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(57) ABSTRACT

According to one embodiment, a liquid crystal display
apparatus includes an image sensor configured to output an
image signal when the image sensor is driven in a first mode
and a second mode, and a display device configured to
display an image on a display panel based on the image
signal. The image sensor is configured to output an image
signal every first exposure time when the image sensor is
driven in the first mode, and to output an image signal every
second exposure time when the image sensor is driven in the
second mode. The display device is configured to display an
image in accordance with progressive drive when the image
sensor is driven in the first mode, and to display an image in
accordance with interlace drive when the image sensor is
driven in the second mode.
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LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-239595, filed Dec. 9, 2016, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display apparatus.

BACKGROUND

[0003] In general, for example, a technology of displaying
an image (moving image) on a liquid crystal display appa-
ratus (display) based on an image signal output from an
image sensor is known.

[0004] For example, the quality of the image displayed on
the liquid crystal display apparatus relies on the environment
around the image sensor. Therefore, the display control of an
image in the liquid crystal display apparatus may be changed
in accordance with the environment. In such a case, the
display control of an image should be appropriately pet-
formed in terms of the load and the image quality of the
liquid crystal display apparatus.

SUMMARY

[0005] The present disclosure generally relates to a liquid
crystal display apparatus.

[0006] According to one embodiment, a liquid crystal
display apparatus includes an image sensor configured to
output an image signal when the image sensor is driven in
a first mode and a second mode, and a display device
configured to display an image on a display panel based on
the image signal. The image sensor is configured to output
an image signal every first exposure time when the image
sensor is driven in the first mode, and to output an image
signal every second exposure time when the image sensor is
driven in the second mode. The display device is configured
to display an image in accordance with progressive drive
when the image sensor is driven in the first mode, and to
display an image in accordance with interlace drive when
the image sensor is driven in the second mode.

[0007] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing an example of
the configuration of a liquid crystal display apparatus
according to a first embodiment.

[0009] FIG. 2 is a block diagram showing an example of
the configuration of a display device.

[0010] FIG. 3 is shown for explaining the display control
of an image based on an image signal.

[0011] FIG. 4 is shown for explaining a comparison
example for the present embodiment.

[0012] FIG. 5 is shown for explaining 120 Hz progressive
drive.
[0013] FIG. 6 is shown for explaining 240 Hz progressive
drive.
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[0014] FIG. 7 is a block diagram showing an example of
the functional configuration of an image processor.

[0015] FIG. 8 is a flowchart shown for explaining the
outline of the operation of the liquid crystal display appa-
ratus.

[0016] FIG. 9 is shown for explaining 240 Hz interlace
drive according to the present embodiment.

[0017] FIG. 10 is shown for explaining 240 Hz interlace
drive according to the present embodiment.

[0018] FIG. 11 shows an example of the polarity of each
pixel in 120 Hz progressive drive.

[0019] FIG. 12 shows an example of the polarity of each
pixel in 240 Hz interlace drive.

[0020] FIG. 13 shows the relationship between the pixel
density and the distance of sight based on the visual acuity.
[0021] FIG. 14 is shown for explaining 240 Hz interlace
drive according to a second embodiment.

[0022] FIG. 15 is shown for explaining a comparison
example for the present embodiment.

[0023] FIG. 16 is shown for explaining 240 Hz interlace
drive according to a third embodiment.

[0024] FIG. 17 is shown for explaining a comparison
example for the present embodiment.

DETAILED DESCRIPTION

[0025] Embodiments will be described hereinafter with
reference to the accompanying drawings.

[0026] In general, according to one embodiment, a liquid
crystal display apparatus includes an image sensor and a
liquid crystal display device. The image sensor is configured
to output an image signal when the image sensor is driven
in a first mode and a second mode. The liquid crystal display
device includes a liquid crystal display panel including a
plurality of display lines. The liquid crystal display device is
configured to display an image on the liquid crystal display
panel based on the image signal output from the image
sensor. The image sensor is configured to output an image
signal every first exposure time when the image sensor is
driven in the first mode, and to output an image signal every
second exposure time shorter than the first exposure time
when the image sensor is driven in the second mode. The
display device is configured to display an image in accor-
dance with progressive drive which sequentially scans the
display lines based on the image signal output from the
image sensor when the image sensor is driven in the first
mode, and to display an image in accordance with interlace
drive which scans the display lines while skipping some of
the display lines based on the image signal output from the
image sensor when the image sensor is driven in the second
mode.

First Embodiment

[0027] FIG. 1 is a block diagram showing an example of
the configuration of a liquid crystal display apparatus
according to a first embodiment. As shown in FIG. 1, a liquid
crystal display apparatus 10 includes an imaging circuit 11,
a display device 12 and an image processor 13.

[0028] The imaging circuit 11 includes image sensors
(imaging elements) such as CCD image sensors or CMOS
image sensors, and captures, for example, an area in front of
the imaging circuit 11 (specifically, objects present in the
area). In the imaging circuit 11, for example, the image
sensors are arrayed in a two-dimensional manner. Each of
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the image sensors stores the amount of light emitted to the
image sensor by exposure as electrical signals. The imaging
circuit 11 outputs the electrical signals stored in the image
sensors as image signals.

[0029] The display device 12 (liquid crystal display
device) includes, for example, a liquid crystal display panel,
and displays images on the liquid crystal display panel based
on the image signals output from the imaging circuit 11
(specifically, from the image sensors included in the imaging
circuit 11).

[0030] The image processor 13 performs an image process
for the image signals output from the imaging circuit 11 to
allow the display device 12 to display images.

[0031] Although omitted in FIG. 1, the liquid crystal
display apparatus 10 further includes, for example, a storage
device which stores a program necessary for the process of
the liquid crystal display apparatus 10, the image signals
output from the imaging circuit 11 or other data.

[0032] As shown in FIG. 1, an external light sensor 20
which detects the intensity of light (external light) around
the liquid crystal display apparatus 10 (the imaging circuit
11) is electrically connected to the liquid crystal display
apparatus 10.

[0033] The imaging circuit 11 is (specifically, the image
sensors included in the imaging circuit 11 are) configured to
operate in a high-sensitivity mode (a first mode) and a
high-speed mode (a second mode) as described later. The
drive mode of the image sensors is switched (between the
high-sensitivity mode and the high-speed mode) based on
the intensity of external light detected by the external light
sensor 20 (in other words, the lightness or darkness around
the imaging circuit 11).

[0034] As described above, this specification assumes that
the present embodiment is realized as the liquid crystal
display apparatus 10 including the elements 11 to 13.
However, the present embodiment may be realized as, for
example, an image display system including an imaging
device (camera) including the imaging circuit 11 and a liquid
crystal display apparatus including the display device 12 and
the image processor 13. In this case, for example, the image
processor 13 may be provided on the imaging device side.
Thus, the present embodiment is not limited to a single
device such as the liquid crystal display apparatus 10, and
may be realized as a combination of a plurality of devices (in
other words, as an image display system).

[0035] As a matter of course, the external light sensor 20
may be incorporated into the imaging circuit 11. The exter-
nal light sensor 20 may be incorporated into, for example,
the liquid crystal display apparatus 10.

[0036] FIG. 2 is a block diagram showing an example of
the configuration of the display device 12 provided in the
liquid crystal display apparatus 10 shown in FIG. 1. As
shown in FIG. 2, the display device 12 includes a signal
processor 121, a display panel (display) 122, a panel driver
123, a light source device 124, a light source driver 125, etc.
[0037] The signal processor 121 is a calculation processor
for controlling the operation of the display panel 122 and the
light source device 124. The signal processor 121 is elec-
trically connected to the panel driver 123 for driving the
display panel 122 and the light source driver 125 for driving
the light source device 124.

[0038] Each image signal output from the imaging circuit
11 includes, for example, the matrix of pixel data called a
Bayer array. The image signal undergoes an image process
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(Bayer conversion) and is converted into an image signal
including RGB components. This image process is pet-
formed in, for example, the image processor 13.

[0039] The image signal which underwent the above
image process is input to the signal processor 121. The
signal processor 121 applies a necessary process to the input
image signal and outputs it to the panel driver 123 (the
display panel 122).

[0040] The signal processor 121 generates a light source
control signal based on the input image signal and outputs
the light source control signal to the light source driver 125.
[0041] The display panel 122 includes a liquid crystal
layer between two substrates facing each other. The display
panel 122 includes a structure in which a plurality of pixels
PX are arrayed in a two-dimensional matrix.

[0042] The panel driver 123 includes a signal output
circuit 123¢ and a scanning circuit 1235. The signal output
circuit 123aq is electrically connected to the display panel
122 via signal lines DTL. The signal output circuit 123a
holds the image signals output from the signal processor 121
and sequentially outputs the image signals to the display
panel 122.

[0043] The scanning circuit 1234 is electrically connected
to the display panel 122 via scanning lines SCL. The
scanning circuit 1235 controls the on-off state of switching
elements for selecting pixels on the display panel 122.
[0044] For example, the light source device 124 is pro-
vided on the rear side of the display panel 122 and emits
light to the display panel 122.

[0045] For example, the light source driver 125 controls
the amount (intensity) of the light emitted to the display
panel 122 by adjusting the current supplied to the light
source device 124 or the duty ratio based on the light control
signals output from the signal processor 121.

[0046] Inthe display device 12, each image signal (includ-
ing line image signals) output from the signal processor 121
is sequentially written to the pixels PX arranged in corre-
sponding rows (in other words, corresponding display lines)
on the display panel 122 irradiated with the light emitted
from the light source device 124 in accordance with the
operation of the panel driver 123 (including the signal output
circuit 123a and the scanning circuit 1235) and the light
source driver 125. In this way, an image is displayed on the
display panel 122 based on an image signal. The display
panel 122 includes a plurality of display lines (for example,
768 display lines). The image signal written to each display
line is held (displayed) on the display line (pixels PX) until
the next image signal is written.

[0047] Now, this specification briefly explains the display
control of an image based on the above image signal with
reference to FIG. 3.

[0048] Itisassumed that the image sensors included in the
imaging circuit 11 are driven in the high-sensitivity mode
(first mode). When the image sensors are driven in the
high-sensitivity mode, for example, the image sensors out-
put an image signal every exposure time of Y120 s (first
exposure time) (in other words, the image sensors are driven
at a drive frequency of 120 Hz). Specifically, the image
sensors output the amount of light (electrical signals) stored
in the image sensors by exposure in accordance with the
exposure time of Y20 s as an image signal. Each image
signal output from the image sensors every exposure time of
Y205 1s a signal indicating a single frame. For example, each
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image signal includes a plurality of line image signals to be
written to the 1st to 768th display lines.

[0049] When the image sensors are driven in the high-
sensitivity mode as described above, the display device 12
displays an image in accordance with 120 Hz progressive
drive (system) as shown in FIG. 3. In accordance with 120
Hz progressive drive, the image of a single frame is dis-
played for %120 s based on the image signal output from the
image sensors driven in the high-sensitivity mode. In this
case, the display panel 122 is driven with a refresh rate of
120 Hz (in other words, the display panel 122 is rewritten
every Yizo s).

[0050] The progressive drive refers to a system for
sequentially scanning a plurality of display lines from the
upper side to display the image of a single frame (in other
words, a progressive scanning system). In accordance with
progressive drive, the image of a single frame is displayed
by a single scan.

[0051] For the sake of convenience, FIG. 3 shows that the
image of a single frame is displayed. However, for example,
the present embodiment assumes that a moving image is
displayed by the display device 12. In this case, the display
control explained in FIG. 3 is sequentially performed every
time each image included in the moving image is displayed.
In the following explanation, a moving image is displayed in
the same manner.

[0052] When the exposure time (the amount of exposure)
of the image sensors is not appropriate, the quality of the
image displayed by the display device 12 may be impaired.
[0053] Specifically, when the image sensors are (in other
words, the imaging circuit 11 including the image sensors is)
subjected to light exposure in accordance with the exposure
time (Y120 8) equal to that of FIG. 3 in an extremely light
place, the amount of exposure of the image sensors is
excessive. Thus, the quality of the image displayed on the
liquid crystal display apparatus 10 is impaired.

[0054] In this case, the reduction in the image quality can
be prevented (in other words, the image quality can be
improved) by shortening the exposure time of the image
sensors and decreasing the amount of exposure.

[0055] Now, this specification explains the display control
of an image based on an image signal when the exposure
time of the image sensors is shortened (in other words, a
comparison example for the present embodiment).

[0056] It is assumed that the image sensors included in the
imaging circuit 11 are driven in the high-speed mode (sec-
ond mode). When the image sensors are driven in the
high-speed mode, for example, the image sensors output an
image signal every exposure time of %240 s (second exposure
time) shorter than the exposure time (V120 s) of the high-
sensitivity mode (in other words, the image sensors are
driven at a drive frequency of 240 Hz). Specifically, the
image sensors output the amount of light (electrical signals)
stored in the image sensors by exposure in accordance with
the exposure time of Y240 s as an image signal.

[0057] When the image sensors are driven in the high-
speed mode as described above, the display device 12
displays the image of a signal frame in accordance with 240
Hz progressive drive as shown in FIG. 4. In accordance with
240 Hz progressive drive, the image of a single frame is
displayed in Y240 s based on the image signal output from the
image sensors driven in the high-speed mode. In this case,
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the display panel 122 is driven with a refresh rate of 240 Hz
(in other words, the display panel 122 is rewritten every Y240
s).

[0058] Now, this specification explains the 120 Hz pro-
gressive drive and the 240 Hz progressive drive described
above.

[0059] FIG. 5 is shown for explaining 120 Hz progressive
drive. FIG. 6 is shown for explaining 240 Hz progressive
drive.

[0060] FIG. 5 and FIG. 6 show a perpendicular synchro-
nous signal VS (VSYNC) for achieving precise timing in a
perpendicular direction when an image is displayed
(scanned). The display device 12 scans the display panel
(display) 122 from the upper to lower side in accordance
with signal VS. FIG. 5 and FIG. 6 show a horizontal
synchronous signal HS (HSYNC) for achieving precise
timing in a horizontal direction when an image is displayed
(scanned). The display device 12 sequentially scans the
display lines in accordance with signal HS.

[0061] Referring to FIG. 5, signal VS is generated (output)
every Y120 s in 120 Hz progressive drive. In accordance with
120 Hz progressive drive, the process for writing an image
signal to all of the 1st to 768th display lines (in other words,
the process for scanning the display panel 122 from the
upper to lower side) is completed in %120 s.

[0062] Referring to FIG. 6, signal VS is generated (output)
every Y240 s in 240 Hz progressive drive. In accordance with
240 Hz progressive drive, the process for writing an image
signal to all of the 1st to 768th display lines (in other words,
the process for scanning the display panel 122 from the
upper to lower side) is completed in Y240 s.

[0063] In the 120 Hz progressive drive shown in FIG. 5,
line image signals are sequentially written to the 1st to 768th
display lines for Yizo s. In the 240 Hz progressive drive
shown in FIG. 6, line image signals are sequentially written
to the 1st to 768th display lines for Y240 s.

[0064] When the time for writing a line image signal to the
pixels of each display line is a charging time, charging time
302 in the 240 Hz progressive drive shown in FIG. 6 is
shorter than charging time 301 in the 120 Hz progressive
drive shown in FIG. 5.

[0065] When the drive mode of the image sensors is
changed from the high-sensitivity mode to the high-speed
mode to shorten the exposure time of the image sensors, and
thus, the drive state of the display device 12 is changed from
120 Hz progressive drive to 240 Hz progressive drive, the
write voltage needs to be changed in accordance with the
change in the charging time.

[0066] As shown in FIG. 5, in 120 Hz progressive drive,
for example, the time in which the image signal written to
the pixels PX arrayed as display lines is held in the pixels PX
is, in other words, the time until the next image signal is
written to the display lines (in other words, until the image
signal is rewritten) (hereinafter, referred to as a response
time) is, Y20 5. As shown in FIG. 6, in 240 Hz progressive
drive, the response time is 440 s.

[0067] When the drive mode of the image sensors is
changed from the high-sensitivity mode to the high-speed
mode, and thus, the drive state of the display device 12 is
changed from 120 Hz progressive drive to 240 Hz progres-
sive drive, the response time needs to be changed in addition
to the charging time.

[0068] When the charging time and the response time are
changed, the setting related to gamma (correction, etc.,) also
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needs to be changed in the display device 12. As a result, the
display control of an image is complicated. Thus, the load on
the liquid crystal display apparatus is increased.

[0069] Accordingly, the liquid crystal display apparatus 10
of the present embodiment includes a structure for appro-
priately performing the display control of an image without
increasing the load on the liquid crystal display apparatus 10
even when the drive mode (in other words, the exposure
time) of the image sensors is changed.

[0070] With reference to FIG. 7, this specification explains
an example of the functional configuration of the image
processor 13 provided in the liquid crystal display apparatus
10 according to the present embodiment.

[0071] As shown in FIG. 7, the image processor 13
includes an input circuit 131, a determination circuit 132, a
processing circuit 133 and an output circuit 134. These
circuits 131 to 134 may be partially or entirely realized by
hardware such as an integrated circuit (IC), software such as
a program or a combination of hardware and software.
[0072] Each image signal output from the imaging circuit
11 (specifically, from the image sensors included in the
imaging circuit 11) is input to the input circuit 131. Further,
the intensity of external light detected by the external light
sensor 20 is input to the input circuit 131.

[0073] The intensity of external light detected by the
external light sensor 20 is also input to the imaging circuit
11. The imaging circuit 11 to which the intensity of external
light is input determines the lightness or darkness around the
imaging circuit 11 based on the intensity of external light,
and switches the drive mode of the image sensors included
in the imaging circuit 11 based on the result of determina-
tion. When the intensity (value) of external light is greater
than a predetermined value (in other words, when it is light
around the imaging circuit 11), the imaging circuit 11
switches the drive mode of the image sensors to the high-
speed mode. When the intensity (value) of external light is
less than the predetermined value (in other words, when it is
dark around the imaging circuit 11), the imaging circuit 11
switches the drive mode of the image sensors to the high-
sensitivity mode.

[0074] The determination circuit 132 determines the drive
mode of the image sensors (in other words, the drive mode
of the imaging circuit 11 after switching) based on the
intensity of external light input to the input circuit 131 (in
other words, based on the lightness or darkness around the
imaging circuit 11). As described above, when the intensity
of external light is greater than the predetermined value, the
determination circuit 132 determines that the drive mode of
the image sensors is the high-speed mode (in other words,
the drive mode is switched to the high-speed mode). When
the intensity of external light is less than the predetermined
value, the determination circuit 132 determines that the
drive mode of the image sensors is the high-sensitivity mode
(in other words, the drive mode is switched to the high-
sensitivity mode).

[0075] In the above explanation, the determination circuit
132 determines the drive mode of the image sensors based
on the intensity of external light. However, the drive mode
of the image sensors may be indicated by the imaging circuit
11.

[0076] The processing circuit 133 applies an image pro-
cess to each image signal input by the input circuit 131 and
converts the image signal into an image signal including
RGB components (in other words, into a signal in a form so
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as to be displayed on the display device 12). After the image
process is performed by the processing circuit 133, the
image signal includes a plurality of line image signals to be
written to the display lines (the 1st to 768th display lines) in
the display device 12.

[0077] When the determination circuit 132 determines that
the drive mode of the image sensors is the high-speed mode,
the processing circuit 133 performs a process for removing
part of the image signal obtained through the image process.
Specifically, the processing circuit 133 removes the line
image signals to be written to predetermined display lines
from the above line image signals to be written to the 1st to
768th display lines.

[0078] The output circuit 134 outputs the image signal
obtained as a result of partial removal by the processing
circuit 133 to the display device 12.

[0079] When the determination circuit 132 determines that
the drive mode of the image sensors is the high-sensitivity
mode, the image signal obtained through the image process
performed by the processing circuit 133 (in other words, the
image signal including the line image signals to be written
to the 1st to 768th display lines) is output to the display
device 12.

[0080] The intensity of external light detected by the
external light sensor 20 is also input to the display device 12.
In this case, in the display device 12, the drive mode of the
image sensors included in the imaging circuit 11 is deter-
mined in a manner similar to that of the determination circuit
132 included in the image processor 13.

[0081] When the drive mode of the image sensors is
determined as the high-sensitivity mode, the display device
12 performs the display control of an image in accordance
with the 120 Hz progressive drive explained in FIG. 3 and
FIG. 5.

[0082] When the drive mode of the image sensors is
determined as the high-speed mode, the display device 12
performs the display control of an image in accordance with
240 Hz interlace drive as explained later.

[0083] The interlace drive (system) refers to a system for
scanning a plurality of display lines while skipping prede-
termined lines to display the image of a single frame (in
other words, an interlaced scanning system). In accordance
with interlace drive, the image of a single frame is displayed
by a plurality of scans.

[0084] With reference to the flowchart of FIG. 8, this
specification explains the outline of the operation of the
liquid crystal display apparatus 10 according to the present
embodiment.

[0085] In the liquid crystal display apparatus 10, the
lightness or darkness around the imaging circuit 11 is
determined based on the intensity of external light detected
by the external light sensor 20 (step ST1). In accordance
with this determination process, as described above, when
the intensity of external light is less than a predetermined
value, it is determined that it is not light around the imaging
circuit 11. When the intensity of external light is greater than
the predetermined value, it is determined that it is light
around the imaging circuit 11.

[0086] When it is determined that it is not light around the
imaging circuit 11 (NO in step ST1), the image sensors are
driven in the high-sensitivity mode (step ST2). When the
image sensors are drive in the high-sensitivity mode, the
exposure time is, for example, %20 s.
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[0087] When it is determined that it is not light around the
imaging circuit 11, the display device 12 displays an image
in accordance with progressive drive (step ST3). As
described above, when the exposure time of the image
sensors is /120 s, the display device 12 operates in accor-
dance with 120 Hz progressive drive.

[0088] When it is determined that it is light around the
imaging circuit 11 (YES in step ST1), the image sensors are
driven in the high-speed mode (step ST4). When the image
sensors are driven in the high-speed mode, the exposure time
is half the exposure time of the high-sensitivity mode, for
example, Y240 s.

[0089] When it is determined that it is light around the
imaging circuit 11, the display device 12 displays an image
in accordance with interlace drive (step ST5). As described
above, when the exposure time of the image sensors is Y240
s, the display device 12 operates in accordance with 240 Hz
interlace drive.

[0090] With reference to FIG. 9 and FIG. 10, this speci-
fication explains 240 Hz interlace drive according to the
present embodiment.

[0091] As described above, when the display device 12
displays an image in accordance with 240 Hz interlace drive,
the image sensors included in the imaging circuit 11 are
driven in the high-speed mode. In this case, the image
sensors output an image signal every exposure time of Y240
s as shown in FIG. 9.

[0092] Inthe 240 Hz interlace drive of the present embodi-
ment, an image is displayed based on the image signal
obtained by removing part of the image signal output from
the image sensors for the exposure time of Y240 s.

[0093] It is assumed that the image sensors driven in the
high-speed mode sequentially output an image signal (S1-1,
S1, S1+1) every Y240 s as shown in FIG. 9. These image
signals S1-1, S1 and S1+1 are part of the image signals each
sequentially output every Y240 s while the image sensors are
driven in the high-speed mode. In FIG. 9, the image signals
other than image signals S1-1, S1 and S1+1 are omitted.
[0094] As described above, each image signal (S1-1, S1,
S1+1, etc.,,) output from the image sensors includes a
plurality of line image signals to be written to the display
lines (the 1st to 768th display lines) in the display device 12.
[0095] In the following explanation, of the line image
signals included in each image signal output from the image
sensors, for example, the line image signal to be written to
the st display line is called the line image signal of the 1st
line. In this manner, the line image signal to be written to the
2nd display line is called the line image signal of the 2nd
line. The line image signals to be written to the other display
lines are called in this way.

[0096] It is assumed that image signal S1 is output from
the image sensors Y40 s after the output of image signal
S1-1. In this case, image signal S1 is input to the input
circuit 131 included in the image processor 13 and is
subjected to an image process performed by the processing
circuit 133.

[0097] As described above, the drive mode of the image
sensors is the high-speed mode.

[0098] Therefore, the processing circuit 133 performs a
process for removing part of image signal S1 obtained
through the image process. It is assumed that the processing
circuit 133 removes, for example, the line image signals of
the even lines (2nd, 4th, 6th, . . ., 768th lines) from the line
image signals of the 1st to 768th lines included in image
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signal S1. In this way, the processing circuit 133 generates
an image signal (hereinafter, referred to as image signal S1')
including the line image signals of the odd lines (1st, 3rd,
5th, .. ., 767th lines).

[0099] Image signal S1' generated by the processing cir-
cuit 133 is output to the display device 12 by the output
circuit 134.

[0100] Inthis case, as shown in FIG. 10, the display device
12 sequentially writes the line image signals of the odd lines
(Ist, 3rd, 5th, . .., 767th lines) included in image signal S1'
to corresponding display lines (odd display lines).

[0101] Charging time 303 when the line image signal of
each odd line included image signal S1'is written to the odd
display line (the time in which each line image signal is
written to a corresponding display line) is substantially equal
to charging time 301 in the 120 Hz progressive drive shown
in FIG. 5. In the present embodiment, the expression “sub-
stantially equal” includes a case where the two elements are
completely the same as each other and a case where the two
elements are substantially equal to each other. This note is
also applicable to the following explanation.

[0102] The number of display lines to which image signal
S1' is (specifically, the line image signals included in image
signal S1' are) written by the display device 12 is half the
number of display lines to which an image signal is written
in the above 120 Hz progressive drive. Thus, as shown in
FIG. 10, the writing operation based on image signal S1' by
the display device 12 is completed in half (Y240 s) the time
(V120 8) in which writing operation is performed in the above
120 Hz progressive drive.

[0103] Returning to FIG. 9, the image sensors driven in
the high-speed mode output image signal S1+1 Y540 s after
the output of image signal S1. When image signal S1+1 is
output from the image sensors, image signal S1+1 is input
to the input circuit 131 included in the image processor 13
and is subjected to an image process performed by the
processing circuit 133.

[0104] Subsequently, the processing circuit 133 performs
a process for removing part of image signal S1+1 obtained
through the image process. It is assumed that the processing
circuit 133 removes the line image signals of the odd lines
(Ist, 3rd, 5th, . . ., 767th lines) from the line image signals
of the 1st to 768th lines included in image signal S1+1. In
this way, the processing circuit 133 generates an image
signal (hereinafter, referred to as image signal S1+1") includ-
ing the line image signals of the even lines (2nd, 4th, 6th, .
.., 768th lines).

[0105] As described above, image signal S1' is an image
signal including the line image signals of the odd lines.
Image signal S1+1' is an image signal including the line
image signals of the even lines. Thus, the line image signals
to be written to different display lines are removed from
image signals S1 and S1+1 sequentially output from the
image sensors driven in the high-speed mode (in other
words, the removed lines differ depending on the image
signal).

[0106] TImage signal S1+1' generated by the processing
circuit 133 is output to the display device 12 by the output
circuit 134.

[0107] Inthis case, as shown in FIG. 10, the display device
12 sequentially writes the line image signals of the even
lines (2nd, 4th, 6th, . . ., 768th lines) included in image
signal S1+1' to corresponding display lines (even display
lines).
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[0108] Charging time 304 when the line image signal of
each even line included in image signal S1+1" is written to
the even display line (the time in which each line image
signal is written to a corresponding display line) is substan-
tially equal to charging time 301 in 120 Hz progressive drive
in a manner similar to that of charging time 303.

[0109] In this case, the writing operation based on image
signal S1+1' by the display device 12 is completed in Y240 s
in a manner similar to the writing operation based on image
signal Sr.

[0110] Thus, in 240 Hz interlace drive, the image of a
single frame is displayed (in other words, the image signals
are written to all the display lines) by the writing operation
based on image signal S1 (image signal S1') and image
signal S1+1 (image signal S1+1"). In accordance with 240
Hz interlace drive, the image of a single frame is displayed
in Y120 s, and the display panel 122 is driven at a refresh rate
of 120 Hz (in other words, the display panel 122 is rewritten
every %120 s).

[0111] As described above, the charging time in 240 Hz
interlace drive is substantially equal to that in 120 Hz
progressive drive. In other words, the time for writing image
signals to all the display lines in 240 Hz interlace drive is
substantially equal to the time for writing image signals to
all the display lines in 120 Hz progressive drive.

[0112] In 240 Hz interlace drive, the response time in the
display lines (in other words, the time in which the image
signals written to the pixels PX arrayed as display lines are
held in the pixels PX) is %120 s as shown in FIG. 10.
[0113] Inthe 240 Hz interlace drive of the present embodi-
ment, the charging time or response time is not different
from that of the 120 Hz progressive drive applied when the
image sensors are driven in the high-sensitivity mode. In
other words, in the present embodiment, the period in which
the display device 12 performs display operation for dis-
playing the image of a single frame based on the charging
time and response time (in other words, the refresh rate in
the display panel 122) in 120 Hz progressive drive is
substantially equal to that in 240 Hz interlace drive.
[0114] In the above description, this specification explains
the display control of an image when image signals S1 and
S1+1 are output from the image sensors (240 Hz interlace
drive). However, the same display control is performed
when, for example, image signals S1+2 and S1+43 (not
shown) are output from the image sensors.

[0115] Specifically, for example, when image signal S1+2
is output after image signal S1+1, the display device 12
performs display control (writing operation) based on image
signal S1+2' obtained by removing the line image signals of
the even lines from image signal S1+2 (in other words,
based on the line image signals of the odd lines). When
image signal S1+3 is output after image signal S1+2, the
display device 12 performs display control (writing opera-
tion) based on image signal S1+3' obtained by removing the
line image signals of the odd lines from image signal S1+3
(in other words, based on the line image signals of the even
lines). This process is also performed when other image
signals are output.

[0116] In the liquid crystal display apparatus 10 (display
device 12), for example, an image is displayed by applying
voltage to the upper and lower sides of the liquid crystal
layer (specifically, the pixel area of the liquid crystal layer)
in accordance with an image signal to change the alignment
state of liquid crystal molecules and the transmission of the
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liquid crystal layer. When DC drive which does not change
the polarity of the applied voltage is employed in the liquid
crystal display apparatus 10, the impurities in the liquid
crystal layer are unevenly stored on a single side as charge,
and thus, the liquid crystal is degraded. For this reason, AC
drive which inverts the polarity of the applied voltage at
predetermined intervals is employed in the liquid crystal
display apparatus 10.

[0117] With reference to FIG. 11 and FIG. 12, this speci-
fication explains examples of the polarity of the voltage to
be applied to each pixel PX (specifically, the pixel area of the
liquid crystal layer) (hereinafter, simply referred to as the
polarity of each pixel PX).

[0118] FIG. 11 shows the polarity of each pixel PX in the
above 120 Hz progressive drive. As described above, a
plurality of pixels PX are arrayed in a two-dimensional
matrix. As shown in FIG. 11, in 120 Hz progressive drive,
the polarity is inverted between adjacent pixels PX. In other
words, as indicated by arrow 401 of FIG. 11, for example,
the polarity differs between adjacent pixels PX in each
display line. Further, as indicated by arrow 402 of FIG. 11,
the polarity differs between corresponding (adjacent) pixels
PX in adjacent display lines.

[0119] In the example shown in FIG. 11, the pixels PX of
the 1st display line are positive (+), negative (-), positive
(+), negative (-) and positive (+). The pixels PX of the 2nd
display line are negative (-), positive (+), negative (-),
positive (+) and negative (). This arrangement is also
applicable to the 3rd and subsequent display lines, detailed
description thereof being omitted.

[0120] As indicated by arrow 403 of FIG. 11, when the
image (the image of a single frame) is rewritten in accor-
dance with 120 Hz progressive drive, the polarity of each
pixel PX is inverted (changed).

[0121] FIG. 11 only shows the 1st to Sth display lines for
the sake of convenience. However, the same explanation is
applicable to the other display lines.

[0122] FIG. 12 shows the polarity of each pixel PX in the
above 240 Hz interlace drive. In 240 Hz interlace drive, as
indicated by arrow 501 of FIG. 12, the polarity differs
between adjacent pixels PX in each display line.

[0123] In accordance with 240 Hz interlace drive, as
described above, the line image signals of the odd lines and
the line image signals of the even lines are alternately
written every Y40 s.

[0124] It is assumed that the line image signals of the odd
lines are firstly written to the display lines. As indicated by
arrow 502 of FIG. 12, the polarity differs between corre-
sponding pixels PX provided in adjacent ones of the display
lines (the 1st display line, the 3rd display line, the 5th
display line, .. .) to which the line image signals are written.
In this case, for example, the 1st display line is adjacent to
the 3rd display line. The 3rd display line is adjacent to the
5th display line.

[0125] In the example shown in FIG. 12, the pixels PX of
the 1st display line are positive (+), negative (-), positive
(+), negative (-) and positive (+). The pixels PX of the 3rd
display line are negative (=), positive (+), negative (-),
positive (+) and negative (). This arrangement is also
applicable to the 5th and subsequent display lines, detailed
description thereof being omitted.

[0126] Itis assumed that the line image signals of the even
lines are subsequently written to the display lines. As
indicated by arrow 503 of FIG. 12, the polarity differs
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between corresponding pixels provided in adjacent ones of
the display lines (the 2nd display line, the 4th display line,
... ) to which the line image signals are written. In this case,
for example, the 2nd display line is adjacent to the 4th
display line. The 4th display line is adjacent to the 6th
display line.

[0127] In the example shown in FIG. 12, the pixels PX of
the 2nd display line are positive (+), negative (=), positive
(+), negative () and positive (+). The pixels PX of the 4th
display line are negative (=), positive (+), negative (-),
positive (+) and negative (-). This arrangement is also
applicable to the 6th and subsequent display lines, detailed
description thereof being omitted.

[0128] As shown in FIG. 12, when the image (the image
of a single frame) is rewritten in accordance with 240 Hz
interlace drive, the polarity of each pixel PX is inverted
(changed). When the line image signals of the odd lines are
rewritten, as indicated by arrow 504 of FIG. 12, the polarity
of each pixel PX of these display lines (the 1st display line,
the 3rd display line, the 5th display line, . . . ) is inverted.
When the line image signals of the even lines are rewritten,
as indicated by arrow 505 of FIG. 12, the polarity of each
pixel PX of these display lines (the 2nd display line, the 4th
display line, . . . ) is inverted.

[0129] The polarity of each pixel PX differs depending on
the display line to which an image signal is written. Further,
the polarity of each pixel PX changes every time the image
signal is rewritten (in other words, based on each frame).
[0130] As described above, in the present embodiment, for
example, the image sensors output an image signal every
Y20 s (first exposure time) when the image sensors are
driven in the high-sensitivity mode. The image sensors
output an image signal every Y240 s (second exposure time)
when the image sensors are driven in the high-speed mode.
When the image sensors are driven in the high-sensitivity
mode, for example, the display device 12 displays an image
in accordance with 120 Hz progressive drive. When the
image sensors are driven in the high-speed mode, the display
device 12 displays an image in accordance with 240 Hz
interlace drive. Since the present embodiment has this
structure, the display control of an image can be appropri-
ately performed in terms of the load and the image quality
of the liquid crystal display apparatus 10.

[0131] Inthe present embodiment, the period (first period)
in which the display device 12 performs display operation
when the image sensors are driven in the high-sensitivity
mode is substantially equal to the period (second period) in
which the display device 12 performs display operation
when the image sensors are driven in the high-speed mode.
Specifically, when the image sensors are driven in the
high-speed mode, an image is displayed by performing a
process for removing part of the image signal output from
the image sensors.

[0132] In this structure, even when the drive mode of the
image sensors is switched between the high-sensitivity mode
and the high-speed mode, there is no need to change the
charging time (the time for writing an image signal to each
display line) or the response time (the time until the image
signal is rewritten in the display lines) in the display
operation of the display device 12. In this case, for example,
it is unnecessary to change the setting related to gamma in
accordance with the drive mode of the image sensors. Thus,
it is possible to avoid complicating the process because of
the change (in other words, to avoid increasing the load).
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[0133] The amount of blurring of the image displayed in
the above 240 Hz interlace drive is equivalent to that in 120
Hz progressive drive. However, the position of the barycen-
ter of the image can be updated at 240 Hz (V240 s). Thus, in
the 240 Hz interlace drive of the present embodiment, even
with the load (response) equivalent to that in 120 Hz
progressive drive, it is possible to realize at least the
performance of moving image higher than that of 120 Hz
progressive drive (in other words, the performance close to
that of 240 Hz progressive drive).

[0134] FIG. 13 is a graph showing the relationship
between the pixel density (ppi) and the distance (the distance
of sight) to the screen in which a person who looks at the
display (the liquid crystal display apparatus 10) having the
pixel density can recognize the pixels based on the visual
acuity.

[0135] Here, for example, the screen is the display of a
smartphone. It is assumed that the distance between the
display of a smartphone and a person who looks at the
display is approximately 30 cm. In FIG. 13, curve 600
represents the mean value of the visual acuity.

[0136] According to the graph, when a person having
substantially the average vision looks at the display of a
smartphone at a distance of 30 cm, the pixels are not
recognized with a pixel density of approximately 400 ppi or
greater on the display.

[0137] When an existing liquid crystal panel having a low
resolution is used to perform interlace drive, jaggies are
visually recognized in the displayed image. Thus, interlace
drive cannot be performed in practical ways. However, when
the liquid crystal display apparatus 10 is structured such that
the pixel density is greater than or equal to 400 ppi as
described above, the width of jaggies is reduced. Thus, the
jaggies are difficult to visually recognize. By performing 240
Hz interlace drive, the image update distance of a single
frame is less than that of normal 60 Hz drive. Thus, the
jaggies are shortened. The jaggies are not recognized by
people who look at the image displayed on the liquid crystal
display apparatus 10. In the present embodiment, it is
possible to reduce the effect of jaggies caused by interlace
drive and display an image having high visibility for the user
by driving the display panel 122 with a reftesh rate of, for
example, 120 Hz or greater and setting the pixel density of
the display panel to 400 ppi or greater.

[0138] In the present embodiment, when the image sen-
sors are driven in the high-sensitivity mode (in other words,
when the exposure time is Y20 s), an image is displayed in
accordance with 120 Hz progressive drive. When the image
sensors are driven in the high-speed mode (in other words,
when the exposure time is Y240 5), an image is displayed in
accordance with 240 Hz interlace drive. However, for
example, if the period in which the display device 12
performs display operation is (for example, the charging
time and response time are) substantially equal regardless of
the drive mode of the image sensors by displaying an image
in progressive drive when the exposure time is long and
displaying an image in interlace drive when the exposure
time is short, the exposure time of the image sensors or the
period in which the display device 12 performs display
operation may differ.

[0139] Forexample, in the liquid crystal display apparatus
10, a process is performed based on the image signal unit for
displaying the image of a single frame by using a frame
buffer, etc., provided in the liquid crystal display apparatus
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10 (specifically, in the elements 11 to 13 included in the
liquid crystal display apparatus 10). However, the present
embodiment may be applied to, for example, a low-delay
system which performs a process based on the line image
signal unit of a single display line instead of the image signal
unit by performing control such that the elements 11 to 13
are driven in synchronization with each other.

[0140] In the present embodiment, this specification
mainly explains the liquid crystal display apparatus 10.
However, the present embodiment may be applied to a
display apparatus such as a display using an organic light
emitting diode (OLED).

Second Embodiment

[0141] A second embodiment is explained. The structure
of the liquid crystal display apparatus of the present embodi-
ment and the structures of the display device and the image
processor included in the liquid crystal display apparatus are
the same as those of the first embodiment. Thus, these
structures are explained using FIG. 1, FIG. 2, FIG. 7, etc.,
where necessary. In the following description, the detailed
explanation of the same portions as the first embodiment is
omitted. Portions different from those of the first embodi-
ment are mainly explained below.

[0142] The liquid crystal display apparatus 10 of the
present embodiment is different from that of the first
embodiment in terms of the image signals (specifically, the
form of the image signals) output from the image sensors
included in an imaging circuit 11.

[0143] In the present embodiment, in a manner similar to
that of the first embodiment, when the image sensors are
driven in a high-sensitivity mode (in other words, when the
exposure time is ¥i20 s), an image is displayed in accordance
with 120 Hz progressive drive. When the image sensors are
driven in a high-speed mode (in other words, when the
exposure time is Y540 s), an image is displayed in accordance
with 240 Hz interlace drive.

[0144] The 120 Hz progressive drive of the present
embodiment is the same as that of the first embodiment,
detailed description thereof being omitted.

[0145] With reference to FIG. 14, the 240 Hz interlace
drive of the present embodiment is explained below.
[0146] As stated above, when a display device 12 displays
an image in accordance with 240 Hz interlace drive, the
image sensors included in the imaging circuit 11 are driven
in the high-speed mode. In this case, the image sensors
output an image signal every exposure time of Y20 s as
shown in FIG. 14.

[0147] In the present embodiment, the image sensors
driven in the high-speed mode output an image signal
obtained by removing part of an image signal indicating the
image of a single frame. Specifically, for example, the image
sensors output an image signal (in other words, an image
signal including the line image signals of the 1st, 3rd, 5th,
..., 767th lines) obtained by removing the line image
signals of the even lines (the 2nd, 4th, 6th, . . ., 768th lines)
from the line image signals (in other words, the line image
signals of the 1st to 768th lines) included in the image signal
indicating the image of a single frame.

[0148] It is assumed that the image sensors sequentially
output an image signal (S2-1, S2, S2+1) every Y240 s as
shown in FIG. 14. These image signals S2-1, S2 and S2+1
are part of the image signals each sequentially output every
1540 s while the image sensors are driven in the high-speed
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mode. In FIG. 14, the image signals other than image signals
S2-1, S2 and S2+1 are omitted.

[0149] As stated above, each image signal (S2-1, S2,
S2+1, etc.,) output from the image sensors includes the line
image signals of the odd lines.

[0150] It is assumed that the image sensors output image
signal S2 Y540 s after the output of image signal S2-1. In this
case, image signal S2 is input to an input circuit 131
included in an image processor 13, is subjected to an image
process performed by a processing circuit 133 and is output
to the display device 12 by an output circuit 134.

[0151] In this case, the display device 12 sequentially
writes the line image signals of the odd lines (the 1st, 3rd,
5th, . .., 767th lines) included in image signal S2 output by
the output circuit 134 to corresponding display lines (odd
display lines).

[0152] Although not shown in FIG. 14, the charging time
when each line image signal included in image signal S2 is
written to a corresponding odd display line (the time in
which a line image signal is written to a single display line)
is substantially equal to the charging time in the above 120
Hz progressive drive.

[0153] The number of display lines to which image signal
S2 is (specifically, the line image signals included in image
signal S2 are) written by the display device 12 is half the
number of display lines to which an image signal is written
in the above 120 Hz progressive drive. Thus, the writing
operation based on image signal S2 by the display device 12
is completed in half (Y540 s) the time (Y120 s) in which writing
operation is performed in 120 Hz progressive drive.
[0154] Subsequently. the image sensors driven in the high-
speed mode output image signal S2+1 Y240 s after the output
of image signal S2. When image signal S2+1 is output from
the image sensors, image signal S2+1 is input to the input
circuit 131 included in the image processor 13, is subjected
to an image process performed by the processing circuit 133
and is output to the display device 12 by the output circuit
134.

[0155] Image signal S2+1 is an image signal including the
line image signals of the odd lines (the 1st, 3rd, 5th, . . .,
767th lines) as described above. In this case, the display
device 12 uses the line image signals of the odd lines
included in image signal S2+1 (specifically, copies of the
line image signals of the odd lines included in image signal
S2+1) as the line image signals of the even lines. In this way,
the display device 12 is capable of sequentially writing the
line image signals of the even lines to the even display lines
based on image signal S2+1 including the line image signals
of the odd lines.

[0156] The charging time when each line image signal
included in image signal S2+1 is written to a corresponding
even display line (the time in which a line image signal is
written to a single display line) is substantially equal to the
charging time in 120 Hz progressive drive.

[0157] In this case, the writing operation based on image
signal S2+1 by the display device 12 is completed in Y240 §
in a manner similar to the writing operation based on image
signal S2.

[0158] Thus, in 240 Hz interlace drive, the image of a
single frame is displayed (in other words, image signals are
written to all the display lines) by the writing operation
based on image signals S2 and S2+1. In accordance with the
240 Hz interlace drive of the present embodiment, the image
of a single frame is displayed in %120 s, and the display panel
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122 is driven with a refresh rate of 120 Hz (in other words,
the display panel 122 is rewritten every Y120 s).

[0159] As described above, the charging time in the 240
Hz interlace drive of the present embodiment is substantially
equal to that in 120 Hz progressive drive. In the 240 Hz
interlace drive of the present embodiment, the response time
in the display lines (in other words, the time in which the
image signal written to the pixels PX arrayed as display lines
is held in the pixels PX) is %120 s.

[0160] Inthe 240 Hz interlace drive of the present embodi-
ment, the charging time or response time (in other words, the
period in which the display device 12 performs display
operation for displaying the image of a single frame) is not
different from that in the 120 Hz progressive drive applied
when the image sensors are driven in the high-sensitivity
mode.

[0161] In the above description, this specification explains
the display control of an image when image signals S2 and
S2+1 are output from the image sensors (240 Hz interlace
drive). However, the same display control is performed
when, for example, other image signals are output from the
image sensors while they are driven in the high-speed mode.
[0162] Even when the image sensors driven in the high-
speed mode output an image signal including the line image
signals of the odd lines (in other words, an image signal
obtained by removing the line image signals of the even
lines) as described above, 240 Hz progressive drive can be
realized by using, for example, the line image signals of the
odd lines and the line image signals of the even lines
obtained by copying the line image signals of the odd lines
as an image signal indicating the image of a single frame (in
other words, as the line image signals of the 1st to 768th
lines) as shown in the comparison example of FIG. 15 for the
present embodiment.

[0163] However, in the comparison example for the pres-
ent embodiment, when the drive mode of the image sensors
is changed from the high-sensitivity mode to the high-speed
mode, and thus, the drive state of the display device 12 is
changed from 120 Hz progressive drive to 240 Hz progres-
sive drive, the charging time and response time need to be
changed. Thus, the load on the liquid crystal display appa-
ratus is increased.

[0164] In the present embodiment, as described above, the
image sensors output an image signal indicating the image
of a single frame (in other words, the line image signals of
the 1st to 768th lines) when the image sensors are driven in
the high-sensitivity mode (first mode). The image sensors
output an image signal obtained by removing part of an
image signal indicating the image of a single frame (for
example, the line image signals of the 1st, 3rd, 5th, . . .,
767th lines) when the image sensors are driven in the
high-speed mode (second mode).

[0165] When the image sensors are driven in the high-
speed mode, the display device 12 writes line image signals
to the odd display lines based on image signal S2 output
earlier, and writes line image signals to the even display
lines based on image signal S2+1 output later. In this way,
the display device 12 displays the image of a single frame.
In the present embodiment, the line image signals included
in image signal S2 are allocated to the odd display lines. The
line image signals included in image signal S2+1 are allo-
cated to the even display lines.

[0166] In this structure, in a manner similar to that of the
first embodiment, even when the drive mode of the image
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sensors is switched between the high-sensitivity mode and
the high-speed mode, there is no need to change the charging
time (the time for writing an image signal to each display
line) or the response time (the time until the image signal is
rewritten in the display lines) in the display operation of the
display device 12. Thus, it is possible to avoid complicating
the process because of the change (in other words, to avoid
increasing the load).

[0167] Further, in the 240 Hz interlace drive of the present
embodiment, in a manner similar to that of the first embodi-
ment, it is possible to realize the performance of moving
image higher than that of 120 Hz progressive drive with the
same load as 120 Hz progressive drive.

[0168] In the present embodiment, the line image signals
of the odd lines included in image signal S2+1 (specifically,
copies of the line image signals of the odd lines included in
image signal S2+1) are used as the line image signals of the
even lines. However, the line image signals of the even lines
may be generated by applying an averaging process to image
signal S2+1 (specifically, to the line image signals of the odd
lines). Specifically, the image processor 13 generates the line
image signal of the 2nd line by averaging the line image
signals of the 1st and 3rd lines included in image signal
S2+1 (in other words, by averaging the adjacent line image
signals in the odd lines). The image processor 13 generates
the line image signal of the 4th line by averaging the line
image signals of the 3rd and 5th lines included in image
signal S2+1. The image processor 13 is capable of gener-
ating the line image signal of each even line by applying the
above process to the line image signals of corresponding
adjacent odd lines. In this structure, it is possible to display
an image (moving image) with high quality in comparison
with a case where the line image signals of the odd lines are
simply used as the line image signals of the even lines.
[0169] Further, in the present embodiment, an image sig-
nal including the line image signals of the odd lines (in other
words, an image signal obtained by removing the line image
signals of the even lines) is output from the image sensors.
However, for example, an image signal including the line
image signals of the even lines (in other words, an image
signal obtained by removing the line image signals of the
o0dd lines) may be output from the image sensors.

Third Embodiment

[0170] A third embodiment is explained. The structure of
the liquid crystal display apparatus of the present embodi-
ment and the structures of the display device and the image
processor included in the liquid crystal display apparatus are
the same as those of the first embodiment. Thus, these
structures are explained using FIG. 1, FIG. 2, FIG. 7, etc.,
where necessary. In the following description, the detailed
explanation of the same portions as the first embodiment is
omitted. Portions different from those of the first embodi-
ment are mainly explained below.

[0171] The liquid crystal display apparatus 10 of the
present embodiment is different from that of the first
embodiment in terms of the image signals (specifically, the
form of the image signals) output from the image sensors
included in an imaging circuit 11.

[0172] In the present embodiment, in a manner similar to
that of the first embodiment, when the image sensors are
driven in a high-sensitivity mode (in other words, when the
exposure time is ¥120 s), an image is displayed in accordance
with 120 Hz progressive drive. When the image sensors are
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driven in a high-speed mode (in other words, when the
exposure time is 240 §), an image is displayed in accordance
with 240 Hz interlace drive.

[0173] The 120 Hz progressive drive of the present
embodiment is the same as that of the first embodiment,
detailed description thereof being omitted.

[0174] With reference to FIG. 16, the 240 Hz interlace
drive of the present embodiment is explained below.

[0175] As stated above, when a display device 12 displays
an image in accordance with 240 Hz interlace drive, the
image sensors included in the imaging circuit 11 are driven
in the high-speed mode. In this case, the image sensors
output an image signal every exposure time of Y240 s as
shown in FIG. 16.

[0176] In the present embodiment, the image sensors
driven in the high-speed mode output an image signal
obtained by removing part of an image signal indicating the
image of a single frame. Specifically, for example, the image
sensors alternately output an image signal obtained by
removing the line image signals of the even lines (the 2nd,
4th, 6th, . . ., 768th lines) and an image signal obtained by
removing the line image signals of the odd lines (the 1st, 3rd,
Sth, .. ., 767th lines), from the line image signals included
in the image signal indicating the image of a single frame (in
other words, from the line image signals of the 1st to 768th
lines). In other words, in the present embodiment, the image
sensors output an image signal in accordance with interlace
drive (specifically, the image sensors output image signals
including the line image signals of every other line and the
skipped lines alternately to corresponding lines.)

[0177] In the present embodiment, the image sensors
output an image signal indicating the image of a single frame
(in other words, an image signal including the line image
signals of the 1st to 768th lines) when the image sensors are
driven in the high-sensitivity mode as described above. In
other words, in the present embodiment, the image sensors
driven in the high-sensitivity mode output an image signal in
accordance with progressive drive (in other words, the
image sensors output an image signal including the line
image signals of all the lines).

[0178] Here, as shown in FIG. 16, it is assumed that the
image sensors sequentially output an image signal (S3-1,
S3, S3+1) every Y40 s. These image signals S3-1, S3 and
S3+1 are part of the image signals each sequentially output
every Y0 s while the image sensors are driven in the
high-speed mode. In FIG. 16, the image signals other than
image signals S3-1, S3 and S3+1 are omitted.

[0179] Image signals S3-1 and S3+1 are image signals
obtained by removing the line image signals of the odd lines
(in other words, image signals including the line image
signals of the even lines). Image signal S3 is an image signal
obtained by removing the line image signals of the even
lines (in other words, an image signal including the line
image signals of the odd lines).

[0180] It is assumed that the image sensors output image
signal S3 Y440 s after the output of image signal S3-1. In this
case, image signal S3 is input to an input circuit 131
included in an image processor 13, is subjected to an image
process performed by a processing circuit 133 and is output
to the display device 12 by an output circuit 134.

[0181] The display device 12 sequentially writes the line
image signals of the odd lines (the 1st, 3rd, Sth, . .., 767th
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lines) included in image signal S3 output by the output
circuit 134 to corresponding display lines (odd display
lines).

[0182] The charging time when each line image signal
included image signal S3 is written to the odd display line
(the time in which a line image signal is written to a single
display line) is substantially equal to the charging time in the
above 120 Hz progressive drive.

[0183] The number of display lines to which image signal
S3 is (specifically, the line image signals included in image
signal S3 are) written by the display device 12 is half the
number of display lines to which an image signal is written
in accordance with 120 Hz progressive drive. Thus, the
writing operation based on image signal S3 by the display
device 12 is completed in half (240 s) the time (V120 s) in
which writing operation is performed in accordance with
120 Hz progressive drive.

[0184] Subsequently. the image sensors driven in the high-
speed mode output image signal S3+1 Y440 s after the output
of image signal S3. When image signal S3+1 is output from
the image sensors, image signal S3+1 is input to the input
circuit 131 included in the image processor 13, is subjected
to an image process performed by the processing circuit 133
and is output to the display device 12 by the output circuit
134.

[0185] Image signal S3+1 is an image signal including the
line image signals of the even lines (the 2nd, 4th, 6th, . . .,
768th lines) as described above. In this case, the display
device 12 sequentially writes the line image signals of the
even lines included in image signal S3+1 output by the
output circuit 134 to corresponding display lines (even
display lines).

[0186] The charging time when each line image signal
included in image signal S3+1 is written to a corresponding
even display line (the time in which a line image signal is
written to a single display line) is substantially equal to the
charging time in 120 Hz progressive drive.

[0187] In this case, the writing operation based on image
signal S3+1 by the display device 12 is completed in Y40 s
in a manner similar to the writing operation based on image
signal S3.

[0188] Thus, in 240 Hz interlace drive, the image of a
single frame is displayed (in other words, image signals are
written to all the display lines) by the writing operation
based on image signals S3 and S3+1. In accordance with the
240 Hz interlace drive of the present embodiment, the image
of a single frame is displayed in %120 s, and the display panel
122 is driven with a refresh rate of 120 Hz (in other words,
the display panel 122 is rewritten every Vi s).

[0189] As described above, the charging time in the 240
Hz interlace drive of the present embodiment is substantially
equal to that in 120 Hz progressive drive. In the 240 Hz
interlace drive of the present embodiment, the response time
in the display lines (in other words, the time in which the
image signals written to the pixels PX arrayed as display
lines are held in the pixels PX) is Y420 s.

[0190] Inthe 240 Hz interlace drive of the present embodi-
ment, the charging time or response time (in other words, the
period in which the display device 12 performs display
operation for displaying the image of a single frame) is not
different from that of the 120 Hz progressive drive applied
when the image sensors are driven in the high-sensitivity
mode.
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[0191] 1In the above description, this specification explains
the display control of an image when image signals S3 and
S3+1 are output from the image sensors (240 Hz interlace
drive). However, the same display control is performed
when, for example, other image signals are output from the
image sensors while they are driven in the high-speed mode.
[0192] Even when the image sensors output an image
signal in accordance with interlace drive as described above,
240 Hz progressive drive can be realized by using, for
example, the line image signals of the odd lines and the line
image signals of the even lines obtained by copying the line
image signals of the odd lines (or using the line image
signals of the even lines and the line image signals of the odd
lines obtained by copying the line image signals of the even
lines) as an image signal indicating the image of a single
frame (in other words, as the line image signals of the 1st to
768th lines) as shown in the comparison example of FIG. 17
for the present embodiment.

[0193] However, in the comparison example for the pres-
ent embodiment, when the drive mode of the image sensors
is changed from the high-sensitivity mode to the high-speed
mode, and thus, the drive state of the display device 12 is
changed from 120 Hz progressive drive to 240 Hz progres-
sive drive, the charging time and response time need to be
changed. Thus, the load on the liquid crystal display appa-
ratus is increased.

[0194] As described above, in the present embodiment, the
image sensors output an image signal in accordance with
progressive drive when they are driven in the high-sensitiv-
ity mode (first mode). The image sensors output an image
signal in accordance with interlace drive when they are
driven in the high-speed mode (second mode).

[0195] When the image sensors are driven in the high-
speed mode, the display device 12 writes line image signals
to the odd display lines based on image signal S3 output
earlier, and writes line image signals to the even display
lines based on image signal S3+1 output later. In this way,
the display device 12 displays the image of a single frame.
[0196] In this structure, in a manner similar to that of the
first embodiment, even when the drive mode of the image
sensors is switched between the high-sensitivity mode and
the high-speed mode, there is no need to change the charging
time (the time for writing an image signal to each display
line) or the response time (the time until the image signal is
rewritten in the display lines) in the display operation of the
display device 12. Thus, it is possible to avoid complicating
the process because of the change (in other words, to avoid
increasing the load).

[0197] Further, in the 240 Hz interlace drive of the present
embodiment, in a manner similar to that of the first embodi-
ment, it is possible to realize the performance of moving
image higher than that of 120 Hz progressive drive with the
same load as 120 Hz progressive drive.

[0198] In the present embodiment, an image signal is
output from the image sensors in accordance with interlace
drive when 240 Hz interlace drive is applied. In this way, the
image signal can be used as it is in the writing operation of
the display device 12. Thus, the load on the liquid crystal
display apparatus 10 can be reduced in comparison with the
second embodiment.

[0199] According to at least one of the above embodi-
ments, it is possible to provide a liquid crystal display
apparatus capable of appropriately performing the display
control of an image.
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[0200] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A liquid crystal display apparatus comprising:

an image sensor configured to output an image signal

when the image sensor is driven in a first mode and a
second mode; and
a liquid crystal display device comprising a liquid crystal
display panel comprising a plurality of display lines,
the liquid crystal display device configured to display
an image on the liquid crystal display panel based on
the image signal output from the image sensor, wherein

the image sensor is configured to output an image signal
every first exposure time when the image sensor is
driven in the first mode, and to output an image signal
every second exposure time shorter than the first expo-
sure time when the image sensor is driven in the second
mode, and

the liquid crystal display device is configured to display

an image in accordance with progressive drive which
sequentially scans the display lines based on the image
signal output from the image sensor when the image
sensor is driven in the first mode, and to display an
image in accordance with interlace drive which scans
the display lines while skipping some of the display
lines based on the image signal output from the image
sensor when the image sensor is driven in the second
mode.

2. The liquid crystal display apparatus of claim 1, wherein

a first period in which the liquid crystal display device

performs display operation for displaying an image of
each frame in accordance with the progressive drive is
substantially equal to a second period in which the
liquid crystal display device performs display operation
for displaying an image of each frame in accordance
with the interlace drive.

3. The liquid crystal display apparatus of claim 2, further
comprising an image processor configured to remove part of
the image signal output from the image sensor driven in the
second mode when the image sensor is driven in the second
mode, wherein

the liquid crystal display device is configured to display

an image based on an image signal obtained as a result
of partial removal.

4. The liquid crystal display apparatus of claim 2, wherein

the image sensor is configured to output an image signal

indicating an image of a single frame every first expo-
sure time when the image sensor is driven in the first
mode, and

the image sensor is configured to output an image signal

obtained by removing part of an image signal indicat-
ing an image of a single frame every second exposure
time when the image sensor is driven in the second
mode.
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5. The liquid crystal display apparatus of claim 4, further
comprising an image processor configured to apply an
averaging process to the image signal output from the image
sensor when the image sensor is driven in the second mode,
wherein

the liquid crystal display device is configured to display
an image based on the image signal which underwent
the averaging process.

6. The liquid crystal display apparatus of claim 2, wherein

the image sensor is configured to output an image signal
in accordance with progressive drive when the image
sensor is driven in the first mode, and

the image sensor is configured to output an image signal
in accordance with interlace drive when the image
sensor is driven in the second mode.

7. The liquid crystal display apparatus of claim 1, wherein

the liquid crystal display apparatus is electrically con-
nected to an external light sensor configured to detect
intensity of light around the liquid crystal display
apparatus, and

a drive mode is switched between the first mode and the
second mode based on the intensity of light detected by
the external light sensor.

8. A liquid crystal display apparatus comprising:

a liquid crystal display device comprising a liquid crystal
display panel comprising a plurality of display lines,
the liquid crystal display device configured to display
an image on the liquid crystal display panel in accor-
dance with progressive drive which sequentially scans
the display lines and interlace drive which scans the
display lines while skipping some of the display lines
based on an image signal output from an image sensor,
wherein

a first period in which the liquid crystal display device
performs display operation for displaying an image of
each frame in accordance with the progressive drive is
substantially equal to a second period in which the
liquid crystal display device performs display operation
for displaying an image of each frame in accordance
with the interlace drive.

9. The liquid crystal display apparatus of claim 8, further
comprising an image processor configured to remove part of
the image signal, wherein

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on an image signal obtained as a result of partial
removal.
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10. The liquid crystal display apparatus of claim 8,
wherein

the image signal output from the image sensor is an image
signal obtained by removing part of an image signal
indicating an image of a single frame, and

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on the image signal obtained as a result of partial
removal.

11. The liquid crystal display apparatus of claim 10,
further comprising an image processor configured to apply
an averaging process to the image signal output from the
image sensor, wherein

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on the image signal which underwent the averaging
process.

12. A liquid crystal display apparatus comprising:

a liquid crystal display device comprising a liquid crystal
display panel comprising a plurality of display lines,
the liquid crystal display device configured to display
an image on the liquid crystal display panel in accor-
dance with interlace drive which scans the display lines
while skipping some of the display lines based on an
image signal output from an image sensor, wherein

the liquid crystal display panel is driven with a refresh rate
of 120 Hz or greater and has a pixel density of 400 ppi
or greater.

13. The liquid ecrystal display apparatus of claim 12,
further comprising an image processor configured to remove
part of the image signal, wherein

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on an image signal obtained as a result of partial
removal.

14. The liquid crystal display apparatus of claim 12,

wherein

the image signal output from the image sensor is an image
signal obtained by removing part of an image signal
indicating an image of a single frame, and

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on an image signal obtained as a result of partial
removal.

15. The liquid ecrystal display apparatus of claim 14,
further comprising an image processor configured to apply
an averaging process to the image signal output from the
image sensor, wherein

the liquid crystal display device is configured to display
an image in accordance with the interlace drive based
on the image signal which underwent the averaging
process.
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