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LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play apparatus having a liquid crystal panel.

BACKGROUND ART

[0002] A liquid crystal display apparatus which has a liquid
crystal panel and is configured to perform viewing angle
improvement of the liquid crystal panel is known. For
example, as disclosed in International Publication No. 2010/
71221, such a liquid crystal display apparatus is configured to
change gradation for each sub-pixel of each pixel by a time-
division scheme (for example, for each display frame), that is,
to perform so-called time-division gradation control.

DISCLOSURE OF INVENTION

[0003] However, in the case where the time-division gra-
dation control is performed as in the configuration disclosed
in International Publication No. 2010/71221, the viewing
angle of a display surface can be improved by alternately
displaying a high-gradation image and a low gradation-im-
age. However, in the case where the time-division gradation
control is performed, the brightness of the gradation of the
image is significantly changed, and thus flicker easily occurs.
[0004] TInorder to suppress flicker, a method of performing
a high-gradation display in one pixel of pixels adjacent to
each other in the liquid crystal panel, performing a low-
gradation display in the other pixel, and switching the high-
gradation display and the low-gradation display by the time-
division scheme for each pixel is considered. Accordingly, the
gradation of the image on the entire screen is not significantly
changed. Therefore, the occurrence of flicker as described
above can be prevented.

[0005] However, even in this configuration, depending on
the compatibility to polarity inversion performed every two
rows to prevent burn-in of liquid crystals, the brightness of the
image slightly varies according to the difference in polarity
even in the same high-gradation display. In this case, a phe-
nomenon in which the display surface is viewed in a stripe
pattern, so-called banding occurs.

[0006] An object of the present invention is to improve
viewing angle characteristics on the entire display surface
while suppressing harmful effects such as flicker and banding
caused by viewing angle improvement control in a liquid
crystal display apparatus provided with a liquid crystal panel.
[0007] A liquid crystal display apparatus according to an
aspect of the present invention includes: a liquid crystal panel
which includes a plurality of pixels arranged in a matrix; a
viewing angle improvement unit which performs a high-gra-
dation display to display an image having a higher gradation
than a gradation of an input video on one pixel of pixels
adjacent to each other, performs a low-gradation display to
display an image having a lower gradation than the gradation
of the input video on the other pixel of the pixels adjacent to
each other, and switches between the high-gradation display
and the low-gradation display on each of the pixels in each
display frame to perform viewing angle improvement pro-
cessing; and a processing object determination unit which
determines whether or not an image displayed on each of the
pixels of the liquid crystal panel is an image having an inter-
mediate color which is an object of the viewing angle
improvement processing, wherein the viewing angle
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improvement unit is configured to perform the viewing angle
improvement processing on the pixel determined by the pro-
cessing object determination unit such that the pixel displays
the image having the intermediate color.

[0008] According to the aspect of the present invention, in
the liquid crystal display apparatus, the viewing angle char-
acteristics on the entire display surface can beimproved while
suppressing harmful effects such as flicker and banding
caused by viewing angle improvement control.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram illustrating a schematic
configuration of a liquid crystal display apparatus according
to a first embodiment.

[0010] FIG. 2 is a diagram illustrating a difference in gra-
dation level by a difference in viewing direction of a display
surface.

[0011] FIG. 3 is a diagram schematically illustrating view-
ing angle improvement control.

[0012] FIG. 4 is a flowchart illustrating an operation of a
viewing angle improvement circuit.

[0013] FIG. 5 is a diagram illustrating an example of gra-
dation conversion in a case of displaying an image having an
intermediate color.

[0014] FIG. 6 is a diagram illustrating an example of the
gradation conversion in a case of displaying an image of a
color other than the intermediate color.

[0015] FIG. 7 is a block diagram illustrating a schematic
configuration of a liquid crystal display apparatus according
to a second embodiment.

[0016] FIG. 8 is a block diagram illustrating a schematic
configuration of a processing object determination unit.
[0017] FIG. 9 is a diagram illustrating an example of gra-
dation conversion in a case of displaying a high-gradation
image.

[0018] FIG. 10 is a diagram illustrating an example of the
gradation conversion in a case of displaying a low-gradation
image.

[0019] FIG. 11 is a diagram illustrating an example of
obtaining a gradation of an output video signal corresponding
to a gradation of an input video signal through linear interpo-
lation.

[0020] FIG. 12 is a diagram illustrating an operation of a
viewing angle improvement circuit.

[0021] FIG. 13 is a block diagram illustrating a schematic
configuration of a processing object determination unit of a
liquid crystal display apparatus according to a third embodi-
ment.

[0022] FIG. 14 is a block diagram illustrating a state of
gradation conversion for each sub-pixel.

DESCRIPTION OF EMBODIMENTS

[0023] A liquid crystal display apparatus according to an
embodiment of the present invention includes: aliquid crystal
panel which includes a plurality of pixels arranged in a
matrix; a viewing angle improvement unit which performs a
high-gradation display to display an image having a higher
gradation than a gradation of an input video on one pixel of
pixels adjacent to each other, performs a low-gradation dis-
play to display an image having a lower gradation than the
gradation of the input video on the other pixel of the pixels
adjacent to each other, and switches between the high-grada-
tion display and the low-gradation display on each of the
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pixels in each display frame to perform viewing angle
improvement processing; and a processing object determina-
tion unit which determines whether ornot an image displayed
on each of the pixels of the liquid crystal panel is an image
having an intermediate color which is an object of the viewing
angle improvement processing, wherein the viewing angle
improvement unit is configured to perform the viewing angle
improvement processing on the pixel determined by the pro-
cessing object determination unit such that the pixel displays
the image having the intermediate color (first configuration).
[0024] According to the configuration, since the viewing
angle improvement processing is performed only on the pixel
determined by the processing object determination unit such
that the pixel displays the image having the intermediate color
which is the object of the viewing angle improvement pro-
cessing, a viewing angle improvement in a part which dis-
plays the intermediate color having a high viewing angle
improvement effect can be achieved. In contrast, on a part
which displays a pure color or a white color having a low
viewing angle improvement effect, the above-described
viewing angle improvement processing of performing the
high-gradation display and the low-gradation display on the
pixels adjacent to each other and switching between the high-
gradation display and the low-gradation display in each dis-
play frame is not performed. Therefore, in the part which
displays the pure color or the white color, harmful effects
such as flicker and banding caused by the above-described
viewing angle improvement processing can be prevented.
[0025] Accordingly, a viewing angle improvement effect in
the entire display surface can be obtained to be as high as
possible while suppressing the harmful effects caused by the
viewing angle improvement processing as much as possible.
[0026] Here, the intermediate color means a color other
than a color which is recognized as white by a viewer (here-
inafter, simply referred to as white color) and a color which is
recognized as a pure color having high saturation by the
viewer (hereinafter, simply referred to as pure color) when the
liquid crystal panel is viewed.

[0027] In the first configuration, the processing object
determination unit determines whether or not the image has
the intermediate color on the basis of a weighting coefficient
according to the image displayed on each of the pixels (sec-
ond configuration).

[0028] Accordingly, the processing object determination
unit can easily determine whether or not the image has the
intermediate color as the object of the viewing angle improve-
ment processing by using the weighting coefficient.

[0029] In the second configuration, the weighting coeffi-
cient is a coefficient according to saturation obtained from a
video signal input to each of the pixels of the liquid crystal
panel, and the processing object determination unit includes a
saturation determination unit which determines whether or
not the image has the intermediate color on the basis of the
weighting coefficient (third configuration).

[0030] Accordingly, the determination of whether or not
the image has the intermediate color as the object of the
viewing angle improvement processing can be easily per-
formed on the basis of the saturation obtained from the video
signal.

[0031] In the third configuration, the viewing angle
improvement unit includes: a gradation conversion unit
which obtains output gradations for the high-gradation dis-
play and the low-gradation display according to the saturation
for the pixel determined by the processing object determina-
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tion unit such that the pixel displays the image having the
intermediate color; and a drive control unit which performs
the viewing angle improvement processing according to the
output gradations output from the gradation conversion unit
(fourth configuration).

[0032] Inthis manner, in the pixel which is the object ofthe
viewing angle improvement processing, the gradations for
the high-gradation display and the low-gradation display are
changed according to the saturation of the image. Accord-
ingly, a higher viewing angle improvement effect can be
obtained by the viewing angle improvement processing.
[0033] In the second configuration, the weighting coeffi-
cient is a coefficient according to saturation and hue obtained
from a video signal input to each of the pixels of the liquid
crystal panel, the processing object determination unit is con-
figured to determine whether or not the image has the inter-
mediate color of a hue of the object of the viewing angle
improvement processing on the basis of the weighting coef-
ficient, and the viewing angle improvement unit performs the
viewing angle improvement processing on the pixel which
displays the image having the intermediate color of the hue of
the object of the viewing angle improvement processing on
the basis of the determination result of the processing object
determination unit (fifth configuration).

[0034] Accordingly, the viewing angle improvement pro-
cessing can be performed also in consideration of hue. There-
fore, the viewing angle improvement processing can be pet-
formed only in the case where the intermediate color of the
hue of the object of the viewing angle improvement process-
ing is displayed.

[0035] In the fifth configuration, the weighting coefficient
is an intermediate color determination coefficient, the pro-
cessing object determination unit further includes a coefli-
cient calculation unit which obtains the intermediate color
determination coefficient on the basis of the saturation and the
hue, and the viewing angle improvement unit includes: a
gradation conversion unit which respectively obtains output
gradations for the high-gradation display and the low-grada-
tion display by using the intermediate color determination
coefficient; and a drive control unit which performs the view-
ing angle improvement processing according to the output
gradations output from the gradation conversion unit (sixth
configuration).

[0036] In this manner, by using the intermediate color
determination coefficient in consideration saturation and hue,
the output gradations for the high-gradation display and the
low-gradation display for the viewing angle improvement
processing can be easily calculated. In addition, since differ-
ences in gradation during the viewing angle improvement
control are determined according to the saturation and the
hue, an appropriate viewing angle improvement can be effi-
ciently performed while suppressing the harmful effects such
as flicker and banding caused by the viewing angle improve-
ment control as much as possible.

[0037] Inthe sixth configuration, the coefficient calculation
unit calculates the intermediate color determination coeffi-
cient for each of the sub-pixels on the basis of a signal input
to each of the sub-pixels in the video signals input to each of
the pixels, and the gradation conversion unit calculates the
output gradation for each of the sub-pixels by using the inter-
mediate color determination coefficient of each of the sub-
pixels (seventh configuration).

[0038] Accordingly, the viewing angle improvement con-
trol can be independently performed on each of the sub-pixels
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according to the hue and saturation of the image displayed on
each of the sub-pixels. Therefore, the viewing angle improve-
ment control can be performed in more detail. Therefore, a
more appropriate viewing angle improvement control can be
performed while suppressing the harmful effects caused by
the viewing angle improvement control as much as possible.
[0039] Hereinafter, exemplary embodiments of a liquid
crystal display apparatus of the present invention will be
described with reference to the drawings. In addition, the
dimensions of constituent members in each of the drawings
do not thoroughly represent the dimensions of actual con-
stituent members and dimension ratios between the constitu-
ent members, and the like.

First Embodiment

<QOverall Configuration>

[0040] FIG. 1 illustrates a schematic configuration of a
liquid crystal display apparatus 1 according to a first embodi-
ment of the present invention. The liquid crystal display appa-
ratus 1 includes a liquid crystal panel 11 and a viewing angle
improvement circuit 12 for performing viewing angle
improvement control of the liquid crystal panel 11. As
described later in detail, the liquid crystal display apparatus 1
changes the gradation of an image displayed in each pixel of
the liquid crystal panel 11 from the gradation of an input
video signal. Accordingly, in the liquid crystal display appa-
ratus 1, viewing angle characteristics of a display surface of
the liquid crystal panel 11 can be improved.

[0041] In addition, in FIG. 1, the illustration of a source
driver, a gate driver, and the like for driving the liquid crystal
panel 11 and the illustration of various signals such as a
vertical synchronizing signal and a horizontal synchronizing
signal input to the drivers are omitted. In addition, although
not particularly illustrated, in the liquid crystal display appa-
ratus 1, a backlight is disposed in the thickness direction of
the liquid crystal panel 11.

[0042] Although not particularly illustrated, the liquid
crystal panel 11 includes an active-matrix substrate in which
a plurality of pixels are arranged in a matrix, a counter sub-
strate which is disposed to oppose the active-matrix substrate,
and a liquid crystal layer which is enclosed between the
substrates. In addition, the liquid crystal panel 11 may be, for
example, a transmissive liquid crystal panel, or may be a
reflective or semi-reflective liquid crystal panel. That is, the
liquid crystal panel 11 may have any configuration as long as
the configuration displays a video.

[0043] In the active-matrix substrate, although not particu-
larly illustrated, thin film transistors as switching elements,
pixel electrodes, and a plurality of rows of gate lines and a
plurality of columns of source lines which are arranged in a
lattice pattern to surround them are provided.

[0044] The counter substrate is disposed at a position
opposing at least the pixel electrode with respect to the active-
matrix substrate. In the counter substrate, counter electrodes
are provided. Each pixel is formed by the counter electrode,
the pixel electrode of the active-matrix substrate, and the
liquid crystal layer interposed therebetween. In addition,
although not particularly illustrated, each pixel of the liquid
crystal panel 11 has RGB sub-pixels.

[0045] A gate electrode of the thin film transistor in the
active-matrix substrate is connected to the gate driver via the
gate line. Therefore, when a gate voltage is output from the
gate driver to the gate line, the thin film transistor connected
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to the gate line is in a selected state. In addition, the gate driver
outputs the gate voltage on the basis of the vertical synchro-
nizing signal.

[0046] In contrast, a source electrode of the thin film tran-
sistor is connected to the source driver via the source line. The
source driver generates a gradation display signal which is
necessary for the gradation display of a video on the basis of
the input video signal. Accordingly, when the gradation dis-
play signal is output as a drive voltage from the source driver
to the source line, the voltage is applied to the liquid crystals
of each pixel via the thin film transistor which is connected to
the gate line selected by the gate driver. That is, the source
driver enables the gradation display of each pixel by output-
ting the drive voltage corresponding to each of the gate lines
on the basis of the video signal. In addition, the source driver
outputs the drive voltage on the basis of the horizontal syn-
chronizing signal.

<Viewing Angle Improvement Circuit>

[0047] The viewing angle improvement circuit 12 converts
the gradation of the video signal input to the liquid crystal
panel 11 so as to improve the viewing angle characteristics in
the display surface of the liquid crystal panel 11. That is, the
viewing angle improvement circuit 12 converts the gradation
the original video signal to be output to the liquid crystal
panel 11 so as to improve the viewing angle characteristics in
the display surface of the liquid crystal panel 11.

[0048] Here, the viewing angle charactetistics of the liquid
crystal panel 11 will be described with reference to FIG. 2. In
the liquid crystal panel 11, a voltage is applied to the liquid
crystal layer to change an orientation state of liquid crystal
molecules in the liquid crystal layer, thereby adjusting the
transmittance of light. In the liquid crystal panel 11, the
orientation state of the liquid crystal molecules is relatively
changed by a viewing direction with respect to the display
surface, and thus the viewing angle is narrower than those of
other display apparatuses. For example, as illustrated in FIG.
2, a gradation level (gradation level from front) in a case
where the display surface is viewed from the front and a
gradation level (gradation level at inclination) in a case where
the display surface is viewed in an inclined direction (for
example, at 45 degrees) are different gradation levels.
[0049] 1In order to improve the viewing angle characteris-
tics of the liquid crystal panel 11, the viewing angle improve-
ment circuit 12 performs the following viewing angle
improvement control.

[0050] As illustrated in FIG. 3, the viewing angle improve-
ment circuit 12 is configured to respectively perform a high-
gradation display (hatched part in FIG. 3) and a low-gradation
display (white part in FIG. 3) on pixels 11a adjacent to each
other in the display surface and to switch between the high-
gradation display and the low-gradation display in each dis-
play frame. That is, as illustrated in FIG. 3, in the display
surface of the liquid crystal panel 11, the high-gradation
display and the low-gradation display alternately appear in
the pixels 11a adjacent to each other. In addition, at each
display frame (display frames 1 and 2), positions of the pixels
which perform the high-gradation display and positions of the
pixels which perform the low-gradation display are switched.
[0051] Since the viewing angle improvement circuit 12
performs the control as described above, at each display
frame, the gradation or color in each pixel 11a is converted so
as not to be significantly different even when viewed in the
inclined direction. Therefore, the viewing angle characteris-
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tics of the liquid crystal panel 11 areimproved. Even when the
control is performed, since an image display having an avet-
age gradation is recognized, the gradation of the image dis-
played on the liquid crystal panel 11 is not significantly dif-
ferent from the gradation of the input video signal.

[0052] However, in general, when the gradation of the
image in the display surface is significantly changed in each
display frame, flicker easily occurs. For this, in the viewing
angle improvement circuit 12 in this embodiment, as
described above, the high-gradation image and the low-gra-
dation image are displayed by the pixels adjacent to each
other, and the high-gradation display and the low-gradation
display are switched between the pixels at each display frame.
Therefore, the occurrence of flicker on the entire display can
be suppressed.

[0053] However, in a general liquid crystal panel, in addi-
tion to the above-described viewing angle improvement con-
trol, in order to prevent burn-in of liquid crystals in the liquid
crystal panel, polarity inversion drive for inverting polarity at
each display frame is performed. For example, as illustrated
in FIG. 3, when the polarity inversion is performed every two
lines of the liquid crystal panel 11, there may be cases where
the pixels which perform the high-gradation display always
have positive polarity in the two lines of the upper halfin FIG.
3 and always have negative polarity in the two lines of the
lower half in FIG. 3. In this case, the brightness of the image
is slightly different between the two lines of the upperhalfand
the two lines of the lower half of FIG. 3, and the difference in
the brightness is shown as horizontal lines in the display
surface of the liquid crystal panel 11. That is, in the case of
FIG. 3, banding occurs in the liquid crystal panel 11.

[0054] In order to suppress the harmful effects such as
flicker and banding which occur due to the viewing angle
improvement control as much as possible, in the viewing
angle improvement circuit 12 of this embodiment, pixels
which display intermediate colors that show a significant
viewing angle improvement effect are extracted, and the
viewing angle improvement control is performed only on the
extracted pixels. That is, in the viewing angle improvement
circuit 12 of this embodiment, the viewing angle improve-
ment control is not performed on pixels which display pure
colors or a white color that has a low viewing angle improve-
ment effect.

[0055] Specifically, as illustrated in FIG. 1, the viewing
angle improvement circuit 12 includes an HSV conversion
unit 21 which performs HSV analysis on the basis of the input
video signal and a processing object determination unit 22
which determines whether or not a pixel displays an interme-
diate color by using the HSV analysis result. In addition, the
viewing angle improvement circuit 12 includes a gradation
conversion unit 23 which converts gradation into a higher
gradation or a lower gradation than the gradation of the input
video when it is determined that the image having the inter-
mediate color is displayed, and a drive control unit 24 which
outputs a video signal for performing the above-described
viewing angle improvement control by using the gradation
conversion result. In addition, the gradation conversion unit
23 and the drive control unit 24 constitute a viewing angle
improvement unit 25.

[0056] The HSV conversion unit 21 calculates an HSV
signal from an RGB signal included in the input video signal.
Here, H represents hue, S represents saturation, and V repre-
sents value. In addition, a color having a higher saturation S is
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close to a pure color, and a color having the highest saturation
S is the pure color of the hue thereof.

[0057] The hue H, the saturation S, and the value V are
obtained by the following relational expressions. In addition,
in the following relational expressions, gradation levels may
be directly input to R, G, and B for calculation, or the grada-
tion levels may be converted so that the minimum values
thereof are 0 and the maximum values are 1 for the calcula-
tion. In addition, among the values of R, G, and B, the maxi-
mum value is denoted by MAX, and the minimum value is
denoted by MIN.

H=60%(G-B)/(MAX-MIN) +0  (when MAX = R)
=60%(B—R)/(MAX —MIN) + 120 (when MAX = G)
=60 (R - G)/(MAX = MIN) +240 (when MAX = B)

S = (MAX - MIN)/MAX
V =MAX

[0058] The processing object determination unit 22 deter-
mines whether or not the image displayed by each pixel has
the intermediate color on the basis of the saturation S obtained
by the HSV conversion unit 21. Specifically, the processing
object determination unit 22 includes a saturation determina-
tion unit 26 which determines whether or not the saturation S
obtained by the HSV conversion unit 21 is smaller than a
threshold and when it is determined that the saturation S is
smaller than the threshold, determines that the pixel displays
the image having the intermediate color. In addition, the
threshold is configured to be a saturation at which a change in
color can be suppressed by performing the viewing angle
improvement control. In addition, in this embodiment, the
value of the saturation S corresponds to a weighting coeffi-
cient of the saturation S.

[0059] The gradation conversion unit 23 converts the gra-
dation of the input video signal into the gradation at which the
viewing angle can be improved, in the pixel determined by the
processing object determination unit 22 such that the pixel
displays the image having the intermediate color. That is, the
gradation conversion unit 23 generates a gradation higher
than and a gradation lower than the gradation of the input
video in order to perform the viewing angle improvement
control as illustrated in FIG. 3 on the pixel determined by the
processing object determination unit 22 such that the pixel
displays the image having the intermediate color.

[0060] The drive control unit 24 outputs a video signal for
performing the viewing angle improvement control on the
pixel which displays the image having the intermediate color,
by using the gradation converted by the gradation conversion
unit 23. That is, the drive control unit 24 outputs the video
signal for performing the viewing angle improvement control
as illustrated in FIG. 3 described above to the liquid crystal
panel 11.

[0061] An operational flow in which the viewing angle
improvement is performed in the viewing angle improvement
circuit 12 on the basis of the intermediate color determination
resultis illustrated in FIG. 4. As illustrated in FIG. 4, when an
RGB signal is input to the viewing angle improvement circuit
12 as the input video signal (Step SA1), the processing object
determination unit 22 determines whether or not each pixel
displays an image having intermediate color (Step SA2).
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[0062] The gradation conversion unit 23 converts the gra-
dation of the image of the pixel determined by the processing
object determination unit 22 such that the pixel displays the
image having the intermediate color. In addition, an output
video signal for performing the viewing angle improvement
control as illustrated in FIG. 3 is output from the drive control
unit 24 (Steps SA3 and SA4).

[0063] Incontrast, the output video signal is output without
performing the viewing angle improvement control on the
pixel determined by the processing object determination unit
22 such that the pixel displays an image having a color (a pure
color or a white color) other than the intermediate color.
[0064] In the above-described configuration, for the pixel
determined by the processing object determination unit 22
such that the pixel displays the image having the intermediate
color, the gradation conversion unit 23 performs the gradation
conversion so that the gradation of the input video signal
(input gradation) and the gradation of the output video signal
(output gradation) have, for example, the relationship illus-
trated in FIG. 5. That is, as illustrated in FIG. 3, in the pixel
which displays the intermediate color, a case where a low-
gradation image is displayed and a case where a high-grada-
tion image is displayed are switched by the viewing angle
improvement control at each display frame. In addition, in the
case where the low-gradation image is displayed, the grada-
tion of the input video signal is converted on the basis of the
relationship indicated by the solid line in FIG. 5. In contrast,
in the case where the high-gradation image is displayed, the
gradation of the input video signal is converted on the basis of
the relationship indicated by the broken line in FI1G. 5.
[0065] Accordingly, in the pixel which displays the inter-
mediate color of which the color is changed when the display
surface is viewed at an inclination, the viewing angle charac-
teristics can be improved.

[0066] In contrast, in the pixel determined by the process-
ing object determination unit 22 such that the pixel displays a
pure color or a white color, the gradation of the input video
signal is output from the gradation conversion unit 23 as
substantially the same gradation as illustrated in FIG. 6. That
is, in the pixel which displays the pure color or the white
color, the viewing angle improvement control as illustrated in
FIG. 3 is not performed.

[0067] Accordingly, in the pixel which displays the pure
color or the white color of which the color is not substantially
changed even when the display surface is viewed at an incli-
nation, the harmful effects such as flicker and banding caused
by the viewing angle improvement control can be prevented.

(Effect of First Embodiment)

[0068] Inthisembodiment, the viewing angle improvement
control is performed on the pixel which displays the interme-
diate color of which the color is changed when the display
surface is viewed at an inclination, while the viewing angle
improvement control is not performed on the pixel which
displays the pure color or the white color. Accordingly, while
the viewing angle improvement is performed on the part
having the intermediate color having a high viewing angle
improvement effect, the harmful effects on the parthaving the
pure color or the white color having a low viewing angle
improvement effect due to the viewing angle improvement
can be suppressed.

[0069] Therefore, according to the configuration of this
embodiment, the viewing angle improvement effect can be
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efficiently obtained, and the harmful effects caused by the
viewing angle improvement can be suppressed as much as
possible.

Second Embodiment

[0070] FIG. 7 illustrates a schematic configuration of a
liquid crystal display apparatus 51 according to a second
embodiment of the present invention. This embodiment is
different from the first embodiment in that an intermediate
color determination coefficient is obtained according to the
hue and the saturation of an intermediate color, and gradation
conversion is performed according to the intermediate color
determination coefficient. In the following description, only
differences from the configuration of the first embodiment are
described, like elements as those of the first embodiment are
denoted by like reference numerals, and the description
thereof will be omitted.

[0071] Specifically, as illustrated in FIG. 7, the liquid crys-
tal display apparatus 51 includes a viewing angle improve-
ment circuit 52 which performs viewing angle improvement
control on a pixel which displays an image having an inter-
mediate color. The viewing angle improvement circuit 52
includes the HSV conversion unit 21 and the drive control
unit 24 which have the same configurations as those of the
first embodiment, a processing object determination unit 53
which calculates an intermediate color determination coeffi-
cient (weighting coefficient) depending on a processing
object on the basis of hue H and saturation S, and a gradation
conversion unit 60 which performs gradation conversion on
the basis of the intermediate color determination coefficient.
[0072] In addition, the intermediate color determination
coeflicient calculated by the processing object determination
unit 53 is changed according to the hue H and the saturation
S, and becomes zero in a case of a single color or a white color
which is not the object of the viewing angle improvement
processing. In this manner, the processing object determina-
tion unit 53 indirectly selects an object to be subjected to the
viewing angle improvement processing by configuring the
intermediate color determination coefficient on the basis of
the hue H and the saturation S. Eveninthis embodiment as the
first embodiment described above, the gradation conversion
unit 60 and the drive control unit 24 constitute a viewing angle
improvement unit 65.

[0073] The processing object determination unit 53 calcu-
lates the intermediate color determination coefficient by
using weight functions respectively corresponding to the hue
H and the saturation S from an HSV signal converted by the
HSV conversion unit 21 from an RGB signal. Specifically, as
illustrated in FIG. 8, the processing object determination unit
53 includes a hue determination unit 54 which obtains the
weight function according to the hue H, a saturation determi-
nation unit 55 which obtains the weight function according to
the saturation S, and a coefficient calculation unit 56 which
calculates the intermediate color determination coefficient by
multiplying the values of the weight functions.

[0074] In the hue determination unit 54, for example, the
value of the weight function is configured to a certain value so
that the viewing angle improvement control is performed in a
case where an image having a specific hue is displayed. The
specific hue means a hue of color (so-called memory color)
which remains in a human’s memory, such as skin color. In
addition, in the hue determination unit 54, the value of the
weight function for a hue which does not need the viewing
angle improvement control is zero.
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[0075] The hue determination unit 54 outputs the value of
the weight function according to the hue H of an input video
signal.

[0076] Inthe saturation determination unit 55, the value of
the weight function is configured to substantially zero so that
the viewing angle improvement control is not performed in a
case where an image having the white color is displayed,
while the value of the weight function is configured so that a
gradation width changed by the viewing angle improvement
is gradually increased as the saturation is increased. In addi-
tion, in the saturation determination unit 55, in a case ofa pure
color having the highest saturation, the weight function is
Zero.

[0077] The saturation determination unit 55 outputs the
value of the weight function according to the saturation S of
the video signal which is input.

[0078] The coefficient calculation unit 56 calculates the
intermediate color determination coefficient by multiplying
the values respectively output from the hue determination
unit 54 and the saturation determination unit 55. That is, the
intermediate color determination coefficient is a value
changed according to the hue and the saturation. In addition,
as described later, the intermediate color determination coef-
ficient is a value used when the gradation of the input video
signal is converted into the gradation of a video signal output
to the liquid crystal panel 11. In addition, as described above,
in the hue determination unit 54, the value of the weight
function is zero in the case of a hue which does not need the
viewing angle improvement control, and in the saturation
determination unit 55, the value of the weight function is zero
in the case of a pure color or a white color. Therefore, the
intermediate color determination coefficient becomes zero in
the cases of the hue which does not need the viewing angle
improvement control, pure color, and white color.

[0079] The gradation conversion unit 60 includes a storage
unit 61 which stores the relationship between the gradation of
the input video signal and the gradation of the output video
signal according to the intermediate color determination
coefficient as table data. Furthermore, the gradation conver-
sion unit 60 includes a reading unit 62 which outputs a cor-
responding signal from the storage unit 61 on the basis of the
intermediate color determination coefficient calculated by the
processing object determination unit 53 and the gradation of
the input video signal, and an interpolation unit 63 which
corrects the signal output from the reading unit 62 by linear
interpolation.

[0080] The storage unit 61 stores the relationship between
the gradation of the input video signal and the gradation of the
output video signal according to the intermediate color deter-
mination coefficient as the table data as illustrated in FIGS. 9
and 10. The table data is data of gradations corresponding to
several intermediate color determination coefficients, and is
stored in the storage unit 61 as discrete values. Accordingly,
since the relationship between the gradation of the input
video signal and the gradation of the output video signal
according to the intermediate color determination coefficient
is stored in the storage unit 61 as the discrete values, the
amount of data stored in the storage unit 61 can be reduced
compared to a case where the entire data is stored.

[0081] In addition, FIGS. 9 and 10 are diagrams of graphs
in which parts of the table data stored in the storage unit 61 are
connected with lines. Hereinafter, the table data stored in the
storage unit 61 will be described with reference to FIGS. 9
and 10.
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[0082] As illustrated in FIGS. 9 and 10, in the case where
the intermediate color determination coefficient ot is zero, that
is, in the case of a hue and a saturation which do not need the
viewing angle improvement, the gradation of the input video
signal becomes the gradation of the output video signal (L1 in
FIG. 9 and LS in FIG. 10) almost as it is. In contrast, in the
case where the intermediate color determination coefficient o
is not zero, according to the intermediate color determination
coefficient a, the relationship between the gradation of the
input video signal and the gradation of the output video signal
is changed as shown from L2 to [.4 and from 1.6 to 8. That
is, in the case where the intermediate color determination
coefficient o is not zero, even from the gradation of the same
input video signal, the gradation of the output video signal is
increased or decreased according to the intermediate color
determination coefficient c. Particularly, when the gradation
of the input video signal is in the range of intermediate gra-
dations, the gradation of the output video signal is signifi-
cantly increased or decreased according to the intermediate
color determination coefficient . In addition, in FIGS. 9 and
10, the relationship of o, <o, <0<, is satisfied.

[0083] FIG. 9 illustrates the relationship between the gra-
dation of the input video signal and the gradation of the output
video signal in the case where the high-gradation display for
the viewing angle improvement control illustrated in FIG. 3 is
performed. In FIG. 9, in the order of 1.2, .3, and [ 4, changes
in gradation during the viewing angle improvement control
are increased. In addition, as illustrated in FIG. 9, the rela-
tionship between the gradation of the input video signal and
the gradation of the output video signal is a relationship in
which the gradation of the output video signal is higher than
the gradation of the input video signal by an extent to which
the intermediate color determination coefficient o is
increased when the gradation of the input video signal is in the
range of intermediate gradations.

[0084] FIG. 10 illustrates the relationship between the gra-
dation of the input video signal and the gradation of the output
video signal in the case where the low-gradation display for
the viewing angle improvement control illustrated in FIG. 3 is
performed. InF1G. 10, in the order of 1.6, .7, and L8, changes
in gradation during the viewing angle improvement control is
increased. In addition, as illustrated in FIG. 10, the relation-
ship between the gradation of the input video signal and the
gradation of the output video signal is a relationship in which
the gradation of the output video signal is lower than the
gradation of the input video signal by an extent to which the
intermediate color determination coefficient o is increased
when the gradation of the input video signal is in the range of
intermediate gradations.

[0085] In addition, during the viewing angle improvement
control illustrated in FIG. 3, the gradation conversion is pet-
formed according to the gradation relationship (the relation-
ship between the gradation of the input video signal and the
gradation of the output video signal) calculated by using the
same intermediate color determination coefficient o for the
high-gradation display and the low-gradation display. That is,
for example, in the case of FIGS. 9 and 10, .1 and L5, L.2 and
L6, L3 and .7, and L4 and L8 are respectively used for the
gradation conversion for the high-gradation display and the
low-gradation display during the viewing angle improvement
control.

[0086] As described above, in FIG. 9, since the changes in
gradation during the viewing angle improvement control are
increased in the order of .2, 1.3, and 1.4 (in the order of 16,



US 2014/0118423 Al

L7,and L8 in FIG. 10), the viewing angle improvement effect
is increased in the order. In contrast, since the changes in
gradation during the viewing angle improvement control are
increased in the order of 1.2, L3, and 1.4 (in the order of L6,
L7, and 18 in FIG. 10), the harmful effects such as flicker
caused by the viewing angle improvement are increased.
[0087] Inaddition,in FIGS. 9 and 10, only three curves are
drawn to show the relationship in the case where the interme-
diate color determination coefficient is considered. However,
in practice, the storage unit 61 stores the relationship between
the gradation of the input video signal and the gradation of the
output video signal according to various intermediate color
determination coefficients as the table data.

[0088] The reading unit 62 reads a plurality of pieces of
data close to the intermediate color determination coefficient
and the gradation of'the input video signal from the table data
stored in the storage unit 61 on the basis of the intermediate
color determination coefficient calculated by the processing
object determination unit 53 and the gradation of the input
video signal. At this time, the data read by the reading unit 62
is the discrete value of the intermediate color determination
coefficient and the gradations of the input and output video
signals.

[0089] Inaddition, when the reading unit 62 reads the data,
aplurality of pieces of data in each of a case where a display
having a higher gradation than the gradation of the input
image is performed and a case where a display having lower
gradation than the gradation of the input image is performed
is read out so that the viewing angle improvement control
illustrated in FIG. 3 can be realized.

[0090] The interpolation unit 63 individually performs lin-
ear interpolation in the case of the high-gradation display and
in the case of the low-gradation display by using the interme-
diate color determination coefficient calculated by the pro-
cessing object determination unit 53, the gradation of the
input video signal, and the plurality of pieces of data read by
the reading unit 62. Specifically, in the interpolation unit 63,
by using the relationship illustrated in FIGS. 9 and 10 in
which the gradation of the output video signal is more sig-
nificantly changed with respect to the gradation of the input
video signal by an extent to which the intermediate color
determination coefficient c is increased, the gradation of the
output video signal corresponding to the gradation of the
input video signal in the case of the calculated intermediate
color determination coefficientis obtained. More specifically,
on the basis of the data read by the reading unit 62, the
relationship between the gradation of the input video signal
and the gradation of the output video signal in the case of the
calculated intermediate color determination coefficient is
obtained by the linear interpolation, and the gradation of the
output video signal corresponding to the actual input video
signal is obtained from the result. Accordingly, while consid-
ering the intermediate color determination coefficient, the
gradation of the output video signal corresponding to the
actual input video signal can be approximately obtained.
[0091] FIG. 11 illustrates an example of the case where the
gradation of the output video signal corresponding to the
input video signal is obtained through the linear interpolation.
In the example of FIG. 11, when the graphs of .2 and L3 are
given by several pieces of data (white circles in the figure), the
gradation of the output video signal at the black circle is
obtained through the linear interpolation. First, for L2, by
performing the linear interpolation between data A and B, the
gradation of the output video signal at the point C correspond-
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ing to the gradation of the input video signal at the black circle
is obtained. Next, for 1.3, by performing the linear interpola-
tion between data X and Y, the gradation of the output video
signal at the point Z corresponding to the gradation of the
input video signal at the black circle is obtained. In addition,
by using the intermediate color determination coefficients of
L2 and L3 and the gradations of the output video signal
obtained at the points C and 7, the gradation of the output
video signal at the black circle is obtained through the linear
interpolation. In addition, the expression of the linear inter-
polation is a general expression in which the coordinates of
both ends on a straight line are used to obtain the coordinates
of an intermediate point positioned on the straight line, and
thus the detailed description thereof will be omitted.

[0092] FIG. 12 schematically illustrates the operations of
the viewing angle improvement circuit 52. First, when the
input video signal is input to the viewing angle improvement
circuit 52 (Step SB1), the HSV conversion unit 21 performs
HSV analysis by using the input video signal (Step SB2).
Since the HSV analysis is the same as in the first embodiment,
the detailed description thereof will be omitted. On the basis
ofthe HSV signal converted from the RGB signal by the HSV
conversion unit 21, the processing object determination unit
53 calculates the intermediate color determination coefficient
(Step SB3).

[0093] By using the calculated intermediate color determi-
nation coefficient and the gradation of the input video signal,
the table data is read from the storage unit 61 of the gradation
conversion unit 60 (Step SB4). The interpolation unit 63
approximately obtains the gradation of the output video sig-
nal by using the read data through the linear interpolation
(Step SBS5). According to the obtained gradation, as in the first
embodiment, the output video signal is output from the drive
control unit 24 to the liquid crystal panel 11 (Step SB6).

(Effects of Second Embodiment)

[0094] Inthisembodiment, the gradation ofthe input image
signal is converted by using the intermediate color determi-
nation coefficient considering hue and saturation. Therefore,
the viewing angle improvement control can be performed
according to hue and saturation. That is, in the configuration
of this embodiment, in the case where an image having a hue
or a saturation of which the color is significantly changed
when the display screen is viewed at an inclination, the view-
ing angle improvement control may be preferentially per-
formed by significantly changing the gradation. In contrast, in
the case of a hue and a saturation for which the viewing angle
improvement does not necessarily need to be performed,
changes in gradation for the viewing angle improvement are
reduced, thereby preventing the harmful effects caused by the
viewing angle improvement control.

[0095] In addition, the storage unit 61 of the gradation
conversion unit 60 stores the relationship between the grada-
tion of the input video signal and the gradation of the output
video signal according to the weight functions as the table
data. Furthermore, the interpolation unit 63 approximately
obtains the gradation of the output video signal by performing
the linear interpolation on the data read from the table data. In
this configuration, the storage unit 61 does not need to store
much data, and thus the capacity of the memory provided in
the liquid crystal display apparatus can be reduced.

Third Embodiment

[0096] FIG. 13 is a block diagram of a schematic configu-
ration of a processing object determination unit 71 in a view-
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ing angle improvement circuit of a liquid crystal display
apparatus according to a third embodiment of the present
invention. The configuration of this embodiment is different
from the configuration of the second embodiment in that an
intermediate color determination coefficient is configured to
correspond to each of R, G, and B sub-pixels included in a
pixel of the liquid crystal panel 11. In the following descrip-
tion, like configurations as those of the second embodiment
are denoted by like reference numerals, and only the differ-
ences will be described.

[0097] Specifically, as illustrated in FIG. 13, a hue deter-
mination unit 72 of the processing object determination unit
71 includes an R hue determination unit 72a, a G hue deter-
mination unit 724, and a B hue determination unit 72¢. In
addition, a coefficient calculation unit 73 of the processing
object determination unit 71 includes an R coefficient calcu-
lation unit 73a, a G coefficient calculation unit 735, and a B
coefficient calculation unit 73c¢.

[0098] The R hue determination unit 72a, the G hue deter-
mination unit 724, and the B hue determination unit 72¢ have
table data of weight functions corresponding to their respec-
tive colors. For example, the R hue determination unit 72a has
the table data in which the value of the weight function is zero
in a case ofa single color of red. The G hue determination unit
725 has the table data in which the value of the weight func-
tion is zero in a case of a single color of green. The B hue
determination unit 72¢ has the table data in which the value of
the weight function is zero in a case of a single color of blue.
The R hue determination unit 72a, the G hue determination
unit 7254, and the B hue determination unit 72¢ output the
values of the weight functions corresponding to hues of their
respective colors.

[0099] The R coefficient calculation unit 73a, the G coef-
ficient calculation unit 734, and the B coefficient calculation
unit 73¢ calculates the intermediate color determination coef-
ficients corresponding to their respective colors by respec-
tively using the outputs of the R hue determination unit 72a,
the G hue determination unit 724, and the B hue determina-
tion unit 72¢ and the output of the saturation determination
unit 55. That is, the R coefficient calculation unit 73a obtains
an R intermediate color determination coefficient by multi-
plying the value of the weight function output from the R hue
determination unit 72a by the value of the weight function
output from the saturation determination unit 55. The G coef-
ficient calculation unit 735 obtains a G intermediate color
determination coefficient by multiplying the value of the
weight function output from the G hue determination unit 726
by the value of the weight function output from the saturation
determination unit 55. The B coefficient calculation unit 73¢
obtains a B intermediate color determination coefficient by
multiplying the value of the weight function output from the
B hue determination unit 72¢ by the value of the weight
function output from the saturation determination unit 55.
[0100] FIG. 14 schematically illustrates a flow of signals in
a case where the gradation conversion is performed on each of
R, G, and B sub-pixels 117, 11g, and 115. In addition, in FIG.
14, the description of the HSV conversion is omitted.

[0101] Intermediate color determination coefficients Rw,
Gw, and Bw which are obtained from the input video signals
Rin, Gin, and Bin by the processing object determination unit
71 having the above configuration are input to a gradation
conversion unit 74. The gradation conversion unit 74 per-
forms the gradation conversion according to each ofthe R, G,
and B sub-pixels 11r, 11g, and 115. The content of the gra-
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dation conversion is the same as in the second embodiment,
and thus the detailed description thereof will be omitted. In
addition, a drive control unit 75 generates output video sig-
nals Rout, Gout, and Bout respectively corresponding to the
sub-pixels 117, 11g. and 115. The generated output video
signals Rout, Gout, and Bout are respectively output to the
sub-pixels 117, 11g, and 115 of the liquid crystal panel 11.

[0102] Therefore, in this embodiment, the output video
signals Rout, Gout, and Bout which are independently sub-
jected to the gradation conversion are output to the R, G, and
B sub-pixels 11r, 11g, and 115 of the liquid crystal panel 11.
Therefore, in the R, G, and B sub-pixels 117, 11g, and 115,
whether or not the viewing angle improvement control is
performed and the degree of gradation conversion vary.

(Effects of Third Embodiment)

[0103] Inthis embodiment, the intermediate color determi-
nation coefficient for each of R, G, and B is obtained, and the
gradation conversion is individually performed on the R, G,
and B sub-pixels 117, 11g, and 115. Accordingly, while the
optimum viewing angle improvement control is performed in
consideration of hue and saturation in each ofthe R, G, and B
sub-pixels 117, 11g, and 115, the harmful effects caused by
the viewing angle improvement control on the part having a
low viewing angle improvement effect can be suppressed.

Other Embodiments

[0104] While the embodiments of the present invention
have been described, the above-described embodiments are
only examples for embodying the present invention. There-
fore, the present invention is not limited to the above-de-
scribed embodiments, and the above-described embodiments
can be appropriately modified without departing from the gist
of the present invention.

[0105] In the first embodiment, as illustrated in FIG. 5, the
viewing angle improvement circuit 12 converts the gradation
of the video signal into gradations for the high-gradation
display and the low-gradation display with regard to the pixel
which displays the intermediate color regardless of saturation
so as to be output. However, the viewing angle improvement
circuit 12 may be configured to determine a weighting coef-
ficient according to the saturation and perform the gradation
conversion according to the weighting coefficient. In this
case, similarly to the saturation determination unit 55 illus-
trated in FIG. 8, the saturation determination unit 26 is con-
figured to determine the weighting coefficient according to
the saturation. In addition, the gradation conversion unit 23 is
configured to perform the gradation conversion in consider-
ation of the weighting coefficient. Accordingly, as in FIGS. 9
and 10, the gradations for the high-gradation display and the
low-gradation display in the pixel which displays the inter-
mediate color can be changed according to the saturation.

[0106] Inthe second embodiment, the storage unit 61 ofthe
gradation conversion unit 60 stores only the discrete values
regarding the gradation conversion according to the interme-
diate color determination coefficients, and the interpolation
unit 63 performs the linear interpolation according to the
actual intermediate color determination coefficient and the
gradation of the input video signal. However, in the storage
unit 61, all data representing the relationship between the
gradation of the input video signal and the gradation of the
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output video signal according to the intermediate color deter-
mination coefficients may be stored so that the linear intet-
polation is not performed.

[0107] Inthe second and third embodiments, the coefficient
calculation units 56 and 73 are configured to determine the
intermediate color determination coefficients by using the
saturation and hue of an image. However, the coefficient
calculation unit may be configured to determine the interme-
diate color determination coefficient according to a detection
result of an edge of the image. That is, the coefficient calcu-
lation unit in this case configures the intermediate color deter-
mination coefficient so that the viewing angle improvement
processing is not performed on the edge part of the image.

INDUSTRIAL APPLICABILITY

[0108] Theliquid crystal display apparatus according to the
present invention can be used for a liquid crystal display
apparatus which performs viewing angle improvement.
1. A liquid crystal display apparatus comprising:
a liquid crystal panel which includes a plurality of pixels
arranged in a matrix;
aviewing angle improvement unit which performs a high-
gradation display to display an image having a higher
gradation than a gradation of an input video on one pixel
of pixels adjacent to each other, performs a low-grada-
tion display to display an image having a lower grada-
tion than the gradation of the input video on the other
pixel of the pixels adjacent to each other, and switches
between the high-gradation display and the low-grada-
tion display on each of the pixels in each display frame
to perform viewing angle improvement processing; and
a processing object determination unit which determines
whether or not an image displayed on each of the pixels
of the liquid crystal panel is an image having an intet-
mediate color which is an object of the viewing angle
improvement processing,
wherein the viewing angle improvement unit is configured
to perform the viewing angle improvement processing
on the pixel determined by the processing object deter-
mination unit such that the pixel displays the image
having the intermediate color.
2. The liquid crystal display apparatus according to claim
1,
wherein the processing object determination unit deter-
mines whether or not the image has the intermediate
color on the basis of a weighting coefficient according to
the image displayed on each of the pixels.
3. The liquid crystal display apparatus according to claim
25
wherein the weighting coefficient is a coefficient according
to saturation obtained from a video signal input to each
of the pixels of the liquid crystal panel, and
the processing object determination unit includes a satura-
tion determination unit which determines whether or not
the image has the intermediate color on the basis of the
weighting coefficient.
4. The liquid crystal display apparatus according to claim
35
wherein the viewing angle improvement unit includes:
a gradation conversion unit which obtains output grada-
tions for the high-gradation display and the low-grada-
tion display according to the saturation for the pixel

May 1, 2014

determined by the processing object determination unit
such that the pixel displays the image having the inter-
mediate color; and

a drive control unit which performs the viewing angle
improvement processing according to the output grada-
tions output from the gradation conversion unit.

5. The liquid crystal display apparatus according to claim

25

wherein the weighting coefficient is a coefficient according
to saturation and hue obtained from a video signal input
to each of the pixels of the liquid crystal panel,

the processing object determination unit is configured to
determine whether or not the image has the intermediate
color of'a hue ofthe object of the viewing angle improve-
ment processing on the basis of the weighting coeffi-
cient, and

the viewing angle improvement unit performs the viewing
angle improvement processing on the pixel which dis-
plays the image having the intermediate color of the hue
of the object of the viewing angle improvement process-
ing on the basis of the determination result of the pro-
cessing object determination unit.

6. The liquid crystal display apparatus according to claim

5,

wherein the weighting coefficient is an intermediate color
determination coefficient,

the processing object determination unit further includes a
coefficient calculation unit which obtains the intermedi-
ate color determination coefficient on the basis of the
saturation and the hue, and

the viewing angle improvement unit includes:

a gradation conversion unit which respectively obtains out-
put gradations for the high-gradation display and the
low-gradation display by using the intermediate color
determination coefficient; and

a drive control unit which performs the viewing angle
improvement processing according to the output grada-
tions output from the gradation conversion unit.

7. (canceled)

8. A liquid crystal display apparatus comprising:

a liquid crystal panel which includes a plurality of pixels
arranged in a matrix, each of the pixels including a
plurality of sub-pixels,

a viewing angle improvement unit which performs a high-
gradation display to display an image having a higher
gradation than a gradation of an input video on one
sub-pixel of the sub-pixels adjacent to each other, per-
forms a low-gradation display to display an image hav-
ing a lower gradation than the gradation of the input
video on the other sub-pixel, and switches between the
high-gradation display and the low-gradation display on
each of the sub-pixels in each display frame to perform
viewing angle improvement processing; and

a processing object determination unit which determines
whether an image displayed on each of the sub-pixels of
the liquid crystal panel is an image having an interme-
diate color which is an object of the viewing angle
improvement processing,

wherein the viewing angle improvement unit is configured
to perform the viewing angle improvement processing
on the sub-pixel determined by the processing object
determination unit such that the sub-pixel displays the
image having the intermediate color.
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