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LIQUID CRYSTAL DISPLAY DEVICE

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2006-261522,
filed on Sep. 26, 2006, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, an image displaying method, and an image displaying
program. More specifically, the present invention relates to a
liquid crystal display device, an image displaying method,
and an image displaying program, which can suppress defor-
mations and after-images that are generated in moving
images.

2. Description of the Related Art

A liquid crystal display (LCD) is a system for displaying
moving pictures through switching the screen by each frame.
However, unlike an impulse-type display device such as a
CRT (cathode ray tube), the LCD is a hold-type display
device where an image is held within a frame period. Thus, it
has such shortcomings that blur, deformations and distortions
of the image are generated in a moving video.

In the case of the impulse-type display device, an image is
displayed as a pulse at the initial stage within a frame, which
provides a black display until the next frame. Thus, the after-
image recognized by the eyes of a user can be adjusted.

In the case of the hold-type display device, an image is held
and displayed as a still picture within a frame period. There-
fore, even though the eyes of the user follow a moving body
smoothly from a frame to a next frame, the image being
displayed stays still during the frame period and the frame
shifts to the next continuously without a break. Therefore, the
frame one before appears as an after-image to the user, so that
the user perceives a double image where those shifted images
are overlapped with each other. Thus, the user recognizes
“blur”. Such “blur” caused due to the eye-trace of the user in
the hold-type display device will be described by referring to
FIG. 12.

FIG. 12(1) shows a case where a dark-color line moves in
a bright background, and FIG. 12(2) shows a case where a
bright line moves in a dark background. FIG. 12(b) shows
changes in time of one line that moves on a screen as in FIG.
12(a). The display system of a liquid crystal panel employs a
hold-type drive, so that the same display is maintained within
one frame period and the frame is shifted discontinuously.
Meanwhile, the eyes of the user continuously follow a scroll
of the screen as in “eye-trace” shown in FIG. 12(b). FIG.
12(c) shows the shift of the image in a coordinate system on
the basis of eye-trace of the user.

On the basis of the eye-trace of the user, the image minutely
oscillates by one-frame cycle. As shown in FIG. 12(d), the
user recognizes a leveled luminance of the oscillations,
thereby recognizing “blur”.

In order to overcome such inconvenience, Japanese Unex-
amined Patent Publication 2002-23707 (Patent Document 1)
discloses such contents that: one frame is divided into a
plurality of sub-frames; an image based on an input lumi-
nance signal is displayed in a preceding sub-frame; and an
image based on a signal that is obtained by dividing the input
luminance signal by an attenuation coefficient is displayed in
a following sub-frame.

A display device depicted in Patent Document 1 adjusts the
after-image perceived by the eyes of the user through provid-
ing a period (where the image with the attenuated luminance
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is displayed) in one frame so as to decrease the “blur” that is
caused due to the eye-trace of the user in the hold-type display
device.

However, separately from the after-image perceived by the
eyes of the user, the response speed of the liquid crystal has
something to do with the “blur” that is a failure in expressing
amoving picture in a liquid crystal display unit of a hold-type
display device.

As can be seen from FIG. 12, regarding the “blur” caused
due to the eye-trace of the user, the sizes of the “blur” recog-
nized by the user are the same for the case where a dark-color
line moves in a bright background and for the case where a
bright line moves in a dark background.

The response speed of the liquid crystal panel differs
between the time of applying a drive voltage and the time of
discharging the voltage, due to a delay in the transition speed
which is caused by the viscosity of the liquid crystal, a delay
in starting the response which is caused by an overshoot drive,
and the like. Also, the response speed differs depending on the
transition of the gradations (from which gradation to which
gradation), so the response of the liquid crystal becomes
ununiform. Meanwhile, the blur generated in the moving
picture caused due to the hold-type drive of the liquid crystal
panel and the eye-trace of a human being is uniform and
constant. Therefore, in the related art, the widths of the blur in
the moving pictures differ depending on the image to be
shifted, which provides a deformed and distorted image and
generates a colored blur.

SUMMARY OF THE INVENTION

An exemplary object of the present invention is to provide
a liquid crystal display device, an image displaying method,
and an image displaying program, which can suppress distor-
tions and color blur recognized by human beings in a moving
image.

In order to achieve the foregoing exemplary object, aliquid
crystal display device of the present invention includes: a
liquid crystal panel with a plurality of pixels arranged in
matrix; and a liquid crystal panel controlling device which
controls a display state of the liquid crystal panel by applying
a voltage to pixels in accordance with image signal inputted
from an external apparatus, wherein the liquid crystal panel
controlling device includes: a function of displaying a cor-
rection frame so as to reduce a response delay of the pixel
between each of the frames that are displayed successively on
the display panel in accordance with the inputted image sig-
nals; and a correction frame signal generating device which
generates an image signal ofthe correction frame based on the
image signals of the frames before and after the correction
frame.

With such liquid crystal display device, it is possible to
generate the correction frame (that works to reduce the delay
of a pixel whose response has a lag when the frame is
switched in the image display) based on the frames before and
after the switching, and to display the image by inserting the
correction frame between the previous and following frames.

As an exemplary advantage according to the invention, it is
possible to make the blur uniform in a moving picture through
overcoming the deformations and color blur generated in the
moving image caused due to the ununiform responses of the
liquid crystal panel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a block diagram for showing a structure of aliquid
crystal display device according to an exemplary embodi-
ment of the present invention;
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FIGS. 2A and 2B show illustrations for describing a mov-
ing image display of the liquid crystal display device accord-
ing to the exemplary embodiment shown in FIG. 1,

FIG. 3 is a block diagram for showing another example of
the structure of the liquid crystal display device according to
the exemplary embodiment shown in FIG. 1;

FIGS. 4A and 4B show illustrations for describing charac-
teristics of a liquid crystal panel according to the exemplary
embodiment shown in FIG. 1;

FIG. 5 shows illustrations for describing an example of the
moving image display of the liquid crystal display device
according to the exemplary embodiment shown in FIG. 1;

FIG. 6 is a flowchart for showing actions of a signal gen-
erating part according to the exemplary embodiment shown
in FIG. 1;

FIGS. 7(a) and 7(b) show illustrations for describing an
example of the moving image display of the liquid crystal
display device according to the exemplary embodiment
shown in FIG. 1;

FIG. 8 shows illustrations for describing another example
of the moving image display of the liquid crystal display
device according to the exemplary embodiment shown in
FIG. 1;

FIG. 9 is a flowchart for showing actions of the signal
generating part according to the exemplary embodiment
shown in FIG. 1;

FIGS. 10A and 10B show illustrations for describing char-
acteristics of the liquid crystal panel according to the exem-
plary embodiment shown in FIG. 1;

FIGS. 11(a) and 11(b) show illustrations for describing an
example of the moving image display of the liquid crystal
display device according to the exemplary embodiment
shown in FIG. 1; and

FIG. 12 shows illustrations for describing an example of a
moving image display of a conventional liquid crystal display
device.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

An exemplary embodiment of the present invention will be
described by referring to the accompanying drawings.

FIG. 11isablock diagram for showing a structure of a liquid
crystal display device according to the exemplary embodi-
ment.

The liquid crystal display device of the exemplary embodi-
ment is a device which is connected to an external apparatus
such as a personal computer, a DVD player, a television set, a
VTR, or the like, and displays moving images including still
pictures on a liquid crystal panel screen by reading image
signals from the external apparatus.

As shown in FIG. 1, the liquid crystal display device of the
exemplary embodiment includes: a liquid crystal panel 10
with a plurality of pixels arranged in matrix; a drive control
part 13 as a liquid crystal panel controlling device for con-
trolling the display state of the liquid crystal panel 10 based
on image signals; a source driver 11; and a gate driver 12.

The liquid crystal display device of the exemplary embodi-
ment is provided with: a frame frequency converting part 14
which converts an image signal that is inputted from the
outside into a double-frame frequency and outputs the
double-frame frequency; and a frame memory 15 and a signal
generating part 16, which function as a correction frame
signal generating device to generate a correction frame image
signal in accordance with image signals of the previous and
following frames that are outputted successively from the
frame frequency converting part 14.
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The frame memory 15 temporarily stores information for
one frame of the image signals that are outputted successively
from the frame frequency converting part 14. The signal
generating part 16 inputs an image signal of one frame out of
the image signals outputted successively from the frame fre-
quency converting part 14, while reading out an image signal
of the frame that is one before that one frame from the frame
memory 15 to generate an image signal of a correction frame.

The liquid crystal display device of the exemplary embodi-
ment is provided with: an overshoot control part 17 which
converts the image signal such that an overshoot voltage (that
is an excessive signal voltage than a gradation voltage of a
pixel that is defined by an input signal) is applied to the pixel;
and a lookup table (LUT) 18 in which the overshoot voltages
that are to be applied to the pixels are stored by being related
to various cases.

The overshoot control part 17: inputs an image signal that
is to be supplied to the drive control part 13 from the signal
generating part 16, while reading out an image signal from the
frame memory 15; specifies the overshoot voltage that corre-
sponds to the signals of the two pixels by referring to the
lookup table 18 regarding the pixel information for each of
the image signals; and corrects the image signal from the
signal generating part 16 to apply the overshoot voltage and
outputs it to the drive control part 13.

Itis noted here that the functional contents of the overshoot
control part 17 may be put into a program to be executed by a
computer as overshoot control processing.

The liquid crystal panel 10 shown in FIG. 1 includes: a
plurality of source bus lines that are arranged in parallel with
each other in a longitudinal direction of a screen; and a plu-
rality of scanning lines that are arranged in parallel with each
other in a lateral direction of the screen. The source bus lines
are connected to the source driver 11, and the scanning lines
are connected to the gate driver 12. The source bus lines and
the scanning lines are orthogonal to each other, and pixels are
formed by corresponding to the intersection points thereof.
TFTs (Thin Film Transistors) are disposed at the pixels.

When displaying an image on the liquid crystal panel 10,
the gate driver 12 successively turns ON the TFTs by each
scanning line, and the source driver 11 applies a gradation
voltage to a specific pixel on the scanning line via the source
bus line at the timing where the TFT is ON.

The source driver 11 and the gate driver 12 are controlled
by the drive control part 13. The drive control part 13 trans-
mits a scanning signal indicating a scanning timing to the gate
driver 12, and transmits a gradation signal for applying a
gradation voltage that corresponds to each pixel by synchro-
nizing with the scanning timing to the source driver 11.

The frame frequency converting part 14 shown in FIG. 1
has a function of inputting an image signal from the outside,
and converts an image signal to a double frequency to be
outputted every time the image signal for one frame is input-
ted. The frame frequency converting part 14 outputs the
image signal with a double frequency while inputting the
image signal for one frame, so that it outputs the image signal
in a half-frame period. Thereafter, no signal is outputted for a
half-frame period. The image signals outputted intermittently
from the frame frequency converting part 14 in the manner
described above are inputted to the frame memory 15 and the
signal generating part 16.

The frame memory 15 inputs the image signal of one frame
from the frame frequency converting part 14 and stores the
information of that frame. At the same time, the frame
memory 15, upon receiving an input of an image signal of a
next frame from the frame frequency converting part 14,
rewrites the stored information and stores the information of



US 8,593,382 B2

5

the next frame. Like this, the frame memory 15 has a storage
capacity for storing the image signal for one frame.

Among the image signals from the frame frequency con-
verting part 14, the signal generating part 16 compares the
pixel data of the frames before and after the correction frame
thatis to be generated, and selects and sets, for each pixel, one
of the gradation levels thereof, which is suitable for decreas-
ing the response delay of the pixel, to generate the image
signal of the correction frame.

The signal generating part 16 inputs the image signal ofone
frame from the frame frequency converting part 14. At the
same time, the signal generating part 16 reads out the image
signal of the previous frame (the frame one before) from the
frame memory 15, compares thatimage signal with the input-
ted image signal, and generates and outputs the image signal
of the correction frame based on the pixel gradation levels
defined by those image signals. The signal generating part 16
reads out and outputs the image signal for one frame which is
stored in the frame memory 15, during a period where there is
no image signal inputted from the frame frequency convert-
ing part 14.

The image signal outputted from the signal generating part
16 is inputted to the drive control part 13, and signal-pro-
cessed by the drive control part 13. A gradation signal
obtained thereby is transmitted to the source driver 11, and a
scanning signal is transmitted to the gate driver 12. As aresult,
the correction frame is displayed between each of the frames
of the image signals inputted from the outside. Thereby, the
positions of blur in the displayed image can be adjusted.

It is noted here that the functional contents of the above-
described frame frequency converting part 14 may be put into
aprogram to be executed by a computer as image signal input
processing and frame frequency conversion processing. Fur-
ther, the functional contents of the signal generating part 16
and the drive control part 13 described above may also be put
into programs to be executed as correction frame signal gen-
erating processing and image display processing.

As shown in FIGS. 2A and 2B, in the liquid crystal display
device of the exemplary embodiment configured in this way,
one frame period of the case where the input image signal
from the outside is driven as it is (FIG. 2A) is divided into
halves to a first sub-frame and a second sub-frame. A screen
A based on the input image signal is displayed on the first
sub-frame, and a screen AB based on the screen A and a
screen B is displayed on the second sub-frame (FIG. 2B).
(Case of Normal Drive)

Now, the liquid crystal display device of the exemplary
embodiment, which has neither the over shoot control part 17
nor the LUT 18, will be described. FIG. 3 is a block diagram
for showing the structure of the liquid crystal display device
of such case.

In general, the response speed of the liquid crystal is deter-
mined based on the applied voltage and the viscosity of the
liquid crystal when the voltage is being applied, while it is
determined based only on the viscosity of the liquid crystal
under the discharge state. Therefore, the response speed
becomes slower in the voltage discharge state than in the
voltage applied state.

Based on this, the exemplary embodiment will be
described regarding a case where the pixel display mode of
the liquid crystal panel 10 is normally-white where the dis-
play is in white when a voltage is not applied, and a case of
normally-black where the display is in black when a voltage
is not applied.

(Case of Normally-White)

When the pixel display mode of the liquid crystal panel 10

is normally-white, there is a delay in the time of discharging
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6

the voltage to the pixel (that is, the time where the pixel
display changes from dark to bright), as shown in FIG. 4A.

Therefore, a correction frame that is formed by taking the
pixel with a larger gradation level out of the previous and
following frames is inserted between the previous and fol-
lowing frames. With this, as shown in FIG. 5, the time for
switching from the dark to bright becomes faster, which
changes the size of the blur in the moving picture recognized
by the user. Thus, the blur is recognized with a reduced line
width when a dark-colored line moves in a bright background
as in FIG. 5(1) and with an increased line width when a bright
line moves in a dark background as in FIG. 5(2).

Actions of the liquid crystal display device according to the
exemplary embodiment in such case will be described. FIG. 6
is a flowchart for showing the actions of the signal generating
part 16 of the exemplary embodiment. The actions below is an
exemplary embodiment of a medium judging method, so that
it will be explained along the actions that correspond to each
step of the medium judging method.

First, the frame frequency converting part 14 inputs image
signals from the outside, converts the image signal to a double
frame frequency every time the image signal for one frame is
inputted, and outputs the double frame frequency (a frame
frequency converting step). The outputted image signals are
inputted to the frame memory 15 and the signal generating
part 16, and information for one frame is stored temporarily to
the frame memory 15.

Then, the signal generating part 16 judges whether or not
there is an input of an image signal from the frame frequency
converting part 14 (FIG. 6: step S61). When there is an input
of an image signal, the signal generating part 16 reads out an
image signal from the frame memory 15, compares the image
signal of one frame inputted from the frame frequency con-
verting part 14 and the image signal of the previous frame (the
frame one before) which is read out from the frame memory
15 to judge whether or not the pixel gradation level of that one
frame takes a value larger than that of the frame one before
(FIG. 6: step S63) If the value is larger, the gradation level for
that pixel is set as same as the value of that one frame (FIG. 6:
step S64), while the gradation level for that pixel is set as same
as the value of the frame one before, if the value is not larger
(FIG. 6: step S65). This selection of the pixel gradation is
performed for all the pixels (a correction frame signal gener-
ating step), and the image signal where all the pixel grada-
tions are specified is outputted as the signal of the correction
frame.

When there is no input of the image signal from the frame
frequency converting part 14, the signal generating part 16
inputs an image signal from the frame memory 15 and outputs
it (FIG. 6: step 862).

The signals outputted from the signal generating part 16
are outputted in order from the image signal of the frame one
before, the correction frame signal, and the image signal of
the single frame. Thus, the drive control part 13 inputs those
signals in order from the image signal of the frame one before,
the correction frame signal, and the image signal of the single
frame. With this, displayed on the liquid crystal panel 10 is a
moving image where the correction frame is inserted between
that one frame and the frame one before (a display step).

As described, in the case where the pixel display mode of
the liquid crystal panel 10 is normally-white in the exemplary
embodiment, regarding the gradation levels of each pixel in
the screen AB shown in FIG. 2, the larger gradation level (that
is, the pixel gradation levels of the screen B) is set for the
pixels whose gradations become larger when the screen is
switched from the screen A to the screen B, and the gradation
level of the screen A is set for other pixels. Through inserting
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such screen AB between the screens A and B, it is possible to
decrease the ununiformity in the response speed of the pixels
at the time of switching the screen from the screen A to the
screen B.

With this, as shown in FIG. 7(a), it is possible in the moving
picture display of the exemplary embodiment to decrease
deformations of the image compared to the normal moving
picture display where the blur at the dark part becomes con-
spicuous because of a delay in switching the display from
dark to bright.

(Case of Normally-Black)

When the pixel display mode of the liquid crystal panel 10
is normally-black, there is a delay in the time of discharging
the voltage to the pixel (that is, the time where the pixel
display changes from bright to dark), as shown in FI1G. 4B.

Therefore, the correction frame that is formed by taking the
pixel with a smaller gradation level out of the previous and
following frames is inserted between the previous and fol-
lowing frames. With this, as shown in FIG. 8, the time for
switching from bright to dark becomes faster, which changes
the size of the blur in the moving picture recognized by the
user. Thus, the blur is recognized with an increased line width
when a dark-colored line moves in a bright background as in
FIG. 8(1) and with a reduced line width when a bright line
moves in a dark background as in FIG. 8(2).

Actions of the liquid crystal display device according to the
exemplary embodiment in such case will be described. FIG. 9
is a flowchart for showing the actions of the signal generating
part 16 of the exemplary embodiment. The actions below is an
exemplary embodiment of a medium judging method, so that
it will be explained along the actions that correspond to each
step of the medium judging method.

First, the frame frequency converting part 14 inputs image
signals from the outside, converts the image signal to adouble
frame frequency every time the image signal for one frame is
inputted, and outputs the double frame frequency (a frame
frequency converting step). The outputted image signals are
inputted to the frame memory 15 and the signal generating
part 16, and information for one frame is stored temporarily to
the frame memory 15.

Then, the signal generating part 16 judges whether or not
there is an input of an image signal from the frame frequency
converting part 14 (FIG. 9: step S91). When there is an input
of an image signal, the signal generating part 16 reads out an
image signal from the frame memory 15, compares the image
signal of one frame inputted from the frame frequency con-
verting part 14 and the image signal ofthe previous frame (the
frame one before) which is read out from the frame memory
15 to judge whether or not the pixel gradation level of that one
frame takes a value smaller than that of the frame one before
(FIG. 9: step S93). If the value is smaller, the gradation level
for that pixel is set as same as the value of that one frame (FIG.
9: step S94), while the gradation level for that pixel is set as
same as the value of the frame one before, if the value is not
smaller (FIG. 9: step S95). This selection of the pixel grada-
tion is performed for all the pixels (a correction frame signal
generating step), and the image signal where all the pixel
gradations are specified is outputted as the image signal of the
correction frame.

When there is no input of the image signal from the frame
frequency converting part 14, the signal generating part 16
inputs an image signal from the frame memory 15 and outputs
it (FIG. 9: step S92).

The image signals outputted from the signal generating
part 16 are outputted in order from the image signal of the
frame one before, the correction frame signal, and the image
signal of the single frame. Thus, the drive control part 13

10

15

20

25

30

35

40

45

50

55

60

65

8

inputs those signals in order from the image signal of the
frame one before, the correction frame signal, and the image
signal of the single frame. With this, displayed on the liquid
crystal panel 10is a moving image where the correction frame
is inserted between that one frame and the frame one before (a
display step).

As described, in the case where the pixel display mode of
the liquid crystal panel 10 is normally-black in the exemplary
embodiment, regarding the gradation levels of each pixel in
the screen AB shown in FIG. 2, the smaller gradation level
(that is, the pixel gradation levels of the screen B) is set forthe
pixels whose gradations become smaller when the screen is
switched from the screen A to the screen B, and the gradation
level of the screen A is set for other pixels. Through inserting
such screen AB between the screens A and B, it is possible to
decrease the ununiformity in the response speed of the pixels
at the time of switching the screen from the screen A to the
screen B.

With this, as shown in FIG. 7(b), it is possible in the moving
picture display of the exemplary embodiment to decrease
deformations of the image compared to the normal moving
picture display where the blur at the bright part becomes
conspicuous.

As described above, the liquid crystal display device of the
exemplary embodiment is configured to display the images
by decreasing the ununiformity in the response speed of the
liquid crystal panel 10, thereby making it possible to have the
sizes of the “blur” uniform in the displayed moving images.
(Case of Overshoot Drive)

Next, the liquid crystal display device of the exemplary
embodiment which has the overshoot control part 17 and the
LUT 18 will be described. FIG. 1 is a block diagram for
showing the structure of such case.

A VA(Vertical Alignment)-type liquid crystal and a
TN(Twisted Nematic)-type liquid crystal have such a charac-
teristic that there is a large delay in starting the change in the
transmittance with respect to the time of applying a voltage,
when the applied voltage is changed from a small voltage to
a large voltage. Therefore, even when the speed of the
response is set to fall within one frame by executing an
overshoot drive, transitions in the response of the liquid crys-
tal differ for the time of discharging the voltage and for the
time of applying the voltage.

Based on this, the exemplary embodiment will be
described regarding a case where the liquid crystal panel 10 is
the VA type and a case where the liquid crystal panel 10 is the
TN type.

(Case of VA-Type Liquid Crystal Panel)

In the case where the liquid crystal panel 10 is a VA-type
liquid crystal panel, there is a delay in a rise when the pixel
display is switched from dark to bright at the time of applying
a voltage to the pixels, as shown in FIG. 10A.

Therefore, the correction frame that is formed by taking the
pixel with a larger gradation level out of the previous and
following frames is inserted between the previous and fol-
lowing frames. With this, as shown in FIG. 5, the time for
switching from dark to bright becomes faster, which changes
the size of the blur in the moving picture recognized by the
user. Thus, the blur is recognized with a reduced line width
when a dark-colored line moves in a bright background as in
FIG. 5(1) and with an increased line width when a bright line
moves in a dark background as in FIG. 5(2).

Actions of the liquid crystal display device according to the
exemplary embodiment in such case will be described. FIG. 6
is a flowchart for showing the actions of the signal generating
part 16 of the exemplary embodiment. The actions below is an
exemplary embodiment of a medium judging method, so that
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it will be explained along the actions that correspond to each
step of the medium judging method.

First, the frame frequency converting part 14 inputs image
signals from the outside, converts the image signal to adouble
frame frequency every time the image signal for one frame is
inputted, and outputs the double frame frequency (a frame
frequency converting step). The outputted image signals are
inputted to the frame memory 15 and the signal generating
part 16, and information for one frame is stored temporarily to
the frame memory 15.

Then, the signal generating part 16 judges whether or not
there is an input of an image signal from the frame frequency
converting part 14 (FIG. 6: step S61). When there is an input
of an image signal, the signal generating part 16 reads out an
image signal from the frame memory 15, compares the image
signal of one frame inputted from the frame frequency con-
verting part 14 and the image signal ofthe previous frame (the
frame one before) which is read out from the frame memory
15 to judge whether or not the pixel gradation level of that one
frame takes a value larger than that of the frame one before
(FIG. 6: step S63). If the value is larger, the gradation level for
that pixel is set as same as the value of that one frame (FIG. 6:
step S64), while the gradation level for that pixel is set as same
as the value of the frame one before, if the value is not larger
(FIG. 6: step S65). This selection of the pixel gradation is
performed for all the pixels (a correction frame signal gener-
ating step), and the image signal where all the pixel grada-
tions are specified is outputted as the signal of the correction
frame.

When there is no input of the image signal from the frame
frequency converting part 14, the signal generating part 16
inputs an image signal from the frame memory 15 and outputs
it (FIG. 6: step S62).

The signals outputted from the signal generating part 16
are outputted in order from the image signal of the frame one
before, the correction frame signal, and the image signal of
the single frame, which are then corrected by the overshoot
control part 17 and outputted in order (an overshoot control
step). Thus, the drive control part 13 inputs those signals in
order from the image signal of the frame one before, the
correction frame signal, and the image signal of the single
frame. With this, the correction frame is displayed before the
single frame on the liquid crystal panel 10 (a display step).

As described, in the exemplary embodiment, when the
liquid crystal panel 10 is the VA-type liquid crystal panel and
an overshoot drive is executed, regarding the gradation levels
of each pixel in the screen AB shown in FIG. 2, the larger
gradation level (that is, the pixel gradation levels of the screen
B) is set for the pixels whose gradations become larger when
the screen 1s switched from the screen A to the screen B, and
the gradation level of the screen A is set for other pixels.
Through inserting such screen AB between the screens A and
B, it is possible to decrease the ununiformity in the response
speed ofthe pixels at the time of switching the screen from the
screen A to the screen B.

With this, as shown in FIG. 11(a), it is possible in the
moving picture display of the exemplary embodiment to
decrease deformations of the image compared to the normal
moving picture display where the blur at the dark part
becomes conspicuous because of a delay in switching the
display from dark to bright.

(Case of TN-Type Liquid Crystal Panel)

In the case where the liquid crystal panel 10 is a TN-type
liquid crystal panel, there is a delay in a rise when the pixel
display is switched from bright to dark (that is, at the time of
applying a voltage to the pixels) as shown in FIG. 10B.
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Therefore, the correction frame that is formed by taking the
pixel with a smaller gradation level out of the previous and
following frames is inserted between the previous and fol-
lowing frames. As shown in FIG. 8, the time for switching
from bright to dark becomes faster, which changes the size of
the blur in the moving picture recognized by the user. Thus,
the blur is recognized with an increased line width when a
dark-colored line moves in a bright background as in FIG.
8(1) and with a reduced line width when a bright line moves
in a dark background as in FIG. 8(2).

Actions of the liquid crystal display device according to the
exemplary embodiment in such case will be described. FIG. 9
is a flowchart for showing the actions of the signal generating
part 16 of the exemplary embodiment. The actions below is an
exemplary embodiment of a medium judging method, so that
it will be explained along the actions that correspond to each
step of the medium judging method.

First, the frame frequency converting part 14 inputs image
signals from the outside, converts the image signal to adouble
frame frequency every time the image signal for one frame is
inputted, and outputs the double frame frequency (a frame
frequency converting step). The outputted image signals are
inputted to the frame memory 15 and the signal generating
part 16, and information for one frame is stored temporarily to
the frame memory 15.

Then, the signal generating part 16 judges whether or not
there is an input of an image signal from the frame frequency
converting part 14 (FIG. 9: step S91). When there is an input
of an image signal, the signal generating part 16 reads out an
image signal from the frame memory 15, compares the image
signal of one frame inputted from the frame frequency con-
verting part 14 and the image signal of the previous frame (the
frame one before) which is read out from the frame memory
15 to judge whether or not the pixel gradation level of that one
frame takes a value smaller than that of the frame one before
(FIG. 9: step S93). If the value is smaller, the gradation level
for that pixel is setas same as the value of that one frame (FIG.
9: step S94), while the gradation level for that pixel is set as
same as the value of the frame one before, if the value is not
larger (FIG. 9: step S95). This selection of the pixel gradation
is performed for all the pixels (a correction frame signal
generating step), and the image signal where all the pixel
gradations are specified is outputted as the signal of the cor-
rection frame.

When there is no input of the image signal from the frame
frequency converting part 14, the signal generating part 16
inputs an image signal from the frame memory 15 and outputs
it (FIG. 9: step 892).

The signals outputted from the signal generating part 16
are outputted in order from the image signal of the frame one
before, the correction frame signal, and the image signal of
the single frame, which are then corrected by the overshoot
control part 17 and outputted in order (an overshoot control
step). Thus, the drive control part 13 inputs those signals in
order from the image signal of the frame one before, the
correction frame signal, and the image signal of the single
frame. With this, the correction frame is displayed before the
single frame on the liquid crystal panel 10 (a display step).

As described, in the exemplary embodiment, when the
liquid crystal panel 10 is the TN-type liquid crystal panel and
an overshoot drive is executed, regarding the gradation levels
of each pixel in the screen AB shown in FIG. 2, the smaller
gradation level (that 1s, the pixel gradation levels of the screen
B) is set for the pixels whose gradations become smaller when
the screen is switched from the screen A to the screen B, and
the gradation level of the screen A is set for other pixels.
Through inserting such screen AB between the screens A and
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B, it is possible to decrease the ununiformity in the response
speed ofthe pixels at the time of switching the screen from the
screen A to the screen B.

With this, as shown in FIG. 11(), it is possible in the
moving picture display of the exemplary embodiment to
decrease deformations of the image compared to the normal
moving picture display where the blur at the bright part
becomes conspicuous.

As described above, the liquid crystal display device of the
exemplary embodiment is configured to display the images
by decreasing the ununiformity in the response speed of the
liquid crystal panel 10, which is generated at the time of
executing the overshoot drive, thereby making it possible to
have the sizes of the “blur” uniform in the displayed moving
images.

In the exemplary embodiment, the frame frequency con-
verting part 14 converts the frame frequency of the image
signals that are inputted from the outside into a double fre-
quency, and outputs the double frequency. However, it is not
limited to such case. The frame frequency converting part 14
may multiplies the frame frequency of the image signals that
are inputted from the outside by n (n>1) to be outputted. In
this case, the frame period becomes 1/, so that the correction
frame may be displayed within 1-1/n frame period.

For example, the signal generating part 16 may generate a
correction frame signal with the frame frequency that is n/(n-
1) times the frame frequency that is defined by the inputted
image signal. Alternatively, the frame frequency converting
part 14 may repeatedly output the signal whose frame fre-
quency is multiplied by n (n>1) for n-1 times, and the signal
generating part 16 may generate the correction frame signal
with the frame frequency that is n (n>1) times the frame
frequency defined by the input image signal. With such struc-
ture, it is possible to insert the correction frame that corrects
the delay in the response of the pixels between the frames
while maintaining the frame rate of the inputted image sig-
nals.

As described above, the liquid crystal display device of the
exemplary embodiment is capable of displaying the correc-
tion frame (that works to reduce the delay of the response at
the pixels for changing to the target gradation at the time of
switching the display frames) between the frames, so that the
sizes of “blur” in the displayed moving image can be made
uniform. Through this, deformations and discolorations of
the moving image recognized by the user can be decreased.

Further, in the above-described liquid crystal display
device, the correction frame signal generating device
described above: compares the pixel gradation levels defined
by the image signals of the previous and following frames of
the correction frame to be generated; and selects and sets, for
each pixel, the gradation level (among the gradation levels
thereof) that is suited for reducing the response delay of the
pixel to generate the image signal of the correction frame.

With this, it becomes possible to display the correction
frame (that works to reduce the delay of the response at the
pixels for changing to the target gradation at the time of
switching the display frames) between the frames.

Further, in the above-described liquid crystal display
device, the correction frame signal generating device tempo-
rarily stores information for one frame of the inputted image
signals that are inputted successively by each frame in the
frame memory, and generates the image signal of the correc-
tion frame based on the image signal of that one frame among
the inputted image signals and the image signal of the frame
that is one before that one frame, which is stored in the frame
memory.
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With this, it is possible to compare the image signals of that
one frame and the frame one before, and to generate the image
signal of the correction frame based thereupon.

Further, the above-described liquid crystal display device
includes a frame frequency converting part which converts
the frame frequency of the image signal to that of n (n>1)
times.

With this, the frame period becomes 1/n, and it becomes
possible to insert the correction frame between the frames
while maintaining the frame rate of the inputted image sig-
nals.

Furthermore, in a case where the pixel display mode of the
liquid crystal panel in the above-described liquid crystal dis-
play device is normally-white, the correction frame signal
generating device selects a larger gradation level for the pix-
els whose gradation levels of the image signals in the previous
and following frames of the correction frame to be generated
are different, while selecting the same gradation level for the
pixels whose gradation levels are the same, and sets the gra-
dation levels of each pixel to the selected levels so as to
generate the image signal of the correction frame.

This makes it possible to decrease the ununiformity of the
pixel response caused due to the delay in the transition speed
because of the viscosity of the liquid crystal.

Moreover, in a case where the pixel display mode of the
liquid crystal panel in the above-described liquid crystal dis-
play device is normally-black, the correction frame signal
generating device selects a smaller gradation level for the
pixels whose gradation levels of the image signals in the
previous and following frames of the correction frame to be
generated are different, while selecting the same gradation
level for the pixels whose gradation levels are the same, and
sets the gradation levels of each pixel to the selected levels so
as to generate the image signal of the correction frame.

This makes it possible to decrease the ununiformity of the
pixel response caused due to the delay in the transition speed
because of the viscosity of the liquid crystal.

Further, the above-described liquid crystal display device
includes a VA-type liquid crystal panel and an overshoot
control part which corrects the image signal so that the liquid
crystal panel executes an overshoot drive, wherein, under the
overshoot drive, the correction frame signal generating
device selects a larger gradation level for the pixels whose
gradation levels of the image signals in the previous and
following frames of the correction frame to be generated are
different, while selecting the same gradation level for the
pixels whose gradation levels are the same, and sets the gra-
dation levels of each pixel to the selected levels so as to
generate the image signal of the correction frame.

This makes it possible to decrease the ununiformity of the
pixel response caused due to a delay in starting the response
of the liquid crystal because of the overshoot drive.

Further, the above-described liquid crystal display device
includes a TN-type liquid crystal panel and an overshoot
control part which corrects the image signal so that the liquid
crystal panel executes an overshoot drive, whereir, under the
overshoot drive, the correction frame signal generating
device selects a smaller gradation level for the pixels whose
gradation levels of the image signals in the previous and
following frames of the correction frame to be generated are
different, while selecting the same gradation level for the
pixels whose gradation levels are the same, and sets the gra-
dation levels of each pixel to the selected levels so as to
generate the image signal of the correction frame.

This makes it possible to decrease the ununiformity of the
pixel response caused due to the delay in starting the response
of the liquid crystal because of the overshoot drive.



US 8,593,382 B2

13

Next, an image displaying method of the present invention
is an image displaying method for a liquid crystal display
device which includes a liquid crystal panel including a plu-
rality of pixels arranged in a lattice form. The method
includes: inputting image signals from outside; generating an
image signal of a correction frame for reducing a response
delay of a pixel based on image signals of one frame and a
frame one before among the inputted image signals; and
displaying, on the liquid crystal panel, a state where the
correction frame is inserted between that one frame and the
frame one before.

Further, in the above-described image displaying method,
when generating the correction frame signal, pixel gradation
levels defined by the image signals of that one frame and the
frame one before are compared, and a gradation level suited
for reducing the response delay of the pixel is selected and set,
for each pixel, from those gradation levels to generate the
image signal of the correction frame.

Furthermore, in the above-described image displaying
method, the frame frequency of the inputted signal may be
converted to a frame frequency ofn (n>1) times after the input
of the image signal.

Moreover, before generating the correction frame signal,
the above-described image displaying method may include:
temporarily storing information of one frame of the inputted
image signals that are inputted successively by each frame;
and inputting the image signal of that one frame among the
inputted image signals, while reading out the image signal of
the frame one before that one frame, which is stored in the
frame memory.

Further, in a case where the pixel display mode of the liquid
crystal panel is normally-white with the above-described
image displaying method, when generating the correction
frame signal, a larger gradation level may be selected for the
pixels whose gradation levels of the image signals in the
previous and following frames are different, and the same
gradation level may be selected for the pixels whose grada-
tion levels are the same to set the gradation levels of each pixel
to the selected levels so as to generate the image signal of the
correction frame.

Furthermore, in a case where the pixel display mode of the
liquid crystal panel is normally-black with the above-de-
scribed image displaying method, when generating the cor-
rection frame signal, a smaller gradation level may be
selected for the pixels whose gradation levels of the image
signals in the previous and following frames are different, and
the same gradation level may be selected for the pixels whose
gradation levels are the same to set the gradation levels of
each pixel to the selected levels so as to generate the image
signal of the correction frame.

Further, in a case where the liquid crystal panel is an
VA-type and an overshoot control for correcting the image
signal so that the liquid crystal panel executes an overshoot
drive is performed before displaying the image in the above-
described image displaying method, when generating the cor-
rection frame signal, a larger gradation level may be selected
for the pixels whose gradation levels of the image signals in
the previous and following frames are different, and the same
gradation level may be selected for the pixels whose pixel
gradation levels are the same to set the gradation levels of
each pixel to the selected levels so as to generate the image
signal of the correction frame.

Furthermore, in a case where the liquid crystal panel is an
TN-type and an overshoot control for correcting the image
signal so that the liquid crystal panel executes an overshoot
drive is performed before displaying the image in the above-
described image displaying method, when generating the cor-
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rection frame signal, a smaller gradation level may be
selected for the pixels whose gradation levels of the image
signals in the previous and following frames are different, and
the same gradation level may be selected for the pixels whose
gradation levels are the same to set the gradation levels of
each pixel to the selected levels so as to generate the image
signal of the correction frame.

Like the above-described liquid crystal display device, it is
possible with such image displaying method to generate the
correction frame (that works to reduce the delay of a pixel
whose response has a lag when the frame is switched in the
image display) based on the frames before and after the
switching, and to display the image by inserting the correc-
tion frame between the previous and following frames. There-
fore, it is possible to decrease the ununiformity in the
response of the pixels caused by the delay in the transition
speed because of the viscosity of the liquid crystal, a delay in
starting the response of the liquid crystal because of the
overshoot drive, and the like.

Next, an image displaying program of the present invention
allows a computer that controls a liquid crystal display device
which includes a liquid crystal panel including a plurality of
pixels arranged in a lattice form to execute: image signal input
processing for inputting image signals from outside; correc-
tion frame signal generating processing for generating an
image signal of a correction frame for reducing a response
delay of a pixel based on image signals of one frame and a
frame one before among the inputted image signals; and
image displaying processing for displaying, on the liquid
crystal panel, a state where the correction frame is inserted
between that one frame and the frame one before.

Further, the content of the above-described image display-
ing program regarding the above-described correction frame
signal generating processing may be so specified that pixel
gradation levels defined by the image signals of that one
frame and the frame one before are compared, and a gradation
level suited for reducing the response delay of the pixel is
selected and set, for each pixel, from those gradation levels to
generate the image signal of the correction frame.

Furthermore, the above-described image displaying pro-
gram may allow the computer to execute frequency conver-
sion processing for converting the frame frequency of the
image signal to a frame frequency of n (n>1) times.

Moreover, the above-described image displaying program
may allow the computer to execute: frame memory process-
ing for temporarily storing information of one frame of the
inputted image signals that are inputted successively by each
frame; and image signal readout processing for inputting the
image signal of that one frame among the inputted image
signals, while reading out the image signal of the frame one
before that one frame, which is stored in the frame memory.

Further, ina case where the pixel display mode of the liquid
crystal panel is normally-white, the content of the above-
described image displaying program regarding the above-
described correction frame signal generating processing may
be so specified that a larger gradation level is selected for the
pixels whose gradation levels of the image signals in the
previous and following frames are different, and the same
gradation level is selected for the pixels whose gradation
levels are the same to set the gradation levels of each pixel to
the selected levels so as to generate the image signal of the
correction frame.

Furthermore, in a case where the pixel display mode ofthe
liquid crystal panel is normally-black, the content of the
above-described image displaying program regarding the
above-described correction frame signal generating process-
ing may be so specified that a smaller gradation level is
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selected for the pixels whose gradation levels of the image
signals in the previous and following frames are different, and
the same gradation level is selected for the pixels whose
gradation levels are the same to set the gradation levels of
each pixel to the selected levels so as to generate the image
signal of the correction frame.

Further, when the above-described image displaying pro-
gram allows the computer to execute overshoot control pro-
cessing for correcting the image signal to execute an over-
shoot drive in a case where the liquid crystal panel is a
VA-type, the content thereof regarding the above-described
correction frame signal generating processing may be so
specified that a larger gradation level is selected for the pixels
whose gradation levels of the image signals in the previous
and following frames are different, and the same gradation
level is selected for the pixels whose gradation levels are the
same to set the gradation levels of each pixel to the selected
levels so as to generate the image signal of the correction
frame.

Furthermore, when the above-described image displaying
program allows the computer to execute overshoot control
processing for correcting the image signal to execute an over-
shoot drive in a case where the liquid crystal panel is a
TN-type, the content thereof regarding the above-described
correction frame signal generating processing may be so
specified that a smaller gradation level is selected for the
pixels whose gradation levels of the image signals in the
previous and following frames are different, and the same
gradation level is selected for the pixels whose gradation
levels are the same to set the gradation levels of each pixel to
the selected levels so as to generate the image signal of the
correction frame.

Like the above-described liquid crystal display device, it is
possible with such image displaying program to generate the
correction frame (that works to reduce the delay of a pixel
whose response has a lag when the frame is switched in the
image display) based on the frames before and after the
switching, and to display the image by inserting the correc-
tion frame between the previous and following frames. There-
fore, it is possible to decrease the ununiformity in the
response of the pixels caused by the delay in the transition
speed because of the viscosity of the liquid crystal, a delay in
starting the response of the liquid crystal because of the
overshoot drive, and the like.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

What is claimed is:

1. A liquid crystal display means for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the means comprising:

a frame frequency converting means for multiplying a

frame frequency of an inputted image signal; and

a correction frame signal generating means for generating

an image signal ofa correction frame based on gradation
changes in the image signals of previous and following
inputted frames, and displaying the correction frame
between corresponding previous and following frames
to make a size of a blur uniform in a displayed image,
wherein, in a case where the liquid crystal means has such
a characteristic that there is a delay when switching a
display of from dark to bright, the correction frame
signal generating means compares pixel data of the pre-
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vious and following inputted frames to select a larger
gradation value of 1) the pixel data of the previous and ii)
the pixel data of the following inputted frame, and gen-
erates the image signal of the correction frame by taking
the selected larger gradation value as pixel data of the
correction frame.
2. An image displaying method for displaying an image on
a liquid crystal panel that includes a plurality of pixels, the
method comprising:
converting a frame frequency of an input image signal by
multiplying the frame frequency;
generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames; and
displaying an image on the liquid crystal panel by making
a size of the blur uniform in a moving picture through
inserting the correction frame between corresponding
previous and following frames,
wherein, in a case where the liquid crystal panel has such a
characteristic that there is a delay when switching a
display of from dark to bright, the step of generating the
image signal of the correction frame compares pixel data
of the previous and following inputted frames to select a
larger gradation value of i) the pixel data of the previous
and ii) the pixel data of the following inputted frame and
generates the image signal of the correction frame by
taking the selected larger gradation value as pixel data of
the correction frame.
3. The image displaying method as claimed in claim 2,
comprising:
controlling overshoot for converting the image signal to
achieve an overshoot drive, after generating the correc-
tion frame signal.
4. An image displaying method for displaying an image on
a liquid crystal panel that includes a plurality of pixels, the
method comprising:
converting a frame frequency of an input image signal by
multiplying the frame frequency;
generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames; and
displaying an image on the liquid crystal panel by making
a size of the blur uniform in a moving picture through
inserting the correction frame between corresponding
previous and following frames,
wherein, in a case where the liquid crystal panel has such a
characteristic that there is a delay when switching a
display from bright to dark, when generating the correc-
tion frame signal, pixel data of the previous and follow-
ing inputted frames are compared to select a smaller
gradation value of 1) the pixel data of the previous and i1)
the pixel data of the following inputted frame, and the
image signal of the correction frame is generated by
taking the selected smaller gradation value as pixel data
of the correction frame.
5. An image displaying method for displaying an image on
a liquid crystal panel that includes a plurality of pixels, the
method comprising:
converting a frame frequency of an input image signal by
multiplying the frame frequency;
generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames;
displaying an image on the liquid crystal panel by making
a size of the blur uniform in a moving picture through
inserting the correction frame between corresponding
previous and following frames; and
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controlling overshoot for converting the image signal to
achieve an overshoot drive, after generating the correc-
tion frame signal,

wherein, in a case where the liquid crystal panel has such a

characteristic that there is a delay in a rise when pixel
display is switched from dark to bright under the ovet-
shoot drive, when generating the correction frame, pixel
data of the previous and following inputted frames are
compared when executing the overshoot drive to selecta
larger gradation value of i) the pixel data of the previous
and ii) the pixel data of the following inputted frame, and
the image signal of the correction frame is generated by
taking the selected larger gradation value as pixel data of
the correction frame.

6. An image displaying method for displaying an image on
a liquid crystal panel that includes a plurality of pixels, the
method comprising:

converting a frame frequency of an input image signal by

multiplying the frame frequency;

generating an image signal of a correction frame based on

gradation changes in the image signals of previous and
following inputted frames; and

displaying an image on the liquid crystal panel by making

a size of the blur uniform in a moving picture through
inserting the correction frame between corresponding
previous and following frames; and

controlling overshoot for converting the image signal to

achieve an overshoot drive, after generating the correc-
tion frame signal,
wherein, in a case where the liquid crystal panel has such a
characteristic that there is a delay in a rise when pixel
display is switched from bright to dark under the over-
shoot drive, when generating the correction frame sig-
nal, pixel data of the previous and following inputted
frames are compared when executing the overshoot
drive to select a smaller gradation value of i) the pixel
data of the previous and ii) the pixel data ofthe following
inputted frame, and the image signal of the correction
frame is generated by taking the selected smaller grada-
tion value as pixel data of the correction frame.
7. A non-transitory computer readable medium having
encoded thereon an image displaying program, upon being
executed by a computer the image display program causing
the computer to execute:
a frame frequency converting function which multiplies a
frame frequency of an inputted image signal,

acorrection frame image signal generating function which
generates an image signal of a correction frame based on
gradation changes in image signals of previous and fol-
lowing inputted frames; and
a displaying function which displays an image on a liquid
crystal panel by making a size of a blur uniform in a
moving picture through inserting the correction frame
between corresponding previous and following frames,

wherein the program further causes the computer to
execute the correction frame signal generating function
by making it as a function which compares pixel data of
the previous and following inputted frames to select a
larger gradation value of 1) the pixel data of the previous
and ii) the pixel data of the following inputted frame, and
generates the image signal of the correction frame by
taking the selected larger gradation value as pixel data of
the correction frame, in a case where the liquid crystal
panel has such a characteristic that there is a delay when
switching a display from dark to bright.

8. The non-transitory computer readable medium as
claimed in claim 7, wherein the program further causes the
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computer to execute an overshoot control function which
converts the image signal for achieving an overshoot drive.

9. A non-transitory computer readable medium having
encoded thereon an image displaying program, upon being
executed by a computer the image display program causing
the computer to execute:

a frame frequency converting function which multiplies a

frame frequency of an inputted image signal,

a correction frame image signal generating function which
generates an image signal of a correction frame based on
gradation changes in image signals of previous and fol-
lowing inputted frames; and

a displaying function which displays an image on a liquid
crystal panel by making a size of a blur uniform in a
moving picture through inserting the correction frame
between corresponding previous and following frames,

wherein the program further causes the computer to
execute the correction frame signal generating function
by making it as a function which compares pixel data of
the previous and following inputted frames to select a
smaller gradation value of i) the pixel data of the previ-
ous and i) the pixel data of the following inputted frame,
and generates the image signal of the correction frame
by taking the selected smaller gradation value as pixel
data of the correction frame, in a case where the liquid
crystal panel has such a characteristic that there is a
delay when switching a display from bright to dark.

10. A non-transitory computer readable medium having
encoded thereon an image displaying program, upon being
executed by a computer the image display program causing
the computer to execute:

a frame frequency converting function which multiplies a

frame frequency of an inputted image signal,

a correction frame image signal generating function which
generates an image signal of a correction frame based on
gradation changes in image signals of previous and fol-
lowing inputted frames; and

a displaying function which displays an image on a liquid
crystal panel by making a size of a blur uniform in a
moving picture through inserting the correction frame
between corresponding previous and following frames,

wherein the program further causes the computer to
execute an overshoot control function which converts
the image signal for achieving an overshoot drive, and

wherein the program further causes the computer to
execute the correction frame signal generating function
by making it as a function which compares pixel data of
the previous and following inputted frames when
executing an overshoot drive to select a larger gradation
value of'i) the pixel data of the previous and ii) the pixel
data of the following inputted frame, and generates the
image signal of the correction frame by taking the
selected larger gradation value as pixel data of the cor-
rection frame, in a case where the liquid crystal panel has
such a characteristic that there is a delay in a rise when
pixel display is switched from dark to bright under the
overshoot drive.

11. A non-transitory computer readable medium having
encoded thereon an image displaying program, upon being
executed by a computer the image display program causing
the computer to execute:

a frame frequency converting function which multiplies a

frame frequency of an inputted image signal,

a correction frame image signal generating function which
generates an image signal of a correction frame based on
gradation changes in image signals of previous and fol-
lowing inputted frames; and
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a displaying function which displays an image on a liquid
crystal panel by making a size of a blur uniform in a
moving picture through inserting the correction frame
between corresponding previous and following frames,

wherein the program further causes the computer to
execute an overshoot control function which converts
the image signal for achieving an overshoot drive, and

wherein the program further causes the computer to
execute the correction frame signal generating function
by making it as a function which compares pixel data of
the previous and following inputted frames when
executing an overshoot drive to select a larger gradation
value of i) the pixel data of the previous and ii) the pixel
data of the following inputted frame, and generates the
image signal of the correction frame by taking the
selected smaller gradation value as pixel data of the
correction frame, in a case where the liquid crystal panel
has such a characteristic that there is a delay in a rise
when pixel display is switched from bright to dark under
the overshoot drive.

12. A liquid crystal display device for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the device comprising:

a frame frequency converting part for dividing the one
flame into two or more flames by multiplying a frame
frequency of an inputted image signal;

a correction frame signal generating device for generating
an image signal ofa correction frame based on gradation
changes in the image signals of previous and following
inputted frames, and displaying the correction frame
between corresponding previous and following frames
to output the image signal, the image signal of the cor-
rection frame, and the following image signal succes-
sively; and

wherein, in a case where the liquid crystal panel has such a
characteristic that a more delay is caused when switch-
ing a display of from dark to bright compared to when
switching a display from bright to dark, the correction
frame signal generating device generates the image sig-
nal of the correction frame by taking a larger gradation
value, from pixel data of the previous and following
inputted frames, as pixel data of the correction frame.

13. The liquid crystal display device as claimed in claim
12, comprising an overshoot control part which converts the
image signal for achieving an overshoot drive, at a later stage
of the correction frame signal generating device.

14. A liquid crystal display device for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the device comprising:

a frame frequency converting part for dividing the one
flame into two or more flames by multiplying a frame
frequency of an inputted image signal; and

a correction frame signal generating device for generating
an image signal ofa correction frame based on gradation
changes in the image signals of previous and following
inputted frames, and displaying the correction frame
between corresponding previous and following frames
output the image signal, the image signal of the correc-
tion frame, and the following image signal successively,

wherein, in a case where the liquid crystal panel has such a
characteristic that a more delay is caused when switch-
ing a display from bright to dark compared to when
switching a display from dark to bright, the correction
frame signal generating device generates the image sig-
nal of the correction frame by taking a smaller gradation
value, from pixel data of the previous and following
inputted frames, as pixel data of the correction frame.
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15. The liquid crystal display device as claimed in claim
14, comprising an overshoot control part which converts the
image signal for achieving an overshoot drive, at a later stage
of the correction frame signal generating device.

16. A liquid crystal display device for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the device comprising:

a frame frequency converting part for multiplying a frame

frequency of an inputted image signal;

a correction frame signal generating device for generating
an image signal of a correction frame based on gradation
changes in the image signals of previous and following
inputted frames, and displaying the correction frame
between corresponding previous and following frames
output the image signal, the image signal of the correc-
tion frame, and the following image signal successively;
and

an overshoot control part which converts the image signal
for achieving an overshoot drive, at a later stage of the
correction frame signal generating device,

wherein, in a case where the liquid crystal panel has such a
characteristic that a more delay is caused in a rise when
pixel display is switched from dark to bright compared
to when the pixel display is switched from bright to dark
under the overshoot drive, the correction frame signal
generating device generates, when executing the over-
shoot drive, the image signal of the correction frame by
taking a larger gradation value, from pixel data of the
previous and following inputted frames, as pixel data of
the correction frame.

17. A liquid crystal display device for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the device comprising:

a frame frequency converting part for dividing the one
flame into two or more flames by multiplying a frame
frequency of an inputted image signal;

a correction frame signal generating device for generating
an image signal of a correction frame based on gradation
changes in the image signals of previous and following
inputted frames, and displaying the correction frame
between corresponding previous and following frames
output the image signal, the image signal of the correc-
tion frame, and the following image signal successively;
and

an overshoot control part which converts the image signal
for achieving an overshoot drive, at a later stage of the
correction frame signal generating device,

wherein, in a case where the liquid crystal panel has such a
characteristic that a more delay is caused in a rise when
pixel display is switch from bright to dark compared to
when the pixel display is switched from dark to bright
under the overshoot drive, the correction frame signal
generating device generates, when executing the over-
shoot drive, the image signal of the correction frame by
taking a smaller gradation value, from pixel data of the
previous and following inputted frames, as pixel data of
the correction frame.

18. A liquid crystal display method for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the method comprising:

dividing the one flame into two or more flames by multi-
plying a frame frequency of an inputted image signal;

generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames, and displaying the correction
frame between corresponding previous and following
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frames to output the image signal, the image signal of the
correction frame, and the following image signal suc-
cessively; and

in a case where the liquid crystal panel has such a charac-
teristic that a more delay is caused when switching a
display from dark to bright compared to when switching
a display from bright to dark, generating the image sig-
nal of the correction frame by taking a larger gradation
value, from pixel data of the previous and following
inputted frames, as pixel data of the correction frame.

10

22

in a case where the liquid crystal panel has such a charac-
teristic that a more delay is caused in a rise when pixel
display is switched from bright to dark compared to
when the pixel display is switched from dark to bright
under the overshoot drive, generating, when executing
the overdrive shoot, the image signal of the correction
frame by taking a smaller gradation value, from pixel
data of the previous and following inputted frames, as
pixel data of the correction frame.

22. A non-transitory computer readable recording medium

storing a program for displaying image signals on a liquid
crystal panel with a plurality of pixels by switching a screen
for each frame, which causes a computer to execute:

19. A liquid crystal display method for displaying image
signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the method comprising:

dividing the one flame into two or more flames by multi-
plying a frame frequency of an inputted image signal;

generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames, and displaying the correction
frame between corresponding previous and following
frames to output the image signal, the image signal of the
correction frame, and the following image signal suc-
cessively; and

in a case where the liquid crystal panel has such a charac-
teristic that a more delay is caused when switching a
display from bright to dark compared to when switching
a display from dark to bright, generating the image sig-
nal of the correction frame by taking a smaller gradation
value, from pixel data of the previous and following
inputted frames, as pixel data of the correction frame.

20. A liquid crystal display method for displaying image
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a function of dividing the one flame into two or more flames
by multiplying a frame frequency of an inputted image
signal;

a function of generating an image signal of a correction
frame based on gradation changes in the image signals
of previous and following inputted frames, and display-
ing the correction frame between corresponding previ-
ous and following frames to output the image signal, the
image signal of the correction frame, and the following
image signal successively; and

a function of, in a case where the liquid crystal panel has
such a characteristic that a more delay is caused when
switching a display from dark to bright compared to
when switching a display from bright to dark, generating
the image signal of the correction frame by taking a
larger gradation value, from pixel data of the previous
and following inputted frames, as pixel data of the cor-
rection frame.

23. A non-transitory computer readable recording medium
storing a program for displaying image signals on a liquid
crystal panel with a plurality of pixels by switching a screen
for each frame, which causes a computer to execute:

signals on a liquid crystal panel with a plurality of pixels by
switching a screen for each frame, the method comprising:
dividing the one flame into two or more flames by multi-
plying a frame frequency of an inputted image signal; 35

generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames, and displaying the correction
frame between corresponding previous and following
frames to output the image signal, the image signal of the
correction frame, and the following image signal suc-
cessively;

converting the successively outputted image signal for
achieving an overshoot drive; and

in a case where the liquid crystal panel has such a charac-
teristic that a more delay is caused in a rise when pixel
display is switched from dark to bright compared to
when the pixel display is switched from bright to dark
under the overshoot drive, generating, when executing
the overdrive shoot, the image signal of the correction
frame by taking a larger gradation value, from pixel data
of the previous and following inputted frames, as pixel
data of the correction frame.

21. A liquid crystal display method for displaying image

40

45

50

a function of dividing the one flame into two or more flames
by multiplying a frame frequency of an inputted image
signal,

a function of generating an image signal of a correction
frame based on gradation changes in the image signals
of previous and following inputted frames, and display-
ing the correction frame between corresponding previ-
ous and following frames to output the image signal, the
image signal of the correction frame, and the following
image signal successively; and

a function of| in a case where the liquid crystal panel has
such a characteristic that a more delay is caused when
switching a display from bright to dark compared to
when switching a display from dark to bright, generating
the image signal of the correction frame by taking a
smaller gradation value, from pixel data of the previous
and following inputted frames, as pixel data of the cor-
rection frame.

24. A non-transitory computer readable recording medium

storing a program for displaying image signals on a liquid
crystal panel with a plurality of pixels by switching a screen
for each frame, which causes a computer to execute:

signals on a liquid crystal panel with a plurality of pixels by 55
switching a screen for each frame, the method comprising:
dividing the one flame into two or more flames by multi-

plying a frame frequency of an inputted image signal,

generating an image signal of a correction frame based on
gradation changes in the image signals of previous and
following inputted frames, and displaying the correction
frame between corresponding previous and following
frames to output the image signal, the image signal of the
correction frame, and the following image signal suc-
cessively;

converting the successively outputted image signal for
achieving an overshoot drive; and

60

a function of dividing the one flame into two or more flames
by multiplying a frame frequency of an inputted image
signal;

a function of generating an image signal of a correction
frame based on gradation changes in the image signals
of previous and following inputted frames, and display-
ing the correction frame between corresponding previ-
ous and following frames to output the image signal, the
image signal of the correction frame, and the following
image signal successively;
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a function of converting the successively outputted image
signal for achieving an overshoot drive; and

a function of, in a case where the liquid crystal panel has
such a characteristic that a more delay is caused in a rise
when pixel display is switched from dark to bright com-
pared to when the pixel display is switched from bright
to dark under the overshoot drive, generating, when
executing the overdrive shoot, the image signal of the
correction frame by taking a larger gradation value, from
pixel data of the previous and following inputted frames,
as pixel data of the correction frame.

25. A non-transitory computer readable recording medium
storing a program for displaying image signals on a liquid
crystal panel with a plurality of pixels by switching a screen
for each frame, which causes a computer to execute:

afunction of dividing the one flame into two or more flames
by multiplying a frame frequency of an inputted image
signal,
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a function of generating an image signal of a correction
frame based on gradation changes in the image signals
of previous and following inputted frames, and display-
ing the correction frame between corresponding previ-
ous and following frames to output the image signal, the
image signal of the correction frame, and the following
image signal successively;

a function of converting the successively outputted image
signal for achieving an overshoot drive; and

a function of| in a case where the liquid crystal panel has
such a characteristic that a more delay is caused in a rise
when pixel display is switched from bright to dark com-
pared to when the pixel display is switched from dark to
bright under the overshoot drive, generating, when
executing the overdrive shoot, the image signal of the
correction frame by taking a smaller gradation value,
from pixel data of the previous and following inputted
frames, as pixel data of the correction frame.
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