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IMAGE DISPLAY DEVICE AND IMAGE
DISPLAY METHOD

TECHNICAL FIELD

[0001] The present invention relates to an image display
device and an image display method enabling a gray-scale
display in accordance with an input video signal as in for
example a liquid crystal display device.

BACKGROUND ART

[0002] When the number of gray-scale which can be dis-
played on a display is small, the boundaries between gray-
scales appear as patterns like contour lines of a map. These are
called “pseudo contours” and greatly degrade the display
performance.

[0003] In general, if each color can be displayed by about 8
bits (256 gray-scale), such pseudo contours become of levels
which do not pose problems in the display performance.
[0004] In a liquid crystal display, a plasma display panel
(PDP), an electroluminescence display (ELD), or other dis-
play device, however, it is relatively difficult to display each
color by 8 bits (256 gray-scale).

[0005] For example, a liquid crystal display device mount-
ing thin film transistors (TFT) for driving liquid crystals
utilizes the characteristics of a liquid crystal material having
acharacteristic curve corresponding to an applied signal volt-
age, for example, a transmittance curve, and divides the volt-
age to match with the gray-scale levels to thereby obtain
predetermined characteristic values, for example, transmit-
tances, for middle gray-scale display.

[0006] When trying to express 8 bits of gray-scale (256
gray-scale) by such a method, however, the range of divided
voltage becomes very narrow., the gray-scale levels overlap
dueto a variation of the liquid crystal material characteristics
and the TFT characteristics in some cases, and 256 gray-scale
cannot be sufficiently displayed.

[0007] Further, in a dot matrix drive system using STN
liquid crystals, a color image is displayed by turning on/off
the liquid crystals in units of red (R), green (G), and blue (B)
dots, therefore basically only a two-value display is possible
in dot units.

[0008] A plasma display panel (PDP) is also a display
device emitting binary light by a dot matrix type display,
therefore generally use is made of a sub field method for
superposing a weighted plurality of binary images in terms of
time so as to display a moving picture having a middle gray-
scale. In this system, pseudo contours are sometimes gener-
ated depending on the drive format.

[0009] Asamethod of displaying middle gray-scale images
in such a display device, dither using a plurality of pixels,
error diffusion, and other methods of expressing pseudo gray-
scale have been used for middle gray-scale display (see for
example Patent Document 1).

[0010] For example, in a case where the input signal is
formed by 8 bits (256 gray-scale) and the display perfor-
mance of the display device is 6 bits (64 gray-scale), if simply
discarding the lower 2 bits from the input signal of 8 bits (256
gray-scale) so as to display an image by 6 bits (64 gray-scale),
patterns like contour lines of a map are produced. In order to
make such patterns less visible, in dither, a small noise is
deliberately added to the input signal.
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[0011] The dither frequently used in general expression of
pseudo gray-scale will be explained next with reference to
FIGS. 1A 10 1D.

[0012] Here, texture-based dither will be explained using as
an example a case of a dither matrix comprised of n dots and
m lines where nand m are 2. In this case, as will be explained
below, 8 bits” worth of, 256, gray-scale (0, 1, 2, 3, .. ., 255)
canbe pseudo expressed by 6 bits’ worth of, 64, gray-scale (0,
4,8,12,...,252).

[0013] Assume that the input signal (8 bits) becomes as
shown in FIG. 1A. To this, a 2x2 dither matrix of dither
coefficients such as shown in FIG. 1B are added to the corre-
sponding positions of the pixels.

[0014] The results of the addition are shown in FIG. 1C.
Since the input video signal is formed by 8 bits, the lower 2
bits are discarded (made 0) in order to enable the display of a
display performance of 6 bits. The values when discarding the
lower 2 bits are shown in FIG. 1D.

[0015] Forexample, when an image data value after adding
the dither coefficient in FIG. 1C is “2117, it is expressed as
“11010011” in binary notation, therefore the value becomes
“11010000” when the lower 2 bits are discarded and becomes
“208” when it is returned to the decimal notation.

[0016] By performing such processing, 8 bits (256 gray-
scale)’ worth of the gray-scale can be pseudo expressed by 6
bits (64 gray-scale).

[0017] The principle of such dithering will be explained
below.
[0018] When the lower 2 bits among the original 8 bits of

the input video signal are “0”, the higher 6 bits do not increase
no matter what dither coefficient is added.

[0019] When the lower 2 bits among the original 8 bits of
the input video signal are “1”, the higher 6 bits are advanced
by 1 only in a case where the dither coefficient is 3. For
example, an image signal having a value of “109” is
“01101101” in binary notation. The higher 6 bits are
advanced by 1 when the dither coefficient 3 (00000011) is
added.

[0020] Inthe dither matrix of FIG. 1B, the probability of the
dither coefficient being 3 is ¥4, therefore the probability of the
higher 6 bits being advanced by 1 is % in the case where the
lower 2 bits are <17,

[0021] When the lower 2 bits among the original 8 bits of
the input video signal are “2”, the higher 6 bits are advanced
by 1 in the case where the dither coefficient is 3 or 2.

[0022] Inthe dither matrix of FIG. 1B, the probability of the
dither coefficient being 3 or 2 is %, therefore the probability
ofthe higher 6 bits being advanced by 1 is %4 in the case where
the lower 2 bits are “2”.

[0023] When the lower 2 bits among the original 8 bits of
the input video signal are “3”, the higher 6 bits are advanced
by 1 in a case where the dither coefficient is 3, 2, or 1.
[0024] Inthe dither matrix of FIG. 1B, the probability of the
dither coefficient being 3, 2, or 1 is ¥4, therefore the probabil-
ity of the higher 6 bits being advanced by 1 is % in the case
where the lower 2 bits are “3”.

[0025] Forexample, when the above dithering is applied to
image data having an original value of 21 (lower 2 bits are 1),
the value becomes 24 with a probability of 1 pixel per 4 pixels
and becomes 20 with a probability of 3 pixels per 4 pixels.
[0026] Accordingly, an average gray-scale of the image
after the dithering becomes 24xY4+20x%4=21, and the origi-
nal 8 bits can be pseudo expressed by 6 bits (lower 2 bits
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among 8 bits are 0). The input image data is pseudo expressed
finally with 6 bits’ worth of gray-scale as described above.
[0027] Insuchdither, the characteristic that the added value
is cyclic and, further, a checkerboard like regular pattern is
sometimes observed in the horizontal direction and vertical
direction.

[0028] When for example all pixels are “1” in the input
signal as in FIG. 2A, if performing processing to add the
dither coefficients of FIG. 2B to the input signal and then
make the lower 2 bits “0”, an image pattern as shown in FIG.
2C is obtained. In this pattern, “4” is displayed with a ratio of
1 pixel per 4 pixels, therefore “1” can be pseudo expressed in
average.

[0029] However, as shown by this diagram, a fixed pattern
in which “4” is regularly arranged is generated, so this is
recognized as a degradation of image quality. In order to
prevent the generation of such a fixed pattern, dither using a
different dither matrix for each field is proposed.

[0030] Patent Document 1: Japanese Patent Publication (A)
No. 2002-052758

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0031] In a direct view type display having for example a
viewing angle dependency, a difference ends up appearing in
the image birefringence phase difference (retardation) in
accordance with the viewing direction, so the colors of an
image displayed on the display end up appearing changed.
[0032] For this reason, even in a case where a middle gray-
scale display using a plurality of pixels can be realized by the
above dither, the effect is exhibited only in a case where the
display is viewed from a specific direction. A middle gray-
scale cannot typically be precisely displayed when the image
is viewed from any other directions.

[0033] Namely, in a general liquid crystal display device
etc., middle gray-scale expression can be realized, but there is
the disadvantage that the viewing angle characteristic cannot
be improved.

[0034] An object of the present invention is to provide an
image display device and method enabling a middle gray-
scale display by using a plurality of pixels and simultaneously
improving the viewing angle characteristic.

Means for Solving the Invention

[0035] A first aspect of the present invention is an image
display device enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale converter for
converting a gray-scale of an input video signal to character-
istic values of pixels two-dimensionally atranged with
respect to the image to be displayed, wherein the gray-scale
converter converts a gray-scale so as to include, among the
plurality of pixels expressing a middle gray-scale, at least one
pixel converted to a first characteristic value obtained by
adding a positive correction value to the gray-scale of the
input video signal and at least one pixel converted to a second
characteristic value obtained by adding a negative correction
value.

[0036] Preferably, the device further has a correction value
setter for setting the correction values in accordance with a
middle gray-scale to be expressed.

[0037] Preferably, the gray-scale converter converts a gray-
scale for a video signal expressed by primary color luminance
components.
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[0038] Preferably, the gray-scale converter converts a gray-
scale so that either one of the first characteristic value or
second characteristic value to which the positive or negative
correction value has been added becomes a maximum char-
acteristic value or a minimum characteristic value.

[0039] A second aspect of the present invention is an image
display device enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale expresser for
expressing a middle gray-scale of the input video signal by a
field train formed by a plurality of fields, wherein the gray-
scale expresser expresses a gray-scale so as to include at least
one field converted to a first charactetistic value obtained by
adding a positive correction value to the gray-scale of the
input video signal and at least one field converted to a second
characteristic value obtained by adding a negative correction
value.

[0040] Preferably, the device further has a setter for setting
the first characteristic value and the second characteristic
value in accordance with a middle gray-scale to be displayed.

[0041] Preferably, the gray-scale expresser expresses by
the field train a middle gray-scale of a video signal expressed
by primary color luminance components.

[0042] Preferably, the gray-scale converter expresser
expresses a gray-scale so that either one of the first charac-
teristic value or second characteristic value becomes a maxi-
mum characteristic value or a minimum characteristic value.

[0043] A third aspect of the present invention is an image
display device enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale converter for
converting a gray-scale of an input video signal to character-
istic values of pixels two-dimensionally arranged with
respect to the image to be displayed and a gray-scale
expresser for expressing a middle gray-scale of the input
video signal by a field train formed by a plurality of fields,
wherein the gray-scale converter converts a gray-scale so as
to include, among the plurality of pixels expressing a middle
gray-scale, at least one pixel converted to a first characteristic
value obtained by adding a positive correction value to the
gray-scale of the input video signal and at least one pixel
converted to a second characteristic value obtained by adding
a negative correction value, and the gray-scale expresser
expresses a gray-scale so as to include at least one field
converted to a first characteristic value obtained by adding a
positive correction value to the gray-scale of the input video
signal and at least one field converted to a second character-
istic value obtained by adding a negative correction value.

[0044] Preferably, the device further has a controller for
controlling the gray-scale converter to convert a gray-scale
when the input video signal includes a moving picture and
controlling the gray-scale expresser to express a middle gray-
scale by a field train when the input video

[0045] A fourth aspect of the present invention is an image
display device enabling an expression of a middle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: a display including liquid crystal pixel
cells displaying an image by a in accordance with in accor-
dance with drive voltages and a drive portion for generating
drive voltages corresponding to effective voltages including a
first voltage corresponding to a bright level and a second
voltage corresponding to a dark level, wherein the second
voltage is set at a voltage lower than a threshold voltage of a
liquid crystal cell.
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[0046] A fifth aspect of the present invention is an image
display device enabling an expression of a middle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: a display including liquid crystal pixel
cells displaying an image by a gray-scale in accordance with
drive voltages and a drive portion for generating drive volt-
ages corresponding to effective voltages including a first volt-
age corresponding to a bright level and a second voltage
corresponding to a dark level, wherein the first voltage is set
at a voltage higher than a voltage at which the characteristic
value of a liquid crystal cell starts to become substantially the
maximum.

[0047] Preferably, an optical thickness of each pixel cell is
set in accordance with the first voltage value.

[0048] A sixth aspect of the present invention is an image
display device enabling an expression of a middle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: a display including liquid crystal pixel
cells displaying an image by a gray-scale in accordance with
drive voltages, wherein the display is driven while changing a
bright/dark ratio over time.

[0049] Preferably, the display is driven so that the dark ratio
in the bright/dark ratio becomes larger.

[0050] Preferably, the device further has a drive for gener-
ating drive voltages corresponding to effective voltages
including a first voltage corresponding to a bright level and a
second voltage corresponding to a dark level, and the first
voltage is set at a voltage higher than the voltage at which the
characteristic value of a liquid crystal cell starts to become
substantially the maximum.

[0051] A seventh aspect ofthe present invention is an image
display method enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale conversion
step of converting a gray-scale of an input video signal to
characteristic values of pixels two-dimensionally arranged
with respect to the image to be displayed, wherein the gray-
scale conversion step converts a gray-scale so as to include,
among the plurality of pixels expressing a middle gray-scale,
at least one pixel converted to a first characteristic value
obtained by adding a positive correction value to the gray-
scale of the input video signal and at least one pixel converted
to asecond characteristic value obtained by adding a negative
correction value.

[0052] Aneighthaspect ofthe present invention is an image
display method enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale expression
step of expressing a middle gray-scale of the input video
signal by a field train formed by a plurality of fields, wherein
the gray-scale expressing step expresses a gray-scale so as to
include at least one field converted to a first characteristic
value obtained by adding a positive correction value to the
gray-scale of the input video signal and at least one field
converted to a second characteristic value obtained by adding
a negative correction value.

[0053] A ninth aspect of the present invention is an image
display method enabling a gray-scale display in accordance
with an input video signal, having: a gray-scale conversion
step of converting a gray-scale of an input video signal to
characteristic values of pixels two-dimensionally arranged
with respect to the image to be displayed and a gray-scale
expression step of expressing a middle gray-scale of the input
video signal by a field train formed by a plurality of fields,
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wherein the gray-scale conversion step converts a gray-scale
so as to include, among the plurality of pixels expressing a
middle gray-scale, at least one pixel converted to a first char-
acteristic value obtained by adding a positive correction value
to the gray-scale of the input video signal and at least one
pixel converted to a second characteristic value obtained by
adding a negative correction value, and the gray-scale
expressing step expresses a gray-scale so as to include at least
one field converted to a first characteristic value obtained by
adding a positive correction value to the gray-scale of the
input video signal and at least one field converted to a second
characteristic value obtained by adding a negative correction
value.

[0054] A 10th aspect of the present invention is an image
display method enabling an expression of amiddle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: a step of generating drive voltages cor-
responding to effective voltages including a first voltage cor-
responding to a bright level and a second voltage correspond-
ing to a dark level and a step of applying the generated drive
voltages to the liquid crystal cells, wherein the second voltage
is set at a voltage lower than a threshold voltage of a liquid
crystal cell.

[0055] An 11th aspect of the present invention is an image
display method enabling an expression of amiddle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: a step of generating drive voltages cor-
responding to effective voltages including a first voltage cor-
responding to a bright level and a second voltage correspond-
ing to a dark level and a step of applying the generated drive
voltages to the liquid crystal cells, wherein the first voltage is
set at a voltage higher than a voltage at which the character-
istic value of'the liquid crystal cell starts to become substan-
tially the maximum.

[0056] A 12th aspect of the present invention is an image
display method enabling an expression of amiddle gray-scale
of an input video signal by a field train formed by a plurality
of fields and a gray-scale display in accordance with an input
video signal, having: driving a display including liquid crys-
tal cells displaying an image by a gray-scale in accordance
with drive voltages while changing a bright/dark ratio over
time.

EFFECT OF THE INVENTION
[0057] According to the present invention, it is possible to

use a plurality of pixels to display a middle gray-scale and, at
the same time, improve the viewing angle characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1A to FIG. 1D are diagrams for explaining
general dither.
[0059] FIG. 2A to FIG. 2C are other diagrams for explain-

ing general dither.

[0060] FIG. 3 is a diagram showing an example of the
configuration of an image display device of a first embodi-
ment to which the present invention is applied.

[0061] FIG. 4A and FIG. 4B are diagrams for explaining a
case where dithering is carried out by using a dither matrix.
[0062] FIG.5is adiagram showing a relationship of a pixel
output to be corrected with respect to an input gray-scale.
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[0063] FIG. 6A and FIG. 6B are diagrams for explaining a
viewing angle characteristic improved by the image display
device to which the present invention is applied.

[0064] FIG.7A andFIG. 7B are other diagrams forexplain-
ing the viewing angle characteristic improved by the image
display device to which the present invention is applied.
[0065] FIG. 8A and FIG. 8B are diagrams for explaining a
case where one dither matrix is comprised of four pixels of F1
to F4.

[0066] FIG.9isa diagram showing the configuration of an
image display device of a second embodiment to which the
present invention is applied.

[0067] FIG. 10 is a diagram showing the relationship of a
density (transmittance) of a displayed video with respect to a
level of an input video signal.

[0068] FIG. 11 is a diagram showing an image region with
an upper half having a density of 50% and with a lower half
having a density of 100%.

[0069] FIG.12isadiagram showing a field train comprised
of a plurality of fields in a case where the image of FIG. 11 is
displayed.

[0070] FIG. 13A to FIG. 13C are diagrams showing the
density of a region P in the field train from a time t0 until a
time t1.

[0071] FIG.14A and FIG. 14B are diagrams for explaining
a case where a binary luminance is found based on an oblique
viewing angle characteristic.

[0072] FIG. 15A and FIG. 15B are diagrams showing in a
zigzag state an example of displaying a point T(v1) brighter
than the brightness of an original pixel and a point T(v2)
darker than that of the original pixel in the found binary
values.

[0073] FIG. 16A and FIG. 16B are diagrams showing an
example where a dither matrix is comprised by replacing only
G among R, G, and B.

[0074] FIG. 17 is a diagram showing a configuration opti-
mizing the dithering based on a measured oblique viewing
angle.

[0075] FIG. 181s a diagram for explaining a first method of
optimizing a voltage selection of a black level of a drive
voltage applied to aliquid crystal so as to make a liquid crystal
response waveform approach a pulse width modulation
(PWM) waveform and improve the viewing angle character-
istic.

[0076] FIG.19A to FIG. 19E are diagrams for explaining a
first method of optimizing a voltage selection of a black level
of a drive voltage applied to a liquid crystal so as to make a
liquid crystal response waveform approach a pulse width
modulation (PWM) waveform.

[0077] FIG.20A and FIG. 20B are diagrams for explaining
a second method of optimizing the voltage selection of a
white level and optimizing a refractive index anisotropy And
(d is a panel thickness) to improve the viewing angle charac-
teristic.

[0078] FIG.21A and FIG. 21B are diagrams showing trans-
mittance characteristics with respect to input gray-scale of a
general liquid crystal display device and a liquid crystal dis-
play device employing the second method of the present
embodiment corresponding to FI1G. 20B.

[0079] FIG. 22 is a diagram for explaining an example of a
drive method so that a bright/dark ratio over time becomes 1:2
according to a third method.

[0080] FIG.23A and FIG.23B are diagrams showing trans-
mittance characteristics with respect to input gray-scale of a

Nov. 6, 2008

general liquid crystal display device and a liquid crystal dis-
play device employing the third method of the present
embodiment corresponding to FI1G. 20B.

[0081] FIG. 24A to FIG. 24C are diagrams showing trans-
mittance characteristics with respect to input gray-scale of a
general liquid crystal display device and liquid crystal display
devices employing the second method and a fourth method of
the present embodiment.

[0082] FIG.25A and FIG. 25B are diagrams showing trans-
mittance characteristics with respect to input gray-scale of a
general liquid crystal display device and a liquid crystal dis-
play device employing a fifth method of the present embodi-
ment.

[0083] FIG. 26A to FIG. 26C are diagrams showing drive
voltage waveforms at bright and dark times of a general liquid
crystal display device and liquid crystal display devices
employing the second method and the fourth method of the
present embodiment.

[0084] FIG. 27A and FIG. 27B are diagrams showing drive
voltage waveforms at bright and dark times of a general liquid
crystal display device and a liquid crystal display device
employing the fifth method of the present embodiment.

[0085] FIG. 28 is a diagram showing a first example of the
configuration ofa liquid crystal display device (image display
device) which can be applied to the drive method of the
present embodiment.

[0086] FIG. 29 is a diagram showing a second example of
the configuration of a liquid crystal display device (image
display device) which can be applied to the drive method of
the present embodiment.

[0087] FIG. 30 is a diagram showing a third example of the
configuration ofa liquid crystal display device (image display
device) which can be applied to the drive method of the
present embodiment.

[0088] FIG. 31A to FIG. 31C are diagrams showing a y
pattern of a data converter set in the device of FIG. 30, a y
pattern of a reference voltage generator, and a liquid crystal
application voltage with respect to the input data.

[0089] FIG. 32 is a diagram showing a fourth example of
the configuration of a liquid crystal display device (image
display device) which can be applied to the drive method of
the present embodiment.

[0090] FIG. 33A to FIG. 33C are diagrams showing a y
pattern of a data converter set in the device of FIG. 32, a y
pattern of a reference voltage generator, and a liquid crystal
application voltage with respect to the input data.

[0091] FIG. 34 is a diagram showing a fifth example of the
configuration ofa liquid crystal display device (image display
device) which can be applied to the drive method of the
present embodiment.

[0092] FIG. 35A to FIG. 35E are diagrams showing y pat-
terns of data converters set in the device of FIG. 32, y patterns
of reference voltage generators, and a liquid crystal applica-
tion voltage with respect to the input data.

[0093] FIG. 36 is a diagram showing a sixth example of the
configuration ofa liquid crystal display device (image display
device) which can be applied to the drive method of the
present embodiment.

[0094] FIG. 37A to FIG. 37F are diagrams showing y pat-
terns of data converters set in the device of FIG. 32, y patterns
of reference voltage generators, and liquid crystal application
voltages with respect to the input data.
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[0095] FIG. 38 is a diagram showing a seventh example of
the configuration of a liquid crystal display device (image
display device) which can be applied to the drive method of
the present embodiment.

DESCRIPTION OF NOTATIONS

[0096] 10 . .. image display device, 11 . . . luminance
converter, 12 . . . offset generator, 13 . . . first adder circuit, 14
... second adder circuit, 15 . . . first voltage converter, 16 . . .
second voltage converter, 17 . . . ditherer, 18 . . . controller, 21
... display, 20 . . . image display device, 21 . . . nonlinear
converter, 22 . . . offset generator, 23 . . . offset table, 24 . . . first
adder circuit, 25 . . . second adder circuit, 26 . . . first inverse
converter, 27 . . . second inverse converter, 28 . . . time division
processor, 29 . . . controller, 30 . . . display, 40, 40A to 40F .
.. liquid crystal display devices (image display devices), 41,
41C, 41F . . . data converter, 42, 42A . . . reference voltage
generator, 43 . . . source driver, 44 . . . display panel.

BEST MODE FOR WORKING THE INVENTION

[0097] Below, embodiments of the present invention will
be explained with reference to the drawings.

[0098] In the embodiments, the explanation will be given
by taking as an example an image display device for display-
ing an image in response to an input video signal via a direct
view type liquid crystal display screen.

[0099] First, an image display device 10 according to a first
embodiment will be explained

[0100] FIG. 3 is a diagram showing an example of the
configuration of an image display device according to a first
embodiment of the present invention.

[0101] The image display device 10 is provided with, as
shown in FIG. 1, a luminance converter 11 for converting a
video signal H given as an applied signal voltage to a lumi-
nance signal based on a predetermined nonlinear character-
istic, an offset generator 12 supplied with the input video
signal H, a first adder circuit 13 and a second adder circuit 14
for adding and subtracting output signals from the luminance
converter 11 and an offset table, a first voltage converter 15
supplied with a computation result of the first adder circuit 13,
a second voltage converter 16 supplied with a computation
result of the second adder circuit 14, a ditherer 17 supplied
with signals V1 and V2 output from the first and second
voltage converters 15 and 16, a controller 18 for controlling
the ditherer 17, and a display 19 for displaying an image in
response to the input video signal H based on an output signal
Cout from the ditherer 17.

[0102] The luminance converter 11 converts the supplied
video signal H to a luminance signal L based on a previously
set nonlinear characteristic.

[0103] The nonlinear characteristic set in the luminance
converter 11 can be freely set and may be expressed by for
example a nonlinear curve having a gradient becoming more
gentle as the voltage becomes lower.

[0104] Thesignal L converted from voltage to luminance in
the luminance converter 11 is supplied to the first adder circuit
13 and the second adder circuit 14.

[0105] The offset generator 12 generates a signal D1 and a
signal D2 expressed as pixel outputs correcting the gray-scale
of the supplied video signal H (hereinafter, referred to as an
input gray-scale).

[0106] The offset generator 12 generates signals D1 and D2
for offsetting the luminance signal L. from the luminance
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converter 11 with reference to a previously set offset table in
accordance with the applied signal voltage of the supplied
video signal H.

[0107] Thesignal D1 generated at the offset generator 12 is
output to the first adder circuit 13, and the signal D2 is output
to the second adder circuit 14.

[0108] Note that, details of the offset table in the offset
generator 12 and the signals D1 and D2 to be generated will
be explained later.

[0109] The first adder circuit 13 is supplied with the signal
L from the luminance converter 11 and supplied with the
signal D1 from the offset generator 12.

[0110] The first adder circuit 13 subtracts the signal D1
from the signal L and supplies a signal E1 obtained as a result
to the first voltage converter 15.

[0111] The second adder circuit 14 is supplied with the
signal L from the luminance converter 11 and supplied with
the signal D2 from the offset generator 12.

[0112] Thesecondadder circuit 14 adds the signal D2 to the
signal LL and supplies a signal E2 obtained as a result to the
second voltage converter 16.

[0113] The first voltage converter 15 converts the signal E1
supplied from the first adder circuit 13 to the y characteristic
again based on the previously set nonlinear characteristic.
[0114] This nonlinear characteristic set in the first voltage
converter 15 is expressed as an inverse characteristic to the
nonlinear characteristic set in the luminance converter 11. For
this reason, when updating the nonlinear characteristic set in
the luminance converter 11, the nonlinear characteristic set in
the first voltage converter 15 will also be updated linked with
this.

[0115] The signal V1 converted by the first voltage con-
verter 15 is output to the ditherer 17.

[0116] The second voltage converter 16 converts the signal
E2 supplied from the second adder circuit 14 to the y charac-
teristic again based on the previously set nonlinear character-
istic.

[0117] This nonlinear characteristic set in the second volt-
age converter 16 is expressed as an inverse characteristic to
the nonlinear characteristic set in the luminance converter 11.
Forthis reason, when updating the nonlinear characteristic set
in the luminance converter 11, the nonlinear characteristic set
in the second voltage converter 16 will also be updated linked
with this.

[0118] The signal V2 converted by the second voltage con-
verter 16 is output to the ditherer 17.

[0119] The ditherer 17 performs dithering based on dither
under the control of the controller 18 from the signals V1 and
V2 supplied from the first voltage converter 15 and the second
voltage converter 16.

[0120] FIG. 4 are diagrams for explaining a case where the
ditherer 17 of the present embodiment uses a dither matrix to
perform the dithering.

[0121] This dither, as shown in FIG. 4A, pseudo expresses
an image region expressed by a middle gray-scale comprised
of a plurality of pixels by a two-dimensional dither matrix
comprised of two types of pixels of pixels having a first
characteristic value (transmittance in the present embodi-
ment) and pixels having a second characteristic value (trans-
mittance in the present embodiment) expressed by a check-
erboard like regular pattern in the horizontal direction and the
vertical direction as shown in FIG. 4B.

[0122] The ditherer 17 outputs an output signal Cout
expressed by such a dither matrix to the display 19.
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[0123] The display 19 for example displays the output
image of the ditherer 17 via the direct view type liquid crystal
display screen mounting thin film transistors (TFT) for driv-
ing liquid crystals

[0124] The display 19 obtains the predetermined transmit-
tances (characteristic values) and displays the middle gray-
scale by utilizing for example the liquid crystal material char-
acteristic having a transmittance curve corresponding to the
output signal Cout defined as the voltage value.

[0125] Next, the operation up until the image display
device 10 according to the first embodiment of the present
invention generates the two-dimensional dither matrix
explained above will be explained.

[0126] FIG. 5 is a diagram showing the relationship of the
pixel output to be corrected with respect to the input gray-
scale.

[0127] InFIG.S5, an abscissa indicates the input gray-scale
(transmittance), and an ordinate indicates the characteristic
value (transmittance).

[0128] Intheusualdither, predetermined dither coefficients
are added to corresponding positions of a plurality of pixels.
The input signal is corrected so that an average output
obtained by addition by the plurality of pixels exhibits alinear
relationship as shown by a straight line b in FIG. 5 with
respect to the input gray-scale, whereby the resultant pixel
output is obtained.

[0129] Asopposed to this, in the image display device 10 of
the present embodiment, for example a pair of pixels (sub
pixels) are corrected based on the relationships of pixel out-
puts shown by a and ¢ in FIG. 5 with respect to the input
gray-scale and controlled so as to obtain a first characteristic
value VALa and a second characteristic value VALc.

[0130] Specifically, in this correction, a plus correction
value Ak2 is added to the straight line b as shown in FIG. 5 to
find the first characteristic value VALa, while a minus correc-
tion value Ak1 is subtracted from the straight line b to find the
second characteristic value VALc.

[0131] In other words, the positive correction value Ak2
and the negative correction value Akl are generated with
respect to the input gray-scale. These correction values are
added to the input gray-scale to thereby obtain the pixel
output b.

[0132] Theditherer 17 is supplied with a signal V1 indicat-
ing the pixel output having the relationship of a with respect
to the input gray-scale and a signal V2 indicating the pixel
output having the relationship of ¢ with respect to the input
gray-scale.

[0133] The ditherer 17 determines the first characteristic
value VALa based on the signal V1, determines the second
characteristic value VALc based on the signal V2, and
expresses the middle gray-scale via the dither matrix.

[0134] As a result, the middle gray-scale obtained by add-
ing the first characteristic value VALa and the second char-
acteristic value VALb and dividing theresult by 2 is expressed
by the dither matrix.

[0135] This corresponds to the expression of the relation-
ship obtained by adding pixel outputs (transmittances)
expressed by the relationships of a and ¢ shown in FIG. 5 and
dividing the result by 2 via a dither matrix.

[0136] Incidentally, the offset generator 12 stores in
advance the relationships a and ¢ of pixel outputs with respect
to the input gray-scale in an offset table to refers to this offset
table whenever the drive signal H is input so as to specify the
correction values Akl and Ak2.

Nov. 6, 2008

[0137] The relationships a and ¢ of the pixel outputs previ-
ously stored in the offset table are set to a format including at
least one pixel converted to the first characteristic value VALa
obtained by adding the negative correction value Ak1 to the
input gray-scale and at least one pixel converted to the second
density obtained by adding the positive correction value Ak2
to the input gray-scale in the dither matrix as shown in FIG. 5.

[0138] For example, the relationships a and ¢ of the pixel
outputs are stored in the offset table so that either of the first
characteristic value or second characteristic value obtained as
a result of adding the negative correction value Akl and the
positive correction value Ak2 becomes the maximum charac-
teristic value (transmittance: 100%) or the minimum charac-
teristic value (transmittance: 0%).

[0139] InFIG.5, the negative correction value Ak1 is set so
that the second characteristic value becomes the minimum
characteristic value from the transmittance 0% to 50%, while
the positive correction value Ak2 is set so that the first char-
acteristic value becomes the maximum characteristic value
from the transmittance 50% to 100%.

[0140] FIG. 6A and FIG. 6B are diagrams showing the
relationships of the transmittance with respect to viewing
angles (0 degree, 20 degrees, 40 degrees, 60 degrees) with
respect to the liquid crystal display screen of the display 19 in
the case where the correction values are set as explained
above, in which FIG. 6A shows the relationship of the trans-
mittance with respect to the viewing angle in the case based
on the usual dither, and FI1G. 6B shows the relationship of the
transmittance with respect to the viewing angle in the present
embodiment.

[0141] InFIG. 6A and FIG. 6B, the abscissa indicates the
transmittance (input) based on the output signal Cout sup-
plied from the ditherer 17 in accordance with the gray-scale to
be displayed in the display 19, and the ordinate indicates the
transmittance (output) of the gray-scale actually displayed on
the display 19.

[0142] When correcting the input gray-scale to obtain the
pixel output based on the linear relationship shown by the
straight line b in FIG. 5 based on the usual dither, as shown in
FIG. 6A, it is seen that the viewing angle characteristic is
remarkably deteriorated as the viewing angle becomes larger,
in other words, in the case where the liquid crystal display
screen is viewed obliquely.

[0143] Asopposed to this, when determining the first char-
acteristic value and the second characteristic value so as to
obtain the relationships a and ¢ of pixel outputs as in the
present embodiment, as shown in FIG. 6B, it is seen that the
viewing angle characteristic is improved even in the case
where the liquid crystal display screen is viewed obliquely.

[0144] FIG. 7A and FIG. 7B are diagrams showing results
expressing the relationships of transmittances shown in FIG.
6A and FIG. 6B by the y corrected gray-scale. In FIG. 7A and
FIG. 7B, the abscissas indicate input gray-scale, and the
ordinates indicate output gray-scale.

[0145] Inthecaseofagray-scale where the input gray-scale
canbe actually viewed by the human eye via the liquid crystal
display screen (hereinafter, referred to as an “output gray-
scale”), when correcting this to obtain the pixel output based
on the linear relationship shown by the straight line b in FIG.
5 with respect to the input gray-scale based on the usual
dither, as shown in FIG. 7A, the linearity between the input
gray-scale and the output gray-scale gradually deviates as the
viewing angle becomes larger. This suggests that the viewing
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angle characteristic remarkably deteriorates in the case where
the liquid crystal display screen is obliquely viewed.

[0146] As opposed to this, when, as in the present embodi-
ment, determining the first characteristic value and the second
characteristic value so as to obtain the relationships a and ¢ of
pixel outputs, as shown in FIG. 7B, it is seen that the viewing
angle characteristic is improved even in the case where the
liquid crystal display screen is obliquely viewed.

[0147] As the reason why the viewing angle is improved in
this way, in the case where the transmittance is for example
50%, as shown in FIG. 5, the dither matrix is formed so that
the first characteristic value becomes the transmittance of
100% and the second characteristic value becomes the trans-
mittance of 0% in the relationships a and ¢ of pixel outputs.
[0148] The viewing angle characteristic does not deterio-
rate when the transmittances are 0% and 100%, therefore a
middle gray-scale of a dither matrix expressed by adding the
first characteristic value and the second characteristic value
and dividing theresult by 2 does not deteriorate in the viewing
angle characteristic when the transmittance is 50%.

[0149] Itis seen that deviation in accordance with the view-
ing angle does not occur in the case ofa transmittance of 50%
as shown in FIG. 6B.

[0150] Further, even from the transmittance 0% to the
transmittance 50%, in the present embodiment, as shown in
FIG. 5, since the second characteristic value is fixed to the
transmittance 0% and the transmittance is changed only for
the first characteristic value, the viewing angle characteristic
no longer deteriorates at least in regard to the second charac-
teristic value.

[0151] For this reason, when displaying a middle gray-
scale of a dither matrix expressed by adding these first char-
acteristic value and second characteristic value and dividing
the result by 2, the viewing angle characteristic can be
improved in comparison with the usual dither.

[0152] Inthe sameway,even from the transmittance 50% to
the transmittance 100%, in the present embodiment, as shown
in FIG. 5, since the first characteristic value is fixed at the
transmittance 100% and the transmittance is changed only for
the second characteristic value, the viewing angle character-
istic no longer deteriorates at least in regard to the first char-
acteristic value.

[0153] For this reason, when displaying a middle gray-
scale of a dither matrix expressed by adding these first char-
acteristic value and second characteristic value and dividing
the result by 2, the viewing angle characteristic can be
improved in comparison with the usual dither.

[0154] In this way, in the image display device 10 of the
present embodiment, when expressing a middle gray-scale of
a dither matrix by the first characteristic value and the second
characteristic value, since the density of either is fixed to 0%
or 100%, it becomes possible to improve the viewing angle
characteristic by that amount.

[0155] Note that the present embodiment is not limited to
the case where the relationships a and ¢ of pixel outputs where
either of the first characteristic value or second characteristic
value becomes the maximum characteristic value or the mini-
mum characteristic value are stored in the offset table.
[0156] If at least one pixel converted to the first character-
istic value (transmittance) obtained by adding the negative
correction value Ak1 to the input gray-scale and at least one
pixel converted to the second characteristic value (transmit-
tance) obtained by adding the positive correction value Ak2 to
the input gray-scale are included in the dither matrix, the
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same effect can be obtained. For example, curves where the
relationships of pixel outputs shown in FIG. 5 are defined by
a' and ¢' may be stored in the offset table as well.

[0157] Further, in the above embodiment, the case where
the dither matrix was comprised of two pixels was explained,
but the present invention is not limited to such a case. Any
format may be employed so far as the dither matrix is com-
prised of a plurality of pixels.

[0158] For example, when forming one dither matrix by 4
pixels of F1 to F4 as shown in FIG. 8A, in the relationships of
pixel outputs to be corrected with respect to the input gray-
scale, as shown in FIG. 8B, when the transmittance is 0% to
25%, the characteristic value (transmittance) of the pixel
output of the pixel F1 is shifted to a large extent, while the
pixels F2, F3, and F4 are fixed to the minimum characteristic
value.

[0159] When the transmittance is 25% to 50%, the charac-
teristic value of the pixel output of the pixel F2 is shifted to a
large extent, while the transmittance of the pixel F1 is fixed at
the maximum value (characteristic value) and further the
transmittances of the pixels F3 and F4 are fixed at the mini-
mum characteristic value.

[0160] When the transmittance is 50% to 75%, the charac-
teristic value of the pixel output of the pixel F3 is shifted to a
large extent, while the pixels F1 and F2 are fixed at the
maximum characteristic value and further the pixel F4 s fixed
at the minimum characteristic value.

[0161] When the transmittance is 75% to 100%, the char-
acteristic value of the pixel output of the pixel F4 is shifted to
a large extent, while the pixels F1, F2, and F'3 are fixed at the
maximum characteristic value.

[0162] As aresult, it becomes possible to pseudo create the
pixel output as shown by the straight line b in FIG. 8B.
Further, in such case, since at least three pixels among the
pixels F1 to F4 will be typically fixed at the minimum char-
acteristic value (transmittance: 0%) or the maximum charac-
teristic value (transmittance: 100%), it also becomes possible
to prevent the deterioration of the viewing angle characteris-
tic.

[0163] Inthisway, inthe imagedisplay device 10 of the first
embodiment, when expressing a middle gray-scale of a dither
matrix by a first characteristic value and a second character-
istic value, only the characteristic value of one pixel compos-
ing this dither matrix is shifted. The characteristic values of
the other pixels are typically fixed in characteristic values
(transmittances) at 0% or 100%. Therefore it becomes pos-
sible to improve the viewing angle characteristic by that
amount.

[0164] Next, an image processing apparatus 20 according
to asecond embodiment expressing a middle gray-scale of an
input video signal by a field train comprised of a plurality of
fields so as to improve the viewing angle characteristic will be
explained.

[0165] Theimagedisplay device 10 ofthe firstembodiment
used the technique of dithering in the spatial direction to
express one gray-scale by a plurality of pixels so as to
improve the viewing angle characteristic.

[0166] As opposed to this, the image display device 20 of
the second embodiment expresses one gray-scale by pixels of
a plurality of screens arranged in the time direction to
improve the viewing angle characteristic.

[0167] Below, onescreen will be also referred to as a “field”
and a train comprised of a plurality of fields will bereferred to
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as a “field train”. Note that the term “field” in the present
description is not limited to the field in so-called interlaced
scan.

[0168] FIG.9isablock diagram showing an example of the
configuration of the image display device 20 according to the
second embodiment.

[0169] The image display device 20 is provided with, as
shown in FIG. 9, a nonlinear converter 21, an offset generator
22, an offset table 23, a first adder circuit 24, a second adder
circuit 25, a first inverse converter 26, a second inverse con-
verter 27, a time division processor 28, a controller 29 for
controlling the time division processor 28, and a display 30.
[0170] Thenonlinearconverter 21, for example, receives as
input a video signal H having a screen display rate of 60 Hz
from the outside.

[0171] The nonlinear converter 21 converts the level of the
input video signal H according to the predetermined nonlin-
ear input/output characteristic set in advance.

[0172] The nonlinear input/output characteristic set in the
nonlinear converter 21 is a nonlinear curve expressed by a
so-called gamma function where the gradient becomes gen-
tler as the level becomes lower. Note that this nonlinear input/
output characteristic can be freely set.

[0173] The video signal L after the level conversion output
from the nonlinear converter 21 is supplied to the first adder
circuit 24 and the second adder circuit 25.

[0174] The offset generator 22 receives as input the video
signal H. The offset generator 22 refers to the offset table 23
and generates the first offset signal Ak1 and the second offset
signal Ak2.

[0175] The offset table 23 is a table showing values of
corresponding offset signals Ak1 and Ak2 with respect to the
signal level of the input video signal H.

[0176] The offset generator 22 retrieves the corresponding
Akl and Ak2 from the offset table in accordance with the
input video signal H and outputs them as offset signals.
[0177] Note that details for the first offset signal Ak1 and
the second offset signal Ak2 output from the offset generator
22 will be explained later.

[0178] The first offset signal Ak1 output from the offset
generator 22 is supplied to the first adder circuit 24. The
second offset signal Ak2 output from the offset generator 22
is supplied to the second adder circuit 25.

[0179] The first adder circuit 24 receives as input the video
signal L output from the nonlinear converter 21 and the first
offset signal Akl output from the offset generator 22.

[0180] The first adder circuit 24 adds the video signal L, and
the first offset signal Akl to generate a video signal E1.
[0181] The video signal E1 generated by the first adder
circuit 24 is supplied to the first inverse converter 26.

[0182] The second adder circuit 25 receives as input the
video signal [ output from the nonlinear converter 21 and the
second offset signal Ak2 output from the offset generator 22.
[0183] The second adder circuit 25 subtracts the first offset
signal Ak1 from the video signal L to generate a video signal
E2.

[0184] The video signal E2 generated by the second adder
circuit 24 is supplied to the second inverse converter 27. The
first inverse converter 26 receives as input the video signal E1
output from the first adder circuit 24. The first inverse con-
verter 26 converts the level of the input video signal E1
according to the predetermined nonlinear input/output char-
acteristic set in advance.
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[0185] The second inverse converter 27 receives as input
the video signal E2 output from the second adder circuit 25.
The second inverse converter 27 converts the level of the input
video signal E2 according to the predetermined nonlinear
input/output characteristic set in advance.

[0186] The nonlinear input/output characteristics set in the
first inverse converter 26 and the second inverse converter 27
are inverse characteristics to the nonlinear input/output char-
acteristics set in the nonlinear converter 21.

[0187] For example, if input/output characteristics in
accordance with the gamma function are set in the nonlinear
converter 21, this means that inverse gamma characteristics
are set in the first inverse converter 26 and the second inverse
converter 27.

[0188] For this reason, when updating the nonlinear char-
acteristics set in the nonlinear converter 21, the nonlinear
characteristics set in the first inverse converter 26 and the
second inverse converter 27 will also be updated linked with
this.

[0189] Thevideo signal V1 after the level conversion by the
first inverse converter 26 is supplied to the time division
processor 28. Further, the video signal V2 after the level
conversion by the second inverse converter 27 is supplied to
the time division processor 28.

[0190] Note that the nonlinear converter 21 has the same
components as those of the luminance converter 11 of the
image display device 10 of the first embodiment, the offset
generator 22 and the offset table 23 have the same compo-
nents as those of the offset generator 12 of the image display
device 10 of the first embodiment, the first adder circuit 24 has
the same components as those of the first adder circuit 13 of
the image display device 10 of the first embodiment, and the
second adder circuit 25 has the same components as those of
the second adder circuit 14 of the image display device 10 of
the first embodiment. Further, the first inverse converter 16
has the same components as those of the first voltage con-
verter 15 of the image display device 10 of the first embodi-
ment, and the second inverse converter 27 has the same com-
ponents as those of the second voltage converter 26 of the
image display device 10 of the first embodiment.

[0191] Further, the connections of the components
described above are the same as those of the image display
device 10 of the first embodiment.

[0192] Thetime division processor 28 has a first up convert
unit 281, a second up convert unit 282, and a switch output
unit 283.

[0193] The first up convert unit 281 receives as input the
video signal V1 after the level conversion by the first inverse
converter 26. The video signal V1 has a screen display rate (60
Hz) the same as that of the original video signal H.

[0194] The first up convert unit 281 converts the screen
display rate of the input video signal V1 from 60 Hz to 120
Hz. The first up convert unit 281 performs the up conversion
by repeatedly outputting for example the same screen two
times.

[0195] Thesecond up convert unit 282 receives as input the
video signal V2 after the level conversion by the second
inverse converter 27. The video signal V2 has a screen display
rate (60 Hz) the same as that of the original video signal H.
[0196] The second up convert unit 282 converts the screen
display rate of the input video signal V2 from 60 Hz to 120
Hz. The second up convert unit 282 performs the up conver-
sion by repeatedly outputting for example the same screen
two times.
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[0197] The switch output unit 283 alternately selects and
outputs the video signal output from the first up convert unit
281 and the video signal output from the second up convert
unit 282 for each screen.

[0198] For this reason, the switch output unit 283 outputs a
video signal Cout having a screen display rate of 120 Hz in
which a screen generated by the addition of the first offset
signal Ak1 and a screen generated by the addition of the
second offset signal Ak2 are alternately repeated.

[0199] The video signal Cout output from the switch output
unit 283 is supplied to the display 30.

[0200] Thedisplay 30 displays the output image of the time
division processor 28 via a direct view type liquid crystal
display screen mounting for example thin film transistors
(TFT) for driving the liquid crystals.

[0201] In the display 30, the liquid crystal display screen
changes in the transmittance at the pixel positions corre-
sponding to the video signal Cout to display different screens
of the video signal. Here, even when the screen display rate is
120 Hz, the alternating current of the liquid crystals is set at 60
Hz. Thisis soas to prevent the application of DC current to the
liquid crystals and subsequent burn-in or flickering.

[0202] Next, the processing operation of the image display
device 20 according to the second embodiment will be
explained.

[0203] The image display device 20 expresses one gray-
scale by two consecutive screens arranged in the time direc-
tion so as to improve the viewing angle characteristic. Spe-
cifically, the following processing is carried out.

[0204] The image display device 20 converts the screen
display rate of the video signal from 60 Hz to 120 Hz.
[0205] Here, between two consecutive screens of a video
signal after up converting the screen display rate, a preceding
screen will be called the “first field”, and the following screen
will be called the “second field”.

[0206] Note that while the term “field” is used, this has no
relation to the “field” of an interlaced scan.

[0207] FIG. 10 is a diagram showing a characteristic value
(transmittance of liquid crystal) displayed on the display 30
with respect to the signal level (gray-scale) of an input video
signal H.

[0208] Inthe image display device 20, as shown in FIG. 10,
the first offset signal Ak1 is added to the first field FLD1, and
the second offset signal Ak2 is subtracted from the second
field FLD2.

[0209] For this reason, in the image display device 20, an
output video signal Cout in which a field corrected in level to
the plus side (first field) and a field corrected in level to the
minus side are alternately repeated is supplied to the display
30.

[0210] Here, human vision has an integrating characteristic
with respect to the time direction, therefore, when a field
corrected to the plus side and a field corrected to the minus
side are alternately displayed, a user perceives an image hav-
ing a level of the average value of the same.

[0211] For this reason, a user pseudo viewing the video
image displayed on the display 30 sees a video signal
AFDL12 represented by the average level of the first field
FLD1 and the second field FLD2.

[0212] Accordingly, in the image display device 20, the
offset signals Ak1 and Ak2 are determined so that the video
image becomes the same as the ordinary video image seen in
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the case where the offset signals Akl and Ak2 are not added
when averaging the first field FLD1 and the second field
FLD2.

[0213] The offset generator 22 of the image display device
20 generates the first offset signal Akl and the second offset
signal Ak2 by referring to the offset table 23.

[0214] Theoffset table 23 stores in advance the relationship
ofthe pixel output level with respect to the level of the original
video signal (input gray-scale). The offset generator 22 speci-
fies Akl and Ak2 by referring to the offset table 23 whenever
a video signal H is input.

[0215] For example, consider the case as shown in FIG. 11
where a screen w in which the region of the upper half of the
screen is a region displayed by a gray-scale having a trans-
mittance of 50% and the region of the lower half of the screen
is aregion displayed by a gray-scale having a transmittance of
100% is displayed.

[0216] Inthiscase,as showninFIG. 12, the first field FLD1
becomes an image in which the entire screen is displayed by
a gray-scale having the transmittance of 100%. Further, in the
second field FLD2, the region of the upper half of the screen
is displayed by a gray-scale having a transmittance 0f 0%, and
the region of the lower half of the screen is displayed by a
gray-scale having a transmittance of 100%.

[0217] When displaying the screen w, such a first field
FLD1 and second field FL.D2 are alternately displayed, there-
fore an image in which the density of the upper half region is
viewed as a combined density of 0% and 100% can be pseudo
displayed.

[0218] Further, in the image display device 20, Akl and
Ak2 are stored in the offset table 23 so that either of the
resultant value obtained by adding the first offset signal Akl
or the resultant value by subtracting the second offset signal
Ak2 becomes the maxinum characteristic value (transmit-
tance of 100%) or the minimum characteristic value (trans-
mittance of 0%).

[0219] InFIG. 10 described above, the second offset signal
Ak2 is set so that the characteristic value (transmittance) of
the second field FLD2 becomes the minimum value (mini-
mum transmittance) from the level of the input video signal of
0% to 50%, while the first offset signal Ak1 is set so that the
characteristic value (transmittance) of the first field FLD1
becomes the maximum value (maximum transmittance) from
the level of the input video signal of 50% to 100%.

[0220] For this reason, when for example expressing a
middle gray-scale el, as shown in FIG. 13A, the first field
FLD1ofatimet0toatimetl/2isbased ona transmittance g1,
and the second field FLD2 of a time t1/2 to a time t1 is set at
the transmittance 0%.

[0221] Due to this, it becomes possible to pseudo project
the middle gray-scale el for the image region to a user view-
ing the array of consecutive fields (hereinafter referred to as a
“field train) from the time t0 to the time t1.

[0222] Further, for example, when expressing a middle
gray-scale e2, as shown in FIG. 13B, the first field FLD1 of a
time t0 to a time t1/2 is based on a transmittance g2, and the
second field FLD2 of a time t1/2 to a time t1 is set at the
transmittance 0%.

[0223] Due to this, it becomes possible to pseudo project
the middle gray-scale e2 for the image region to a user con-
tinuously viewing the field train from the time t0 to the time
tl.

[0224] Further, for example, when expressing a middle
gray-scale 3 having a high transmittance, as shown in FIG.
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13C, the first field FLD1 of a time t0 to a time t1/2 is based on
the transmittance 100%, and the second field FLD2 of a time
t1/2 to a time t1 is set at a transmittance g3.

[0225] Due to this, it becomes possible to pseudo project
the middle gray-scale e3 for the image region to a user con-
tinuously viewing the field train from the time t0 to the time
tl.

[0226] Inthis way, in the image display device 20 to which
the present invention is applied, when expressing a middle
gray-scale of a dither matrix by a first characteristic value
(transmittance) and a second characteristic value (transmit-
tance), either characteristic value is fixed to the minimum
characteristic value (transmittance: 0%) or the maximum
characteristic value (transmittance: 100%).

[0227] Both of these characteristic values (transmittances)
0% and 100% give good viewing angle characteristics, there-
fore, by setting either characteristic value at the minimum
characteristic value and the maximum characteristic value, it
becomes possible to improve the viewing angle characteristic
by that amount.

[0228] Therelationship of the transmittance with respect to
the viewing angles of the liquid crystal display screen of the
display 30 in the case where such offset signals Ak1 and Ak2
are set is improved in the same way as the case of the spatial
dither.

[0229] Note that, in the second embodiment, one gray-scale
is displayed by two consecutive fields, but the present inven-
tionis not limited to this. Gray-scales may be displayed in any
way so long as the gray-scales are expressed including at
lease one field converted to a characteristic value obtained by
adding a positive correction value (offset value) to the gray-
scale of the video signal and at least one field converted to a
characteristic value obtained by adding a negative correction
value (offset value) to the gray-scale of the video signal in a
field train comprised of two or more consecutive fields.
[0230] Note that the present invention is not limited to the
first embodiment and the second embodiment explained
above. When for example the input video signal H is formed
by a moving picture, the ditherer 17 may also be controlled to
use the dither matrix as the two-dimensional image to express
a middle gray-scale, while when the input video signal H is
formed by a still image, it may be controlled to use a field train
to express a middle gray-scale.

[0231] Further, the image display device according to the
present embodiment may be provided with both of the con-
figuration expressing a middle gray-scale by a dither matrix
and the configuration expressing the same by a field train or
may be provided with only one of the same.

[0232] Further, this image display device is not limited to
the case where a middle gray-scale of a monochrome image is
expressed. A middle gray-scale of a video signal expressed by
the primary color luminance components of R, G, and B may
be expressed based on the same technique as well.

[0233] Further, in this image display device 10, naturally
the correction values Ak1 and Ak2 set in the offset generator
12 may be freely set in advance by the user.

[0234] Further, in this image display device 10, it is also
possible to measure the so-called oblique viewing angle in the
case where the liquid crystal display screen is obliquely
viewed and optimize the dithering in the ditherer 17 based on
the measured oblique viewing angle.

[0235] In general, the reason why black dot defects do not
occur with an oblique viewing angle is the mostly the provi-
sion of the viewing angle compensation film. Further, in a
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middle gray-scale, when the deviation of the gamma charac-
teristic becomes large, there is a noticeable phenomenon of
fading of the skin color in the colors stored as gray-scale
having different R, G, and B. In order to solve this it is
necessary to reduce the change of the gamma characteristic
with respect to the oblique viewing angle.

[0236] For this reason, two values whose original levels
give the same luminance (transmittance) when averaged but
separate from each other by AT are found.

[0237] FIG. 14A and F1G. 14B show transmittance charac-
teristics with respect to the input gray-scale in cases where the
viewing angle is 0 degree, 30 degrees, 45 degrees, and 60
degrees. For example, the luminance obtained as a result of
averaging T1(v1) and T2(v2) is defined as TO(v0) as shown in
FIG. 14A. Further, when the actually measured gamma char-
acteristic has shifted to the dark direction as shown in FIG.
14A,

760_org=T0(O)+AT(v0) O

T60_dither=(T0(v1)+AT(v 1+ T0(v2)+AT(v2))/2=T10

(V1) 24AT Y24 TO(2)24+AT(12)/2 o)

T00O=(TL(V1+T2(v2))12 3

Therefore,

760_dither=T0(0)+AT(v1)/2+T0(v2)/2 )
[0238] Note that above variables show the following val-
1[1(5:2'39] v0: normal drive voltage for displaying the intended

middle gray-scale;

[0240] v1: drive voltage for obtaining characteristic value
obtained by adding positive correction value in present inven-
tion;

[0241] v2: drive voltage for obtaining characteristic value
obtained by adding negative correction value in present
invention;

[0242] TO(v0): targeted middle gray-scale transmittance;
[0243] T1(v1): characteristic value obtained by adding
positive characteristic value in present invention;

[0244] T2(v2): characteristic value obtained by subtracting
negative characteristic value in present invention;

[0245] AT(v0): difference between transmittance of view-
ing angle 60° and transmittance of viewing angle 0° at v0;
[0246] AT(v1): difference between transmittance of view-
ing angle 60° and transmittance of viewing angle 0° at v1;
[0247] AT(v2): difference between transmittance of view-
ing angle 60° and transmittance of viewing angle 0° at v2;

[0248] T60_org: transmittance of viewing angle 60° at nor-
mal drive; and
[0249] Té60_dither: transmittance of viewing angle 60° in

present invention

[0250] Further, AT(v1)/2+AT(v2)/2<AT(v0), therefore A
T60_dither becomes smaller than AT60_org, and the fluctua-
tion of luminance depending on the viewing angle becomes
small. The condition that the AT’s be separate from each other
in such a case until one side is clipped to 0 is most improved.
The change of the gamma characteristic due to the oblique
viewing angle becomes small.

[0251] Further, when the actually measured gamma char-
acteristic has shifted to the bright direction as shown in FIG.
14B, AT(v1)2+AT(v2)/2>AT(v0), therefore A T60 dither
becomes larger than AT60_org, therefore the fluctuation in
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luminance depending on the viewing angle becomes worse.
In this case, the optimum point is found by using the original
value T(V0) or changing AT.

[0252] Next, the found two values are utilized for spatial
dither. At this time, the two values are found in accordance
with the gamma characteristic for each pixel as explained
above, and the point T(v1) brighter than the brightness of the
original pixel and the point T(v2) darker than that between the
two found values are displayed in a zigzag state as shown in
FIG. 15A.

[0253] Incidentally, for RGB as well, when displaying the
pixels in a zigzag state in the same way, they will be expressed
by the two values of the luminance comprised of (r1,g1,b1)
and the luminance comprised of (r2,2,b2).

[0254]  After spatial dither is applied in this way, time dither
is further applied. FIG. 15B shows an example where a zigzag
state of patterns found in FIG. 15A is reversed along with the
elapse of time and these patterns are alternately displayed.
[0255] By superposing the spatial dither and the time dither
in this way, it becomes possible to create a good quality
combined image in which no flickering exists, the mesh is not
noticeable, and the viewing angle is spread.

[0256] Note that, for R, G, and B, in the case where pixels
are displayed in a zigzag state as explained above, any pri-
mary color luminance component may be replaced.

[0257] FIG. 16A and FIG. 16B show an example where
only G among R, G, and B is replaced. In the example shown
in FIGS. 16A and 16B, the two values of the luminance
comprised of (r1,g2,b1) and the luminance comprised of (r2,
g1.,b2) are spatially arranged in a zigzag state. This arrange-
ment is reversed by applying a time dither.

[0258] Insuch case, not a zigzag arrangement of white and
black, but an impression like a complementary color check-
ers’ arrangement of G will be given to the user.

[0259] Namely, in the example of FIGS. 16 A and 16B, the
luminance difference between adjacent pixels is small, the
mesh is hard to see, the edges are more smoothly seen, and the
dither value is found for each pixel, therefore the deterioration
of the resolution is small.

[0260] FIG. 17 shows an example of installing a configu-
ration optimizing the dithering based on the measured
oblique viewing angle into the image display device 10.
[0261] Pixels are arranged in a zigzag state as shown in
FIG. 15A. When the dither matrix is comprised of two values
of a luminance comprised of (rl.gl,bl) and a luminance
comprised of (r2,g2,b2), this means that the device is config-
ured by a two-values generator 31 to which the video signal H
comprised of the input luminance (r0,g0,b0) is input, an
oblique viewing angle parameter portion 32 connected to this
two-values generator 31, and a ditherer 17A.

[0262] The two-values generator 31 finds the luminance
(rl,g1,b1) and the luminance (r2,g2,b2) based on the above
Equation (1) to Equation (4) with respect to the input video
signal H. The two values of the luminances found in this
two-values generator 31 are transmitted to the ditherer 17A.
[0263] Incidentally, the two-values generator 31 refers to
the oblique viewing angle parameter unit 32 managing the
measured oblique viewing angles in the form of parameters
when finding these two values of luminances.

[0264] When these luminance (r1,g1,bl) and luminance
(r2,22,b2) are sent from the two-values generator 31, the
ditherer 17A executes the dithering as explained above based
on this.
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[0265] As explained above, as the second embodiment,
temporal dither expressing one gray-scale by two consecutive
screens arranged continuously in the time direction so as to
improve the viewing angle characteristic was explained.
[0266] Below, a drive method expressing a middle gray-
scale of an input video signal by a field train comprised of a
plurality of fields explained below, including in the concept of
the second embodiment, will be explained.

[0267] Below, an explanation will be given in sequence ofa
first method of optimizing the voltage selection of the black
level of the drive voltage applied to the liquid crystals, opti-
mizing the panel thickness, and making the liquid crystal
response waveform approach a so-called pulse width modu-
lation (PWM) waveform to improve the viewing angle char-
acteristic, a second method of optimizing the voltage selec-
tion of the white level and optimizing the panel thickness to
improve the viewing angle characteristic, and a third method
of driving the panel by changing the bright/dark time ratio to
improve the viewing angle characteristic.

[0268] First, the first method of optimizing the voltage
selection of the black level of the drive voltage applied to the
liquid crystals and making the liquid crystal response wave-
form approach a so-called pulse width modulation (PWM)
waveform to improve the viewing angle characteristic as
shown in FIG. 18 will be explained.

[0269] In a general liquid crystal display device, the drive
voltage is set within a range shown by for example X of FIG.
19A, that is, the black level is set at a value substantially the
same as the threshold voltage, for example 1.9V, and the
white level is set at 4.0V.

[0270] The drive voltage waveform in this case is shown in
FIG. 19B, and the transmittance characteristic with respect to
the input gray-scale is shown in FIG. 19C.

[0271] Inthis case, a sufficient sharpness is not obtained in
rising and falling portions of the effective drive voltage wave-
form (sufficient response characteristic is not obtained). In
the v characteristic at the viewing angle of 60 degrees, an
actual characteristic shown by B tends to give a waveform
different from an ideal curve shown by A.

[0272] As opposed to this, in the first embodiment accord-
ing to the present embodiment, the drive voltage is set within
the range shown by Y of FIG. 19A, that is, the black level is set
at a voltage lower than the threshold voltage, for example
1.9V, i.e, 0V in the example of FIG. 194, and the white level
is set at 4.0V.

[0273] The drive voltage waveform in this case is shown in
FIG. 19D, and the transmittance characteristic with respect to
the input gray-scale is shown in FIG. 19E.

[0274] 1In this case, a sufficient sharpness is obtained in
rising and falling portions of the effective drive voltage wave-
form (sufficient response characteristic is obtained), and the
control can be made so as to efficaciously narrower the pulse
width, and in the y characteristic at the viewing angle of 60
degrees, also the actual characteristic shown by B tends to
give a waveform approximating the ideal curve shown by A.
[0275] Namely, by setting the voltage value of the black
level at a value lower than the threshold value (as this value is
lower (nearer 0V), it is possible to form a drive voltage wave-
form able to give a better response characteristic), as shown in
FIG. 18, there is the advantage that it becomes possible to
make the liquid crystal response waveform approach a so-
called pulse width modulation (PWM) waveform and thereby
improve the viewing angle characteristic of the middle gray-
scale.
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[0276] Further, the liquid crystal response characteristic is
improved, therefore there is the advantage that the response
with respect to a moving picture is improved.

[0277] Next, a second method of optimizing the voltage
selection of the white level and optimizing an optical cell
thickness And represented by a product of the refractive index
anisotropy An and the thickness d of the liquid crystal layer so
as to improve the viewing angle characteristic will be
explained.

[0278] In the second method, basically, the voltage of the
white level is set not a 4V exhibiting the maximum transmit-
tance, but a value larger than 4V, for example 5V.

[0279] AsshowninFIG. 20A, when individually observing
the R, G, and B signals, even when 4V is applied as the drive
voltage at the white level for R and G, it is possible to hold the
transmittance at the maximum level, but the B signal tends to
become lower in transmittance.

[0280] Therefore, in the present embodiment, as shown in
FIG. 20B, the voltage of the white level is set not at 4V
exhibiting the maximum transmittance, but a value larger
than 4V, for example 5V. By setting 5V as the white level, it
becomes possible to hold the transmittance at the time of
white display at the level at the time of 4V or more.

[0281] Further, in the second method of the present
embodiment, the optical cell thickness And of a pixel cell
which was 310 nm with respect to a wavelength 546 nm
(vicinity of wavelength of G) in the usual liquid crystal dis-
play device is set at 270 nm, and the optical cell thickness And
of a pixel cell which was 330 nm with respect to a wavelength
450 nm (vicinity of wavelength of B) in the usual liquid
crystal display device is set at 285 nm.

[0282] Namely, the liquid crystal panel employing the sec-
ond method is constituted so that the optical cell thickness
becomes thin.

[0283] Note that, in the second method, the black level is set
atavalue in the vicinity of the threshold value in the same way
as the usual liquid crystal display device or lower than the
threshold value in the same way as the first method.

[0284] FIG. 21A shows the transmittance characteristic
with respect to the input gray-scale of a general liquid crystal
display device corresponding to FIG. 204, and FIG. 21B
shows the transmittance characteristic with respect to an input
gray-scale of a liquid crystal display device employing the
second method of the present embodiment corresponding to
FIG. 20B.

[0285] In a general liquid crystal display device, as shown
in FIG. 21A, in the y characteristic at the viewing angle of 60
degrees, the actual characteristic shown by B tends to give a
waveform different from the ideal curve shown by A.

[0286] As opposed to this, in the second method according
to the present embodiment, in the y characteristic at the view-
ing angle of 60 degrees, the actual characteristic shown by B
tends to give a waveform approximating the ideal curve
shown by A.

[0287] Namely, by setting the value of the white level of the
drive voltage of the liquid crystal not at 4V at which the
transmittance starts to become substantially the maximum,
but at a voltage higher than 4V, for example 5V, and consti-
tuting the liquid crystal panel so that the optical thickness of
the pixel cells becomes thin with respect to the predetermined
wavelength corresponding to this, there is the advantage that
improvement of the viewing angle characteristic of the
middle gray-scale becomes possible.
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[0288] Note that, in the present embodiment, the drive volt-
age (application voltage) of the white level is made higher by
25% and the optical cell thickness is set thinner, i.e., about
86%, in comparison with the general display device, but the
present invention is not limited to this. Various aspects are
possible. Further, by further using a material having a low
viscosity as the liquid crystal material, a response speed of the
liquid crystals becomes fast. By applying this to the above
second embodiment, the viewing angle characteristic can be
improved.

[0289] Next, a third method of driving a panel by changing
the bright/dark time ratio so as to improve the viewing angle
characteristic will be explained.

[0290] The third method basically employs a drive method
giving a bright/dark ratio in time of 1:2.

[0291] In this case, for example as shown in FIG. 22, the
lines in the vertical direction (V) are accessed not in line
sequence, but alternately for bright and dark lines. A method
of access where the dark data becomes 2 times the bright data
is employed.

[0292] For example, in a case where the number of V lines
is 768, when driving the panel so that the bright/dark ratio in
time becomes 1:2, the following drive control is carried out.
Note that, in the following explanation, the numbers of the
lines are shown by attaching numerals to the # mark.

[0293] First, a line #1 is accessed as the bright data, a line
#513 1s accessed as the dark data next, a line #2 1s accessed as
the bright data next, a line #514 is accessed as the dark data
next, this is sequentially repeated thereafter, a line #256 is
accessed as the bright data, a line #768 (last line) is accessed
as the dark data next, and a line #257 is accessed as the bright
data next.

[0294] Lines are generally accessed in the above sequence,
then a line #1 is accessed as the dark data, a line #258 is
accessed as the bright data next, the line #2 is accessed as the
dark data next, and this is sequentially repeated thereafter.
[0295] By theabove drive method, it is possible to drive the
liquid crystal panel while setting the bright/dark time ratio to
not 1:1, but 1:2.

[0296] FIG. 23A shows the transmittance characteristic
with respect to the input gray-scale of a general liquid crystal
display device, and FIG. 23B shows the transmittance char-
acteristic with respect to the input gray-scale of a liquid
crystal display device employing the third method of the
present embodiment.

[0297] In a general liquid crystal display device, as shown
in FIG. 23 A, in the y characteristic at the viewing angle of 60
degrees, the actual characteristic shown by B tends to give a
waveform different from the ideal curve shown by A.

[0298] As opposed to this, in the third method according to
the present embodiment, in the y characteristic at the viewing
angle of 60 degrees, the actual characteristic shown by B
tends to give a waveform approximating (approaching) the
ideal curve shown by A.

[0299] Namely, by driving the liquid crystal panel so that
the bright/dark ratio in time becomes 1:2, there is the advan-
tage that the improvement of the viewing angle characteristic
of the middle gray-scale becomes possible. Further, this ratio
is not limited to 1:2. By driving the liquid crystal panel by
changing the bright/dark ratio in time, particularly so that the
dark ratio in the bright/dark ratio becomes large, it becomes
possible to improve the viewing angle characteristic of the
middle gray-scale.
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[0300] Above, the explanation was given by taking as an
example the first to third methods as the preferred method for
driving a liquid crystal panel so that the bright/dark ratio in
time becomes 1:2.

[0301] Itis also possible to employ these methods in com-
bination. For example, it is also possible to employ a fourth
method combining the second method (the method of setting
the white level at 5V and making the optical-cell thickness
thin) and the third method (the method of changing the bright/
dark ratio in time) or a fifth method combining so-called
spatial sub pixels (an area ratio is for example 2:1) and the
second method.

[0302] FIG. 24A shows the transmittance characteristic
with respect to the input gray-scale of a general liquid crystal
device, FIG. 24B shows the transmittance characteristic with
respect to the input gray-scale of a liquid crystal display
device employing the second method, and FIG. 24C shows
the transmittance characteristic with respect to the input gray-
scale of a liquid crystal display device employing the fourth
method combining the second method and the third method.
[0303] As previously explained, in a general liquid crystal
display device, as shown in FIG. 24 A, in the y characteristic at
the viewing angle of 60 degrees, the actual characteristic
shown by B tends to given a waveform different from the ideal
curve shown by A.

[0304] As opposed to this, in the second method of the
present embodiment, as shown in FIG. 24B, in the y charac-
teristic at the viewing angle of 60 degrees, the actual charac-
teristic shown by B tends to give a waveform approximating
the ideal curve shown by A.

[0305] Further, in the fourth embodiment of the present
embodiment, as shown in FIG. 24C, in comparison with the
second method, in the y characteristic at the viewing angle of
60 degrees, the actual characteristic shown by B tends to give
a waveform further approximating the ideal curve shown by
A.

[0306] Accordingly, even when the fourth method is
employed, there is the advantage that improvement of the
viewing angle characteristic of the middle gray-scale is pos-
sible.

[0307] FIG. 25A shows the transmittance characteristic
with respect to the input gray-scale of a liquid crystal display
device corresponding to the general spatial sub pixel process-
ing, and FIG. 25B shows the transmittance characteristic with
respect to the input gray-scale of a liquid crystal display
device employing the fifth method combining the second
method of the present embodiment and spatial sub pixel pro-
cessing.

[0308] As previously explained, in a general liquid crystal
display device, as shown in F1G. 25, in the y characteristic at
the viewing angle of 60 degrees, the actual characteristic
shown by B tends to give a waveform different from the ideal
curve shown by A.

[0309] As opposed to this, in the fifth method according to
the present embodiment, as shown in FIG. 25B, in the y
characteristic at the viewing angle of 60 degrees, the actual
characteristic shown by B tends to give a waveform approxi-
mating the ideal curve shown by A.

[0310] Accordingly, even when the fifth method is
employed, there is the advantage that improvement of the
viewing angle characteristic of the middle gray-scale is pos-
sible.

[0311] Next, drive voltages of the liquid crystal cell at
bright and dark times will be explained.
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[0312] FIG. 26A shows voltage characteristic waveforms
applied to a liquid crystal cell at bright and dark times with
respect to the input of a general liquid crystal display device,
FIG. 26B shows voltage characteristic waveforms applied to
aliquid crystal cell at bright and dark times with respect to the
input of a liquid crystal display device employing the second
method of the present embodiment, and FIG. 26C shows
voltage characteristic waveforms applied to a liquid crystal
cell at bright and dark times with respect to the input of a
liquid crystal display device employing the fourth method
combining the second method and the third method.

[0313] In each diagram, a curve shown by VW shows the
voltage waveform applied to the liquid crystal cell at the
bright time, and a curve shown by VB shows the voltage
waveform applied to the liquid crystal cell at the dark time.

[0314] As shown in the diagrams, in the liquid crystal dis-
play device employing the method of the present embodi-
ment, the range of expression of the black level becomes
wide, so it is possible to effectively improve the viewing angle
characteristic of the middle gray-scale.

[0315] FIG. 27A shows voltage characteristic waveforms
applied to a liquid crystal cell at bright and dark times with
respect to the input of a general liquid crystal display device
corresponding to the spatial sub pixel processing, and FIG.
27B shows voltage characteristic waveforms applied to a
liquid crystal cell at bright and dark times with respect to the
input of a liquid crystal display device employing the fifth
method combining the second method of the present embodi-
ment and spatial sub pixel processing.

[0316] Ineach diagram, the curve shown by VW shows the
voltage waveform applied to a liquid crystal cell at the bright
time, and the curve shown by VB shows the voltage waveform
applied to a liquid crystal cell at the dark time.

[0317] As shown in the diagrams, in the liquid crystal dis-
play device employing the method of the present embodi-
ment, the range of expression of the black level becomes
wide, so it is possible to effectively improve the viewing angle
characteristic of the middle gray-scale.

[0318] In the liquid crystal display devices employing the
first to fifth methods of the present embodiment, bright appli-
cation voltages VW and dark application voltages VB shown
in FIG. 26 A to FIG. 26C and FIGS. 27A and 27B are switched
for each field and supplied to a so-called source driver at a
stage in front of the liquid crystal panel.

[0319] Below, examples of the configuration of liquid crys-
tal display devices corresponding to these methods will be
explained.

[0320] FIG. 28 is a diagram showing a first example of the
configuration ofa liquid crystal display device (image display
device) which can be applied to the drive method of the
present embodiment.

[0321] This liquid crystal display device 40 has a data con-
verter 41, a reference voltage generator 42, a source driver43,
and a display panel 44 as the display. The drive portion is
configured by the data converter 41, the reference voltage
generator 42, and the source driver 43. In the example of the
configuration of the display device shown below, even when
the input signal is a usual signal having an image display rate
of 60 Hz, a signal obtained by raising the image display rate
to 120 Hz and interpolating or a signal further subjected to
overdrive processing, the drive method of the present embodi-
ment can be applied.
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[0322] The data converter 41 has a y switch 410. The y
switch 410 has a first field y characteristic holder 411, a
second field y characteristic holder 412, and a y switching
switch 413.

[0323] The first field y characteristic holder 411 holds for
example the characteristic voltage y pattern of the bright
voltage VW set corresponding to the above y characteristic in
a form of for example a LookUp Table.

[0324] The second field y characteristic holder 412 holds
for example the characteristic voltage y pattern of the dark
voltage VB set corresponding to the above y characteristic in
the form of for example a LookUp Table.

[0325] They switching switch 413 switches output data of
the first field y characteristic holder 411 and the second field
v characteristic holder 412 for each field and selectively out-
puts the same as the source driver signal to the source driver
43.

[0326] The reference voltage generator 42 supplies a fixed
reference voltage pattern to the source driver 43.

[0327] The source driver 43 compares the source driver
signal selectively supplied by the y switch 410 with the ref-
erence voltage pattern and outputs a predetermined drive
signal to the display panel 44.

[0328] Theabove drive method is employed with respect to
this device 40, whereby the gray-scale performance is
improved.

[0329] FIG. 29 is a diagram showing a second example of
the configuration of a liquid crystal display device which can
be applied to the drive method of the present embodiment.
[0330] This liquid crystal display device 40A has a refer-
ence voltage generator 42A, a source driver 43, and a display
panel 44.

[0331] Thedifference ofthe device 40A of FIG. 29 from the
device of FIG. 28 resides in that the function of the y switch is
imparted to the reference voltage generator 42A, and the
original data is input to the source driver 43.

[0332] The reference voltage generator 42A has a first field
v characteristic holder 41, a second field y characteristic
holder 422, and a y switch 423.

[0333] The first field y characteristic holder 421 holds for
example the characteristic voltage y pattern at the bright time
set corresponding to the above y characteristic in the form of
for example a LookUp Table.

[0334] The second field y characteristic holder 422 holds
for example the characteristic voltage y pattern at the dark
time set corresponding to the above y characteristic in the
form of for example a LookUp Table.

[0335] They switching switch 423 switches output data of
the first field y characteristic holder 421 and the second field
y characteristic holder 422 for each field and selectively out-
puts the same as the reference voltage to the source driver 43.
[0336] The source driver 43 compares the supplied source
driver signal with the reference voltage pattern and outputs a
predetermined drive signal to the display panel 44.

[0337] Theabove drive method is employed with respect to
this device 40A, whereby the gray-scale performance is
improved.

[0338] FIG. 30 is a diagram showing a third example of the
configuration of a liquid crystal display device which can be
applied to the drive method of the present embodiment.
[0339] This liquid crystal display device 40B has a configu-
ration provided with the y switch 41 of FIG. 28 and the
reference voltage generator 42A having the switch function
of FIG. 29 together.
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[0340] Accordingly, the explanation of basic functions of
the components will be omitted.

[0341] FIG. 31A shows data conversion y patterns PVW
and PVB held in the first field y characteristic holder 411 and
the second field y characteristic holder 412 of the y switch
410, FIG. 31B shows data conversion y patterns PVW and
PVB held in the first field y characteristic holder 421 and the
second field y characteristic holder 422 of the reference volt-
age generator 42A, and FIG. 31C shows the output (liquid
crystal application voltage) characteristic of the source driver
43 with respect to the input data.

[0342] In the device 40B of FIG. 30, the source driver 43
compares the y pattern selectively supplied from the y switch
410 for each field and the y pattern selectively supplied from
the reference voltage generator 42A for each field to generate
the bright voltage VW and dark voltage VB as shown in FIG.
31C and supplies the same to the display panel 44.

[0343] The above method is employed with respect to this
device 40B, whereby the gray-scale performance is
improved.

[0344] FIG. 32 is a diagram showing a fourth example of
the configuration of a liquid crystal display device which can
be applied to the drive method of the present embodiment.
[0345] The difference of this liquid crystal display device
40C from the device 40B of FIG. 30 resides in the configu-
ration of performing y corrections of R, G, and B. The basic
function of the y switch 410C of the data converter 41C is the
same. Further, the reference voltage generator 42A has the
same configuration as that of the device 40B of FIG. 30.
[0346] Accordingly, the explanation of basic functions of
the components will be omitted.

[0347] FIG. 33A shows data conversion y patterns PVW
and PVB corresponding to R, G, and B held in a first field y
characteristic holder 411C and a second field y characteristic
holder 412C of a y switch 410C, FIG. 33B shows data con-
version y patterns PVW and PVB held in the first field y
characteristic holder 421 and the second field y characteristic
holder 422 of the reference voltage generator 42A, and FIG.
33C shows the output (liquid crystal application voltage)
characteristics of the source driver 43 corresponding to R, G,
and B with respect to the input data.

[0348] In the device 40C of FIG. 33, the source driver 43
compares the y patterns corresponding to R, G, and B selec-
tively supplied from the y switch 410C of the data converter
41C for each field and the y pattern selectively supplied from
the reference voltage generator 42A for each field to generate
the bright voltage VW and dark voltage VB as shown in FIG.
31C and supplies the same to the display panel 44.

[0349] The above method is employed with respect to this
device 40C, whereby the gray-scale performance is
improved.

[0350] FIG. 34 is a diagram showing a fifth example of the
configuration of a liquid crystal display device which can be
applied to the drive method of the present embodiment.
[0351] The difference of this liquid crystal display device
40D from the device 40B of FIG. 30 resides in the configu-
ration corresponding to the sub pixel conversion processing,
that is, the parallel arrangement of a sub pixel 1 system and a
sub pixel 2 system with respect to the input signal.

[0352] The functions of the components are the same as
those in FIG. 30, so the explanation of the basic functions of
the components will be omitted.

[0353] FIG. 35A shows data conversion y patterns PVW1
and PVB1 heldin the first field y characteristic holder 411 and
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the second field y characteristic holder 412 of a y switch
410-1, FIG. 33B shows data conversion y patterns PYW2 and
PVB2 held in the first field y characteristic holder 411 and the
second field y characteristic holder 412 of a y switch 410-2,
FIG. 35C shows data conversion y patterns PVW1 and PVB1
held in the first field y characteristic holder 421 and the second
field y characteristic holder 422 of a reference voltage gen-
erator 42A-1, FIG. 35D shows data conversion patterns
PVW?2 and PVB2 held in the first field y characteristic holder
421 and the second field y characteristic holder 422 of the
reference voltage generator 42A-2, and FIG. 35E shows the
output (liquid crystal application voltage) characteristic of
the source driver 43 with respect to the input data.

[0354] The above method is employed with respect to this
device 40D, whereby the gray-scale performance is
improved.

[0355] FIG. 36 is a diagram showing a sixth example of the
configuration of a liquid crystal display device which can be
applied to the drive method of the present embodiment.

[0356] The difference of this liquid crystal display device
40E from the device 40D of FIG. 34 resides in the configu-
ration for performing y corrections of R, G, and B. The rest of
the configuration is the same as that of the device 40D.

[0357] Accordingly, the explanation of basic functions of
the components will be omitted.

[0358] FIG. 37A shows the data conversion y patterns
PVW1 and PVB1 held in the first field y characteristic holder
411 and the second field y characteristic holder 412 of the y
switch 410-1, FIG. 37B shows the data conversion y patterns
PVW2 and PVB2 corresponding to R, G, and B held in the
first field y characteristic holder 411 and the second field y
characteristic holder 412 of the y switch 410-2, FIG. 37C
shows data conversiony patterns PVW1 and PVB1 held in the
first field y characteristic holder 421 and the second field y
characteristic holder 422 of the reference voltage generator
42A-1,FIG. 37D shows data conversiony patterns PVW2 and
PVB2 held in the first field y characteristic holder 421 and the
second field y characteristic holder 422 of the reference volt-
age generator 42A-2, and FIG. 37E and FIG. 37F show the
output (liquid crystal application voltage) characteristics cor-
responding to R, G, and B of the source driver 43 with respect
to the input data.

[0359] The above method is employed with respect to this
device 40E, whereby the gray-scale performance is
improved.

[0360] FIG. 38 is a diagram showing a seventh example of
the configuration of a liquid crystal display device which can
be applied to the drive method of the present embodiment.

[0361] The difference of this liquid crystal display device
40F from the device 40D of FIG. 34 resides in that, in the y
switch 410E of the data converter 41E, the first and second
field y holders of the sub pixel 1 and the first and second field
v holders of the sub pixel 2 are arranged in parallel and
selectively switched by one v switch 413F to output the signal
and in that the signal is corrected at the RGB v correction unit
414 and then output to the source driver 43.

[0362] Accordingly, the device 40F of FIG. 38 can cope
with sub pixel modulation processing by providing only one
source driver 43 and reference voltage generator 42A. The
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above drive method is employed with respect to this device
40E, whereby the gray-scale performance is improved.

INDUSTRIAL APPLICABILITY

[0363] Thepresent image display device and image display
method can display amiddle gray-scale by using a plurality of
pixels and, at the same time, can improve the viewing angle
characteristics, so can be applied to the direct view type liquid
crystal display devices etc.

1. An image display device enabling an expression of a
middle gray-scale of an input video signal by effective volt-
ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, compris-
ing:

a display including liquid crystal pixel cells displaying an
image by a gray-scale in accordance with drive voltages
and

a drive portion generating drive voltages corresponding to
a first voltage corresponding to a level brighter than the
input video signal and a second voltage corresponding to
a level darker than the input video signal, wherein

the second voltage is set at a voltage lower than a threshold
voltage of a liquid crystal cell.

2. An image display device as set forth in claim 1, further
comprising a setter for setting the first characteristic value and
second characteristic value in accordance with a middle gray-
scale to be displayed.

3. An image display device as set forth in claim 1, wherein
the gray-scale expresser expresses a gray-scale for a video
signal expressed by primary color luminance components by
the field train.

4. An image display device as set forth in claim 1, wherein
the gray-scale expresser converts a gray-scale so that either
one of the first characteristic value or second characteristic
value becomes a maximum characteristic value or a minimum
characteristic value.

5. An image display device enabling an expression of a
middle gray-scale of an input video signal by effective volt-
ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, compris-
ing:

a display including liquid crystal pixel cells displaying an
image by a gray-scale in accordance with drive voltages
and

a drive portion for generating drive voltages corresponding
to a first voltage corresponding to a level brighter than
the input video signal and a second voltage correspond-
ing to a level darker than the input video signal, wherein

a maximum value of the first characteristic is set to a
voltage higher than a voltage at which a characteristic
value of a liquid crystal cell starts to become substan-
tially maximum.

6. An image display device as set forth in claim 5, wherein
an optical thickness of each pixel cell is set thinner than a
predetermined wavelength of each of the three primary colors
displayed.

7. An image display device enabling an expression of a
middle gray-scale of an input video signal by effective volt-
ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, compris-
ing:
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a display including liquid crystal pixel cells displaying an
image by a gray-scale in accordance with drive voltages,
wherein

the display is driven while changing a time ratio displayed
by a bright level brighter than the input video signal and
a dark level darker than the input video signal.

8. An image display device as set forth in claim 7, wherein
the display device is driven so that the time ratio of display by
the dark level becomes greater in the time ratio of the bright
level and the dark level.

9. An image display device as set forth in claim 8, further
comptrising:

adrive portion for generating drive voltages corresponding
to a first voltage corresponding to the bright level and a
second voltage corresponding to the dark level, wherein

the maximum value of the first voltage is set at a voltage
higher than a voltage at which a characteristic value of a
liquid crystal cell starts to becomes substantially maxi-
mum.

10. An image display device having a display enabling a
gray-scale display in accordance with an input video signal,
comptrising:

a gray-scale converter for converting a gray-scale of an
input video signal to characteristic values of pixels two-
dimensionally arranged with respect to the image to be
displayed and

a gray-scale expresser for expressing a middle gray-scale
of the input video signal by a field train formed by a
plurality of fields with display rates higher than the
video signal, wherein

the gray-scale converter converts a gray-scale so as to
include, among the plurality of pixels expressing a
middle gray-scale, at least one pixel converted to a first
characteristic value obtained by adding a positive cor-
rection value to the gray-scale of the input video signal
and atleast one pixel converted to a second characteristic
value obtained by adding a negative correction value,

the gray-scale expresser expresses a gray-scale so as to
include at least one field converted to a third character-
istic value obtained by adding a positive correction value
to the gray-scale of the input video signal and at least one
field converted to a second characteristic value obtained
by adding a negative correction value, and

the gray-scale converter and the gray-scale expresser are
controlled to display an gray-scale based on an input
video signal.

11. An image display device as set forth in claim 10, con-
trolling the gray-scale converter to convert a gray-scale when
the input video signal includes a moving picture and control-
ling the gray-scale expresser to express a middle gray-scale
by a field train when the input video signal is formed by a still
image.

12. An image display device as set forth in claim 10,
wherein

the device further comprises a reference voltage generator
generating reference voltages corresponding to the third
characteristic value and the fourth characteristic value in
the gray-scale expresser and

the display is driven by reference voltages of the fields
generated by the reference voltage generator corre-
sponding to the first and second characteristic values
converted in gray-scale by the gray-scale converter.

13. An image display method enabling an expression of a

middle gray-scale of an input video signal by effective volt-
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ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, compris-
ing:

a step of generating drive voltages corresponding to a first
voltage corresponding to a level brighter than the input
video signal and a second voltage corresponding to a
level darker than the input video signal and

a step of applying the generated drive voltages to liquid
crystal cells, wherein

the second voltage is set at a voltage lower than a threshold
voltage of a liquid crystal cell.

14. An image display method enabling an expression of a
middle gray-scale of an input video signal by effective volt-
ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, compris-
ing:

a step of generating drive voltages corresponding to a first
voltage corresponding to a level brighter than the input
video signal and a second voltage corresponding to a
level darker than the input video signal and

a step of applying the generated drive voltages to liquid
crystal cells, wherein

the first voltage is set at a voltage higher than a voltage at
which a characteristic value of a liquid crystal cell starts
to becomes substantially maximum.

15. An image display method enabling an expression of a
middle gray-scale of an input video signal by effective volt-
ages of a field train formed by a plurality of fields with a
display rate higher than the video signal and a gray-scale
display in accordance with the input video signal, comprising
the steps of:

driving a display including liquid crystal cells displaying
an image by a gray-scale in accordance with drive volt-
ages while changing a time ratio displayed by a bright
level brighter than the input video signal and a dark level
darker than the input video signal.

16. An image display method enabling a gray-scale display

in accordance with an input video signal, comprising:

a gray-scale conversion step of converting a gray-scale of
an input video signal to characteristic values of pixels
two-dimensionally arranged with respect to the image to
be displayed and

a gray-scale expression step of expressing a middle gray-
scale of the input video signal by a field train formed by
a plurality of fields with display rates higher than the
video signal, wherein

the gray-scale conversion step converts a gray-scale so as
to include, among the plurality of pixels expressing a
middle gray-scale, at least one pixel converted to a first
characteristic value obtained by adding a positive cor-
rection value to the gray-scale of the input video signal
and atleast one pixel converted to a second characteristic
value obtained by adding a negative correction value,

the gray-scale expressing step expresses a gray-scale so as
to include at least one field converted to a first charac-
teristic value obtained by adding a positive correction
value to the gray-scale of the input video signal and at
least one field converted to a second characteristic value
obtained by adding a negative correction value, and

the gray-scale converter and the tone expresser are con-
trolled to display the gray-scale based on an input video

signal.
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