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LIQUID CRYSTAL DISPLAY DEVICE

REFERENCE TO RELATED APPLICATTONS

[0001] This application is a national stage application
under 35 USC 371 of International Application No. PCT/
IP2011/056600, filed Mar. 18, 2011, which claims priority
from Japanese Patent Application No. 2010-123309, filed
May 28, 2010, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND OF THE INVENTION

[0003] In a liquid crystal display device that is able to
display a three-dimensional, that is, 3D image, a right eye
image is observed by a right eye, a left eye image is observed
by aleft eye, and the right eye image and the left eye image are
combined into a 3D image in the brain of an observer. The
observer wears active shutter glasses, which alternately block
the left eye view field and the right eye view field, and can
watch exactly the right eye image through the right eye and
the left eye image through the left yet, whereby the observer
can recognize exactly the 3D image.

[0004] In the liquid crystal display device, occurrence of a
so-called crosstalk is a problem, in which the right eye image
is observed by the left eye; the left eye image is observed by
the right eye; whereby the image is disturbed. The crosstalk
occurs thanks to various causes: a slow change speed (re-
sponse characteristic) in light transmittance of a liquid crystal
panel of the liquid crystal display device is one of major
causes. A response speed of the liquid crystal display device
considerably depends on temperature, that is, the lower the
temperature is, the slower the response speed is. In other
words, in the liquid crystal display device, when the tempera-
ture of the liquid crystal panel is low, the crosstalk easily
occurs (e.g, see a patent document JP-A-2010-91782).
[0005] On the other hand, in a case where a gradation of the
right eye image and a gradation of the left eye image are equal
or near to each other, a change amount in the light transmit-
tance of the liquid crystal panel is small, accordingly, even if
the response speed of the liquid crystal panel is slow, a light
amount difference recognized thanks to deficient response is
slight. In other words, even if the temperature of the liquid
crystal panel is low (even if the response speed is slow), in the
case where the gradation of the right eye image and the
gradation of the left eye image are equal or near to each other,
the crosstalk is unlikely to occur.

PATENT LITERATURE
[0006] PLT1:JP-A-2010-91782
SUMMARY OF THE INVENTION
[0007] However, in the liquid crystal display device, in a

case where a gradation difference between the right eye
image (previous image) and the left eye image (current
image) is large, if the temperature of the liquid crystal panel is
low, the response speed is low (deficient response) and it is
impossible to change to a light transmittance that is necessary
for the liquid crystal panel to display the gradation of the
current image. Because of the deficient response of the liquid
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crystal panel and the visible large light amount difference, an
influence of the previous image easily appears and a crosstalk
easily occurs.

[0008] Because of this, it is an object of the present inven-
tion to provide a liquid crystal display device that is able to
reduce a crosstalk which occurs when a display image is
switched in a state in which temperature of a liquid crystal
panel is low.

[0009] To achieve the above object, a liquid crystal display
device according to the present invention includes: a back-
light unit that includes a light source; a liquid crystal panel
that displays an image on a front surface by transmitting/
blocking light from the backlight unit; an image process unit
that generates an image signal which is displayed on the
liquid crystal panel; and a liquid crystal panel drive unit that
based on the image information, generates a liquid crystal
drive signal which controls switching of transmission/block-
ing performed by the liquid crystal panel; the liquid crystal
display device comprises a panel temperature obtaining unit
that obtains a temperature of the liquid crystal pane; and the
liquid crystal display device comprises an image signal cor-
rection unit that performs a correction to cut a predetermined
gradation of the image signal when the temperature of the
liquid crystal panel is lower than a temperature during a
steady-state operation time of the liquid crystal display
device.

[0010] According to this structure, during a low tempera-
ture time when the response speed of the liquid crystal panel
is slow, it is possible to make the gradation difference small
between the images displayed on the liquid crystal panel.
According to this, a change amount in the light transmittance
that is required by the liquid crystal panel becomes small, and
it is possible to alleviate the occurrence of a crosstalk. In the
meantime, here, the steady-state operation means that the
liquid crystal display device operates for a sufficiently long
time and the response speed of the liquid crystal panel is fast.
[0011] In the above structure, the image signal correction
unit may perform a correction to cut a high gradation of the
image signal and perform a correction to cut a low gradation.
Here, in accordance with the temperature of the liquid crystal
panel or the temperature of the liquid crystal panel and a
gradation bias of the image signal, it may be determined
whether to cut the high gradation, the low gradation or both
gradations of the image signal.

[0012] In the above structure, the image signal correction
unit may correct the image signal more considerably when
the temperature of the liquid crystal panel is lower.

[0013] In the above structure, the image signal correction
unit may perform a correction of the image signal by means of
a calculation process based on a calculation formula given in
advance and the temperature of the liquid crystal panel.
Besides, the liquid crystal display device may include a gra-
dation correction database that includes a gradation correc-
tion table, in which a correction amount of the image signal is
prepared, for every temperature of the liquid crystal panel;
wherein the image signal correction unit may call a gradation
correction table corresponding to the temperature of the lig-
uid crystal panel from the gradation correction database, refer
to the gradation correction table, and correct the image signal.
[0014] In the above structure, the liquid crystal display
device may include a control unit that performs control to
increase or to decrease brightness of the backlight unit when
the image signal is corrected by the image signal correction
unit.
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[0015] According to the present invention, in a liquid crys-
tal display device that displays an image successively in time
division, by performing a correction to cut a predetermined
gradation of an image signal, itis possible to make a gradation
(brightness) difference small between a previous display
image and a current display image and reduce a crosstalk
recognized by an observer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1is ablock diagram of a liquid crystal display
device according to the present invention.

[0017] FIG.2Aisaright eyeimage andaleft eyeimage that
are observed through active shutter glasses when a response
speed of a liquid crystal display device is fast.

[0018] FIG. 2B is a combined image obtained by combin-
ing the images in FI1G. 2A.

[0019] FIG.3Aisaright eyeimageandaleft eyeimage that
are observed through active shutter glasses when a response
speed of a liquid crystal display device is slow.

[0020] FIG. 3B is a combined image obtained by combin-
ing the images in FI1G. 3A.

[0021] FIG.41isa graph showing an example of a gradation
correction table that is used for a liquid crystal display device
according to the present invention.

[0022] FIG. 5A is a graph showing a crosstalk when an
imageis displayed without performing a correction of a frame
image signal in a state in which a temperature of a liquid
crystal panel is low.

[0023] FIG.5Bis agraph showing a crosstalk when a frame
image signal is corrected by means of the gradation correc-
tion table shown in FIG. 4.

[0024] FIG. 6 is a graph showing another example of a
gradation correction table that is used for a liquid crystal
display device according to the present invention.

[0025] FIG. 7 is a graph showing still another example of a
gradation correction table that is used for a liquid crystal
display device according to the present invention.

[0026] FIG. 8is a graph showing still another example of a
gradation correction table that is used for a liquid crystal
display device according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, embodiments of the present invention
are described with reference to the drawings. FIG. 1 is a block
diagram of a liquid crystal display device according to the
present invention. As shown in FIG. 1, a liquid crystal display
device A is a liquid crystal display device that is able to
display a 3D image and includes: a liquid crystal panel 1; a
backlight unit 2; an image signal input portion 3; an image
process circuit 4; a liquid crystal drive circuit 5; a backlight
unit drive circuit 6; an image signal correction circuit 7; a
main control circuit 8; and a memory 9.

[0028] Intheliquid crystal panel 1, liquid crystal is injected
between glass boards that are disposed in parallel with each
other. A transparent electrode formed of ITO (Indium Tin
Oxide) and the like is disposed on the glass board, and by
applying a voltage to the liquid crystal by using the transpar-
ent electrode, the penetration ratio of light input into the
liquid crystal panel 1 is adjusted. The liquid crystal panel 1
adjusts the light transmittance to light from the backlight unit
disposed on a rear surface and displays an image on a front
surface.
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[0029] The backlight unit 2 of the liquid crystal display
device A is an illumination device that is disposed on the rear
surface of the liquid crystal panel 1 for displaying an image
and includes, as a light source, a plurality of white LEDs ora
plurality of sets of LEDs having three colors of R, G and B
(hereinafter, simply called an LED). Here, in the liquid crystal
display device A, the backlight unit 2 is of direct type and the
LEDs are disposed two-dimensionally on a surface that
opposes the liquid crystal panel 1. Besides, as the backlight
unit, besides the direct type, it is also possible to use an edge
light type.

[0030] The image signal input portion 3 is an interface that
inputs an image signal. Hereinafter, the image signal input via
the image signal input portion 3 is called an input image
signal. The image process circuit 4, based on the input image
signal, generates a frame image signal and transmits the
frame image signal to the liquid crystal drive circuit 5. In the
meantime, here, the frame image signal is a signal of an image
brightness (pixel gradation) of each of the three primary
colors (R, G, B) of each pixel that composes a one-frame
image of a moving image.

[0031] Besides, ina case where a3Dimage s displayed, the
image process circuit 4, based on the input image signal,
generates a right eye image observed by the right eye of an
observer and a left eye image observed by the left eye of the
observer. In other words, the image process circuit 4 separates
and generates the right eye image and the left eye image from
the image that is input in a 3D image format, or generates
anew the right eye image and the left eye image for every one
frame from the image signal input of a usual format. And, the
image process circuit 4 transmits each of the right eye image
and the left eye image as a one-frame image to the liquid
crystal drive circuit 5. Here, one-frame image signals of the
right eye image and the left eye image are alternately succes-
sively transmitted to the liquid crystal drive circuit 5. Here, in
a case where the response speed of the liquid crystal panel 1
is slow, the frame image signal generated by the image pro-
cess circuit 4 is sent to the image signal correction circuit 7,
corrected, thereafter, sent to the liquid crystal drive circuit 5.
Details of the image signal correction circuit 7 are described
later.

[0032] The liquid crystal drive circuit 5 is a circuit that,
based on the frame image signal successively sent from the
image process circuit 4 or from the image signal correction
circuit 7 at constant periods, displays successively a one-
frameimage that corresponds to the frame image signal on the
liquid crystal panel 1. Specifically describing, the liquid crys-
tal drive circuit 5 supplies a voltage, which corresponds to a
pixel gradation contained in the frame image signal, to the
transparent electrode for each pixel that is disposed in the
liquid crystal panel 1. According to this, the penetration ratio
of light is decided for every pixel of the liquid crystal panel 1;
the light from the backlight unit 2 passes through, whereby
the image is displayed on the front surface of the liquid crystal
panel 1. In the case where the 3D image is displayed on the
liquid crystal panel 1, the right eye image and the left eye
image are alternately displayed.

[0033] The backlight unit drive circuit 6 is a circuit that
adjusts brightness of the LED of the backlight unit 2. The
backlight unit drive circuit 6 supplies a backlight unit turning-
on current to the LED in accordance with a control signal
from the main control circuit 6. The backlight unit turning-on
current is a pulse current. The LED, that is, the light source of
the backlight unit 2, repeats ON/OFF at a speed, which is
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unrecognizable with human eyes, in accordance with a turn-
ing-on duty ratio of the pulse current.

[0034] Theimage signal correction circuit 7 is a circuit that
based on temperature information of the liquid crystal panel 1
from the main control circuit 8, corrects the frame image
signal from the image process circuit 4, transmits the frame
image signal to the liquid crystal drive circuit 5, and operates
as an image signal correction unit. More specifically describ-
ing, the image signal correction circuit 7 corrects the grada-
tion of the frame image signal in accordance with information
that indicates a relationship between the temperature and
gradation stored in the memory 9 and with the temperature
information of the liquid crystal panel 1 sent from the main
control circuit 8. Here, the memory 9 is independent of the
main control circuit 8, but may be a portion of the main
control circuit 8. As the memory 9, there are a read only
memory ROM, areadable writable RAM, a flash memory and
the like. Besides, an entire portion or a part of the memory 9
may separable to outside.

[0035] The main control circuit 8 is a circuit that compre-
hensively controls the liquid crystal display device A. The
main control circuit 8 includes processing units such as an
MPU and the like. Besides, the main control circuit 8 is
connected to a temperature sensor T's that measures the tem-
perature information of the liquid crystal panel 1, and obtains
the temperature of the liquid crystal panel 1 based on the
information that is sent from the temperature sensor Ts. Fur-
ther, the main control circuit 8§ also controls a power supply
circuit (not shown) that supplies electricity to the liquid crys-
tal drive circuit 3; the image process circuit 4; the liquid
crystal drive circuit 5; the backlight unit drive circuit 6; the
image signal correction circuit 7 and the like. Here, the tem-
perature sensor T's may not be in direct contact with the liquid
crystal panel 1, but may be disposed near it. As a mount
position of the temperature sensor Ts, for example, the tem-
perature sensor T's is mountable on a board (not shown) of the
backlight unit 2.

[0036] Next, the crosstalk that occurs when displaying the
3D image by means of the liquid crystal display device A is
described. In the case where the 3D image is displayed by
means of the liquid crystal display device A, it is necessary to
exactly input the right eye image into the right eye and the left
eye image into the left eye. Because of this, the observer
observes the liquid crystal display device A wearing active
shutter glasses that shut off alternately the right eye view field
and the left eye view field. The liquid crystal display device A
displays the right eye image when the left eye view field is
shut off and displays the left eye image when the right eye
view field is shut off in accordance with the shut-off timing of
the active shutter glasses, thereby inputting the right eye
imageinto the right eye and the left eye image into the left eye.

[0037] Inacasewherea moving 3Dimage (moving image)
is displayed by means of the liquid crystal display device A,
the right eye image and the left eye image are necessary, and
frames which are at least double in number are necessary. In
other words, a switching interval of the transmittance of the
liquid crystal panel 1 is short. In the case where the 3D image
is displayed by means of the liquid crystal display device A, if
the response speed of the liquid crystal panel 1 is slow, a
change of the transmittance of the liquid crystal panel 1 does
not follow the turning-on of the backlight unit 2 and a residual
image of a previous frame is displayed, which leads to the
crosstalk.
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[0038] The crosstalk is described with reference to draw-
ings. FIG. 2A is the right eye image and the left eye image that
are observed through the active shutter glasses when the
response speed of the liquid crystal panel is fast, and FIG. 2B
is a combined image obtained by combining the images in
FIG. 2A.FIG. 3A is the right eye image and the left eye image
that are observed through the active shutter glasses when the
response speed of the liquid crystal panel is slow, and F1IG. 3B
is a combined image obtained by combining the images in
FIG. 3A. Here, in FIG. 2 and FIG. 3, for the sake of conve-
nience, an image obtained by combining a white color (the
gradation 255: the light transmittance 100%) and a black
color (the gradation 0: the light transmittance 0%) is
described.

[0039] First, a case where no crosstalk occurs is described.
A right eye image P1R and a left eye image P11 are displayed
alternately on the front surface of the liquid crystal panel 1.
The right eye image P1R and the left eye image P1L are
displayed on an image display region 10 of the liquid crystal
panel 1; in FIG. 2B, the image display region 10, the right eye
image P1R and the left eye image P1L are laid on one another
and displayed. Besides, as shown in FIG. 2A, the image
display region 10 is described assuming that the image dis-
play region 10 includes from left: a left region 10L; a central
region 10C; a right region 10R.

[0040] As shown in FIG. 2A, the right eye image P1R is an
image in which the left region 101 has a white color (the
gradation 255); the central region 10C and the right region
10R have a black color (the gradation 0). The left eye image
P1L is an image in which the left region 10L and the central
region 10C have a white color (the gradation 255); and the
right region 10R has a black color (the gradation 0). At this
time, even if the right eye image P1R and the left eye image
P1L are switched, the liquid crystal display panel 1 displays
an image in which the left region 10L has always the white
color (the gradation 100); and the right region 10R has always
the black color (the gradation 0). On the other hand, in the
central region 10C, when the right eye image PIR is dis-
played, the black color (the gradation 0) image is displayed,
while when the left eye image P1L is displayed, the white
color (the gradation 255) is displayed.

[0041] In the right region 10R and the left region 10L, the
gradation of the image, which is displayed by means of the
right eye image P1R and the left eye image P11, does not
change, it is not necessary to change the light transmittance of
the liquid crystal panel 1; and irrespective of a response
characteristic, it is possible to keep constant display quality.
On the other hand, the central region 10C displays the black
color (the gradation 0) in the case of the right eye image P1R
and displays the white color image in the case of the left eye
image P1L. In other words, in the central region 10C, when
the right eye image P1R and the left eye image P1L are
switched, the light transmittance also changes. In a case
where the response time of the liquid crystal panel 1 is fast, as
shown in FIG. 2A, it is possible to exactly display the white
color or the black color in the central region 10C. According
to this, when the two images are combined in the brain of the
observer, as shown in FIG. 2B, an image is combined, which
has a boundary line between the white color and the black
color at the center of the image display region 10. In the
meantime, here, for the sake of convenience, F1G. 2B doesnot
show a 3D image: however, as a matter of fact, a 3D image is
recognized.
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[0042] Next, a case where the response speed of the liquid
crystal panel 1 is slow is described. FIG. 3A shows a right eye
image P2R and a left eye image P2L. Like in FIG. 2A, the
image display region 10 of the liquid crystal panel 1 is laid and
displayed, and the frame image signal sent to the liquid crys-
tal drive circuit 5 is the same as the frame image signal of the
right eye image P1R and the left eye image P1L that are
shown in FIG. 2A.

[0043] In FIG. 3A, the image displayed in the left region
101 of the image display region 10 has a white color (the
gradation 255) in both cases where the right eye image P2R
and the left eye image P2L are displayed, while in the right
region 10R, the image has a black color (the gradation 0) in
both cases. The image which has always the same gradation is
displayed in the left region 10L and the right region 10R,
accordingly, there is no influence of the response speed of the
liquid crystal panel 1 or very small. On the other hand, the
central region 10C has the black color when the right eye
image is displayed and has the white color when the left eye
image is displayed (the same as in FIG. 2A), and is influenced
by the response speed of the liquid crystal panel 1. In other
words, if the response speed of the liquid crystal panel 1 is
slow, the light transmittance of the liquid crystal panel 1
cannot sufficiently change when the image is switched.
[0044] In the case of the right eye image P2R in FIG. 3A,
the response speed of the liquid crystal panel 1 is slow,
accordingly, as the image that is displayed in the right region
10R and the left region 10L that are subjected to a small
influence of the response speed, the image in accordance with
the frame image signal is displayed. However, in the case of
the image displayed in the central region 10C, the change of
the light transmittance of the liquid crystal panel 1 does not
follow the turning-on of the backlight unit 2. In other words,
in the central region 10C, the color changes from the white
color (the light transmittance 100%) in the case of the left eye
image P2L that is the previous image to the black color (the
light transmittance 0%) in the case of the right eye image P2R
that is the current image; however, the change (response) of
the light transmittance of the liquid crystal panel 1 does not
follow, whereby the color does not become the black color but
becomes a dark gray color (hereinafter, called a whitish black
color and indicated by Bw in the figure). Likewise, also in the
case of the left eye image P2L, the image displayed in the
central region 10C does not become the white color but
becomes a light gray color (hereinafter, called a blackish
white color and indicated by Wb in the figure).

[0045] Ifthese right eye image P2R and left eye image P21
are observed by the right eye and the left eye, respectively, and
combined with each other, as shown in FIG. 3B, images
having the blackish white color Wb and the whitish black
color Bw appear on the left and right sides with respect to a
central line that is originally the boundary, whereby the so-
called crosstalk occurs. As described above, the crosstalk
easily appears especially at a contour of an image, whereby
the image looks doubly or triply and the contour line looks
blurred. Here, because of a characteristic of the human eyes,
in the combined image, the whitish black color Bw present in
the black color looks more conspicuously than the blackish
white color Wb present in the white color.

[0046] Because of this, in the liquid crystal display device
A, to alleviate the crosstalk when the temperature of the liquid
crystal panel 1 is low and the response speed is slow, the frame
image signal generated by the image process circuit 4 is
corrected by the image signal correction circuit 7. Based on
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the temperature information of the liquid crystal panel 1, the
main control circuit 8 determines whether to correct the frame
image signal generated by the image process circuit 4 or not.
If it is determined that the temperature of the liquid crystal
panel 1 is high and the correction is unnecessary, the main
control circuit 8 sends an instruction to make the image pro-
cess circuit 4 transmit the frame image signal to the liquid
crystal drive circuit 5. On the other hand, if it is determined
that the correction is necessary, the main control circuit 8
sends an instruction to make the image process circuit 4
transmit the frame image signal to the image signal correction
circuit 7, and makes the image signal correction circuit 7
correct the frame image signal.

[0047] The correction of the frame image signal by the
image signal correction circuit 7 is described. The image
signal correction circuit 7 obtains the temperature informa-
tion of the liquid crystal panel 1 from the main drive circuit 8.
The image signal correction circuit 7 gains access to the
memory 9 to call a gradation correction table suitable for the
temperature of the liquid crystal panel 1 from a gradation
correction database 91 that is stored in the memory 9. And, the
image signal correction circuit 7 refers to the gradation cor-
rection table, corrects gradation information of the sent frame
image signal, and the corrected frame signal is sent to the
liquid crystal drive circuit 5. Here, in the gradation correction
database 91, the temperature of the liquid crystal panel 1 is
divided into a plurality of stages; and for every stage, a plu-
rality of the gradation correction tables having different cor-
rection degrees are prepared. The lower the temperature is,
the more considerable correction the gradation correction
table allows.

[0048] The correction of the frame image signal is
described with reference to a drawing. FIG. 4 is a graph
showing an example of the gradation correction table that is
used for the liquid crystal display device according to the
present invention. In FIG. 4, a horizontal axis is the gradation
(hereinafter, called an input gradation) of the frame image
signal generated by the image process circuit 4. Besides, a
vertical axis is the gradation (hereinafter, called a corrected
input gradation) of the frame image signal after correction.
Here, in the liquid crystal display device A, the image is
represented by 8-bit gradations (256 gradations).

[0049] As described above, it is known that when the
images having gradations away from each other are rewritten,
the crosstalk easily occurs. Especially, a whitish black color
(Bw in F1G. 3B) s easily recognizable by the observer. As one
of methods for alleviating the occurrence of the whitish black
color, there is a method for cutting a high gradation compo-
nent of the image. Accordingly, as shown in FIG. 4, by using
a gradation correction table Tb1 that is chiefly used to cut a
high gradation side, an input gradation is corrected to a cor-
rected input gradation.

[0050] The image signal correction circuit 7 refer to the
gradation correction table Th1 based on the input gradation of
the frame image signal and decides the corrected input gra-
dation. This correction cuts a high gradation of the input
gradation of the frame image signal. For example, the input
gradation of the frame image signal is 255, the corrected input
gradation is corrected to 192. In other words, when the input
gradation is O to 255, the gradation correction table Thl
shown in FIG. 4 is used such that the corrected input gradation
becomes 0to 192. Besides, as shown in FIG. 4, the correction
is converted linearly.
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[0051] The image signal correction circuit 7 applies the
correction to the sent frame image signal to generate and send
anew frame image signal to the liquid crystal drive circuit 5.
Based on the frame image signal sent from the image signal
correction circuit 7, the liquid crystal drive circuit 5 sends a
drive signal to the liquid crystal panel 1, thereby driving the
liquid crystal panel 1. The image displayed on the liquid
crystal panel 1 based on the corrected frame image signal is an
image in which the high gradation is chiefly cut. As described
above, a difference between the minimum gradation and the
maximum gradation ofthe original frame image signal is 253;
however, by performing the correction, the difference
between the minimum gradation and the maximum gradation
after the correction becomes 192.

[0052] A change of the crosstalk of an output image due to
correcting the frame image signal as described above is
described with reference to drawings. FIG. 5A is a graph
showing the crosstalk when the image is displayed without
performing the correction of the frame image signal in a state
in which the temperature of the liquid crystal panel is low,
while FIG. 5B is a graph showing the crosstalk when the
frame image signal is corrected by means of the gradation
correction table shown in FIG. 4. FIGS. 5A, B show occur-
rence of the crosstalk in an arbitrary region (here, the central
region 10C of the image display region 10) of the image
display region 10 of the liquid crystal panel 1. Here, in the
following description, an image which is displayed at present
is called a current image, and an image which is displayed
before the current image is called a previous image.

[0053] FIGS. 5A, B show a three-axis graph. In FIG. 5A
and FIG. 5B, an x axis is an input gradation of a previous
image, a'y axis is an input gradation of a current image, and a
z axis is a crosstalk amount. As shown in FIG. 5A, in a case
where a high gradation (192 or higher) of the previous image
1s displayed; thereafter, a low gradation (64 or lower) of the
current image is displayed, the crosstalk considerably
appears in the central region 10C. On the other hand, as shown
in FIG. 5B, by performing the high gradation cut correction of
the frame image signal, an occurrence amount of the crosstalk
is reduced.

[0054] Thedifference between the minimum gradation and
the maximum gradation of the original frame image signal is
255; however, by performing the correction to cut the high
gradation, the difference between the minimum gradation and
the maximum gradation after the correction becomes 192. In
other words, by performing the correction, contrast of the
image is alleviated, and especially, there is an effect to alle-
viate visibility of the crosstalk in the case where the previous
image has a high vadation and the current image has a low
gradation. Besides, by decreasing the maximum gradation to
an intermediate gradation level, an overshoot effect is easily
obtained, and there is a crosstalk reduction effect due to
improvement of the response speed.

[0055] When the frame image signal is corrected, the
brightness of the image displayed on the liquid crystal panel
1 declines. To alleviate the brightness decline, when the high
gradation is cut, brightness of the backlight unit 2 may be
increased. And, information of that the image signal correc-
tion circuit 7 cuts the high gradation is returned to the main
control circuit 8. The main control circuit 8 decides a bright-
ness value of the backlight unit 2 by means of a light adjust-
ment circuit (not shown) included inside, superposes the
brightness value on the control signal, and sends the bright-
ness value to the backlight unit drive circuit 6. Brightness
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control by the backlight unit drive circuit 6 may be performed
by: a PWM control method that adjusts a frequency of light
emission timing of the backlight unit 2; a method for chang-
ing an electric-current level supplied to the backlight unit 2;
or a conbined method of these methods.

[0056] Thecrosstalk considerably depends on the response
speed of the liquid crystal panel 1 as described above. When
changing and displaying the image at a high speed like in
performing a 3D display by means of the liquid crystal dis-
play device A, thanks to the image contrast reduction by the
gradation cut and the use of an intermediate gradation region,
it is possible to compensate for a delay in the response speed
ofthe liquid crystal panel 1 and alleviate the occurrence of the
crosstalk. By using this characteristic, in the above embodi-
ments, the correction for cutting the high gradation is applied
to the display image; however, by cutting the low gradation, it
is possible to obtain the same effect.

[0057] Next, another example of the correction of the frame
image signal in the liquid crystal display device according to
the present invention is described. FIG. 6 is a graph showing
an example of the gradation correction table that is used for
the liquid crystal display device according to the present
invention. The gradation correction table shown in FIG. 6 is a
low gradation correction table Tb2 that is used to cut a low
gradation. The low gradation correction table Th2 shown in
FIG. 6, like the high gradation correction table Tb1 in FIG. 4,
is a gradation correction table that is used when the tempera-
ture of the liquid crystal panel 1 is low and the response speed
is slow.

[0058] A method for correcting an input to an corrected
input by using the gradation correction table Th2 is as fol-
lows. The image signal correction circuit 7 refers to the gra-
dation correction table Tb2 based on the input of the frame
image signal and decides the corrected input. This correction
is a correction that shifts the low gradation of the frame image
signal to the high gradation side. For example, in a case where
the input gradation L of the frame image signal is 0 and the
correction is not performed, the input is performed at L=0;
however, by performing the correction by using the gradation
correction table Th2, the gradation L of the corrected input is
corrected to 32. The image signal correction circuit 7 applies
the correction to the sent frame image signal to generate and
send a new frame image signal to the liquid crystal drive
circuit 5. Based on the frame image signal sent from the image
signal correction circuit 7, the liquid crystal drive circuit 5
sends a drive signal to the liquid crystal panel 1, thereby
driving the liquid crystal panel 1. The image displayed on the
liquid crystal panel 1 based on the corrected frame image
signal is an image in which the low gradation is cut. Here,
when cutting the low gradation, to alleviate the image of the
low gradation appearing (bright black phenomenon), the
backlight brightness may be decreased.

[0059] The high gradation correction table Tb2 shown in
FIG. 6 is non-linear. Irrespective of the presence of correc-
tion, decision of the table Th2 is performed such that a gamma
value of the image displayed on the liquid crystal panel 1 does
not change, accordingly, the table Tb2 is non-linear. Here, the
high gradation correction table Th1 in FIG. 4 also is a grada-
tion correction table that is decided such that the gamma value
of the image after the correction displayed on the liquid
crystal panel 1 and the gamma value of the image before the
correction do not differ from each other. In other words, the
image displayed on the liquid crystal panel 1 has the constant
gamma value, accordingly, the image is unlikely to change
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considerably in the presence of strong correction, and is
unlikely to give an uncomfortable feeling to the observer.
[0060] Here, as shown in FIG. 7, a linear (polygonal line
type) low gradation correction table Tbh3, in which a gradient
changes at a value (in the present example, an input of 32) on
the low gradation side, may be used. In other words, when the
gradation is 0, the correction is performed to obtain 32; when
the input is 32, the correction is performed to obtain 44. When
the input has a value between 0 and 32, the corrected input is
decided to linearly change between 32 and 44. In a case where
the input exceeds 32, the corrected input is decided to change
linearly between 44 and 255. In the case where the correction
is performed as described above, the input gradation and the
corrected input gradation are in a linear relationship, accord-
ingly, it is possible to make the low gradation correction table
Tb3 small. In a case where the corrected input is decided by
using the low gradation correction table Tb3, the image dis-
played on the liquid crystal panel 1 does not become an image
that has exactly the same gamma value; however, the correc-
tion table does not considerably deviate, accordingly, the
gamma value also does not considerably deviate.

[0061] Further, a table such as a gradation correction table
Tb4 shownin FIG. 8 or the like may be used, which is used to
cut the low gradation (32 or smaller in the gradation correc-
tion table Th4 in FIG. 8) and the high gradation (192 or higher
in the gradation correction table Th4 in FIG. 8) of the input.
As described above, by setting the gradation correction table,
itis possible to apply both corrections of the low gradation cut
and the high gradation cut to the frame image signal, and it is
possible to effectively alleviate the crosstalk due to the
response speed of the liquid crystal panel 1. Here, the grada-
tion correction table Th4 also is decided such that the gamma
value of the image displayed on the liquid crystal panel 1 does
not change before and after the correction.

[0062] Besides, it may be made possible to select the cor-
rection (Tb1) to cut the high gradation, the correction (Tb2,
Tb3) to cut the low gradation, and the correction (Th4) to cut
both in accordance with the temperature of the liquid crystal
panel 1.

[0063] Another example of the gradation correction per-
formed in the liquid crystal display device according to the
present invention is described. In the examples described
above, the table is used as a method for correcting the grada-
tion of the frame image signal; however, the correction gra-
dation may be decided by means ofa calculation formula. An
example of the calculation formula for correcting the grada-
tionis shown. Here, in the following formula, the gradation of
the frame image signal has 8 bits; however, this is not limiting.
Besides, even in the case where the calculation formula is
used, irrespective of the presence of correction, the correction
is performed such that the gamma value of the image dis-
played on the liquid crystal panel 1 does not change.

[0064] Ifthe low gradation equal to or smaller than a of the
input gradation and the high gradation equal to or larger than
b of the input gradation of the frame image signal are cut, an
output La at the gradation a and an output Lb at the gradation
b are as follows:

La=(a/255)y

Lb=(b/255)y

[Tl

where is a gamma value. Besides, “* is a symbol that repre-
sents power. Besides, La, Lb are each a normalized output
value.
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[0065] And, an output value Lab after the correction corre-
sponding to an input gradation [1 when the high gradationand
the low gradation are cut is as follows:

Lab=(I1/255)"yx(Lb-La)+La

where Lab is a normalized output value.

[0066] And, based on this output value Lab, a corrected
input gradation 12 after the correction is calculated. Irrespec-
tive of the presence of correction, the gamma value does not
change, accordingly,

12=255xLab’(1%y)

is obtained. By using the above formulas, it is possible to
calculate the corrected input gradation after the correction is
performed to cut the low gradation equal to or smaller than a
and the high gradation equal to or larger than b.

[0067] For example, in a case where the high gradation
shown in FIG. 4 is corrected, a is set at 0, and in a case where
the low gradation shown in FIG. 6 is corrected, bis set at 255.
By changing the gradation values a and b to be cut in accor-
dance with the temperature of the liquid crystal panel 1 when
necessary, it is possible to perform the gradation cut correc-
tion by means of the calculation at every temperature of the
liquid crystal panel 1. Here, the calculation formulas may be
prepared in the image signal correction circuit 7, or the image
signal correction circuit 7 may call the calculation formulas
stored in the memory 9. Besides, likewise, the values a and b
may be prepared in the image signal correction circuit 7 or
stored in the memory 9. Besides, a structure may be
employed, in which the calculation formulas for the values a
and b different at every temperature are prepared and used.
[0068] By using the above calculation formulas, the image
displayed on the liquid crystal panel 1 has the constant
gamma value, accordingly, the image is unlikely to change in
the presence of strong correction, and is unlikely to give an
uncomfortable feeling to the observer. Here, the above calcu-
lation formulas are examples and these are not limiting.
[0069] The example described above is an example of a
case where the temperature of the liquid crystal panel 1
expected in the liquid crystal display device A is lowest. Here,
showing an example in which the temperature of the liquid
crystal panel 1 is lower than the temperature during a steady-
state operation time of the liquid crystal display device A, it is
immediately after a power supply of the liquid crystal display
device A (cold start time) is turned on. Here, the steady-state
operation means that the liquid crystal display device A oper-
ates for a sufficiently long time and the response speed of the
liquid crystal panel 1 is fast. It is preferable that the tempera-
ture of the liquid crystal panel 1 is always obtained and the
gradation correction table is changed as the temperature
changes; however, this is not limiting: only one gradation
correction table is prepared and the corrected input gradation
may be decided by using only the gradation correction table at
a time of the correction or may be decided by combining the
gradation correction table and a calculation formula prepared
separately.

[0070] The gradation correction database 91 may be pro-
vided with a gradation correction table for every temperature
of the liquid crystal panel 1. Besides, in the gradation correc-
tion database 91, the temperature of the liquid crystal panel 1
may be divided into a plurality of sections; and a gradation
correction table may be prepared for every section. Further,
instead of the gradation correction table, a calculation for-
mula for correcting the gradation may be prepared for the
temperature or for every section of the temperature, and the
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image signal correction circuit 7 may perform the correction
of the frame image signal based on the correction formula.
[0071] Here, the gradation correction becomes smaller as
the temperature of the liquid crystal panel becomes higher.
For example, in a case where the gradation correction data-
base 91 has a gradation correction table for cutting the high
gradation, the image signal correction circuit 7 refers to: a
table (the gradation correction table Th1 in FIG. 4) for apply-
ing the correction to the input gradation of 0 to 255 to obtain
0 to 192 when the temperature of the liquid crystal panel 1 is
25°C. or lower; atable for performing the correction to obtain
0 to 224 at temperatures of 25° C. to 30° C.; and a table for
performing the correction to obtain 0 to 240 at temperatures
0f30°C.1035° C. Here, in a case where the temperature of the
liquid crystal panel 1 is 35° C. or higher, the correction is not
performed.

[0072] Besides, a bias of the gradation of the frame image
signal generated by the image process circuit 4 may be
detected, and it may be determined in accordance with the
bias whether to perform the correction for cutting the high
gradation or to perform the correction for cutting the low
gradation. For example, in a case where the entire image
displayed on the liquid crystal panel 1 does not contain the
low gradation very much, the correction for cutting the low
gradation side may be performed, while in a case where the
entire image does not contain the high gradation very much,
the correction for cutting the high gradation side may be
performed.

[0073] As described above, the image signal correction
circuit 7 or the main control circuit 8 may determine whether
to perform the correction for cutting the high gradation, the
correction for cutting the low gradation, or the correction for
cutting both, or a determination circuit for the determination
may be additionally disposed.

[0074] Here, each of the image process circuit 4, the liquid
crystal drive circuit 5, the backlight unit drive circuit 6, the
image signal correction circuit 7, and the main control circuit
8 described above may be disposed as an independent circuit,
or two or more circuits may be unified. Further, the image
process circuit 4 and (or) the image signal correction circuit 7
may be stored as software inthe memory 9, called by the main
control circuit 8§ when necessary to generate or correct the
frame image signal.

[0075] Here, in each embodiment described above, the
monochromatic image is described as an example; however, a
similar crosstalk occurs even in a color image, and it is pos-
sible to reduce the crosstalk by means of the same correction
method. Besides, as the liquid crystal display device A, the
liquid crystal display device, which displays a 3D image by
means of a frame sequential method that uses the active
shutter glasses, is described as an example; however, this is
not limiting. Irrespective of a 3D image and a flat image, the
technology of the present invention is widely applicable to
liquid crystal display devices that display an image in time
division.

[0076] Besides, in the above embodiments, as the correc-
tion table for correcting the input gradation, the tables indi-
cated by the graphs are described; however, these are not
limiting, and a table which shows the input gradation and the
corrected input gradation in a one-to-one manner may be
used.

[0077] Besides, as the case where the liquid crystal panel 1
has the low temperature, the case of being immediately after
the power supply of the liquid crystal display device A is
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turned on (cold start time); however, this is not limiting.
Besides, in the above embodiments, the turning-on method of
the backlight unit is not especially limited, and it is possible to
use any of a line scan, local turning-on control (local dim-
ming), whole surface turning-on and the like, and none of
them is limiting.

[0078] The present invention is applicable as a display
device of apparatuses such as a flat-panel television device, a
flat-panel display device, a mobile phone and the like.

1. A liquid crystal display device comprising:

a backlight unit that includes a light source;

a liquid crystal panel that displays an image on a front
surface by transmitting/blocking light from the back-
light unit;

an image process unit that generates an image signal which
is displayed on the liquid crystal panel; and

a liquid crystal panel drive unit that based on the image
signal, generates a liquid crystal drive signal which con-
trols switching of transmission/blocking performed by
the liquid crystal panel;

the liquid crystal display device comprises a panel tem-
perature obtaining unit that obtains a temperature of the
liquid crystal panel; and

the liquid crystal display device comprises an image signal
correction unit that performs a correction to cut a prede-
termined gradation of the image signal when the tem-
perature of the liquid crystal panel is lower than a tem-
perature during a steady-state operation time of the
liquid crystal display device.

2. The liquid crystal display device according to claim 1,

wherein

the image signal correction unit cuts a high gradation of the
image signal.

3. The liquid crystal display device according to claim 1,

wherein

the image signal correction unit cuts a low gradation ofthe
image signal.

4. The liquid crystal display device according to claim 1,

wherein

the image signal correction unit, in accordance with the
temperature of the liquid crystal panel, determines
whether to cut a high gradation, a low gradation or both
gradations of the image signal.

5. The liquid crystal display device according to claim 1,

wherein

the liquid crystal signal correction unit uses a bias of the
gradation of the image signal as a parameter to deter
mine a gradation to be cut.

6. The liquid crystal display device according to claim 1,

wherein

the image signal correction unit corrects the image signal
more considerably when the temperature of the liquid
crystal panel is lower.

7. The liquid crystal display device according to claim 1,

wherein

the image signal correction unit performs the correction of
the image signal by means of a calculation process based
on a calculation formula given in advance and the tem-
perature of the liquid crystal panel.

8. The liquid crystal display device according to claim 1,
further comprising a gradation correction database that
includes a gradation correction table, in which a correction
amount of the image signal is prepared, for every temperature
of the liquid crystal panel; wherein
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the image signal correction unit calls a gradation correction
table corresponding to the temperature of the liquid
crystal panel from the gradation correction database,
refers to the gradation correction table, and corrects the
image signal.

9. The liquid crystal display device according to claim 1,
further comprising a control unit that when a correction is
performed by the image signal correction unit to cut the high
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gradation of the image signal, performs control to increase
brightness of the backlight unit.

10. The liquid crystal display device according to claim 1,
further comprising a control unit that when a correction is
performed by the image signal correction unit to cut the low
gradation of the image signal, performs control to decrease
brightness of the backlight unit.
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