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57 ABSTRACT

A liquid crystal display device having a plurality of display
panels disposed in a superposed manner, comprising: a first
display panel that displays a first image; a second display
panel disposed on a back surface side of the first display
panel to display a second image; and an image processor that
generates first image data for the first image and second
image data for the second image based on the input image
data, wherein the image processor includes: a differential
filter that performs differential filter processing on a lumi-
nance signal calculated from the input image data and
outputs a differential detection value; a background level
detection circuit that detects a background level using the
luminance signal; a gain determination circuit that deter-

Int. CL mines a filter gain using the differential detection value and
G09G 3/36 (2006.01) the background level; and a low-pass filter that performs
G09G 5/06 (2006.01) low-pass filter processing using the filter gain.
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LIQUID CRYSTAL DISPLAY DEVICE
HAVING SUPERPOSED DISPLAY PANELS

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a liquid crystal
display device.

2. Description of the Related Art

[0002] Conventionally, a technique, in which two display
panels overlap each other and an image is displayed on each
display panel based on input image data, is proposed as a
technique of improving contrast of the liquid crystal display
device (for example, see International Publication No.
W02007/040139). As a specific example, a color image is
displayed on a first display panel disposed on a display
surface side in two display panels disposed to be superposed
on each other, and a monochrome image is displayed on a
second display panel disposed on a back surface side,
thereby improving the contrast. In the liquid crystal display
device, low-pass filter processing (smoothing processing) of
locally expanding a portion having a high signal level of the
input image data by several pixels is performed on a video
signal supplied to the second display panel on the back
surface side in order to reduce a display defect due to
parallax.

SUMMARY

[0003] However, in the conventional liquid crystal display
device, the display defect due to the parallax is insufficiently
reduced. That is, in the conventional configuration, because
a filter coefficient of the low-pass filter processing is deter-
mined regardless of a background level in the input image
data, the filter coefficient is not always appropriate, and the
display defect due to the parallax is insufficiently reduced.
[0004] The present disclosure has been made in view of
the above circumstance, and an object of the present dis-
closure is to further prevent the display defect due to the
parallax in the liquid crystal display device in which the
plurality of display panels are superposed on each other.
[0005] To solve the above problem, a liquid crystal display
device that is a display device in which a plurality of display
panels are disposed in a superposed manner and an image is
displayed on each of the display panels according to a
present disclosure comprises: a first display panel that
displays a first image; a second display panel disposed on a
back surface side of the first display panel to display a
second image; and an image processor that acquires input
image data and generates first image data corresponding to
the first image and second image data corresponding to the
second image based on the input image data, wherein the
image processor includes: a differential filter that performs
differential filter processing on a luminance signal calculated
from the input image data and outputs a differential detection
value; a background level detection circuit that detects a
background level using the luminance signal; a gain deter-
mination circuit that determines a filter gain using the
differential detection value output from the differential filter
and the background level detected by the background level
detection circuit; and a low-pass filter that performs low-
pass filter processing using the filter gain determined by the
gain determination circuit.

Aug. 19, 2021

[0006] The present disclosure can prevent the display
defect due to the parallax in the liquid crystal display device
in which the plurality of display panels are superposed on
each other.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a schematic diagram illustrating a sche-
matic configuration of a liquid crystal display device accord-
ing to an exemplary embodiment.

[0008] FIG. 2 is a schematic diagram illustrating a sche-
matic configuration of a first display panel of the exemplary
embodiment.

[0009] FIG. 3 is a schematic diagram illustrating a sche-
matic configuration of a second display panel of the exem-
plary embodiment.

[0010] FIG. 4 is a sectional view taken along a line A-A'
in FIGS. 2 and 3.

[0011] FIG. 5 is a schematic diagram illustrating a pixel
arrangement example of a liquid crystal display device
according to another example of the exemplary embodi-
ment.

[0012] FIG. 6 is a block diagram illustrating a configura-
tion of an image processor according to the exemplary
embodiment.

[0013] FIG. 7 is a graph illustrating an input and output
example of a black level detection circuit according to the
exemplary embodiment.

[0014] FIG. 8 is a graph illustrating an input and output
example of a white level detection circuit according to the
exemplary embodiment.

[0015] FIG. 9 is a conceptual diagram illustrating a pro-
cessing example of the black level detection circuit accord-
ing to the exemplary embodiment.

[0016] FIG. 10 is a block diagram illustrating a configu-
ration of an image processor according to another example
of the exemplary embodiment.

[0017] FIG. 11 is a conceptual diagram illustrating a
look-up table used when a gain determination circuit of the
exemplary embodiment determines a filter gain.

[0018] FIG. 12 is a block diagram illustrating a processing
example of the black level detection circuit according to the
exemplary embodiment.

[0019] FIG. 13 is a block diagram illustrating a processing
example of the white level detection circuit according to the
exemplary embodiment.

DETAILED DESCRIPTION

[0020] Hereinafter, an exemplary embodiment of the pres-
ent disclosure will be described with reference to the draw-
ings. A liquid crystal display device according to an exem-
plary embodiment includes a plurality of display panels that
display images, a plurality of drive circuits (a plurality of
source drivers and a plurality of gate drivers) that drive the
display panels, a plurality of timing controllers that control
the driving circuits, an image processor that performs image
processing on input image data input from an outside and
outputs image data to each of the timing controllers, and a
backlight that irradiates the plurality of display panels with
light from a back surface side. There is no limitation to a
number of display panels, but it is only necessary to provide
at least two display panels. When viewed from the observer
side, the plurality of display panels are disposed while
superposed on each other in a front-back direction. An image
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is displayed on each of the display panels. Liquid crystal
display device 10 including two display panels will be
described below by way of example.

[0021] FIG. 1 is a schematic diagram illustrating a con-
figuration of liquid crystal display device 10 of the exem-
plary embodiment. As illustrated in FIG. 1, liquid crystal
display device 10 includes first display panel 100 disposed
on a display surface side of whole liquid crystal display
device 10, second display panel 200 disposed closer to the
back surface side than first display panel 100, first timing
controller 140 that controls first source driver 120 and first
gate driver 130 provided in first display panel 100, second
timing controller 240 that controls second source driver 220
and second gate driver 230 provided in second display panel
200, and image processor 300 that outputs image data to first
timing controller 140 and second timing controller 240. In
first display panel 100, a first image (in the exemplary
embodiment, a color image) corresponding to first image
data generated based on the input image data is displayed in
first image display region 110. In second display panel 200,
the second image (in the exemplary embodiment, a mono-
chrome image) corresponding to second image data gener-
ated based on the input image data is displayed in second
image display region 210. Image processor 300 receives
input image data Data transmitted from an external system
(not illustrated), performs image processing (to be described
later) on input image data Data, outputs first image data
DAT1 to first timing controller 140, and outputs second
image data DAT2 to second timing controller 240. Image
processor 300 also outputs control signals (not illustrated in
FIG. 1) such as a synchronizing signal to first timing
controller 140 and second timing controller 240. First image
data DAT1 is image data for displaying the first image, and
second image data DAT2 is image data for displaying the
second image. A backlight (not illustrated in FIG. 1) is
disposed on the back surface side of second display panel
200. A specific configuration of image processor 300 will be
described later. In the exemplary embodiment, an example
in which the first image is the color image will be described.
However, the first image may be the monochrome image.
[0022] FIG. 2 is a schematic diagram illustrating a con-
figuration of first display panel 100, and FIG. 3 is a sche-
matic diagram illustrating a configuration of second display
panel 200. FIG. 4 is a sectional view taken along a line A-A'
in FIGS. 2 and 3.

[0023] The configuration of first display panel 100 will be
described with reference to FIGS. 2 and 4. As illustrated in
FIG. 4, first display panel 100 includes thin film transistor
substrate (hereinafter, referred to as a TFT substrate) 101
disposed on the back surface side, namely, on the side of
backlight 400, color filter substrate (hereinafter, referred to
as a CF substrate) 102 that is disposed closer to the display
surface side than TFT substrate 101 while opposed to TFT
substrate 101, and liquid crystal layer 103 disposed between
TFT substrate 101 and CF substrate 102. Polarizing plate
104 is disposed on the back surface side of first display panel
100, namely, on the side of backlight 400, and polarizing
plate 105 is disposed on the display surface side.

[0024] In TFT substrate 101, as illustrated in FIG. 2, a
plurality of data lines 111 extending in a first direction (for
example, a column direction) and a plurality of gate lines
112 extending in a second direction (for example, a row
direction) different from the first direction are formed, and
thin film transistor (hereinafter, referred to as a TFT) 113 is
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formed near an intersection between each of the plurality of
data lines 111 and each of the plurality of gate lines 112. In
planar view of first display panel 100, a region surrounded
by two data lines 111 adjacent to each other and two gate
lines 112 adjacent to each other is defined as one subpixel
114, and a plurality of subpixels 114 are arranged in a matrix
form (in the row and column directions). The plurality of
data lines 111 are disposed at equal intervals in the row
direction, and the plurality of gate lines 112 are disposed at
equal intervals in the column direction. In TFT substrate
101, pixel electrode 115 is formed in each subpixel 114, and
one common electrode (not illustrated) common to the
plurality of subpixels 114 is formed. A drain electrode
constituting TFT 113 is electrically connected to data line
111, a source electrode is electrically connected to pixel
electrode 115, and a gate electrode is electrically connected
to gate line 112.

[0025] As illustrated in FIG. 4, a plurality of colored
portions 102a each of which corresponds to subpixel 114 are
formed on CF substrate 102. Each colored portion 102a is
surrounded by black matrix 1026 blocking light transmis-
sion. For example, each colored portion 1024 is formed into
a rectangular shape. The plurality of colored portions 1024
includes red portions made of a red material to transmit red
light, green portions made of a green material to transmit
green light, and blue portions made of a blue material to
transmit blue light. The red portion, the green portion, and
the blue portion are repeatedly arranged in this order in the
row direction, the colored portions having the same color are
arranged in the column direction, and black matrix 1025 is
formed at a boundary portion between colored portions 102a
adjacent to each other in the row and column directions. As
illustrated in FIG. 2, the plurality of subpixels 114 include
red subpixels 114R corresponding to the red portions, green
subpixels 114G corresponding to the green portions, and
blue subpixels 114B corresponding to the blue portions
according to colored portions 102qa. In first display panel
100, one pixel 124 is constructed with one red subpixel
114R, one green subpixel 114G, and one blue subpixel 114B,
and a plurality of pixels 124 are arranged in a matrix form.
[0026] First timing controller 140 has a known configu-
ration. For example, based on first image data DAT1 and first
control signal CS1 (such as a clock signal, a vertical
synchronizing signal, and a horizontal synchronizing signal)
output from image processor 300, first timing controller 140
generates first image data DA1 and various timing signals
(data start pulse DSP1, data clock DCK1, gate start pulse
GSP1, and gate clock GCK1) in order to control drive of first
source driver 120 and first gate driver 130 (see FIG. 2). First
timing controller 140 outputs first image data DA1, data start
pulse DSP1, and data clock DCK1 to first source driver 120,
and outputs gate start pulse GSP1 and gate clock GCK1 to
first gate driver 130.

[0027] First source driver 120 outputs a data signal (data
voltage) corresponding to first image data DA1 to data lines
111 based on data start pulse DSP1 and data clock DCK1.
First gate driver 130 outputs a gate signal (gate voltage) to
gate lines 112 based on gate start pulse GSP1 and gate clock
GCK1.

[0028] The data voltage is supplied from first source driver
120 to each data line 111, and the gate voltage is supplied
from first gate driver 130 to each gate line 112. A common
voltage is supplied from a common driver (not illustrated) to
the common electrode. When the gate voltage (gate-on
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voltage) is supplied to gate line 112, TFT 113 connected to
gate line 112 is turned on, and the data voltage is supplied
to pixel electrode 115 through data line 111 connected to
TFT 113. An electric field is generated by a difference
between the data voltage supplied to pixel electrode 115 and
the common voltage supplied to the common electrode. The
liquid crystal is driven by the electric field to control the
transmittance of light from backlight 400, thereby display-
ing the image. In first display panel 100, the color image is
displayed by supply of a desired data voltage to data line 111
connected to pixel electrode 115 of each of red subpixel
114R, green subpixel 114G, and blue subpixel 114B. A
known configuration can be applied to first display panel
100.

[0029] The configuration of second display panel 200 will
be described below with reference to FIGS. 3 and 4. As
illustrated in FIG. 4, second display panel 200 includes TFT
substrate 201 disposed on the back surface side, namely, on
the side of backlight 400, CF substrate 202 that is disposed
on the display surface side while opposed to TFT substrate
201, and liquid crystal layer 203 disposed between TFT
substrate 201 and CF substrate 202. Polarizing plate 204 is
disposed on the back surface side of second display panel
200, namely, on the side of backlight 400, and polarizing
plate 205 is disposed on the display surface side. Diffusion
sheet 301 is disposed between polarizing plate 104 of first
display panel 100 and polarizing plate 205 of second display
panel 200.

[0030] In TFT substrate 201, as illustrated in FIG. 3, a
plurality of data lines 211 extending in the column direction,
a plurality of gate lines 212 extending in the row direction
are formed, and TFT 213 is formed near an intersection
between each of the plurality of data lines 211 and each of
the plurality of gate lines 212. In planar view of second
display panel 200, a region surrounded by two data lines 211
adjacent to each other and two gate lines 212 adjacent to
each other is defined as one pixel 214, and a plurality of
pixels 214 are arranged in a matrix form (the row direction
and the column direction). The plurality of data lines 211 are
disposed at equal intervals in the row direction, and the
plurality of gate lines 212 are disposed at equal intervals in
the column direction. In TFT substrate 201, pixel electrode
215 is formed in each pixel 214, and one common electrode
(not illustrated) common to the plurality of pixels 214 is
formed. A drain electrode constituting TFT 213 is electri-
cally connected to data line 211, a source electrode is
electrically connected to pixel electrode 215, and a gate
electrode is electrically connected to gate line 212. FEach
subpixel 114 of first display panel 100 and each pixel 214 of
second display panel 200 are disposed in a one-to-one
manner, and overlap each other in planar view. For example,
red subpixel 114R, green subpixel 114G, and blue subpixel
114B, which constitute pixel 124 in FIG. 2, overlap three
respective pixels 214 in FIG. 3 in planar view. As illustrated
in FIGS. 5A and 5B, three subpixels 114 (red subpixel 114R,
green subpixel 114G, and blue subpixel 114B) (see FIG. 5A)
of first display panel 100 may overlap one pixel 214 (see
FIG. 5B) of second display panel 200 in planar view.
[0031] As illustrated in FIG. 4, in CF substrate 202, black
matrix 2025 blocking light transmission is formed at a
position corresponding to a boundary portion between pixels
214. The colored portion is not formed in region 202a
surrounded by black matrix 2025. For example, an overcoat
film is formed in region 202a.
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[0032] Second timing controller 240 has a known con-
figuration. For example, based on second image data DAT2
and second control signal CS2 (such as a clock signal, a
vertical synchronizing signal, and a horizontal synchroniz-
ing signal) output from image processor 300, second timing
controller 240 generates second image data DA2 and various
timing signals (data start pulse DSP2, data clock DCK2, gate
start pulse GSP2, and gate clock GCK2) in order to control
drive of second source driver 220 and second gate driver 230
(see FIG. 3). Second timing controller 240 outputs second
image data DA2, data start pulse DSP2, and data clock
DCK2 to second source driver 220, and outputs gate start
pulse GSP2 and gate clock GCK2 to second gate driver 230.
[0033] Second source driver 220 outputs the data voltage
corresponding to second image data DA2 to data lines 211
based on data start pulse DSP2 and data clock DCK2.
Second gate driver 230 outputs the gate voltage to gate lines
212 based on gate start pulse GSP2 and gate clock GCK2.
[0034] The data voltage is supplied from second source
driver 220 to each data line 211, and the gate voltage is
supplied from second gate driver 230 to each gate line 212.
The common voltage is supplied from the common driver to
the common electrode. When the gate voltage (gate-on
voltage) is supplied to gate line 212, TFT 213 connected to
gate line 212 is turned on, and the data voltage is supplied
to pixel electrode 215 through data line 211 connected to
TFT 213. The electric field is generated by the difference
between the data voltage supplied to pixel electrode 215 and
the common voltage supplied to the common electrode. The
liquid crystal is driven by the electric field to control the
transmittance of light from backlight 400, thereby display-
ing the image. The monochrome image is displayed on
second display panel 200. A known configuration can be
applied to second display panel 200.

[0035] FIG. 6 is a block diagram illustrating a specific
configuration of image processor 300. Image processor 300
includes first gamma processor 311, luminance signal gen-
erator 321, differential filter 322, background level detection
circuit 323, gain determination circuit 326, second image
generator 331, second gamma processor 332, and low-pass
filter 333. In the exemplary embodiment, background level
detection circuit 323 includes black level detection circuit
324 and white level detection circuit 325. Based on input
image data Data, image processor 300 performs the follow-
ing image processing to generate first image data DAT1 (in
the exemplary embodiment, the color image data) corre-
sponding to the first image displayed on first display panel
100 and second image data DAT?2 (in the exemplary embodi-
ment, the monochrome image data) corresponding to the
second image displayed on second display panel 200.
[0036] When receiving input image data Data transmitted
from an external system, image processor 300 transmits
input image data Data to first gamma processor 311, lumi-
nance signal generator 321, and second image generator
331. For example, input image data Data includes luminance
information (gradation information) and color information.
The color information is one designating the color. For
example, in the case that input image data Data is con-
structed with 8 bits, each of a plurality of colors including
the red color, the green color, and the blue color can be
expressed by values of 0 to 255. The plurality of colors
include at least the red color, the green color, and the blue
color, and may further include a white color and/or a yellow
color. The case that the plurality of colors include the red
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color, the green color, and the blue color is cited below by
way of example. Hereinafter, the color information about
input image data Data is referred to as an “RGB value” ([R
value, G value, B value]). For example, in the case that the
color corresponding to input image data Data is “white”, the
value (R value) of the red color is expressed by [255], the
value (G value) of the green color is expressed by [255], and
the value (B value) of the blue color is expressed by [255].
That is, the “RGB value” is expressed by [255, 255, 255].
The “RGB value” is expressed by [255, 0, 0] in the case that
the color corresponding to input image data Data is “red”,
and the “RGB value” is expressed by [0, 0, 0] in the case that
the color is “black™.

[0037] When acquiring input image data Data, luminance
signal generator 321 calculates luminance signal Y from the
RGB values ([R value, G value, B value]) of input image
data Data. For example, luminance signal Y can be calcu-
lated using the following known transform (1).

Y=0.299%R value+0.587xG value+0.114xB value (€8]

[0038] Luminance signal generator 321 outputs generated
luminance signal Y to differential filter 322 and background
level detection circuit 323.

[0039] When acquiring luminance signal Y from lumi-
nance signal generator 321, differential filter 322 performs
differential filter processing on the luminance signal to
detect an edge at which the luminance changes largely. For
example, differential filter 322 performs the differential filter
processing using a Prewitt filter or a Sobel filter. Differential
filter 322 detects the edge having the large luminance change
by the differential filter processing, and outputs a differential
detection value indicating magnitude of the luminance
change at the edge. A known method can be adopted as the
differential filter processing. Differential filter 322 outputs
the differential detection value to gain determination circuit
326.

[0040] Although a peak detection circuit can be used
instead of differential filter 322, more preferably a filter gain
is determined using the differential detection value indicat-
ing a difference between a background level and the lumi-
nance of a bright spot as compared with the case that the
filter gain of the low-pass filter processing performed by
low-pass filter 333 is determined using the peak value of the
bright spot. For this reason, in the present disclosure, the
description of the configuration in which image processor
300 includes differential filter 322 will be continued.

[0041] When acquiring the luminance signal Y from lumi-
nance signal generator 321, background level detection
circuit 323 detects the background level using luminance
signal Y. In the exemplary embodiment, background level
detection circuit 323 includes black level detection circuit
324 and white level detection circuit 325, and black level
detection circuit 324 and white level detection circuit 325
acquire luminance signal Y.

[0042] Black level detection circuit 324 is a circuit that
detects the background level on a black side within a
predetermined pixel range, and outputs a larger value as the
input image data is closer to a black level. FIG. 7 is a graph
illustrating a value of the black level output from black level
detection circuit 324 with respect to a value of luminance
signal Y of each pixel. When the value of the luminance
signal is zero, the highest value of 1 is output as the output
value of the black level. Then, the output value of the black
level decreases with increasing value of the luminance
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signal, and the output value as the black level becomes zero
when the value of the luminance signal is less than 1, for
example, around 0.5. When black level detection circuit 324
is used, an influence on the total value of the black levels is
reduced even when a predetermined pixel range includes the
bright spot having an extremely high luminance signal
value, so that the total value of the black levels in the
predetermined pixel range can be prevented from being
lowered by being pulled by the value of the luminance signal
of the bright spot. That is, for example, when at least one
bright spot having the very high luminance exists in a
predetermined pixel range in the case to use an average filter,
there is a possibility that the average value of the luminance
in the predetermined pixel range becomes high even when
many black spots exist in the entire predetermined pixel
range. However, black level detection circuit 324 can set the
output value as the black level to zero regardless of the
luminance level of all the bright spots, so that the total value
of'the black levels within a predetermined pixel range can be
prevented from lowering. According to a graph in FIG. 7,
black level detection circuit 324 converts the value of
luminance signal Y of each pixel into the black level, and
outputs the total value within a predetermined pixel range.
Black level detection circuit 324 may output the black level
as the total value within the predetermined pixel range as
described above. Alternatively, for example, as illustrated in
FIG. 9, when the same black level is output in a plurality of
areas (for example, area 1 and area 2 in FIG. 9), an average
value obtained by dividing the total value by the number of
pixels having the value larger than a predetermined black
level may be output in each area. As illustrated in FIG. 12,
a value in which an average value obtained by dividing the
total value by the number of pixels having the value larger
than the predetermined black level is multiplied by weight-
ing (o) and a value in which a simple average value obtained
by dividing the total value by the number of pixels in the
predetermined pixel range is multiplied by weighting (1-)
may be added according to the number of pixels having the
value larger than the predetermined black level within the
predetermined pixel range. For example, the predetermined
black level is zero. At this point, the a value may be set to
a relatively large value in a range of 0 to 1 when the number
of pixels having the value larger than the predetermined
black level is large in the predetermined pixel range, and the
a value may be set to a relatively small value within the
range of 0 to 1 when the number of pixels having the value
larger than the predetermined black level is small in the
predetermined pixel range.

[0043] White level detection circuit 325 is a circuit that
detects the background level on a white side within a
predetermined pixel range, and outputs a larger value as the
input image data is closer to the white level. FIG. 8 is a graph
illustrating a value of the white level output from white level
detection circuit 325 with respect to the value of luminance
signal Y of each pixel. When the value of the luminance
signal is 1 that is the highest value, the value of 1 that is the
highest value is output as the output value of the white level.
The output value of the white level decreases with decreas-
ing value of the luminance signal, and the output value as the
white level becomes zero around, for example, 0.5 before
the value of the luminance signal decreases to zero. When
white level detection circuit 325 is used, an influence on the
total value of the white levels is reduced even when a
predetermined pixel range includes the black spot having an
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extremely low luminance signal value, so that the total value
of the white levels in the predetermined pixel range can be
prevented from being lowered by being pulled by the value
of the luminance signal of the black spot. That is, for
example, when at least one black spot having the very low
luminance exists in a predetermined pixel range in the case
to use an average filter, there is a possibility that the average
value of the luminance in the predetermined pixel range
becomes low even when many bright spots exist in the entire
predetermined pixel range. However, white level detection
circuit 325 can set the output value as the white level to zero
regardless of the low luminance level of all the black spots,
so that the total value of the white levels within a predeter-
mined pixel range can be prevented from lowering. Accord-
ing to a graph in FIG. 8, white level detection circuit 325
converts the value of luminance signal Y of each pixel into
the white level, and outputs the total value within a prede-
termined pixel range. White level detection circuit 325 may
output the white level as the total value within the prede-
termined pixel range as described above. Alternatively, for
example, when the same white level is output in a plurality
of areas, an average value obtained by dividing the total
value by the number of pixels having the value larger than
a predetermined white level may be output in each area. As
illustrated in FIG. 13, a value in which an average value
obtained by dividing the total value by the number of pixels
having the value larger than the predetermined white level is
multiplied by weighting (ct) and a value in which a simple
average value obtained by dividing the total value by the
number of pixels in the predetermined pixel range is mul-
tiplied by weighting (1-a) may be added according to the
number of pixels having the value larger than the predeter-
mined white level within the predetermined pixel range. For
example, the predetermined white level is zero. At this point,
the a value may be set to a relatively large value in a range
of 0 to 1 when the number of pixels having the value larger
than the predetermined white level is large in the predeter-
mined pixel range, and the o value may be set to a relatively
small value within the range of 0 to 1 when the number of
pixels having the value larger than the predetermined white
level is small in the predetermined pixel range.

[0044] In the example of FIG. 6, background level detec-
tion circuit 323 includes black level detection circuit 324
and white level detection circuit 325. Alternatively, as
illustrated in FIG. 10, background level detection circuit 323
may include average value filter 327 instead of black level
detection circuit 324 and white level detection circuit 325.
Average value filter 327 sets a pixel region in a predeter-
mined range to a filter size, and outputs an average value of
luminance within the filter size as the background level.

[0045] However, as illustrated in FIG. 6, when back-
ground level detection circuit 323 includes black level
detection circuit 324 and white level detection circuit 325,
desirably the background level can be detected with higher
accuracy. That is, as described above, black level detection
circuit 324 can set the output value as the black level to zero
regardless of the high luminance level of all the bright spots,
so that the total value of the black levels within a predeter-
mined pixel range can be prevented from lowering. White
level detection circuit 325 can set the output value as the
white level to zero regardless of the low luminance level of
all the black spots, so that the total value of the white levels
within a predetermined pixel range can be prevented from
lowering. For this reason, the background level can be
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detected with higher accuracy as compared with the con-
figuration in which average value filter 327 is used as
background level detection circuit 323. The description of
the configuration in FIG. 6 in which background level
detection circuit 323 includes black level detection circuit
324 and white level detection circuit 325 will be continued
below.

[0046] Gain determination circuit 326 determines the filter
gain of low-pass filter 333 using the differential detection
value output from differential filter 322 and the background
level detected by background level detection circuit 323. In
the exemplary embodiment, gain determination circuit 326
determines the filter gain of low-pass filter 333 using the
differential detection value output from differential filter
322, the output value from black level detection circuit 324,
and the output value from white level detection circuit 325.

[0047] In the exemplary embodiment, as illustrated in
FIG. 11, gain determination circuit 326 stores the output
value from black level detection circuit 324, the output value
from white level detection circuit 325, and a three-dimen-
sional look-up table expressed by the differential detection
value, and determines the filter gain using the look-up table.
Specifically, in the example of FIG. 11, the look-up table has
a 4x4x3 matrix structure in which the filter gain value is
recorded in each element, and one filter gain value is
determined according to the output value from black level
detection circuit 324, the output value from white level
detection circuit 325, and the differential detection value. In
the example of FIG. 11, the look-up table has the 4x4x3
matrix. Alternatively, when higher calculation accuracy is
required, the look-up table may further be subdivided.

[0048] As described above, the liquid crystal display
device of the present disclosure can determine the filter
coeflicient of the low-pass filter processing performed by
low-pass filter 333 according to the background level in the
input image data, so that the more appropriate filter coeffi-
cient can be selected to further prevent the display defect due
to the parallax.

[0049] Gain determination circuit 326 may be configured
to determine not only the filter coefficient but also the filter
size of low-pass filter processing (to be described later)
according to the output value from background level detec-
tion circuit 323. For example, in human visual characteris-
tics, a pupil is narrowed when a luminance level of a
background is high, so that the gradation is hardly recog-
nized in a region where the luminance level is low.

[0050] For this reason, when the luminance level of the
background is high, the parallax in the region where the
luminance level is low becomes difficult to understand, so
that gain determination circuit 326 may be configured to
reduce the filter size of low-pass filter 333.

[0051] When acquiring input image data Data, second
image generator 331 generates the second image data cor-
responding to the second image using a maximum value (the
R value, the G value, or the B value) in each color value (in
this case, the RGB value [R value, G value, B value])
indicating the color information about input image signal
Data. Specifically, in the RGB value corresponding to target
pixel 214, second image generator 331 generates the mono-
chrome image data by setting the maximum value in the
RGB values to the value of target pixel 214. Second image
generator 331 outputs the generated second image data to
second gamma processor 332.



US 2021/0256924 Al

[0052] When acquiring the second image data generated
by second image generator 331, second gamma processor
332 refers to a second gradation table to perform second
gamma processing of determining a second gradation cor-
responding to the second image data. For example, second
gamma processor 332 determines the gradation of the sec-
ond image data using second gamma value y2 set based on
a second gamma characteristic that is a gamma characteristic
for second display panel 200. Second gamma processor 332
outputs the second image data subjected to the second
gamma processing to low-pass filter 333.

[0053] In order to reduce the display defect due to the
parallax, low-pass filter 333 performs low-pass filter pro-
cessing of locally expanding a portion having a high signal
level of the input image data Data by several pixels on the
second image data subjected to the second gamma process-
ing. At that point, as described above, low-pass filter 333
performs the low-pass filter processing using the filter gain
determined by gain determination circuit 326 using the
background level. As a result, low-pass filter 333 can
perform the low-pass filter processing according to the
background level in the input image data, and further
prevent the display defect due to the parallax. Low-pass
filter 333 outputs second image data DAT?2 subjected to the
low-pass filter processing to second timing controller 240. In
the exemplary embodiment, low-pass filter 333 outputs
second image data DAT2 subjected to the low-pass filter
processing to first gamma processor 311.

[0054] When acquiring input image data Data, first
gamma processor 311 refers to a first gradation table to
perform first gamma processing of determining a first gra-
dation corresponding to first image data DAT1. For example,
first gamma processor 311 determines the gradation of first
image data DAT1 using first gamma value yl set based on a
first gamma characteristic that is a gamma characteristic for
first display panel 100. First gamma processor 311 outputs
first image data DAT1 subjected to the first gamma process-
ing to first timing controller 140. First gamma processor 311
may determine the first gradation based on the second
gradation of second image data DAT2 subjected to the
second gamma processing by second gamma processor 332
and subjected to the low-pass filter processing by low-pass
filter 333.

[0055] A method for setting first gamma value y1 and
second gamma value y2 will be described below. For
example, first gamma value y1 and second gamma value y2
are set such that a combined gamma value of a combined
image obtained by combining the first image that is the color
image and the second image that is the monochrome image
is 2.2. For example, when both the first gamma characteristic
of first display panel 100 and the second gamma character-
istic of second display panel 200 have the gamma value of
2.2, assuming that Lm is luminance of first display panel 100
and that Ls is luminance of second display panel 200,
combined luminance is given by LmxILs. When the com-
bined luminance LmxLs is expressed by input image data
Data, first gamma value y1, and second gamma value y2, the
following equation is obtained.

LmXx Ls = (Dataayl) n2.2%x(Dataay2)~2.2
= Data a (yl x2.2)xData A (y2x2.2)

=Datan (yl x2.2 +y2x2.2)
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[0056] Thus, when first gamma value yl and second
gamma value y2 are set such that (y1+y2)=1 is obtained, the
combined gamma value can be set to 2.2.
[0057] Although the exemplary embodiments of the pres-
ent disclosure are described above, the present disclosure is
not limited to the exemplary embodiment. Needless to say,
various modifications of the exemplary embodiment made
appropriately by those in the art without departing from the
scope of the present disclosure are also included in the
technical scope of the present disclosure.
1. A liquid crystal display device that is a display device
in which a plurality of display panels are disposed in a
superposed manner and an image is displayed on each of the
display panels, the liquid crystal display device comprising:
a first display panel that displays a first image;
a second display panel disposed on a back surface side of
the first display panel to display a second image; and
an image processor that acquires input image data and
generates first image data corresponding to the first
image and second image data corresponding to the
second image based on the input image data,
wherein the image processor includes:
a differential filter that performs differential filter pro-
cessing on a luminance signal calculated from the
input image data and outputs a differential detection
value;
a background level detection circuit that detects a
background level within a predetermined pixel range
using the luminance signal;
a gain determination circuit that determines a filter gain
using the differential detection value output from the
differential filter and the background level detected
by the background level detection circuit; and
a low-pass filter that performs low-pass filter process-
ing using the filter gain determined by the gain
determination circuit,
wherein the background level detection circuit includes:
a black level detection circuit that outputs a black level
output value that increases as the input image data is
closer to a black level; and
a white level detection circuit that outputs a white level
output value that increases as the input image data is
closer to a white level,
wherein the gain determination circuit determines the
filter gain using the black level output value from the
black level detection circuit and the white level
output value from the white level detection circuit,
and
wherein the black level detection circuit:
converts a luminance signal value for each pixel into
the black level;
obtains the black level output value by:
obtaining a first quotient by dividing a total value of
the black level by a number of pixels having a
value that is greater than a predetermined black
level,

obtaining a first product by multiplying the first
product by weighting (cv),

obtaining a second quotient by dividing the total
value of the black level by a number of pixels in
the predetermined pixel range,

obtaining a second product by multiplying the sec-
ond quotient by weighting (1-a), and

adding the first product and the second product and

outputs the black level output value.
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2. (canceled)

3. The liquid crystal display device according to claim 1,
wherein the gain determination circuit:

stores the output value from the black level detection

circuit, the output value from the white level detection

circuit, and a three-dimensional look-up table
expressed by the differential detection value, and

determines the filter gain using the three-dimensional
look-up table.

4. (canceled)

5. (canceled)

6. The liquid crystal display device according to claim 1,
wherein the white level detection circuit converts the value
of luminance signal of each pixel into the white level, and
outputs the total value of the white level within the prede-
termined pixel range.

7. (canceled)

8. The liquid crystal display device according to claim 1,
wherein the white level detection circuit:

converts the value of luminance signal of each pixel into

the white level, and

outputs an average value obtained by dividing the total

value of the white level by the number of pixels having

the value larger than a predetermined white level output
in each area.

9. (canceled)

10. (canceled)

11. A liquid crystal display device that is a display device
in which a plurality of display panels are disposed in a
superposed manner and an image is displayed on each of the
display panels, the liquid crystal display device comprising:

a first display panel that displays a first image;

a second display panel disposed on a back surface side of

the first display panel to display a second image; and

an image processor that acquires input image data and
generates first image data corresponding to the first
image and second image data corresponding to the
second image based on the input image data,

wherein the image processor includes:

a differential filter that performs differential filter pro-
cessing on a luminance signal calculated from the
input image data and outputs a differential detection
value;

a background level detection circuit that detects a
background level within a predetermined pixel range
using the luminance signal;

a gain determination circuit that determines a filter gain
using the differential detection value output from the
differential filter and the background level detected
by the background level detection circuit and
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a low-pass filter that performs low-pass filter process-
ing using the filter gain determined by the gain
determination circuit,

wherein the background level
includes:

a black level detection circuit that outputs a black
level output value that increases as the input image
data is closer to the black level; and

a white level detection circuit that outputs a white
level output value that increases as the input image
data is closer to the white level,

wherein the gain determination circuit determines the
filter gain using the black level output value from the
black level detection circuit and the white level
output value from the white level detection circuit,
and

wherein the white level detection circuit:
converts the value of a luminance signal value for

each pixel into the white level;
obtains the white level output value by:
obtaining a first quotient by dividing tvalue for
total value of the white level by the number of
pixels having a value that is greater than a
predetermined white level,

obtaining a first product by multiplying the first
product by weighting (),

obtaining a second quotient by dividing the total
value of the white level by the number of pixels
in the predetermined pixel range,

obtaining a second product by multiplying the
second quotient by weighting (1-at), and

adding the first product and the second product;
and

outputs the white level output value.

12. The liquid crystal display device according to claim 1,
wherein the white level detection circuit:
converts the luminance signal ef value for each pixel into
the white level,
obtains the white level output value by:

obtaining a first quotient by dividing the total value of
the white level by the number of pixels having a
value greater than a predetermined white level,

obtaining a first product by multiplying the first quo-
tient by weighting (),

obtaining a second quotient by dividing the total value
of the white level by the number of pixels in the
predetermined pixel range,

obtaining a second product by multiplying the second
quotient by weighting (1-a), and

adding the first product and the second product; and

outputs the white level output value.

detection circuit
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