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IMAGE DISPLAY APPARATUS, CONTROL
SIGNAL GENERATING APPARATUS, IMAGE
DISPLAY CONTROL METHOD, AND
COMPUTER PROGRAM PRODUCT

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention contains subject matter related to
Japanese Patent Application JP 2006-130683 filed in the
Japanese Patent Office on May 9, 2006, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image display appara-
tus, a control signal generating apparatus, an image display
control method, and a computer program product. More spe-
cifically, the present invention relates to an image display
apparatus, a control signal generating apparatus, an image
display control method, and a computer program product, for
controlling display in a liquid crystal display apparatus to
perform AC (alternating current) drive.

2. Description of the Related Art

In a liquid crystal display (LCD), liquid crystal is sealed
between two substrates provided with electrodes and a pre-
determined voltage is applied across the electrodes, so that
orientation of the liquid crystal is changed and a light trans-
mittance is controlled for performing display. However, if a
unidirectional DC (direct current) voltage is applied for along
period, so-called burn-in occurs, where the orientation of
liquid crystal molecules is fixed.

In order to overcome this problem, in display apparatuses
using liquid crystal, such as a television set, a monitor, and a
projector (hereinafter collectively referred to as an LCD),
so-called AC drive of periodically switching a polarity of
charge applied to the liquid crystal between [+] and [-] is
performed to improve an afterimage characteristic and to
prevent burn-in of the liquid crystal. A method of the AC drive
1s described below with reference to FIG. 1. FIG. 1 shows, in
time series, pixels arranged in the vertical direction of a frame
image that is displayed in a display unit 11. An input image is
a 60 Hz image, and interframe spacing between respective
times t1, t2, t3, and t4 is Yo sec.

In the method shown in FIG. 1, the polarity is switched
between [+] and [-] for every vertical line (vertical direction
in the figure) and every frame (time axis direction) in frame
images of the respective times t1, t2, t3, and t4.

In another AC drive method, the polarity is switched
between [+] and [-] for every pixel in a horizontal line of a
frame, for every line, and for every frame. In any method, [+]
and [-] alternately appear if a specific pixel is observed in a
time direction. This is based on an assumption that “no DC
component is accumulated if positive and negative charge
polarities are alternately applied in time direction in a pixel
when a typical normal image 1s displayed”. The burn-in can
be prevented by the AC drive method. A known art of the AC
drive method is disclosed in, for example, Patent Document 1
(Japanese Unexamined Patent Application Publication No.
2003-36060).

The LCD performs display on the basis of a plane hold
method, unlike in a CRT (cathode ray tube) using point
sequential impulse drive. That is, when the LCD operates at a
typical frame frequency of 60 Hz, the same image is held on
the entire screen for a display period of one frame (Yo
sec=16.7 msec).
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In the plane hold display, images are displayed by perform-
ing IP conversion, where an intetlace signal is converted to a
progressive signal. This is because many of content and
broadcast signals applied to display of images are generated
as image data according to an interlace method for a CRT.

The image data according to the interlace method is dis-
played in the following manner. Fach image includes two
fields. In a first field, a screen is scanned on every other
horizontal scanning line from the top to lower end. Then, in a
second field that has not been scanned, the screen is scanned
on every other horizontal scanning line from the top. Accord-
ingly, animage is displayed. When image content is displayed
by the interlace method in a display apparatus performing
plane hold display, such as an LCD, a line having a display
image signal and a line not having a display image signal
alternately appear in each display frame, so that flicker sig-
nificantly occurs and the luminance decreases by half disad-
vantageously. In order to solve this problem, IP conversion of
converting an interlace signal to a progressive signal is per-
formed.

In the IP conversion, a signal of a line not having a signal
included in an interlace signal is generated by interpolation.
By applying the pseudo signal generated by the interpolation,
the interlace signal is converted to a progressive signal, so that
display is performed by using the progressive signal in which
every pixel includes a signal. However, the progressive signal
includes pixel data generated by the interpolation, which
causes a problem that an image different from original con-
tent 1s displayed. In order to realize display of an interlace
signal equivalent to the original content, interpolation pixels
may not be displayed, that is, black pixels may be displayed.
More specifically, as shown in FIG. 2, interpolation pixels
generated by IP conversion are not displayed by decreasing
the luminance level thereof, and only original pixels included
in the interlace signal are displayed.

However, if such a display process is performed and if the
AC drive described above with reference to FIG. 1 is per-
formed, the following sequence is realized as shown in FIG.
2. That is, in a pixel 12, for example, an original pixel is
displayed under a [+] voltage applied at time t1, a pixel having
aluminance level of 0 is displayed under a [-] voltage applied
at time t2, the original pixel is displayed under a [+] voltage
applied at time t3, and the pixel having a luminance level of 0
is displayed under a [-] voltage applied at time t4. In the pixel
having a luminance level of 0 displayed at times t2 and t4, the
applied voltage is substantially 0. As a result, a [+] voltage is
accumulated in a portion corresponding to the pixel 12 of the
LCD apparatus, which causes burn-in. This is the same in the
other pixel portions.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above-
described problems, and is directed to providing an image
display apparatus, a control signal generating apparatus, an
image display control method, and a computer program prod-
uct, capable of suppressing bias of an applied voltage and
preventing accumulation of DC of charge even when an out-
putlevelis adjusted in a display apparatus performing display
control based on AC drive.

According to an embodiment of the present invention,
there is provided an image display apparatus including a
display unit including a liquid crystal panel; a video signal
processor configured to perform signal processing on the
basis of an image display form in the display unit; and an AC
drive controller configured to control video display by receiv-
ing a result of the signal processing performed in the video
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signal processor and controlling a voltage applied to the lig-
uid crystal panel included in the display unit. The AC drive
controller performs, for each pixel of the liquid crystal panel,
AC drive control of alternately switching a polarity be-
tween + and - in units of pairs of the same signal processing,
each pair being two pixels on time seties on which signal
processing of the same category is performed in the video
signal processor.

The image display apparatus further includes an AC drive
pattern determining unit configured to determine an AC drive
pattern on the basis of the image display form in the display
unit. The AC drive controller performs AC drive control of
alternately switching a polarity between + and - in units of
pairs of the same signal processing in accordance with the AC
drive pattern determined in the AC drive pattern determining
unit.

The AC drive controller receives an instruction signal from
the video signal processor and performs AC drive control of
alternately switching a polarity between + and - in units of
pairs of the same signal processing on the basis of the instruc-
tion signal.

The AC drive controller extracts the pairs of the same
signal processing, the pairs including a pair of interpolation
pixels which are interpolation line pixels generated in IP
conversion, an output level of the interpolation pixels being
decreased; and a pair of original pixels other than the inter-
polation pixels. Also, the AC drive controller switches the
polarity for each of the interpolation pixels constituting the
pair of interpolation pixels and switches the polarity for each
of the original pixels constituting the pair of original pixels.

The AC drive controller extracts the pair of interpolation
pixels and the pair of original pixels from image data on
which nxprocess is performed, n being an integer of 2 or
more, and switches the polarity for each of the interpolation
pixels and each of the original pixels.

The video signal processor includes a frame controller
configured to generate a plurality of sub-frames by perform-
ing time division on an input image frame; a high frequency
emphasized sub-frame generator configured to generate high
frequency emphasized sub-frames by filtering the sub-frames
generated by the frame controller; a high frequency sup-
pressed sub-frame generator configured to generate high fre-
quency suppressed sub-frames by filtering the sub-frames
generated by the frame controller; and an output controller
configured to alternately output the high frequency empha-
sized sub-frames generated by the high frequency empha-
sized sub-frame generator and the high frequency suppressed
sub-frames generated by the high frequency suppressed sub-
frame generator to the AC drive controller. The AC drive
controller extracts the pairs of the same signal processing, the
pairs including a pair of pixels corresponding to the high
frequency emphasized sub-frames; and a pair of pixels cor-
responding to the high frequency suppressed sub-frames.
Also, the AC drive controller switches the polarity for each of
the pixels constituting the pair of pixels corresponding to the
high frequency emphasized sub-frames and switches the
polarity for each of the pixels constituting the pair of pixels
corresponding to the high frequency suppressed sub-frames.

The video signal processor includes a frame controller
configured to generate a plurality of sub-frames by perform-
ing time division on an input image frame; a high frequency
emphasized sub-frame generator configured to generate high
frequency emphasized sub-frames by filtering the sub-frames
generated by the frame controller; a high frequency sup-
pressed sub-frame generator configured to generate high fre-
quency suppressed sub-frames by filtering the sub-frames
generated by the frame controller; a first output controller
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configured to alternately output the high frequency empha-
sized sub-frames generated by the high frequency empha-
sized sub-frame generator and the high frequency suppressed
sub-frames generated by the high frequency suppressed sub-
frame generator; a gain controller configured to adjust an
output level of the sub-frame images output from the first
output controller; and a second output controller configured
to receive output from the first output controller and output
from the gain controller, and to output level-adjusted interpo-
lation pixels and level-nonadjusted original pixels to the AC
drive controller, the level-adjusted interpolation pixels being
generated by adjusting interpolation pixels generated by IP
conversion with an output level adjusting signal output from
the gain controller, and the level-nonadjusted original pixels
being level-nonadjusted original pixel signals other than the
interpolation pixels output from the first output controller.
The AC drive controller extracts the pairs of the same signal
processing, the pairs including (a) a pair of high frequency
emphasized sub-frame original pixels including original pix-
els included in the high frequency emphasized sub-frames;
(b) a pair of high frequency emphasized sub-frame interpo-
lation pixels including level-adjusted interpolation pixels
included in the high frequency emphasized sub-frames; (c) a
pair of high frequency suppressed sub-frame original pixels
including original pixels included in the high frequency sup-
pressed sub-frames; and (d) a pair of high frequency sup-
pressed sub-frame interpolation pixels including level-ad-
justed interpolation pixels included in the high frequency
suppressed sub-frames. The AC drive controller switches the
polarity for each of the pixels constituting the respective pixel
pairs (a) to (d).

According to an embodiment of the present invention,
there is provided a control signal generating apparatus to
generate a control signal for controlling a display unit includ-
ing a liquid crystal panel. The control signal generating appa-
ratus includes an AC drive controller configured to control
video display by receiving a result of signal processing per-
formed in a video signal processor and controlling a voltage
applied to the liquid crystal panel included in the display unit.
The AC drive controller performs, for each pixel of the liquid
crystal panel, AC drive control of alternately switching a
polarity between + and - in units of pairs of the same signal
processing, each pair being two pixels on time series on which
signal processing of the same category is performed in the
video signal processor.

The control signal generating apparatus further includes an
AC drive pattern determining unit configured to determine an
AC drive pattern on the basis of an image display form in the
display unit. The AC drive controller performs AC drive con-
trol of alternately switching a polarity between + and - in
units of pairs of the same signal processing in accordance
with the AC drive pattern determined in the AC drive pattern
determining unit.

The AC drive controller receives an instruction signal from
the video signal processor and performs AC drive control of
alternately switching a polarity between + and - in units of
pairs of the same signal processing on the basis of the instruc-
tion signal.

According to an embodiment of the present invention,
there is provided an AC drive control apparatus to control
video display by controlling a voltage applied to a liquid
crystal panel included in a display unit. In each pixel of the
liquid crystal panel, the AC drive control apparatus performs
AC drive control of alternately switching a polarity be-
tween + and - in units of pairs of the same signal processing,
each pair being two pixels on time series on which signal
processing of the same category is performed.
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According to an embodiment of the present invention,
there is provided an image display control method for per-
forming image processing in an image display apparatus. The
method includes the steps of: performing video signal pro-
cessing on the basis of an image display form in a display umt
including aliquid crystal panel, the step being performed ina
video signal processor; and performing AC drive control to
control video display by receiving a result of the signal pro-
cessing performed in the video signal processor and control-
ling a voltage applied to the liquid crystal panel included in
the display unit, the step being performed in an AC drive
controller. The AC drive control step performs, for each pixel
of the liquid crystal panel, AC drive control of alternately
switching a polarity between + and - in units of pairs of the
same signal processing, each pair being two pixels on time
series on which signal processing of the same category is
performed in the video signal processor.

According to an embodiment of the present invention,
there is provided a computer program product allowing an
image display apparatus to perform image processing. The
computer program product includes the steps of: performing
video signal processing on the basis of an image display form
in a display unit including a liquid crystal panel, the step
being performed in a video signal processor; and performing
AC drive control to control video display by receiving a result
of the signal processing performed in the video signal pro-
cessor and controlling a voltage applied to the liquid crystal
panel included in the display unit, the step being performed in
an AC drive controller. The AC drive control step performs,
for each pixel of the liquid crystal panel, AC drive control of
alternately switching a polarity between + and — in units of
pairs of the same signal processing, each pair being two pixels
on time series on which signal processing of the same cat-
egory is performed in the video signal processor.

The above-described computer program product can be
provided to a multi-purpose computer system capable of per-
forming various program codes via a storage medium or a
communication medium, such a CD, FD, MO, or network in
a computer readable manner. By providing the program in a
computer readable manner, processes according to the pro-
gram are performed in the compute system.

Other features of the present invention become apparent
from the following description of exemplary embodiments
with reference to the attached drawings. In this specification,
a system is a logical set of a plurality of devices, and the
respective devices are not always in the same cabinet.

According to a configuration of an embodiment of the
present invention, a control process performed by an AC drive
controller to control video display can be improved by con-
trolling a voltage applied to a liquid crystal panel. Even when
a process of adjusting an output level is performed, bias of an
applied voltage can be suppressed and accumulation of DC of
charge can be prevented. Specifically, a pair of pixels on
which the same signal processing is performed in the time
direction in a target pixel (or a target pixel line) is set, and AC
drive of alternately switching between [+] and [-] is per-
formed in units of pairs of signal processing of the same
category. With this process, alternate switching between [+]
and [-] is performed during display of the respective pairs of
the same signal processing. Accordingly, balance of [+] and
[-] is maintained, accumulation of [+] or [-] voltage can be
prevented, and the possibility of occurrence of burn-in can be
decreased.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of an AC drive process;

FIG. 2 illustrates a problem about AC drive in display of an
image having interpolation pixels;

FIG. 3 is a block diagram showing an example of a con-
figuration of a signal processing circuit in an image display
apparatus according to an embodiment of the present inven-
tion;

FIG. 4 illustrates an example of an AC drive process (pro-
cess example 1) performed in the image display apparatus
according to the embodiment of the present invention;

FIG. 5 illustrates the example of the AC drive process
performed in the image display apparatus according to the
embodiment of the present invention;

FIG. 6 illustrates another example of the AC drive process
(process example 2) performed in the image display appara-
tus according to the embodiment of the present invention;

FIG. 7 shows an example of a configuration of a signal
processing circuit of a video signal processor in the image
display apparatus according to the embodiment of the present
invention;

FIG. 8 illustrates another example of the AC drive process
(process example 3) performed in the image display appara-
tus according to the embodiment of the present invention;

FIG. 9 shows another example of the configuration of the
signal processing circuit of the video signal processor in the
image display apparatus according to the embodiment of the
present invention;

FIG. 10 illustrates another example of the AC drive process
(process example 4) performed in the image display appara-
tus according to the embodiment of the present invention;

FIG. 11 is a flowchart illustrating a process sequence per-
formed in the image display apparatus according to the
embodiment of the present invention;

FIG. 12 is a block diagram showing another example of the
configuration of the signal processing circuit in the image
display apparatus according to the embodiment of the present
invention;

FIG. 13 is a block diagram showing another example of the
configuration of the signal processing circuit in the image
display apparatus according to the embodiment of the present
invention; and

FIG. 14 is a block diagram showing another example of the
configuration of the signal processing circuit in the image
display apparatus according to the embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an image display apparatus, a control signal
generating apparatus, an image display control method, and a
computer program product according to an embodiment of
the present invention are described in detail with reference to
the drawings. First, an example of a configuration of the
image display apparatus according to the embodiment of the
present invention is described with reference to FIG. 3. As
shown in FIG. 3, the image display apparatus includes a video
signal processor 101, a frame memory 102, a controller 103,
a user input unit 104, and a liquid crystal module 120. The
liquid crystal module 120 includes an AC drive controller
121, an AC drive pattern determining unit 122, data drivers
123a and 123, and a liquid crystal panel 124.

The liquid crystal panel 124 is a display unit including
pixels arranged in a matrix pattern. The AC drive controller
121, the AC drive pattern determining unit 122, and the data
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drivers 123a and 1235 serve as a control signal generating
apparatus to control display in the liquid crystal panel 124.
The AC drive controller 121 controls a voltage applied to
liquid crystal corresponding to each pixel in the liquid crystal
panel 124 as a display unit.

A video signal to be processed for display is input to the
video signal processor 101, where the video signal is pro-
cessed by IP conversion or nxprocess of frames, so that a
video signal adaptable with a predetermined display form is
generated. During signal processing performed in the video
signal processor 101, the frame memory 102 is used as nec-
essary for storing frame data. The video signal generated in
the video signal processor 101 is supplied to the AC drive
controller 121 of the liquid crystal module 120. Also, a hori-
zontal synchronizing signal (H_Sync) and a vertical synchro-
nizing signal (V_Sync) are supplied from the video signal
processor 101 to the AC drive controller 121.

The AC drive controller 121 of the liquid crystal module
120 drives the data drivers 1234 and 1235 on the basis of the
video signal, the horizontal synchronizing signal (H_Sync),
and the vertical synchronizing signal (V_Sync) received from
the video signal processor 101, so as to display image data on
the liquid crystal panel 124.

The AC drive pattern determining unit 122 determines an
AC drive sequence performed in the AC drive controller 121.
For example, the AC drive pattern determining unit 122 deter-
mines a pattern of polarities [+] and [-] of the voltage to be
applied to each pixel line of each frame, and provides infor-
mation about the determined pattern to the AC drive control-
ler 121. The AC drive controller 121 drives the data drivers
123a and 1235 in accordance with the AC drive pattern
received from the AC drive pattern determining unit 122, so as
to display image data on the liquid crystal panel 124.

The AC drive controller 121 according to the embodiment
of the present invention performs AC drive control on each
pixel of the liquid crystal panel 124. In the AC drive control,
apolarity is alternately switched between [+] and [-] in units
of pairs of the same signal processing, each pair being two
pixels on time series on which signal processing of the same
category is performed in the video signal processor 101. A
specific example of this process is described below in detail.

In the configuration shown in FIG. 3, the AC drive pattern
determining unit 122 is provided as an independent element
in the liquid crystal module 120. However, a process of deter-
mining an AC drive pattern may be performed in the video
signal processor 101. This configuration is described below.

Even when a process of adjusting the output level of inter-
polation pixels generated by the above-described IP conver-
sion is performed, the AC drive pattern determining unit 122
determines an AC drive pattern for suppressing bias of an
applied voltage and preventing accumulation of DC of
charge, and supplies information about the determined pat-
tern to the AC drive controller 121.

The AC drive pattern determining unit 122 determines an
AC drive pattern in accordance with the form of an image to
be displayed on the liquid crystal panel 124. The form of an
image to be displayed on the liquid crystal panel 124 can be
set by a user in the user input unit 104. The information input
through the user input unit 104 is input to the controller 103
and is supplied from the controller 103 to the AC drive pattern
determining unit 122 of the liquid crystal module 120. Then,
the AC drive pattern determining unit 122 determines an AC
drive pattern in accordance with the display form on the basis
of the input information. Hereinafter, process examples
according to a plurality of display forms are described.
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Process example 1: control to display an image in which TP
conversion and adjustment of output level of interpolation
pixels are performed

Process example 2: control to display an image in which IP
conversion, nxprocess, and adjustment of output level of
interpolation pixels are performed

Process example 3: control to display an image in which a
high frequency suppressed sub-frame and a high-frequency
emphasized sub-frame are alternately output

Process example 4: control to display an image in which a
high frequency suppressed sub-frame and a high-frequency
emphasized sub-frame are alternately output and adjustment
of output level of interpolation pixels is performed

PROCESS EXAMPLE 1

As process example 1, control to display an image in which
IP conversion and adjustment of output level of interpolation
pixels are performed is described with reference to F1G. 4 and
so on. FIG. 4 shows, in time series, pixels in the vertical
direction of a frame image that is displayed in a display unit
200. An input image is a 60 Hz image, and interframe spacing
between respective times t1, t2, t3, and t4 is Yeo sec.

As described above with reference to FIG. 2, when an
interlace signal is to be displayed in a plane hold display, IP
conversion of converting an interlace signal to a progressive
signal is performed in order to prevent occurrence of flicker.
In the IP conversion, a signal of a line not having a signal
included in an interlace signal is generated by interpolation.
By applying the pseudo signal generated by the interpolation,
the interlace signal is converted to a progressive signal, so that
display is performed by using the progressive signal in which
every pixel includes a signal.

However, the progressive signal includes pixel data gener-
ated by the interpolation, so that an image different from
original content is displayed disadvantageously. In order to
realize display of an interlace signal equivalent to the original
content, interpolated pixels may not be displayed, that is,
black pixels may be displayed. This process is described
above with reference to FIG. 2.

In such a display process, if the conventional AC drive is
performed, that is, if a corresponding same pixel is driven by
alternately switching between [+] and [-] in each frame,
interpolation pixels having a luminance level of 0 set every
other frame are displayed substantially under an applied volt-
age of 0, as described above with reference to FIG. 2. As a
result, pixels included in the original interlace signal are
displayed by an applied voltage of any one of [+] and [-].
Accordingly, a voltage of [+] or [-] is accumulated, so that
burn-in occurs.

In this process example, in order to prevent the burn-in, a
pair of pixels on which the same signal processing is per-
formed in a time direction is set in a target pixel (or a target
pixel line), as shown in FIG. 4, and AC drive of alternately
switching between [+] and [-] is performed in units of pairs of
the same signal processing.

In the example shown in FIG. 4, a pixel 201 is focused on.
In this case, an original pixel of an unchanged luminance level
is displayed at times 11,13, 15, 17, . . ., whereas an interpolation
pixel of a decreased luminance level is displayed at times t2,
4,16,18, . . ..

In this method of displaying pixels, pairs on which the
same signal processing is performed are defined as follows, as
shown in FIG. 4:

(1) pair A of original pixels; and

(2) pair B of interpolation pixels.
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In this process example, AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing. More specifically, the polarity of charge
applied to liquid crystal in (1) pair A of original pixels is set to
apairof [+] and [-], and also the polarity of charge applied to
liquid crystalin (2) pair B of interpolation pixels is set to a pair
of [+] and [-]. That s, in each pixel of the liquid crystal panel
124, the AC drive controller 121 performs AC drive control of
alternately switching the polarity between [+] and [~] in units
of pairs of the same signal processing, each pair being two
pixels on time series on which signal processing of the same
category is performed in the video signal processor 101.

According to the above-described AC drive, when the pixel
201 is focused on, for example, an original pixel of an
unchanged luminance level is displayed at times t1, t3, t5,
t7, .. .. The polarity is alternately switched between [+] and
[-]in frames corresponding to the respective times. Likewise,
an interpolation pixel of a decreased luminance level is dis-
played at times t2, t4, 16, t8, . . . . The polarity is alternately
switched between [+] and [-] in frames corresponding to the
respective times.

As a result, alternate switching between [+] and [-] is
performed at times t1, 13, 15, 17, . . . , when the original pixel
is displayed. Accordingly, balance of [+] and [-] is main-
tained and accumulation of [+] or [-] voltage can be pre-
vented. Also, alternate switching between [+] and [-] is pet-
formed at times t2, t4, t6, 18, . . ., when the interpolation pixel
of acontrolled level is displayed. Accordingly, balance of [+]
and [-] is maintained and accumulation of [+] or [-] voltage
can be prevented.

In this process example, AC drive is repeated in a pattern of
[+][+1[-][-] on a four-frame cycle. Hereinafter, an example
of setting a polarity in AC drive corresponding to each line in
this process example is described with reference to FI1G. 5.

FIG. 5 shows (a) horizontal synchronizing signal; (b) ver-
tical synchronizing signal; and (c) polarity of each line (first
to fourth frames).

In a display unit 250, original pixel lines (solid lines) and
interpolation pixel lines (broken lines) generated by interpo-
lation in IP conversion are shown. The original pixel lines and
the interpolation pixel lines are alternately displayed in each
frame.

In (c) polarity of each line (first to fourth frames), in the first
frame, for example, the polarity of AC drive is set to [+], [-],
[+],[-1, .. .inrespective lines 1, 2, 3, Likewise, in the second
frame, the polarity of AC driveis set to [+], [-], [+],[-], - . -1n
respective lines 1, 2, 3, . . . . On the other hand, in the third
frame, the polarity of AC drive is reversed and is setto [-], [+],

[-], [+], . . . in respective lines 1, 2, 3, . . . . Likewise, in the
fourth frame, the polarity of AC drive is set to [-], [+], [-],
[+],...1inrespective lines 1, 2, 3,

The corresponding pixels (lines) in the first and third
frames form a pair of the same signal processing described
abovewithreference to FIG. 4. Also, the corresponding pixels
(lines) in the second and fourth frames form a pair of the same
signal processing. That is, the original pixel line and the
interpolation pixel line are set every other frame on the same
line. Thus, in all lines in (c) polarity of each line (first to fourth
frames) shown in FIG. 5, the pattern of polarities is set to
repetition of [+][+][-][-] in the time axis direction (from top
to bottom).

As described above, in this process example, AC drive is
performed on a four-frame cycle. Accordingly, the polarity is
alternately switched between [+] and [-] at times t1, t3, t5,
t7, ..., whenthe original pixel is displayed, balance of [+] and
[-] is maintained, and thus voltage of [+] or [-] is not accu-
mulated. Likewise, the polarity is alternately switched

20

25

30

40

45

60

65

10

between [+] and [-] at times t2, t4, t6, t8, . . . , when the
interpolation pixel is displayed. balance of [+] and [-] is
maintained, and thus voltage of [+] or [-] is not accumulated.
As aresult, accumulation of charge can be suppressed even if
a display period continues, so that the possibility of occur-
rence of burn-in can be decreased.

PROCESS EXAMPLE 2

Hereinafter, control to display an image in which IP con-
version, nxprocess (n is an integer of 2 or more), and adjust-
ment of output level of interpolation pixels are performed is
described. Herein, assume a case where the speed of the
display process according to process example 1 is doubled.
For example, when input image data is 60 Hz image data, the
speed thereof is doubled and the image data is displayed as
120 Hz image data.

In a plane hold display such as an LCD, moving image
blurring occurs due to a retinal afterimage. That is, when a
moving object is displayed in a plane hold display unit, the
eyes of a watcher follow the moving object and the image
thereof slips on retina. Accordingly, so-called blurring occurs
and the quality of the moving image degrades.

As a configuration to alleviate the blurring, itis known that
a display apparatus having a fast responsivity is effectively
applied. For example, display is switched at 120 Hz, that is, an
actual image is displayed during a period of Y120 sec, black is
displayed during a next period of Y120 sec, a next actual image
is displayed during a next period of 20 sec, and black is
displayed during a next period. In this way, by inserting black
between frames displayed, display approximate to impulse
drive display can be performed. It is known that, in the
impulse drive display, blurring is alleviated because an actual
display period is short.

In the plane hold display apparatus, display approximate to
the impulse drive display can be performed by doubling a 60
Hzimageto a 120 Hzimage. For this purpose, so-called black
insertion has been suggested. However, if the black insertion
is performed and if the conventional AC drive described
above with reference to FIG. 2 is performed, an applied [+] or
[-] voltage accumulates, which leads to occurrence of burn-
in.

Hereinafter, an example of AC drive according to an
embodiment of the present invention is described with refer-
ence to FIG. 6. FIG. 6 shows, in time series, pixels in the
vertical direction of a frame image that is displayed in a
display unit. For example, the displayed image is a 120 Hz
image generated by doubling a 60 Hz image. The interframe
spacing between respective times t1, 12, t3,t4, . . . is /120 sec.
A speed-doubling process is performed by time division of 60
Hz image data into two sub-frames. In this case, as shown in
FIG. 6, two continuous frames of original pixels or interpo-
lation pixels are displayed in the same line. That is, display of
[original pixel] [original pixel] and [interpolation pixel] [in-
terpolation pixel] is repeatedly performed at intervals of V120
sec.

In the image display apparatus according to the embodi-
ment of the present invention, as described above in process
example 1, a pair of pixels on which the same signal process-
ing is performed in the time direction in a target pixel (or a
target pixel line) 1s set, and AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing.

In the example of the process of displaying a 120 Hz image
shown in FIG. 6, a target pixel 271 is focused on, for example.
In this case, an original pixel having an unchanged luminance
level is displayed at times tl, t2, t5, t6, . . ., whereas an
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interpolation pixel having a decreased luminance level is
displayed at times t3, t4,t7,t8, . . ..

In this method of displaying pixels, pairs on which the
same signal processing is performed are defined as follows, as
shown in FIG. 6:

(1) pair A of original pixels; and

(2) pair B of interpolation pixels.

In this process example, AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing. More specifically, the polarity of charge
applied to liquid crystal in (1) pair A of original pixels is set to
apairof[+] and [-], and also the polarity of charge applied to
liquid crystal in (2) pair B of interpolation pixels is set to a pair
of [+] and [-]. That s, in each pixel of the liquid crystal panel
124, the AC drive controller 121 performs AC drive control of
alternately switching the polarity between [+] and [-] in units
of pairs of the same signal processing, each pair being two
pixels on time series on which signal processing of the same
category is performed in the video signal processor 101.

According to the above-described AC drive, when the pixel
271 is focused on, for example, an original pixel of an
unchanged luminance level is displayed at times t1, 12, t5,
t6, .. .. The polarity is alternately switched between [+] and
[-]in frames corresponding to the respective times. Likewise,
an interpolation pixel of a decreased luminance level is dis-
played at times t3, t4, 17, t8, . . . . The polarity is alternately
switched between [+] and [-] in frames corresponding to the
respective times.

As a result, alternate switching between [+] and [-] is
performed during display of the original pixel. Accordingly,
balance of [+] and [-] is maintained and accumulation of [+]
or [-] voltage can be prevented. Also, alternate switching
between [+] and [-] is performed during display of the inter-
polation pixel of a controlled level. Accordingly, balance of
[+] and [-] is maintained and accumulation of [+] or [-]
voltage can be prevented. In this process example, AC drive is
repeated in a pattern of [+][-] on a two-frame cycle.

In the above-described example, the process performed on
an image doubled from 60 Hz to 120 Hz is described. Also,
the same effect as in the above-described example can be
obtained when the speed is quadrupled, if the polarity is
switched in units of pairs of signal processing of the same
category. That is, pairs of interpolation pixels and pairs of
original pixels are extracted from image data on which nxpro-
cess (n is an integer of 2 or more) is performed in the AC drive
controller 121, and the polarity is switched for every interpo-
lation pixel and every original pixel. Accordingly, burn-in can
be prevented.

PROCESS EXAMPLE 3

Next, control to display an image in which a high frequency
suppressed sub-frame and a high-frequency emphasized sub-
frame are alternately output is displayed. In process example
2, black insertion is performed to display doubled frame
images of 120 Hz in order to alleviate blurring of images.

The assignee of the present invention has suggested a con-
figuration of performing a process different from the black
insertion on image signals in order to suppress a decrease in
luminance level and contrast and to alleviate blurring, and has
disclosed the configuration in another patent application.
More specifically, a high frequency suppressed sub-frame in
which an image area of high frequency (high frequency area)
is suppressed is displayed between high frequency empha-
sized sub-frames. The image area of high frequency includes
an area where blurring is conspicuous, that is, a part (edge)
having a significant change in contrast or an outline. Accord-
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ingly, blurring can be effectively alleviated. Also, by compen-
sating an effect of insertion of high frequency suppressed
sub-frames on image quality by using high frequency empha-
sizing sub-frames, images can be displayed while preventing
degradation of brightness and contrast.

In this process example, the video signal processor 101
shown in FIG. 3 performs signal processing on the basis of an
input video signal so as to generate high frequency empha-
sized and high frequency suppressed sub-frames, and outputs
them as an output video signal. An example of video signal
processing performed in the video signal processor 101 cor-
responding to this process example is described with refer-
ence to FIG. 7. As shown in FIG. 7, the video signal processor
101 includes a frame controller 301, a high frequency empha-
sized sub-frame generator 302, a low-pass filter (LPF) 303
serving as a high frequency suppressed sub-frame generator,
and a selector 304. The high frequency emphasized sub-
frame generator 302 includes a high-pass filter (HPF) 321 and
an adder 322.

In the input video signal, a display period of each frame is
set to /60 sec=16.7 msec. That is, the video signal corresponds
to image data having a vertical frequency of 60 Hz. The frame
controller 301 performs an nxprocess on the image signal of
60 Hz. In this case, n is a value larger than 1.

The frame controller 301 performs an nxprocess on input
image data, divides each frame into n sub-frames, and outputs
the sub-frames. For example, when n=2, each frame is
divided into two sub-frames by time division so that the 60 Hz
image data is converted to 120 Hz image data. Then, the 120
Hz image data is output to the HPF 321 of the high frequency
emphasized sub-frame generator 302 and the LPF 303 serv-
ing as a high frequency suppressed sub-frame generator.

In the HPF 321 and the LPF 303, the time-divided sub-
frames are alternately input from the frame controller 301, a
low frequency cutting process or a high frequency cutting
process is performed on each of the input sub-frames, and
then the sub-frames are output.

The HPF 321 performs a filtering process of cutting a low
space frequency part of an input sub-frame image and allow-
ing a high frequency area, such as a part where contrast
significantly changes (edge) or an outline, to pass there-
through. Data output from the HPF 321 is added to a sub-
frame image based on an original image before filtering in the
adder 322, and is output to the selector 304. The output from
the adder 322 corresponds to a high frequency emphasized
sub-frame image in which a high frequency area, such as a
part where contrast significantly changes (edge) or an outline,
is emphasized.

On the other hand, the LPF 303 performs a filtering process
of cutting a high space frequency part of an input sub-frame
image and allowing a low frequency area to pass there-
through. Data output from the LPF 303 is input to the selector
304. The output from the LPF 303 corresponds to a high
frequency suppressed sub-frame image in which a high fre-
quency area, such as a part where contrast significantly
changes (edge) or an outline, is suppressed. This LPF process
only suppresses a high frequency area and has no effect ona
DC component as a low frequency component. Accordingly,
significant degradation in brightness and contrast can be pre-
vented.

The selector 304 functions as an output controller to alter-
nately output a high frequency emphasized sub-frame, which
is an output of the adder 322, and a high frequency suppressed
sub-frame, which is an output of the LPF 303, at predeter-
mined output timings.

For example, an input image is a 60 Hz image, sub-frames
of 120 Hz are generated in the frame controller 301, the HPF
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321 and the LPF 303 perform a filtering process on the sub-
frames compatible with 120 Hz, respectively, and result data
is input to the selector 304. In this case, the respective sub-
frame images, that is, the high frequency emphasized sub-
frame output from the adder 322 and the high frequency
suppressed sub-frame output from the LPF 303 are alter-
nately output at intervals of /120 sec.

The outputs are input to the AC drive controller 121 of the
liquid crystal module 120 shown in FIG. 3. Then, under
predetermined AC drive control, the high frequency empha-
sized sub-frame and the high frequency suppressed sub-
frame are alternately displayed in the liquid crystal panel 124
at intervals of Y20 sec. As described above, in this process
example, blurring can be alleviated by displaying a high
frequency suppressed sub-frame, in which a high frequency
image area (high frequency area), such as a part where con-
trast significantly changes and blurring is conspicuous (edge)
or an outline, is suppressed, between high frequency empha-
sized sub-frames. Also, by compensating an effect of inser-
tion of the high frequency suppressed sub-frame on image
quality, e.g., degradation in contrast, by using a high fre-
quency emphasized sub frame, images can be displayed while
preventing degradation in brightness and contrast.

AC drive of alternately displaying the above-described
high frequency emphasized sub-frame and high frequency
suppressed sub-frame is described with reference to FIG. 8.
FIG. 8 shows, in time series, pixels in the vertical direction of
a frame image displayed in the display unit. For example, the
image is a 120 Hz image generated by doubling a 60 Hz
image. The interframe spacing between respective times t1,
2, 13, t4, . . . is Y120 sec. In this process example, a high
frequency emphasized sub-frame and a high frequency sup-
pressed sub-frame are alternately displayed at intervals
of Y20 sec, as shown in FIG. 8.

In the image display apparatus according to the embodi-
ment of the present invention, as described above in process
example 1, a pair of pixels on which the same signal process-
ing is performed in the time direction in a target pixel (or a
target pixel line) is set, and AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing.

In the example of the process of displaying a 120 Hz image
shown in FIG. 8, a target pixel 351 is focused on, for example.
Inthis case, a pixel corresponding to a high frequency empha-
sized sub-frameis displayed attimes t1, t3,t5,17, . . ., whereas
a pixel corresponding to a high frequency suppressed sub-
frame is displayed at times 12, t4, 16,18, . .. .

In this method of displaying pixels, pairs on which the
same signal processing is performed are defined as follows, as
shown in FIG. 8:

(1) pair A of high frequency emphasized sub-frame pixels;
and

(2) pair B of high frequency suppressed sub-frame pixels.

In this process example, AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing. More specifically, the polarity of charge
applied to liquid crystal in (1) pair A of high frequency
emphasized sub-frame pixels is set to a pair of [+] and [-], and
also the polarity of charge applied to liquid crystal in (2) pair
B of high frequency suppressed sub-frame pixels is set to a
pair of [+] and [-]. That is, in each pixel of the liquid crystal
panel 124, the AC drive controller 121 performs AC drive
control of alternately switching the polarity between [+] and
[-] in units of pairs of the same signal processing, each pair
being two pixels on time series on which signal processing of
the same category is performed in the video signal processor
101.
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According to the above-described AC drive, when the pixel
351 is focused on, for example, a high frequency emphasized
sub-frame pixel is displayed at times t1, t3, 15,17, . . . . The
polarity is alternately switched between [+] and [-] in frames
corresponding to the respective times. Likewise, a high fre-
quency supptessed sub-frame pixel is displayed at times t2,
4,16,18, . ... The polarity is alternately switched between [+]
and [-] in frames corresponding to the respective times.

As a result, alternate switching between [+] and [-] is
performed during display of the high frequency emphasized
sub-frame pixel. Accordingly, balance of [+] and [~] is main-
tained and accumulation of [+] or [-] voltage can be pre-
vented. Also, alternate switching between [+] and [-] is per-
formed during display of the high frequency suppressed sub-
frame pixel. Accordingly, balance of [+] and [-] is maintained
and accumulation of [+] or [-] voltage can be prevented. In
this process example, AC drive is repeated in a pattern of
[+][-1[-][+] on a four-frame cycle.

PROCESS EXAMPLE 4

Hereinafter, control to display an image in which a high
frequency suppressed sub-frame and a high-frequency
emphasized sub-frame are alternately output and adjustment
of output level of interpolation pixels is performed is
described. In process example 3, a high frequency empha-
sized sub-frame and a high frequency suppressed sub-frame
are alternately displayed in order to display a double speed
frame image of 120 Hz. In this display method, as in the
above-described process example 2, an image same as origi-
nal content can be displayed by decreasing an output level of
interpolation pixels. Hereinafter, AC drive of performing
such a display process is described as process example 4.

In this process example, the video signal processor 101
shown in FI1G. 3 performs signal processing on the basis of an
input video signal so as to generate high frequency empha-
sized and high frequency suppressed sub-frames, and also
controls the level of interpolation pixels. Hereinafter, an
example of video signal processing performed in the video
signal processor 101 corresponding to this process example is
described with reference to FIG. 9. As shown in FIG. 9, the
video signal processor 101 includes the frame controller 301,
the high frequency emphasized sub-frame generator 302, the
LPF 303 serving as a high frequency suppressed sub-frame
generator, the selector 304, a gain controller 371, and a selec-
tor 372. The high frequency emphasized sub-frame generator
302 includes the HPF 321 and the adder 322.

This configuration is equivalent to the configuration shown
in FIG. 7 added with the gain controller 371 and the selector
372. From start to output of the selector 304, the process
performed here is the same as that described above with
reference to FIG. 7. That is, a high frequency emphasized
sub-frame and a high frequency suppressed sub-frame are
alternately output from the selector 304.

The high frequency emphasized sub-frame and the high
frequency suppressed sub-frame are input to the gain control-
ler 371 and the selector 372. The gain controller 371 controls
the gain of each input frame. During control of the gain, an
output level of an input pixel value signal is adjusted and the
output level is decreased to 1x or less. That is, gain control of
decreasing the luminance level of an output signal is per-
formed. The purpose of decreasing the gain is to decrease the
output level of interpolation pixels generated by interpolation
in IP conversion.

The selector 372 receives the high frequency emphasized
sub-frame and high frequency suppressed sub-frame output
from the selector 304 in the previous stage, also receives the
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high frequency emphasized sub-frame and high frequency
suppressed sub-frame of which level is decreased in the gain
controller 371, and selects and outputs those frames in units
of lines on the basis of a control signal. That is, data whose
level is decreased in the gain controller 371 is output for a
pixel line generated by interpolation in IP conversion,
whereas data directly input from the selector 304 and on
which gain control is not performed is output for an original
pixel line other than the interpolation pixel line.

AC drive of alternately displaying the above-described
high frequency emphasized sub-frame and high frequency
suppressed sub-frame is described with reference to FIG. 10.
FIG. 10 shows, in time series, pixels in the vertical direction
of a frame image displayed in the display unit. For example,
the image is a 120 Hz image generated by doubling a 60 Hz
image. The interframe spacing between respective times t1,
2, 13, t4, . . . is Y120 sec. In this process example, a high
frequency emphasized sub-frame and a high frequency sup-
pressed sub-frame are alternately displayed at intervals
of Y120 sec. Additionally, the output level of an original pixel
line included in the high frequency emphasized sub-frame
and high frequency suppressed sub-frame is set to high, but
the output level of an interpolation pixel line is set to low.

In the image display apparatus according to the embodi-
ment of the present invention, as described above in process
example 1, a pair of pixels on which the same signal process-
ing is performed in the time direction in a target pixel (or a
target pixel line) is set, and AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing.

In the example of the process of displaying a 120 Hz image
shown in FIG. 10, a target pixel 381 is focused on, for
example. In this case, a pixel corresponding to a high fre-
quency emphasized sub-frame is displayed at times t1, t3, t5,
t7, ..., whereas a pixel corresponding to a high frequency
suppressed sub-frame is displayed at times t2, t4, 16,18, . . ..
Furthermore, among times t1, t3, t5, t7, . . . , when a pixel
corresponding to a high frequency emphasized sub-frame is
displayed, times t1 and t5 correspond to the frames where an
original pixel line of a high output level is displayed, and
times t3 and t7 correspond to the frames where an interpola-
tion pixel line of a low output level is displayed. Among times
2, t4, 16, t8, . . ., when a pixel corresponding to a high
frequency suppressed sub-frame is displayed, times t2 and t6
correspond to the frames where an original pixel line of a high
output level is displayed, and times t4 and t8 correspond to the
frames where an interpolation pixel line of a low output level
is displayed.

In this process of displaying pixels, pairs on which the
same signal processing is performed are defined as follows, as
shown in FIG. 10:

(1) pair A of high frequency emphasized sub-frame origi-
nal pixels;

(2) pair B of high frequency suppressed sub-frame original
pixels;

(3) pair C of high frequency emphasized sub-frame inter-
polation pixels; and

(4) pair D of high frequency suppressed sub-frame inter-
polation pixels.

In this process example, AC drive of alternately switching
between [+] and [-] is performed in units of pairs of the same
signal processing. More specifically, the polarity of charge
applied to liquid crystal in (1) pair A of high frequency
emphasized sub-frame original pixels is setto a pair of [+] and
[-], and the polarity of charge applied to liquid crystal in (2)
pair B ofhigh frequency suppressed sub-frame original pixels
is set to a pair of [+] and [-]. Also, the polarity of charge
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applied to liquid crystal in (3) pair C of high frequency
emphasized sub-frame intetpolation pixels is set to a pair of
[+] and [-], and the polarity of charge applied to liquid crystal
in (4) pair D of high frequency suppressed sub-frame inter-
polation pixels is set to a pair of [+] and [-]. In this way, in
each pixel of the liquid crystal panel 124, the AC drive con-
troller 121 performs AC drive control of alternately switching
the polarity between [+] and [-] in units of pairs of the same
signal processing, each pair being two pixels on time series on
which signal processing of the same category is performed in
the video signal processor 101.

According to the above-described AC drive, when the tar-
get pixel 381 is focused on, for example, (1) ahigh frequency
emphasized sub-frame original pixel is displayed at times t1,
15, . ... The polarity is alternately switched between [+] and
[-]in frames corresponding to the respective times. Likewise,
(2) a high frequency suppressed sub-frame original pixel is
displayed at times t2, t6, . . . . The polarity is alternately
switched between [+] and [-] in frames corresponding to the
respective times. Also, (3) ahigh frequency emphasized sub-
frame interpolation pixel is displayed at times t3,17, . ... The
polarity is alternately switched between [+] and [-] in frames
corresponding to the respective times. Likewise, (4) a high
frequency suppressed sub-frame interpolation pixel is dis-
played at times 14,18, . . . . The polarity is alternately switched
between [+] and [-] in frames corresponding to the respective
times.

As a result, alternate switching between [+] and [-] is
performed during display of respective pairs of the same
signal processing. Accordingly, balance of [+] and [-] is
maintained and accumulation of [+] or [-] voltage can be
prevented. In this process example, AC drive is repeated in a
pattern of [+][-][+][-][-]1[+][-][+] on an eight-frame cycle.

Now, a process sequence performed in the image display
apparatus according to the embodiment of the present inven-
tion is described with reference to the flowchart shown in
FIG. 11. The process according to the flowchart shown in
FIG. 11 is performed in the image display apparatus shown in
FIG. 3. The entire process is controlled by the controller 103
shown in FIG. 3. For example, the controller 103 includes a
CPU (central processing unit) and controls the process in
accordance with a computer program recorded in a memory.

Hereinafter, the respective steps in the process shownin the
flowchart in FIG. 11 are described. First, in step S101, avideo
signal is processed. This step is performed in the video signal
processor 101 shown in FIG. 3, and includes IP conversion,
nxprocess, and level control. That is, a process is performed
in accordance with each display form.

Then, in step S102, an AC drive pattern is determined. This
step is performed in the AC drive pattern determining unit 122
shown in FIG. 3. The AC drive pattern determining unit 122
determines an AC drive pattern in accordance with the form of
an image to be displayed on the liquid crystal panel 124. The
form of an image to be displayed on the liquid crystal panel
124 can be set by a user through the user input unit 104.
Information input through the user input unit 104 is input to
the controller 103 and is supplied from the controller 103 to
the AC drive pattern determining unit 122 of the liquid crystal
module 120. The AC drive pattern determining unit 122 deter-
mines an AC drive pattern adaptable to the display form on the
basis of the input information. For example, an AC drive
pattern of [+][+][-][-] on a four-frame cycle is determined.

Then, in step S103, setting of polarity is changed in accor-
dance with the determined AC drive pattern and AC drive is
performed., so that an image is output. This step is performed
in the AC drive controller 121 in the liquid crystal module 120
shown in FIG. 3. The AC drive controller 121 receives a video
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signal, a horizontal synchronizing signal (H_Sync), and a
vertical synchronizing signal (V_Sync) from the video signal
processor 101, drives the data drivers 123a and 1235 while
changing the setting of polarity on the basis of the AC drive
pattern information received from the AC drive pattern deter-
mining unit 122, and displays image data on the liquid crystal
panel 124.

In the image display apparatus according to the embodi-
ment of the present invention, a pair of pixels on which the
same signal processing is performed in the time directionina
target pixel (or a target pixel line) is set, and AC drive of
alternately switching between [+] and [-] is performed in
units of pairs of the same signal processing. With this process,
switching between [+] and [-] is performed during display of
respective pairs of the same signal processing. Accordingly,
balance of [+] and [-] is maintained, accumulation of [+] or
[-] voltage can be prevented, and the possibility of occur-
rence of burn-in can be decreased.

In the above-described embodiment, the AC drive pattern
determining unit 122 serves as an independent element in the
liquid crystal module 120 in the configuration shown in FIG.
3. Alternatively, the process of determining an AC drive pat-
tern may be performed in the video signal processor 101. This
process configuration is described below with reference to
FIG. 12.

In the configuration shown in FIG. 12, unlike in the con-
figuration shown in F1G. 3, the AC drive pattern determining
unit 122 is not an independent element in the liquid crystal
module 120, but the process of determining an AC drive
pattern is performed in the video signal processor 101. For
example, information about a display form of an image set by
a user in the user input unit 104 is input to the video signal
processor 101 via the controller 103, and an AC drive pattern
according to the display form is determined in the video
signal processor 101. The video signal processor 101 inputs
an AC drive pattern selecting signal to the AC drive controller
121 on the basis of the determined pattern. The AC drive
controller 121 selects one of a plurality of prepared AC drive
patterns on the basis of the AC drive pattern selecting signal
received from the video signal processor 101 and performs
AC drive.

The AC drive patterns may not be prepared in advance. For
example, polarity setting information may be sequentially
input from the video signal processor 101 to the AC drive
controller 121 so that polarities are sequentially set, and AC
drive may be performed accordingly. This process configu-
ration is described below with reference to FIG. 13.

For example, information about a display form of an image
set by a user in the user input unit 104 is input to the video
signal processor 101 via the controller 103. An AC drive
pattern according to the display form is determined in the
video signal processor 101, polarities according to the deter-
mined pattern are sequentially determined, and a flag indicat-
ing the determined polarities is input from the video signal
processor 101 to the AC drive controller 121. The AC drive
controller 121 sequentially sets the polarities in accordance
with the input flag so as to perform AC drive.

The setting of polarities according to the AC drive pattern
determined in accordance with the display form may be per-
formed in the AC drive controller 121. For example, referring
to FIG. 14, information about a display form of an image set
by a user in the user input unit 104 is input to the AC drive
controller 121 of the liquid crystal module 120 via the con-
troller 103. An AC drive pattern according to the display form
is determined in the AC drive controller 121, polarities are
sequentially determined in accordance with the determined
pattern, a signal of the determined polarities is output to the

20

25

40

45

60

65

18

data drivers 123a and 1235 together with a video signal, and
the polarities are sequentially set for performing AC drive.

As described above, various configurations can be adopted.
In any of the configurations, a pair of pixels on which the
same signal processing is performed in the time directionina
target pixel (or a target pixel line) is set, and AC drive of
alternately switching between [+] and [-] is performed in
units of pairs ofthe same signal processing. With this process,
switching between [+] and [-] is performed during display of
respective pairs of the same signal processing. Accordingly,
balance of [+] and [-] is maintained, accumulation of [+] or
[-] voltage can be prevented, and the possibility of occur-
rence of burn-in can be decreased.

The present invention has been described above with ref-
erence to specific embodiments. It should be understood by
those skilled in the art that various modifications, combina-
tions, sub-combinations and alterations may occur depending
on design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalents
thereof.

The series of processes described in this specification can
be performed by hardware, software, or a mixed configura-
tion of hardware and software. When the processes are per-
formed by software, a program recording a processing
sequence can be installed in a memory of a computer incor-
porated in a dedicated hardware or can be installed in a
multi-purpose computer capable of performing various pro-
cesses, so that the program can be performed.

For example, the program can be recorded in advance in a
hard disk or a ROM (read only memory) serving as a record-
ing medium. Alternatively, the program can be temporarily or
permanently stored (recorded) in a removable recording
medium, such as a flexible disk, a CD-ROM (compact disc
read only memory), an MO (magneto optical) disc, a DVD
(digital versatile disc), a magnetic disk, or a semiconductor
memory. The removable recording medium can be provided
as so-called package software.

The program can be installed from the above-described
removable recording medium to a computer. Alternatively,
the program can be wirelessly transferred from a download
site to the computer or can be transferred to the computer via
a wired network, such as a LAN (local area network) or the
Internet. The computer can receive the transferred program
and install it in a recording medium, such as a built-in hard
disk.

The various processes described in the specification may
be performed in time series according to the described order.
Alternatively, the processes may be performed in parallel or
individually in accordance with the processing ability of an
apparatus performing the processes or as necessary. In this
specification, a system is a logical set of a plurality of devices,
and the respective devices are not always in the same cabinet.

What is claimed is:

1. An image display apparatus conmiprising;

a display unit including a liquid crystal panel;

a video signal processor configured to perform signal pro-
cessing on the basis of an image display form in the
display unit; and

an AC drive controller configured to control video display
by receiving a result of the signal processing performed
in the video signal processor and controlling a voltage
applied to the liquid crystal panel included in the display
unit,

wherein the AC drive controller performs, for each pixel of
the liquid crystal panel, AC drive control of alternately
switching a polarity between + and - in units of pairs of
the same signal processing. each pair being two pixels
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on time series on which signal processing of the same

category is performed in the video signal processor.

2. The image display apparatus according to claim 1, fur-

ther comprising:

an AC drive pattern determining unit configured to deter-
mine an AC drive pattern on the basis of the image
display form in the display unit,

wherein the AC drive controller performs AC drive control
of alternately switching a polarity between + and - in
units of pairs of the same signal processing in accor-
dance with the AC drive pattern determined in the AC
drive pattern determining unit.

3. The image display apparatus according to claim 1,

wherein the AC drive controller receives an instruction
signal from the video signal processor and performs AC
drive control of alternately switching a polarity between

+ and - in units of pairs of the same signal processing on

the basis of the instruction signal.

4. The image display apparatus according to claim 1,
wherein the AC drive controller extracts the pairs of the
same signal processing, the pairs including

apair ofinterpolation pixels which are interpolation line
pixels generated in IP conversion, an output level of
the interpolation pixels being decreased; and

a pair of original pixels other than the interpolation
pixels, and

wherein the AC drive controller switches the polarity for
each of the interpolation pixels constituting the pair of
interpolation pixels and switches the polarity for each of
the original pixels constituting the pair of original pixels.

5. The image display apparatus according to claim 4,

wherein the AC drive controller extracts the pair of inter-
polation pixels and the pair of original pixels from image
data on which nxprocess is performed, n being an inte-
ger of 2 or more, and switches the polarity foreach of the
interpolation pixels and each of the original pixels.

6. The image display apparatus according to claim 1,

wherein the video signal processor includes:

a frame controller configured to generate a plurality of
sub-frames by performing time division on an input
image frame;

a high frequency emphasized sub-frame generator con-
figured to generate high frequency emphasized sub-
frames by filtering the sub-frames generated by the
frame controller;

a high frequency suppressed sub-frame generator con-
figured to generate high frequency suppressed sub-
frames by filtering the sub-frames generated by the
frame controller; and

an output controller configured to alternately output the
high frequency emphasized sub-frames generated by
the high frequency emphasized sub-frame generator
and the high frequency suppressed sub-frames gener-
ated by the high frequency suppressed sub-frame gen-
erator to the AC drive controller,

wherein the AC drive controller extracts the pairs of the
same signal processing, the pairs including

a pair of pixels corresponding to the high frequency
emphasized sub-frames; and

a pair of pixels corresponding to the high frequency
suppressed sub-frames, and

wherein the AC drive controller switches the polarity for
each of the pixels constituting the pair of pixels corre-
sponding to the high frequency emphasized sub-frames
and switches the polarity for each of the pixels consti-
tuting the pair of pixels corresponding to the high fre-
quency suppressed sub-frames.
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7. The image display apparatus according to claim 1,

wherein the video signal processor includes:

a frame controller configured to generate a plurality of
sub-frames by performing time division on an input
image frame;

a high frequency emphasized sub-frame generator con-
figured to generate high frequency emphasized sub-
frames by filtering the sub-frames generated by the
frame controller;

a high frequency suppressed sub-frame generator con-
figured to generate high frequency suppressed sub-
frames by filtering the sub-frames generated by the
frame controller;

a first output controller configured to alternately output
the high frequency emphasized sub-frames generated
by the high frequency emphasized sub-frame genera-
tor and the high frequency suppressed sub-frames
generated by the high frequency suppressed sub-
frame generator;

a gain controller configured to adjust an output level of
the sub-frame images output from the first output
controller; and

a second output controller configured to receive output
from the first output controller and output from the
gain controller, and to output level-adjusted interpo-
lation pixels and level-nonadjusted original pixels to
the AC drive controller, the level-adjusted interpola-
tion pixels being generated by adjusting interpolation
pixels generated by IP conversion with an output level
adjusting signal output from the gain controller, and
the level-nonadjusted original pixels being level-non-
adjusted original pixel signals other than the interpo-
lation pixels output from the first output controller,

wherein the AC drive controller extracts the pairs of the

same signal processing, the pairs including

(a) a pair of high frequency emphasized sub-frame origi-
nal pixels including original pixels included in the
high frequency emphasized sub-frames;

(b) apair of high frequency emphasized sub-frame inter-
polation pixels including level-adjusted interpolation
pixels included in the high frequency emphasized
sub-frames;

(c) a pair of high frequency suppressed sub-frame origi-
nal pixels including original pixels included in the
high frequency suppressed sub-frames; and

(d) a pair of high frequency suppressed sub-frame inter-
polation pixels including level-adjusted interpolation
pixels included in the high frequency suppressed sub-
frames, and

wherein the AC drive controller switches the polarity for

each of the pixels constituting the respective pixel pairs

(a) to (d).

8. A control signal generating apparatus to generate a con-
trol signal for controlling a display unit including a liquid
crystal panel, the control signal generating apparatus com-
prising:

an AC drive controller configured to control video display

by receiving a result of signal processing performed ina

video signal processor and controlling a voltage applied
to the liquid crystal panel included in the display unit,
wherein the AC drive controller performs, for each pixel of
the liquid crystal panel, AC drive control of alternately
switching a polarity between + and - in units of pairs of
the same signal processing. each pair being two pixels
on time series on which signal processing of the same
category is performed in the video signal processor.
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9. The control signal generating apparatus according to
claim 8, further comprising:

an AC drive pattern determining unit configured to deter-

mine an AC drive pattern on the basis of an image dis-
play form in the display unit,

wherein the AC drive controller performs AC drive control

of alternately switching a polarity between + and - in
units of pairs of the same signal processing in accot-
dance with the AC drive pattern determined in the AC
drive pattern determining unit.

10. The control signal generating apparatus according to
claim 8,

wherein the AC drive controller receives an instruction

signal from the video signal processor and performs AC
drive control of alternately switching a polarity between
+and - in units of pairs of the same signal processing on
the basis of the instruction signal.

11. An AC drive control apparatus to control video display
by controlling a voltage applied to a liquid crystal panel
included in a display unit,

wherein, in each pixel of the liquid crystal panel, the AC

drive control apparatus performs AC drive control of
alternately switching a polarity between + and - in units
of pairs of the same signal processing, each pair being
two pixels on time series on which signal processing of
the same category is performed.

12. Animage display control method for performing image
processing in an image display apparatus, the method com-
prising the steps of:

performing video signal processing on the basis of an

image display form in a display unit including a liquid
crystal panel, the step being performed in a video signal
processor; and

[
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performing AC drive control to control video display by
receiving a result of the signal processing performed in
the video signal processor and controlling a voltage
applied to the liquid crystal panel included in the display
unit, the step being performed in an AC drive controller,

wherein the AC drive control step performs, for each pixel
of the liquid crystal panel, AC drive control of alter-
nately switching a polarity between + and - in units of
pairs of the same signal processing, each pair being two
pixels on time series on which signal processing of the
same category is performed in the video signal proces-
sof.

13. A computer program product allowing an image dis-
play apparatus to perform image processing, comprising the
steps of:

performing video signal processing on the basis of an

image display form in a display unit including a liquid
crystal panel, the step being performed in a video signal
processor; and
performing AC drive control to control video display by
receiving a result of the signal processing performed in
the video signal processor and controlling a voltage
applied to the liquid crystal panel included in the display
unit, the step being performed in an AC drive controller,

wherein the AC drive control step performs, for each pixel
of the liquid crystal panel, AC drive control of alter-
nately switching a polarity between + and - in units of
pairs of the same signal processing, each pair being two
pixels on time series on which signal processing of the
same category is performed in the video signal proces-
sor.
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