieve a multi-primary color display by enlarging a color reproduction range.
Also, since the liquid crystal panel has color filters for three colors, it is possible to achieve a high-definition display when
compared to the case of color filters for four or more colors. Moreover, when obtaining video data, color correction is
performed while referencing the backlight data, so that it is possible to prevent color crosstalk from occurring when area-
active drive is performed for independently controlling the luminance of light sources for a plurality of colors, which makes
it possible to achieve precise color reproduction. In this manner, color crosstalk can be prevented, thereby achieving a
high-definition multi-primary color display and precise color reproduction.
[0021] According to the second aspect of the present invention, by obtaining a color reproduction range when the
backlight emits light in the current state, and performing color correction on the input video signal while referencing that
range, it becomes possible to achieve precise color reproduction.
[0022] According to the third aspect of the present invention, by using light-emitting diodes, which are superior in terms
of color reproducibility, luminance capability, size, longevity, etc., it becomes possible to readily configure a backlight
including a plurality of light sources independently controllable for luminance.
[0023] According to the fourth aspect of the present invention, by controlling the light-emitting diodes through pulse-
width modulation control, it becomes possible to suppress a change in color of light emitted from the light-emitting diodes,
thereby achieving precise color reproduction.
[0024] According to the fifth aspect of the present invention, by configuring a backlight using LEDs for the same colors
as color filters and LEDs for a color different from the color filters, it becomes possible to effectively enlarge a color
reproduction range, thereby achieving a multi-primary color display and more precise color reproduction.
[0025] According to the sixth aspect of the present invention, by using backlight data with an added margin, it becomes
possible to expand a color reproduction range and reduce calculation errors in obtaining target color coordinates at the
edge of the color reproduction range.
[0026] According to the seventh aspect of the present invention, by using backlight data with an offset, it becomes
possible to suppress a calculation error.
[0027] According to the eighth aspect of the present invention, by obtaining backlight data while suitably changing
light source characteristics, it becomes possible to achieve precise color reproduction even when the light source char-
acteristics fluctuate due to external factors.
[0028] According to the ninth aspect of the present invention, by obtaining video data while suitably changing light
source characteristics, it becomes possible to achieve precise color reproduction even when the light source character-
istics fluctuate due to external factors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1 is a block diagram illustrating the configuration of a liquid crystal display device according to an embodiment
of the present invention.
FIG. 2 provides cross-sectional views of a liquid crystal panel and a backlight of the liquid crystal display device
shown in FIG. 1.
FIG. 3 is a view illustrating an exemplary arrangement of backlight boards of the liquid crystal display device shown
in FIG. 1.
FIG. 4 is a diagram illustrating another exemplary light-emitting block of the liquid crystal display device shown in
FIG. 1.
FIG. 5 is a diagram illustrating another exemplary light-emitting block of the liquid crystal display device shown in
FIG. 1.
FIG. 6 is a block diagram illustrating in detail a color signal correction portion of the liquid crystal display device
shown in FIG. 1.
FIG. 7 is a block diagram illustrating in detail a backlight data processing portion of the liquid crystal display device
shown in FIG. 1.
FIG. 8 is a block diagram illustrating in detail a video data processing portion of the liquid crystal display device
shown in FIG. 1.
FIG. 9 is a block diagram illustrating another exemplary backlight data processing portion of the liquid crystal display
device shown in FIG. 1.
FIG. 10 is a graph illustrating a color reproduction range for the liquid crystal display device shown in FIG. 1.
FIG. 11 is a graph illustrating exemplary characteristics of an LED backlight and color filters of a liquid crystal display
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device.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0030]

1 liquid crystal display device
2 video signal source
10 liquid crystal panel
11 scanning signal line driver circuit
12 video signal line driver circuit
20 backlight
21 group of optical sheets
22 diffuser plate
23 backlight board
24 LED
25 backlight casing
26 backlight unit
27 to 29 light-emitting block
30 lookup table (LUT)
31 RGB signal processing portion
32 color signal correction portion
33, 36 backlight data processing portion
34 video data processing portion
35 drive control portion
41 color reproduction range when red, green, and blue are used
42 color reproduction range when red, cyan, and blue are used
321 y processing portion
322 color correction portion
331 LED luminance arithmetic portion
332, 362 luminance extraction portion
333 LED output data arithmetic portion
334 PWM signal output portion
341 delaying processing portion
342 LED image luminance calculation portion
343 target color correction arithmetic portion
344 video luminance output portion

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] Hereinafter, an embodiment of the present invention will be described with reference to the drawings. Note
that the present invention should not be construed to be limited to the embodiment to be described below, various
modifications can be made without departing from the gist of the invention, and variants and improvements based on
the basic concept of the invention are also included in the scope of the invention.
[0032] FIG. 1 is a block diagram illustrating the configuration of a liquid crystal display device according to the em-
bodiment of the present invention. The liquid crystal display device 1 shown in FIG. 1 is provided with a liquid crystal
panel 10, a scanning signal line driver circuit 11, a video signal line driver circuit 12, a backlight 20, a lookup table
(hereinafter, referred to as an "LUT") 30, an RGB signal processing portion 31, a color signal correction portion 32, a
backlight data processing portion 33, a video data processing portion 34, and a drive control portion 35. In the following,
m is assumed to be an integer of 2 or more, and n is assumed to be a multiple of 3.
[0033] The liquid crystal panel 10 includes m scanning signal lines G1 to Gm, n video signal line S1 to Sn, and (m�n)
pixel circuits P. The scanning signal lines G1 to Gm are arranged parallel to one another, and the video signal lines S1
to Sn are arranged parallel to one another so as to be perpendicular to the scanning signal lines G1 to Gm. The pixel
circuits P are provided in the vicinity of intersections of the scanning signal lines G1 to Gm and the video signal lines S1
to Sn. The pixel circuits P are each provided with a color filter for red, green, or blue. The pixel circuit P provided with a
color filter for red, green, or blue, functions as a red, green, or blue display element. These three types of pixel circuits
P are arranged side by side in the extending direction (in FIG. 1, horizontal direction) of the scanning signal lines G1 to
Gm, and three of them form one pixel. In this manner, the liquid crystal panel 10 has color filters for three colors.
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[0034] The scanning signal line driver circuit 11 and the video signal line driver circuit 12 are driver circuits for the
liquid crystal panel 10. The scanning signal line driver circuit 11 drives the scanning signal lines G1 to Gm, and the video
signal line driver circuit 12 drives the video signal lines S1 to Sn. More specifically, the scanning signal line driver circuit
11 selects one of the scanning signal lines G1 to Gm in accordance with a timing control signal outputted by the drive
control portion 35, and provides a selection voltage (e.g., a high-level voltage) to the selected scanning signal line and
a non-selection voltage (e.g., a low-level voltage) to the other scanning signal lines. The video signal line driver circuit
12 provides voltages, which correspond to a video signal outputted by the drive control portion 35, to the video signal
lines S1 to Sn in accordance with a timing control signal outputted by the drive control portion 35. When driving the video
signal lines S1 to Sn, the video signal line driver circuit 12 may perform either dot-sequential drive or line-sequential drive.
[0035] The backlight 20 is provided at the backside of the liquid crystal panel 10, and irradiates the back of the liquid
crystal panel 10 with light (backlight light). As light sources, the backlight 20 includes LEDs for four or more colors
independently controllable for luminance (the details of which will be described later). To control the luminance of the
LEDs, the backlight data processing portion 33 outputs a PWM (Pulse Width Modulation) signal.
[0036] Provided outside the liquid crystal display device 1 is a video signal source 2 for outputting a composite video
signal. The RGB signal processing portion 31 performs, for example, chroma processing and matrix transformation on
the composite video signal outputted by the video signal source 2, and outputs an RGB separate signal. The color signal
correction portion 32, the backlight data processing portion 33, and the video data processing portion 34 obtain video
data which is used for driving the liquid crystal panel 10, and backlight data which is used for driving the backlight 20,
based on the RGB separate signal outputted by the RGB signal processing portion 31.
[0037] The LUT 30 has prestored therein data required for the operation of the liquid crystal display device 1. More
specifically, the LUT 30 has stored therein, for example, y data required for the operation of the color signal correction
portion 32, PWM data required for the operation of the backlight data processing portion 33, and PSF (Point Spread
Function) data required for the operation of the video data processing portion 34.
[0038] The drive control portion 35 outputs a timing control signal to the scanning signal line driver circuit 11 and also
outputs a timing control signal and a video signal to the video signal line driver circuit 12. The scanning signal line driver
circuit 11 and the video signal line driver circuit 12 drive the liquid crystal panel 10 based on the output signals from the
drive control portion 35. As a result, the light transmittance of the pixel circuits P in the liquid crystal panel 10 is changed.
On the other hand, the LEDs in the backlight 20 emit light with luminance corresponding to the backlight data obtained
by the backlight data processing portion 33. The luminance of each pixel of the liquid crystal panel 10 changes in
accordance with the luminance of the LEDs and the light transmittance of the pixel circuit P. Accordingly, preferred video
data and backlight data are obtained based on the RGB separate signal outputted by the RGB signal processing portion
31, and the liquid crystal panel 10 and the backlight 20 are driven using such data, thereby displaying a desired image.
[0039] FIG. 2 provides cross-sectional views of the liquid crystal panel 10 and the backlight 20. As shown in FIG. 2,
a backlight casing 25 is provided at the backside of the liquid crystal panel 10. Provided within the backlight casing 25
are a group of optical sheets 21, a diffuser plate 22, and backlight boards 23 having a plurality of LEDs 24 mounted
thereon. In this manner, the backlight 20 is configured using the group of optical sheets 21, the diffuser plate 22, the
backlight boards 23, the LEDs 24, and the backlight casing 25.
[0040] FIG. 3 is a view illustrating an exemplary arrangement of the backlight boards 23. In the example shown in
FIG. 3, 16 backlight boards 23 are arranged with each column including eight of them and each row including two of
them. Each backlight board 23 has mounted thereon a total of 32 backlight units 26 with each column including two of
them and each row including 16 of them. The backlight units 26 each include a light-emitting block 27 consisting of red,
green, blue, and cyan LEDs. By arranging 16 backlight boards 23 as shown in FIG. 3, the backlight 20 can be configured,
including 512 light-emitting blocks 27 arranged two-dimensionally.
[0041] Note that in this example, the backlight 20 is configured using the backlight boards 23 which have a plurality
of backlight units 26 arranged in arrays, but instead of using such boards, backlight boards having a plurality of backlight
units arranged in a matrix may be used. Also, in this example, 512 backlight units 26 are arranged, but the number of
backlight units may be arbitrary. However, when the number of backlight units is small for the size of the liquid crystal
panel, the amount of backlight light might be insufficient or uneven luminance might occur in a displayed image. Therefore,
for a liquid crystal panel of, for example, about 40 inches, 500 or more backlight units are preferably arranged.
[0042] Also, in this example, the light-emitting blocks 27 include red, green, blue, and cyan LEDs, but the light-emitting
blocks may include other combinations of LEDs than that specified above so long as white light is obtained. For example,
light-emitting blocks 28 including red, green, blue, and white LEDs as shown in FIG. 4 may be used. In this case, light
emitted from the white LED is base white light. Alternatively, light-emitting blocks 29 including red, green, blue, cyan,
and yellow LEDs as shown in FIG. 5 may be used. In this case, a mixture of light emitted from the red, green, and blue
LEDs is base white light.
[0043] Furthermore, while the LEDs included in the light-emitting blocks 27 are in four colors, the color filters are in
three colors, and therefore the transmittance of the cyan color filter (which has a wavelength between those of green
and blue) is lower than the transmittance of green and blue. Accordingly, to compensate for insufficiency of cyan, color
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filters may be used such that the green color filter and the blue color filter overlap in transmission wavelength band to
a greater extent, or light-emitting blocks including a plurality (e.g., two) of cyan LEDs may be used.
[0044] Hereinafter, the color signal correction portion 32, the backlight data processing portion 33, and the video data
processing portion 34 will be described in detail. Note that as the types of LEDs included in the light-emitting blocks
increases, arithmetic operations to be described later become more complex. Accordingly, to facilitate easy understanding
of the invention, the following descriptions take as an example a case where the light-emitting blocks 27 including red,
green, blue, and cyan LEDs are used.
[0045] FIG. 6 is a block diagram illustrating the color signal correction portion 32 in detail. As shown in FIG. 6, the
color signal correction portion 32 includes a y processing portion 321 and a color correction portion 322. The γ processing
portion 321 references γ data stored in the LUT 30, and performs linear processing on an RGB separate signal outputted
by the RGB signal processing portion 31.
[0046] Note that considering here a television broadcast signal, a video signal subjected to inverse y processing is
supplied from the video signal source 2 to the liquid crystal display device 1, and the liquid crystal display device 1
performs linear processing thereon, but in the case where a linear gradation video signal is supplied to the liquid crystal
display device 1, the liquid crystal display device 1 does not necessarily perform linear processing.
[0047] The color correction portion 322 performs color correction on an output signal from the y processing portion
321 so as to achieve a preferable display considering the color reproduction range of the liquid crystal panel 10. For
example, when a change of the color reproduction range due to the influence of outside light is known, the color correction
portion 322 performs color correction on an output signal from the γ processing portion 321, such that an optimum display
color is obtained, based on a measured intensity of outside light. Alternatively, the color correction portion 322 may
detect a signal for a specific color (e. g. , a human skin color) from among output signals from the y processing portion
321, and correct the detected signal to a color preferred by the user.
[0048] Thereafter, the color correction portion 322 transforms the signal subjected to color correction into tristimulus
values (Xt,Yt,Zt) considering the color reproduction range representable by the backlight 20. Note that the color correction
portion 322 may perform color correction after the transformation into the tristimulus values. Also, the color correction
portion 322 may have a function of transforming a signal not conforming to television broadcast standards, such as an
xvYCC signal capable of representing a wide color reproduction range, into tristimulus values. Regardless of the type
of video signal inputted to the liquid crystal display device 1, the color signal correction portion 32 outputs tristimulus
values to the backlight data processing portion 33 and the video data processing portion 34.
[0049] FIG. 7 is a block diagram illustrating the backlight data processing portion 33 in detail. As shown in FIG. 7, the
backlight data processing portion 33 includes an LED luminance arithmetic portion 331, a luminance extraction portion
332, an LED output data arithmetic portion 333, and a PWM signal output portion 334. The backlight data processing
portion 33 divides an input video signal (an output signal from the color signal correction portion 32) into a plurality of
areas, and calculates luminance values for LEDs corresponding to each area based on the gradation in that area, thereby
obtaining four-color backlight data used for driving the backlight 20, as described below.
[0050] The LED luminance arithmetic portion 331 processes the tristimulus values (Xt,Yt,Zt) obtained by the color
signal correction portion 32 on a pixel-by-pixel basis in a manner as described below, thereby obtaining LED luminance
values (RL,GL,BL,CL) for each pixel. Specifically, the LED luminance arithmetic portion 331 arbitrarily determines the
luminance value CL of the cyan LED, subtracts an amount corresponding to the luminance value CL of the cyan LED
from the tristimulus values in accordance with equation (1), and perform a matrix operation in accordance with equation (2). 

[0051] Note that in equations (1) and (2), Xr, Yr, and Zr represent tristimulus values when the red LED emits light at
a maximum gradation, Xg, Yg, and Zg represent tristimulus values when the green LED emits light at a maximum
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gradation, Xb, Yb, and Zb represent tristimulus values when the blue LED emits light at a maximum gradation, and Xc,
Yc, and Zc represent tristimulus values when the cyan LED emits light at a maximum gradation. Also, the maximum
gradation of the cyan LED is set at 255.
[0052] The LED luminance arithmetic portion 331 repeats the aforementioned calculation while changing the luminance
value CL of the cyan LED, and selects an optimum luminance value of the LED from among a plurality of results obtained.
Here, in the case where a value below 0 or above 1 is included in the luminance values RL, GL, and BL obtained by
equation (2), a color reproduction range (a three-dimensional space range including chromaticity and luminance) based
on the luminance values (RL,GL,BL,CL) cannot be represented, and therefore the combination of luminance values is
unsuitable as a solution. On the other hand, in the case where all the luminance values RL, GL, and BL obtained by
equation (2) are values from 0 to 1, a color reproduction range (a three-dimensional space range including chromaticity
and luminance) based on the luminance values (RL,GL,BL,CL) can be represented, and therefore the combination of
luminance values is suitable as a solution. Basically, the result for the color reproduction range that can be represented
is an optimum solution, but in the case where a plurality of optimum solutions are obtained due to the influence of
calculation accuracy, the LED luminance arithmetic portion 331 selects, for example, one of a plurality of results that
has the minimum luminance value CL of the cyan LED. Note that in the case where any of the calculation results by
equation (2) is unsuitable as a solution for some reason, such as insufficient calculation accuracy, the luminance values
RL, GL, and BL obtained by equation (2) may be normalized, and of the three normalized values, one value below and
closest to 0 may be modified to 0, or one value above and closest to 1 may be modified to 1, so as to thereafter obtain
an optimum solution.
[0053] The luminance extraction portion 332 obtains a luminance value for each area based on the LED luminance
values (RL,GL,BL,CL) obtained by the LED luminance arithmetic portion 331. More specifically, the luminance extraction
portion 332 divides a screen into a plurality of areas, for each of which the luminance extraction portion 332 obtains a
maximum value, an average value, or both, for the luminance of the LEDs. At this time, to facilitate easy processing,
the luminance extraction portion 332 preferably divides the screen into areas the number of which matches the number
of backlight units 26 both in the vertical and horizontal directions. As a luminance value for each area, the luminance
extraction portion 332 outputs a value based on a maximum value, an average value, or both, for the luminance of the
LEDs in that area. In the following descriptions, in order for a displayed image to include areas with peak luminance as
much as possible, the luminance extraction portion 332 outputs a maximum value for the luminance of the LEDs for
each area.
[0054] Also, when noise is contained in a video signal externally inputted to the liquid crystal display device 1, in some
cases, the luminance extraction portion 332 might not be able to correctly obtain a maximum value for the luminance of
the LEDs for each area due to the influence of a noise signal (e.g., the maximum of all luminance values). Accordingly,
to prevent the influence of such a noise signal, the luminance extraction portion 332 may perform grouping on luminance
values of the LEDs in each area so that each group consists of, for example, 20 luminance values, and may obtain an
average luminance value for each group so that a maximum average value obtained is outputted as a maximum value
for the luminance of the LEDs in the area.
[0055] The LED output data arithmetic portion 333 determines final luminance values of the LEDs for four colors within
the backlight units 26 while referencing the luminance value obtained for each area by the luminance extraction portion
332, considering, for example, luminance balance with surrounding backlight units and consistency with previous frames.
The luminance values obtained by the LED output data arithmetic portion 333 are outputted to the PWM signal output
portion 334 and the video data processing portion 34 as backlight data.
[0056] The PWM signal output portion 334 generates a PWM signal for driving the LEDs for four colors in the backlight
units 26 based on the backlight data obtained by the LED output data arithmetic portion 333 while referencing the PWM
data stored in the LUT 30. The generated PWM signal is supplied to the LED backlight boards 23, and used for controlling
the luminance of the LEDs. Note that the color temperature of the LEDs is changed by operating current, and therefore
to achieve precise color reproduction, it is necessary to control the LEDs through PWM control, and suppress a change
in color of light emitted from the LEDs.
[0057] FIG. 8 is a block diagram illustrating the video data processing portion 34 in detail. As shown in FIG. 8, the
video data processing portion 34 includes a delaying processing portion 341, an LED image luminance arithmetic portion
342, a target color correction arithmetic portion 343, and a video luminance output portion 344. The video data processing
portion 34 performs color correction on an input video signal (an output signal from the color signal correction portion
32) while referencing the backlight data obtained by the backlight data processing portion 33, and obtains video data
for three colors used for driving the liquid crystal panel 10, as described below.
[0058] The delaying processing portion 341 delays an output signal from the color signal correction portion 32 so that
the timing of driving the liquid crystal panel 10 coincides with the timing of driving the backlight 20. The LED image
luminance arithmetic portion 342 applies the PSF data stored in the LUT 30 to the backlight data outputted by the
backlight data processing portion 33, thereby obtaining LED luminance values (RL’,GL’,BL’,CL’) corresponding to all
pixels within a frame. Note that the PSF data stored in the LUT 30 is data representing the degree of spatial distribution
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of light due to fluctuations of an optical system and the atmosphere.
[0059] The target color correction arithmetic portion 343 obtains luminance values (R*,G*,B*) subj ected to color
correction for eliminating inconsistency between a color to be displayed and an actually displayed color, based on the
LED luminance values (RL’,GL’,BL’,CL’)obtained by the LED image luminance arithmetic portion 342 and an output
signal from the delaying processing portion 341 (which is obtained by delaying the tristimulus values (Xt,Yt,Zt) obtained
by the color signal correction portion 32). By performing color correction in the target color correction arithmetic portion
343, it becomes possible to prevent color crosstalk due to overlaps between transmission wavelengths of the color filters
and emission wavelengths of the LEDs.
[0060] The video luminance output portion 344 performs y gradation correction on the post-correction luminance
values (R*,G*,B*) obtained by the target color correction arithmetic portion 343 while referencing the y data (correction
y data for keeping white chromaticity data constant for gradations) stored in the LUT 30, and outputs the luminance
values subjected to y gradation correction to the drive control portion 35 as video data.
[0061] Note that the liquid crystal display device 1 may include a backlight data processing portion 36 shown in FIG.
9 in place of the backlight data processing portion 33 shown in FIG. 7. The backlight data processing portion 36 shown
in FIG. 9 includes a luminance extraction portion 362, an LED output data arithmetic portion 333, and a PWM signal
output portion 334.
[0062] The luminance extraction portion 362 receives signals subjected to color correction (RGB signals before trans-
formation into tristimulus values), rather than the tristimulus values (Xt,Yt,Zt), from the color signal correction portion 32,
and obtains a luminance value for each area based on the signals. More specifically, the luminance extraction portion
362 divides the screen into a plurality of areas, and obtains a maximum value, an average value, or both, for the signals
subjected to color correction for each area. At this time, to facilitate easy processing, the luminance extraction portion
362 preferably divides the screen into areas the number of which matches the number of backlight units 26 both in the
vertical and horizontal directions. As a luminance value for each area, the luminance extraction portion 362 outputs a
value based on a maximum value, an average value, or both, for signals subjected to color correction in that area. Here,
in order for a displayed image to include areas with peak luminance as much as possible, the luminance extraction
portion 362 outputs a maximum value for the luminance of the LEDs in the area.
[0063] When the hue of the signal subjected to color correction is close to cyan (i.e., green and blue luminance values
are high when compared to red), the luminance extraction portion 362 selects the cyan LED in place of the green LED
to obtain white light. Also, in the case where the cyan LED is selected, if a red luminance value is sufficiently high (i.e.,
the hue is close to white), the luminance extraction portion 362 may select both the cyan LED and the green LED. The
luminance extraction portion 362 outputs the luminance value obtained for each area to the LED output data arithmetic
portion 333. The LED output data arithmetic portion 333 and the PWM signal output portion 334 in the backlight data
processing portion 36 operate in the same manner as in the backlight data processing portion 33.
[0064] The target color correction arithmetic portion 343 will be described in detail below. The target color correction
arithmeticportion 343 performs three processes as below, thereby obtaining post-correction luminance values (R*,G*,
B*) based on the LED luminance values (RL’,GL’,BL’,CL’) obtained by the LED image luminance arithmetic portion 342
and the tristimulus values (Xt,Yt,Zt) obtained by the color signal correction portion 32.
[0065] As a first process, the target color correction arithmetic portion 343 obtains a color reproduction range to be
achieved by light transmitted through red, green, and blue color filters (i.e., a color reproduction range representable by
pixels when the backlight 20 emits light in the current state) based on the LED luminance values (RL’,GL’,BL’,CL’).
[0066] Here, an exemplary method for implementing the first process will be described, although there are various
such methods. Initially, characteristics of the liquid crystal panel 10 and the backlight 20 are measured under conditions
as below, and tristimulus values are obtained in advance for each case. Specifically, a maximum gradation is provided
to the red display elements, and a "0" gradation is provided to the green and blue display elements, thereby making a
setting such that the display surface of the liquid crystal panel 10 only emits light transmitted through the red color filters.
In this state, only the red LEDs in the backlight 20 are caused to emit light at a maximum gradation, the display surface
of the liquid crystal panel 10 is measured for luminance and chromaticity at that time, and the measured values are
transformed into tristimulus values (Xrr,Yrr,Zrr). Also, in the same state, tristimulus values (Xrg,Yrg,Zrg), (Xrb,Yrb,Zrb),
and (Xrc,Yrc,Zrc) are obtained for the respective cases when only the green LEDs are caused to emit light, only the
blue LEDs are caused to emit light, and only the cyan LEDs are caused to emit light.
[0067] Next, in a similar manner, a setting is made such that only the green color filters transmit light therethrough,
and tristimulus values (Xgr, Ygr, Zgr), (Xgg, Ygg, Zgg), (Xgb, Ygb, Zgb), and (Xgc, Ygc, Zgc) are obtained for the
respective cases when only the red LEDs are caused to emit light, only the green LEDs are caused to emit light, only
the blue LEDs are caused to emit light, and only the cyan LEDs are caused to emit light. Furthermore, a setting is made
such that only the blue color filters transmit light therethrough, and tristimulus values (Xbr, Ybr, Zbr), (Xbg, Ybg, Zbg) ,
(Xbb, Ybb, Zbb), and (Xbc, Ybc, Zbc) are obtained for the respective cases when only the red LEDs are caused to emit
light, only the green LEDs are caused to emit light, only the blue LEDs are caused to emit light, and only the cyan LEDs
are caused to emit light. Note that when obtaining the above tristimulus values, a light leakage amount (black luminance
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component) is subtracted from the measured values, considering that light leaks even when a "0" gradation is provided
to display elements for each color.
[0068] The target color correction arithmetic portion 343 has the aforementioned twelve combinations of tristimulus
values stored therein, and subjects the LED luminance values (RL’,GL’,BL’,CL’) to matrix operations shown in equations
(3) to (5). By equation (3), tristimulus values (XR,YR,ZR) for light (red light) transmitted through the red color filters are
calculated. By equation (4), tristimulus values (XG,YG,ZG) for light (green light) transmitted through the green color
filters are calculated. By equation (5), tristimulus values (XB,YB,ZB) for light (blue light) transmitted through the blue
color filters are calculated. Note that in equations (3) to (5), RL’, GL’, BL’, and CL’ are all from 0 to 1.

[0069] Next, as a second process, the target color correction arithmetic portion 343 performs a matrix operation shown
in equation (6). Specifically, the target color correction arithmetic portion 343 multiplies the tristimulus values (Xt, Yt, Zt)
by an inverse matrix of a matrix including the three combinations of tristimulus values obtained by the first process,
thereby obtaining corrected luminance values (R*,G*,B*). 

[0070] Next, as a third process, the target color correction arithmetic portion 343 performs a process for limiting the
corrected luminance values (R*,G*,B*) within a predetermined range. When values obtained by normalizing the corrected
luminance values (R*,G*,B*) fall outside the range from 0 to 1, pixels cannot be set to those luminance values. Accordingly,
the target color correction arithmetic portion 343 may modify the normalized values to 0 when they are below 0, and to
1 when they are above 1. Alternatively, the target color correction arithmetic portion 343 may re-normalize the corrected
luminance values such that a maximum value for R*, G* and B* that is above 1 becomes 1. When this method is used,
luminance becomes lower than a target value, but color matches the target value.
[0071] In this manner, by means of the target color correction arithmetic portion 343, the video data processing portion
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34 obtains a color reproduction range achievable by light transmitted through the color filters for each color when the
backlight 20 is driven using the backlight data obtained by the backlight data processing portion 33, and performs color
correction on an input video signal (an output signal from the color signal correction portion 32) while referencing the
obtained color reproduction range.
[0072] Note that in order to enlarge the color reproduction range achievable by light transmitted through the color
filters for each color, the LED output data arithmetic portion 333 preferably outputs values resulting from a margin being
added to values obtained through, for example, calculation (but maximum values when the results of addition exceed
the maximum values) as backlight data. As a result, it becomes possible to slightly expand a color reproduction range
representable by pixels (a three-dimensional space range including chromaticity and luminance) and reduce calculation
errors in obtaining target color coordinates at the edge of the color reproduction range.
[0073] Also, the liquid crystal display device 1 requires multi-bit decimal point arithmetic operations to prevent occur-
rence of any calculation error. Accordingly, the LED output data arithmetic portion 333 preferably assigns an offset value
higher than 0 to the backlight data, considering calculation accuracy, contrast values, and so on. As a result, the calculation
error can be suppressed. The offset can be set to take any value higher than 0 (but within the range from 0% to 100%
of a maximum value that can be taken by the backlight data) in accordance with an arbitrary design principle. As the
offset, it is preferable to use a value in the range, for example, from 5% to 20% of the maximum value that can be taken
by the backlight data, considering contrast of the liquid crystal panel.
[0074] FIG. 10 is a graph illustrating the color reproduction range for the liquid crystal display device 1. In FIG. 10,
points R, G, B, and C denote colors of light emitted from red, green, blue and cyan LEDs, respectively, in an XYZ-color
space. Also, the "x" marks denote colors of various objects that exist in actuality.
[0075] In the liquid crystal display device 1, when area-active drive is performed using the red, green and blue LEDs
as is conventionally performed, a color reproduction range 41 is formed as a triangular region having vertices at three
points R, G, and B. Also, in the liquid crystal display device 1, when area-active drive is performed using the cyan LEDs
in place of the green LEDs, a color reproduction range 42 is formed as a triangular region having vertices at three points
R, C, and B. Furthermore, in the liquid crystal display device 1, when area-active drive is performed using both the green
LEDs and the cyan LEDs, a color reproduction range on a video display is formed as a triangular region having vertices
at an arbitrary point between points G and C, and two points R and B, but a maximum color reproduction range that can
be taken is a rectangular region having vertices at four points R, G, B, and C. In this manner, the liquid crystal display
device 1 makes it possible to achieve a multi-primary color display by enlarging the color reproduction range, so that
colors that exist in actuality but cannot be conventionally displayed with precision (colors that correspond to the "x" marks
outside the triangle RGB) can be reproduced with precision.
[0076] As described above, the liquid crystal display device 1 according to the present embodiment is provided with:
the liquid crystal panel 10 having color filters for three colors; the backlight 20 including a plurality of light sources for
each of four or more colors independently controllable for luminance; the backlight data processing portion 33 for dividing
an input video signal into a plurality of areas and calculating luminance values for light sources corresponding to each
area based on a gradation in that area, thereby obtaining backlight data for four or more colors for use in driving the
backlight; and the video data processing portion 34 for performing color correction on the input video signal while
referencing the backlight data, thereby obtaining video data for three colors for use in driving the liquid crystal panel 10.
[0077] In this manner, by using the backlight 20 including light sources for four or more colors, it becomes possible
to achieve a multi-primary color display by enlarging a color reproduction range. Also, since the liquid crystal panel 10
has color filters for three colors, it is possible to achieve a high-definition display when compared to the case of color
filters for four or more colors. Moreover, when obtaining video data, color correction is performed while referencing the
backlight data, so that it is possible to prevent color crosstalk from occurring when area-active drive is performed for
independently controlling the luminance of light sources for a plurality of colors, which makes it possible to achieve
precise color reproduction. In this manner, color crosstalk can be prevented, thereby achieving a high-definition multi-
primary color display and precise color reproduction.
[0078] Also, the video data processing portion 34 obtains a color reproduction range achievable by light transmitted
through the color filters for each color when the backlight 20 is driven using the backlight data, and performs color
correction on an input video signal while referencing the obtained color reproduction range. In this manner, by obtaining
a color reproduction range when the backlight emits light in the current state, and performing color correction on the
input video signal while referencing that range, it becomes possible to achieve precise color reproduction.
[0079] Also, the backlight 20 includes LEDs as light sources. In this manner, by using LEDs, which are superior in
terms of color reproducibility, luminance capability, size, longevity, etc., it becomes possible to readily configure a
backlight including a plurality of light sources independently controllable for luminance. Moreover, by controlling the
LEDs through PWM control, it becomes possible to suppress a change in color of light emitted from the LEDs, thereby
achieving precise color reproduction.
[0080] Also, the backlight 20 includes a plurality of LEDs for each of the same three colors as those of the color filters,
and also includes a plurality of LEDs for each of one or more colors different from those of the color filters. By using the
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backlight thus configured, it becomes possible to effectively enlarge a color reproduction range, thereby achieving a
multi-primary color display and more precise color reproduction.
[0081] Note that for the liquid crystal display device according to the present embodiment, a variety of variants can
be configured. For example, when LED characteristics fluctuate due to external factors (such as heat and aging degra-
dation), preconditions for color correction are not satisfied, resulting in poor color reproducibility. To solve this problem,
the liquid crystal display device may be provided with a function of measuring temperature or suchlike, and the backlight
data processing portion may be provided with a function of changing the LED characteristics based on the measurement
result. Alternatively, provided that the degradation status of the LEDs is analyzed outside the liquid crystal display device,
the backlight data processing portion may be provided with a function of changing LED characteristics based on an
externally provided analysis result. In this manner, according to the liquid crystal display device with the backlight data
processing portion having an additional function of changing light source characteristics to be referenced when obtaining
backlight data, by obtaining the backlight data while suitably changing the light source characteristics, it becomes possible
to achieve precise color reproduction even when the light source characteristics fluctuate due to external factors. More-
over, the video data processing portion may be provided with a function as described above. A similar effect can be
achieved by the liquid crystal display device with the video data processing portion having an additional function of
changing light source characteristics to be referenced when obtaining video data.
[0082] Also, in the liquid crystal display device 1, the backlight 20 is configured using LEDs, which are superior in
color reproduction characteristics, but instead of this, the backlight may be configured by, for example, two-dimensionally
arranging self-light-emitting devices such as organic EL displays.

INDUSTRIAL APPLICABILITY

[0083] The liquid crystal display device of the present invention achieves effects of a high-definition multi-primary color
display and precise color reproduction, and therefore can be used in various types of electronic equipment, including,
for example, liquid crystal televisions and liquid crystal displays.

Claims

1. A liquid crystal display device having a function of controlling backlight luminance, comprising:

a liquid crystal panel having color filters for three colors;
a backlight including a plurality of light sources for each of four or more colors independently controllable for
luminance;
a backlight data processing portion for dividing an input video signal into a plurality of areas and calculating
luminance values for light sources corresponding to each area based on a gradation in that area, thereby
obtaining backlight data for four or more colors for use in driving the backlight; and
a video data processing portion for performing color correction on the input video signal while referencing the
backlight data, thereby obtaining video data for three colors for use in driving the liquid crystal panel.

2. The liquid crystal display device according to claim 1, wherein the video data processing portion obtains a color
reproduction range achievable by light transmitted through the color filters for each color when the backlight is driven
using the backlight data, and performs color correction on the input video signal while referencing the obtained color
reproduction range.

3. The liquid crystal display device according to claim 1, wherein the backlight includes light-emitting diodes as the
light sources.

4. The liquid crystal display device according to claim 3, wherein the light-emitting diodes are controlled using a pulse-
width modulation signal.

5. The liquid crystal display device according to claim 3, wherein the backlight includes a plurality of light-emitting
diodes for each of the same three colors as those of the color filters and also includes a plurality of light-emitting
diodes for each of one or more colors different from those of the color filters.

6. The liquid crystal display device according to claim 1, wherein the backlight data processing portion obtains backlight
data with an added margin, in order to enlarge a color reproduction range achievable by light transmitted through
the color filters for each color.
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7. The liquid crystal display device according to claim 1, wherein the backlight data processing portion obtains backlight
data with an offset higher than zero, in order to suppress a calculation error.

8. The liquid crystal display device according to claim 1, wherein the backlight data processing portion has a function
of changing characteristics of the light sources that are to be referenced when obtaining the backlight data.

9. The liquid crystal display device according to claim 1, wherein the video data processing portion has a function of
changing characteristics of the light sources that are to be referenced when obtaining the video data.

10. A display method in a liquid crystal display device provided with a liquid crystal panel having color filters for three
colors and a backlight including a plurality of light sources for each of four or more colors independently controllable
for luminance, the method comprising the steps of:

dividing an input video signal into a plurality of areas and calculating luminance values for light sources corre-
sponding to each area based on a gradation in that area, thereby obtaining backlight data for four or more colors;
performing color correction on the input video signal while referencing the backlight data, thereby obtaining
video data for three colors;
driving the backlight using the backlight data; and
driving the liquid crystal panel using the video data.
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