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(57) ABSTRACT

A display unit includes: an image display panel; a backlight
section disposed on a back surface of the image display panel,
and including a light guide member and a polymer dispersed
liquid crystal panel; a light source emitting light, the light
being allowed to enter the light guide member of the backlight
section; a polymer dispersed liquid crystal panel drive section
driving the polymer dispersed liquid crystal panel of the
backlight section in synchronization with writing of an image
displayed on the image display panel to control a location that
scatters light incident on the light guide member on the poly-
mer dispersed liquid crystal panel; and a light source drive
section allowing the light source to blink in synchronization
with a period in which light is scattered by the polymer

(IP) e 2012-252652 dispersed liquid crystal panel.
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DISPLAY UNIT, DISPLAYING METHOD, AND
RECORDING MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese Pri-
ority Patent Application JP 2012-252652 filed Nov. 16,2012,
the entire contents of each which are incorporated herein by
reference.

BACKGROUND

[0002] Thepresent disclosure relates to a display unit and a
displaying method that display an image or the like, and
recording medium holding a program that executes the dis-
playing method. More specifically the present disclosure
relates to technology applied to a display unit including a
backlight.

[0003] When a display unit such as a liquid crystal display
panel displays an image of a rapidly moving object, so-called
motion blur in which the image looks blurred may occur. For
example, when the liquid crystal display panel displays an
image of an object moving at high speed from the left to the
right on a screen, for a person watching the image, a contour
of the moving object appears blurred. The motion blur occurs
in an image displaying method called “hold-type displaying”.
[0004] Inrelated art, as a technique of reducing motion blur
in a display unit including a liquid crystal display panel, for
example, it is known that a backlight illuminating a back
surface of the liquid crystal display panel is turned on and off
at high speed in conjunction with an image display period to
shorten duration in which an image is displayed. In other
words, motion blur thatis anissue specific to theliquid crystal
display panel is allowed to be reduced by adopting a display-
ing mode close to impulse-type displaying, as with a display
unit using a CRT (Cathode Ray Tube) in related art.

[0005] FIGS. 12A and 12B illustrate an example of a con-
figuration for performing on-off control of a backlight in
related art. As illustrated in FIGS. 12A and 12B, the backlight
is configured of a light guide plate 1 and light-emitting diodes
2ato 2f and 3a to 3f emitting light toward the light guide plate
1. FIG. 12A and FIG. 12B are a front view and a side view of
the light guide plate 1, respectively.

[0006] Asillustratedin FIG. 12A, the light guide plate 1 has
six regions 1a, 15, 1c, 1d, 1e, and 1f; and the light-emitting
diodes 2a to 2f and the light-emitting diodes 3a to 3f are
disposed on side surfaces of the regions 1a to 1f, respectively.
For example, the light-emitting diodes 2a and 25 are disposed
on one side surface and the other side surface of the region 1a,
respectively. Such a backlight including light sources on side
surfaces ofthe light guide plate is called an edge-light system.
[0007] Each of the regions 1a, 15, 1c, 1d, le, and 1f'is
configured to emit light by light incident from the light-
emitting diodes that are disposed on the side surfaces thereof,
and not to propagate the light toward other regions. For
example, the light-emitting diodes 2a and 3a emit light to
allow the region 1a of the light guide plate 1 to emit light.
[0008] A liquid crystal display panel is disposed on a front
surface of the backlight as illustrated in FIGS. 12A and 12B,
and the six regions la to 1f of the light guide plate 1 are
allowed to sequentially emit light for a short time. A process
of allowing these six regions 1a to 1fto sequentially emit light
is performed in one field period of an image displayed on the
liquid crystal display panel, and light is sequentially emitted
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from the regions in order in which the image on the liquid
crystal display panel is rewritten. When light emission of the
backlight is controlled in such a manner, an image displayed
on the liquid crystal display panel that is located on the front
surface of the backlight is displayed on each of the regions for
a short time. It is to be noted that a period in which the
backlight is turned on and off is preferably too short for a
person watching a displayed image to recognize blinking of
the backlight.

[0009] When on-off control is performed on each of the
regions of the backlight in such a manner, the display unit
including the liquid crystal display panel is allowed to display
an image with unnoticeable motion blur.

[0010] Incidentally, it has been proposed to use a polymer
dispersed liquid crystal (PDLC) as the backlight disposed on
the back surface of a liquid crystal display panel.

[0011] A light guide member for backlight in related art is
formed by mixing a scattering material into a transparent
resin material to form a mixture, and molding the mixture,
and a surface of the backlight emits light with uniform lumi-
nance by a function of the scattering material. On the other
hand, a surface of a backlight including the PDLC emits light
by ascattering function of the PDLC. The PDLC is capable of
controlling a light scattering state. In Japanese Unexamined
Patent Application PublicationNo. 2012-141588, an example
of a backlight using the PDLC is described.

SUMMARY

[0012] As a technique of preventing motion blur in an
image displayed on the liquid crystal display panel, as
described above, it is known that light sources included in the
backlight are turned on and off at high speed in conjunction
with an image display period. For example, in a case where
light-emitting diodes are used as the light sources, a light-
emitting diode drive section turns the light-emitting diodes on
and off at high speed in conjunction with an image display
period. However, as illustrated in FIGS. 12A and 12B, in a
case where the light-emitting diode drive section drives the
light-emitting diodes to sequentially emit light while switch-
ing from one of light emission regions of the backlight to
another, light emission efficiency is reduced.

[0013] Inother words, as illustrated in FIGS. 12A and 12B,
in a case where the backlight is partitioned into six regions,
and the six regions sequentially emit light, in order to obtain
the same brightness as that in a case where the six regions
simultaneously emit light, it is preferable for each of the
light-emitting diodes to emit light with brightness six times
higher than that in a case where each of the light-emitting
diodes constantly emits light. When each of the light-emitting
diodes emits light with six times higher brightness, a user
watching an image displayed on the liquid crystal display
panel perceives substantially the same brightness as that
when all of the light-emitting diodes is constantly on.

[0014] To allow the light-emitting diodes to emit light with
six times higher brightness, it is preferable to increase a
current value supplied to the light-emitting diodes corre-
spondingly. However, the light-emitting diodes have a char-
acteristic in that loss caused by heat generation or the like is
increased with an increase in current value. Therefore, to
allow the light-emitting diodes to obtain six times higher
brightness, it is preferable to flow a more than six times higher
current through the light-emitting diodes, thereby causing an
increase in power consumption of the backlight.
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[0015] FIG. 13 is a diagram illustrating a relationship
between a current flowing through a light-emitting diode (a
horizontal axis) and light emission luminance (a vertical
axis). As illustrated in FIG. 13, luminance is not increased
linearly with an increase in the current, thereby causing an
increase in loss. FIG. 13 illustrates cases where the current
value is multiplied by 1, 10, and 20. As can be seen from FIG.
13, in the case where the current value is multiplied by 10 or
20, loss is extremely increased, compared to the case where
the current value is multiplied by 1 (in a case where the
light-emitting diode is constantly on).

[0016] Therefore, in anattempt to prevent motion blur only
by controlling lighting periods of the light sources included in
the backlight, power consumption of the backlight is
increased.

[0017] Itis desirable to efficiently reduce motion blur with-
out increasing power consumption.

[0018] According to an embodiment of the present disclo-
sure, there is provided a display unit including: an image
display panel; a backlight section disposed on a back surface
of the image display panel, and including a light guide mem-
ber and a polymer dispersed liquid crystal panel; a light
source emitting light, the light being allowed to enter the light
guide member of the backlight section; a polymer dispersed
liquid crystal panel drive section driving the polymer dis-
persed liquid crystal panel of the backlight section in syn-
chromization with writing of an image displayed on the image
display panel to control a location that scatters light incident
on the light guide member on the polymer dispersed liquid
crystal panel; and a light source drive section allowing the
light source to blink in synchronization with aperiod in which
light is scattered by the polymer dispersed liquid crystal
panel.

[0019] According to an embodiment of the present disclo-
sure, there is provided a displaying method including: driving
a polymer dispersed liquid crystal panel included in a back-
light section in synchronization with writing of an image
displayed on an image display panel to control a location that
scatters light incident on a light guide member included in the
backlight section on the polymer dispersed liquid crystal
panel, the backlight section being disposed on a back surface
of the image display panel; and allowing a light source to
blink in synchronization with a period in which light is scat-
tered by the polymer dispersed liquid crystal panel, the light
source allowing light to enter the light guide member.
[0020] According to an embodiment of the present disclo-
sure, there is provided a recording medium having a com-
puter-readable program embodied therein, the computer
readable program causing, when executed by a machine, the
machine to implement a method, the method including; driv-
ing a polymer dispersed liquid crystal panel included in a
backlight section in synchronization with writing of an image
displayed on an image display panel to control a location that
scatters light incident on a light guide member included in the
backlight section on the polymer dispersed liquid crystal
panel, the backlight section being disposed on a back surface
of the image display panel; and allowing a light source to
blink in synchronization with a period in which light is scat-
tered by the polymer dispersed liquid crystal panel, the light
source allowing light to enter the light guide member.
[0021] Intheembodiments of the present disclosure, a state
in which the backlight section illuminates the back surface of
the image display panel is determined by a combination of
two kinds of control, that is, control of a region that scatters
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light of the polymer dispersed liquid crystal panel included in
the backlight section and blinking of the light source. When
the two kinds of control, that is, control of the region that
scatters light of the polymer dispersed liquid crystal panel and
blinking of the light source are appropriately performed in
synchronization with writing of an image displayed on the
image display panel, an image with less motion blur is
allowed to be displayed favorably.

[0022] Inthe embodiments of the present disclosure, in the
display unit, an illumination state by a backlight is controlled
by two factors, i.e., the polymer dispersed liquid crystal panel
and the light source. In this case, since the polymer dispersed
liquid crystal panel is allowed to efficiently scatter light from
the light source, light with appropriate brightness is applied to
the back surface of the image display panel without increas-
ing luminance of the light source. Therefore, the light source
is allowed to be used efficiently, and a process of suppressing
motion blur is efficiently performed.

[0023] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings are included to pro-
vide a further understanding of the technology, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments and, together with the speci-
fication, serve to explain the principles of the technology.
[0025] FIG. 1isablock diagram illustrating a configuration
of a display unit according to an embodiment of the present
disclosure.

[0026] FIG. 2is an exploded perspective view illustrating a
configuration of a backlight section according to the embodi-
ment of the present disclosure.

[0027] FIGS.3A and 3B are diagrams illustrating a state in
which the backlight section is partitioned into regions and
scattering states of the regions in the embodiment of the
present disclosure.

[0028] FIG. 4 is a flow chart illustrating a state of control-
ling the backlight section in the embodiment of the present
disclosure.

[0029] FIG. 5is a flow chart illustrating a controlling state
by identification of a touch operation in the embodiment of
the present disclosure.

[0030] FIG. 6is atiming chart illustrating control timing of
the backlight section in the embodiment of the present dis-
closure.

[0031] FIG. 7 is a timing chart illustrating an example (Ex-
ample 1) of a luminance control state in the embodiment of
the present disclosure.

[0032] FIG. 8 is a timing chart illustrating an example (Ex-
ample 2) of the luminance control state in the embodiment of
the present disclosure.

[0033] FIG. 9 is a characteristic diagram illustrating a rela-
tionship between a drive current and luminance of a light-
emitting diode in the embodiment of the present disclosure.
[0034] FIGS. 10A and 10B are a plan view and a side view
illustrating a configuration of abacklight section according to
another embodiment of the present disclosure, respectively.
[0035] FIG. 11 is a timing chart illustrating an example of
driving light-emitting diodes and a PDLC in FIGS. 10A and
10B.
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[0036] FIGS. 12A and 12B are plan views illustrating a
configuration example of a backlight section in related art.
[0037] FIG. 13 is a characteristic diagram illustrating an
example of efficiency of a light-emitting diode when lumi-
nance thereof is controlled.

DETAILED DESCRIPTION

[0038] Some embodiments of the present disclosure will be
described below in the following order.

[0039] 1. Configuration example of display unit according
to embodiment (FIGS. 1 and 2)

[0040] 2. Characteristics of polymer dispersed liquid crys-
tal panel (FIGS. 3A and 3B)

[0041] 3. Process of controlling backlight section (FIGS. 4
and 5)

[0042] 4. Example of control timing (FIG. 6)

[0043] 5.Example of luminance control state (Example 1:
FIG.7)

[0044] 6. Example of luminance control state (Example 2:
FIG. 8)

[0045] 7. Description of light emission efficiency (FIG. 9)
[0046] 8. Another embodiment (FIGS. 10A, 10B, and 11)
[0047] 9. Modifications

1. Configuration Example of Display Unit According
to Embodiment

[0048] FIG.1is a diagram illustrating a configuration of a
display unit according to an embodiment of the present dis-
closure.

[0049] In the display unit illustrated in FIG. 1, only a con-
figuration relating to display is illustrated; however, the dis-
play unit may be configured as a display unit incorporated
into any of various electronic apparatuses. For example, the
display unit may be a display unit incorporated into an elec-
tronic apparatus having an information processing function,
such as a smartphone and a tablet terminal.

[0050] As illustrated in FIG. 1, the display unit includes a
liquid crystal display panel 10 displaying an image or the like.
The display unit includes a backlight section 20 on a back
surface of the liquid crystal display panel 10. The display unit
includes a touch panel 30 on a front surface of the liquid
crystal display panel 10. It is to be noted that the touch panel
30 may be configured to be integrated with the liquid crystal
display panel 10.

[0051] The backlight section 20 is configured of a light
guide member and a polymer dispersed liquid crystal panel
(hereinafter referred to as “PDLC panel”), and includes light-
emitting diodes 21 as light sources on a side surface thereof.
A configuration of the backlight section 20 will be described
later.

[0052] Theliquid crystal display panel 10 performs display
based on image data input to an image data input terminal 11,
or displays an image indicated by a control section 41. The
image data input to the image data input terminal 11 is sup-
plied to an image data input section 12. The image data input
section 12 converts a size (pixel number) and a frame fre-
quency of image data into a size and a frame frequency that
are to be displayed on the liquid crystal display panel 10,
respectively. Then, the image data subjected to an input pro-
cess in the image data input section 12 is supplied to an image
data processing section 13. The image data processing section
13 converts the image data into image data corresponding to
display characteristics in the liquid crystal display panel 10.
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Moreover, the image data processing section 13 performs
processing or the like on a displayed image based on an
instruction from the control section 41 of the display unit.
[0053] The image data processed by the image data pro-
cessing section 13 is supplied to a display drive section 14.
The display drive section 14 performs an image display drive
in the liquid crystal display panel 10, based on the supplied
image data. In the liquid crystal display panel 10, an image is
rewritten every frame of the supplied image data.

[0054] The light-emitting diodes 21 disposed on the back-
light section 20 emit light by control by a light source drive
section 22. The light source drive section 22 may turn the
light-emitting diodes 21 to amode in which the light-emitting
diodes 21 continuously light up or a mode in which the
light-emitting diodes 21 blink in synchronization with a
frame period of image data. The light source drive section 22
determines one of the light emission modes by an instruction
from the control section 41 of the display unit.

[0055] In the PDLC panel 220 included in the backlight
section 20, a light scattering state is controlled by a PDLC
panel drive section 23. The PDLC panel drive section 23
determines a scattering state of the PDLC panel 220 by an
instruction from the control section 41 of the display unit.
[0056] When the touch panel 30 detects a finger of a user, a
pen, or the like in contact with (or in proximity to) a surface of
the liquid crystal display panel 10, the touch panel 30 outputs
touch detection data. The touch detection data output from the
touch panel 30 is supplied to the touch identification section
31. The touch identification section 31 identifies a kind, an
instructed direction, or the like of a touch operation from a
change in a touched position indicated by the supplied touch
detection data. Data of the touch operation identified by the
touch identification section 31 is supplied to the control sec-
tion 41. The control section 41 provides an instruction to the
image data processing section 13, based on a touch operation
state supplied thereto, and changes a displayed image.
[0057] The control section 41 reads a program stored in a
memory 42, and controls image display on the liquid crystal
display panel 10 or an illumination state in the backlight
section 20. At this time, the control section 41 identifies a
touch detection state in the touch panel 30 identified by the
touch identification section 31 or an application that is
executed to display an image at present. Then, when the
control section 41 controls the illumination state in the back-
light section 20, the control section 41 refers to the identified
touch detection state or the identified kind of the image. A
specific control state of the backlight section 20 by the control
section 41 will be described in detail later.

[0058] Moreover, the display unit includes an operation
section 43 configured of an operation key and the like, and
information such as a key operation detected by the operation
section 43 is supplied to the control section 41. The control
section 41 performs selection of an operation mode or the
like, based on information supplied from the operation sec-
tion 43.

[0059] FIG. 2 is an exploded view of an example of an
arrangement state of the liquid crystal display panel 10, the
backlight section 20, and the touch panel 30.

[0060] As illustrated in FIG. 2, the backlight section 20 is
disposed on the back surface (a bottom side in FIG. 2) of the
liquid crystal display panel 10. The touch panel 30 is disposed
on the front surface (a top side in FIG. 2) of the liquid crystal
display panel 10. The touch panel 30 may be integrated with
the liquid crystal display panel 10.
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[0061] The backlight section 20 includes a light guide
member 210 configured of a transparent resin plate, and a
PDLC panel 220 bonded to the light guide member 210. A
predetermined number of light-emitting diodes 21 as light
sources are disposed on one or more side surfaces of'the light
guide member 210. As the light-emitting diodes 21, for
example, light-emitting diodes emitting white are used. FIG.
2 illustrates an example in which five light-emitting diodes 21
are disposed on one side surface of the light guide member
210. When the light-emitting diodes emit light, light from the
light-emitting diodes 21 enters the light guide member 210.
[0062] The PDLC panel 220 is a panel allowed to control a
light scattering state with use of a polymer dispersed liquid
crystal, and the PDLC panel drive section 23 (refer to FIG. 1)
determines a scattering state of the PDLC panel 220. In this
case, the PDLC panel 220 is partitioned into a plurality of
regions, and the PDLC panel drive section 23 turns each of the
regions to one of a state in which light is scattered (a cloudy
state) and a transparent state in which light is not scattered.
[0063] When the PDLC panel 220 is in the state in which
light is scattered, light having entered the light guide member
210 is scattered by the PDLC panel 220 to enter the back
surface of the liquid crystal display panel 10. Since the light-
emitting diodes 21 emit white light, the PDLC panel 220
emits white light in the state in which light is scattered.
[0064] When the PDLC panel 220 is in the state in which
light is not scattered, light having entered the transparent light
guide member 210 does not enter the liquid crystal display
panel 10.

[0065] It is to be noted that, in the example in FIG. 2, the
PDLC panel 220 is disposed on a bottom side of the light
guide member 210; however, the PDLC panel 220 may be
disposed on a top side (a side where the liquid crystal display
panel 110 is disposed) of the light guide member 210.

2. Characteristics of Polymer Dispersed Liquid
Crystal Panel

[0066] Next, a partition state and light scattering character-
istics of the PDLC panel 220 will be described below refer-
ring to FIGS. 3A and 3B.

[0067] FIG.3A is a diagram illustrating a state in which the
PDLC panel 220 is partitioned into a plurality of regions. FIG.
3B is a diagram illustrating an example of scattering states in
the plurality of regions. A horizontal axis indicates a light
emission range, and a vertical axis indicates luminance.
[0068] As illustrated in FIG. 3A, the PDLC panel 220 is
partitioned into six regions 20a, 205, 20c, 20d, 20e, and 20f.
In this example, the sizes of the regions 20a to 20fare equal to
one another. The light-emitting diodes 21 may be disposed
on, for example, a side surface adjacent to the region 20a. The
position where the light-emitting diodes 21 are disposed are
only one example, and the light-emitting diodes 21 may be
disposed on any other position.

[0069] Moreover, the six regions 20a to 20f are set corre-
sponding to a state in which an image is written to the liquid
crystal display panel 10 disposed over the backlight section
20. In other words, when an image is written to alarge number
of pixels arranged in the liquid crystal display panel 10 from
one horizontal line to another, each of the regions 20a to 20f
is a region corresponding to a predetermined number of hori-
zontal lines.

[0070] For example, when all of the regions 20a and 207 of
the PDLC panel 220 scatter light in the partition state illus-
trated in FIG. 3A, all of the regions 20a to 20f1n the backlight
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section 20 emit light with luminance L1, as illustrated in FIG.
3B. Therefore, at this time, the backlight section 20 illumi-
nates the entire back surface of the liquid crystal display panel
10 with the luminance L1. The luminance L1 is determined
by light emission luminance of the light-emitting diodes 21.
[0071] When only three regions 20c, 204, and 20e of the
PDLC panel 220 scatter light, as illustrated in F1G. 3B, the
backlight section 20 emit light, from the three regions 20c¢ to
20e, with luminance [.2 about twice as high as the luminance
L1.

[0072] Moreover, when only one region 204 of the PDLC
panel 220 scatters light, as illustrated in FIG. 3B, the back-
light section 20 emits light, from the one region 20d, with
luminance L3 about six times as high as the luminance 1. It
is to be noted that, in any of the cases of the luminance .1,1.2,
and L3, the light emission luminance of the light-emitting
diodes 21 is the same. A state in which a region or regions are
selected to scatter light as illustrated in FIG. 3B is only one
example, and as long as an area in which light is scattered is
the same, the light emission luminance is the same even in a
case where a region or regions other than the region or the
regions selected in the example in FIG. 3B scatter light.
[0073] Thus, light emission luminance of the backlight sec-
tion 20 changes in relation to a change in an area of a region
scattering light in the PDL.C panel 220. However, aluminance
change example illustrated in FIGS. 3A and 3B is an ideal
state, and an actual luminance value may be slightly lower
than a luminance value in relation to the area, such as a twice
or six times higher luminance value.

[0074] The light scattering states of the respective regions
20a to 20f of the PDLC panel 220 are determined by the
PDLC panel drive section 23. The scattering states of the
regions 20a to 20/ of the PDLC panel 220 are determined by
the PDLC panel drive section 23, based on an instruction from
the control section 41.

3. Process of Controlling Backlight Section

[0075] Flow charts in FIGS. 4 and 5 illustrate an example of
a process of controlling light emission of the backlight sec-
tion 20 by the control section 41 while the liquid crystal
display panel 10 displays an image.

[0076] First, as illustrated in the flow chart in FIG. 4, the
control section 41 determines whether or not a touch on the
touch panel 30 is detected (step S11). When the control sec-
tion 41 determines that no touch operation is performed, the
control section 41 determines whether or not there is a pos-
sibility that an image displayed at present is an image of a
rapidly moving object (step S12). Examples of a case where
there is a possibility that the image displayed at present is an
image of a rapidly moving object, as referred to in the step
S12, include a case where the kind of the image displayed at
present is any of various moving image contents. On the other
hand, in a case where the kind of the image displayed at
present is a still image, a text input screen, or the like, the
control section 41 determines that there is no possibility that
the image displayed at present is an image of a rapidly moving
object.

[0077] In a case where the control section 41 determines
that there is no possibility that the image displayed at present
is an image of a rapidly moving object in step S12, the control
section 41 does not control the backlight section 20 (step
S13). In a state in which the control section 41 does not
control the backlight section 20, the entire PDLC panel 220
scatters light, and the respective light-emitting diodes 21
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constantly and continuously light up. In such a case, the
backlight section 20 continuously emit light with uniform
luminance over all of the regions 20a to 201

[0078] After thebacklight section 20 continuously lights up
in step S13, the process returns to determination in the step
S11.

[0079] Inacasewherethe control section 41 detects atouch
operation in the step S11 and in a case where the control
section 41 determines that there is a possibility that the image
displayed at present is an image of a rapidly moving object in
the step S12, the control section 41 controls the backlight
section 20 (step S14). At this time, the control section 41
determines a lighting control state of the backlight section 20,
based on the touch operation state of the touch panel 30 or the
kind of the image detected in the step S11. An example of a
specific process of determining the lighting control state by
the control section 41 will be described later. The control
section 41 sends an instruction to the light source drive sec-
tion 22 and the PDLC panel drive section 23, based on the
lighting control state determined by the control section 41.
[0080] After the lighting control state of the backlight sec-
tion 20 is determined in the step S14, the control section 41
determines whether or not a predetermined time has elapsed
since determination of the lighting control state (step S15),
and lighting control in the step S14 is continued until a lapse
of the predetermined time.

[0081] Then, when the control section 41 determines that
the predetermined time has elapsed in the step S15, the pro-
cess by the control section 41 returns to determination in the
step S11.

[0082] The flow chart in FIG. 5 illustrates an example of
control based on a touch operation when the control section
41 controls the backlight section 20.

[0083] First, the control section 41 obtains information of
the kind of the touch operation identified by the touch iden-
tification section 31 (step S21). Then, the control section
determines whether or not the touch operation is a touch
operation with high-speed image movement (step S22).
Examples of the touch operation with high-speed image
movement include a flick and a pinch. The flick is an opera-
tion to scroll an image toward a direction where a finger
touches a screen and moves quickly. The pinch is an operation
in which two fingers touch the screen, and when a space
between the touched fingers is narrowed, the screen is down-
sized, and when the space between the touched fingers is
increased, the screen is upsized. These operations are opera-
tions in which an image is moved at relatively high speed.
[0084] Then, when itis determined that the touch operation
is a touch operation involving high-speed image movement,
the control section 41 refers to a prepared lookup table deter-
mining a control state to determine a drive state of the PDLC
panel 220 and the lighting control state of the light-emitting
diodes 21 (step S23). For example, data of the lookup table is
stored in the memory 42.

[0085] For example, in a case where image movement
based on the touch operation is fast, each lighting time dura-
tion of the light-emitting diodes 21 is shortened to shorten
on-duty in which light emission is turned on. Accordingly,
display giving high priority to suppressing the occurrence of
motion blur is performed. However, luminance of the back-
light section 20, that is, luminance of a displayed image is
reduced corresponding to short on-duty in which light emis-
sion is turned on. It is to be noted that, in this state, when the
light source drive section 22 increases a current supplied to
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the light-emitting diodes 21 to increase light emission lumi-
nance, reduction in luminance of the backlight section 20 is
allowed to be prevented to some extent.

[0086] Moreover, for example, in a case where image
movement based on the touch operation is not so fast, each
lighting time duration of the light-emitting diodes 21 is rela-
tively increased, based on the data of the lookup table to
increase on-duty in which light emission is turned on.
Accordingly, display giving high priority to brightness of the
image is performed.

[0087] Further, when the control section 41 determines that
the touch operation is not a touch operation involving image
movement at high speed equal to or higher than a threshold
value in the step S22, the control section 41 does not control
the backlight section 20. In a state in which the control section
41 does not control the backlight section 20, the same control
as that in the step S13 is performed. In other words, the entire
PDLC panel 220 scatters light, and the respective light-emit-
ting diodes 21 constantly and continuously light up.

[0088] The flow chart in FIG. 5 illustrates a process in the
step S14 of the flow chart in FIG. 4 in the control section 41
in a case where the touch operation is detected in the step S11
ofthe flow chart in FIG. 4. On the other hand, in a case where
a possibility that the image is an image of a rapidly moving
object is detected in the step S12 in the flow chart in FIG. 4,
the control section 41 is turned to a state in which the control
section 41 controls the backlight section 20 in the step S23.
Alternatively, in the case where a possibility that the image is
an image of a rapidly moving object is detected, the control
section 41 may determine a state of a displayed image actu-
ally used by the image data processing section 13 or the like
to determine whether or not to control the backlight section 20
in the step S23.

4. Example of Control Timing

[0089] FIG. 6 is a timing chart illustrating an example of a
state in which the control section 41 controls the PDLC panel
220 and the light-emitting diodes 21.

[0090] In this case, for example, the liquid crystal display
panel 10 has 600 lines H101 to H700. A hundred lines corre-
spond to one region of the PDLC panel 220, and the region
corresponding to the lines emits light to illuminate the lines.
A relationship between the lines and the regions 20a to 207 of
the PDLC panel 220 is as follows.

[0091] The region 20a of the PDLC panel 220 illuminates
lines H101 to H200.

[0092] The region 205 of the PDLC panel 220 illuminates
lines H201 to H300.

[0093] The region 20¢ of the PDLC panel 220 illuminates
lines H301 to H400.

[0094] The region 20d of the PDLC panel 220 illuminates
lines H401 to H500.

[0095] The region 20e of the PDLC panel 220 illuminates
lines H501 to H600.

[0096] The region 20/ of the PDLC panel 220 illuminates
lines H601 to H700.

[0097] ApartAinFIG. 6 illustrates timing when writing of
image data to each of the lines H101 to H700 starts and timing
when each of the regions 20a to 20fis turned to a cloudy state
(a scattering state), and a part B in FIG. 6 illustrates timing
when the light-emitting diodes 21 emit light.

[0098] As illustrated in the part A in FIG. 6, writing of
image data to the line H101 starts at a timing t101 in each
frame period. Writing of image data to the line H102 starts at
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a timing t102 slightly behind the timing t101. The timing of
writing is shifted from one line to another in a similar manner,
and writing of image data to the line H700 starts at a timing
t700.

[0099] Then, when writing of an image to respective lines
starts, and transmittance of pixels by the written image data
(voltage) is stabilized, the PDLC drive section 23 turns each
region as aunit to a cloudy state. For example, the PDL.C drive
section 23 turns the region 20a corresponding to the lines
H101 to H200 to the cloudy state in a period P1 after a lapse
of a certain time since a timing when writing to the respective
lines H101 to H200 starts.

[0100] ThePDLC drivesection 23 also turns the region 205
corresponding to the lines H201 to H300 to the cloudy state in
a period P2 after a lapse of a certain time since a timing when
writing to the lines H201 to H300 starts.

[0101] The PDLC drive section 23 turns the regions 20c,
20d, 20e, and 20f'to the cloudy state in periods P3, P4, P5, and
P6 that are shifted by a predetermined period, respectively, in
a similar manner.

[0102] Then, the light source drive section 22 allows the
light-emitting diodes 21 to emit light in a period in which each
of six regions 20a to 20f of the PDLC panel 220 is in the
cloudy state. For example, in the period P1 in which only the
region 20a is in the cloudy state, the light-emitting diodes 21
emit light once. Moreover, in the period P2 in which only the
region 205 1s in the cloudy state, the light-emitting diodes 21
emit light once. Thus, the light-emitting diodes 21 emit light
six times in one frame period.

[0103] An example of more specific timings of an image
data writing state in each line, a cloudy state of the PDLC
panel 220, and light emission timing of the light-emitting
diodes 21 will be described later (referring to FIGS. 7 and 8).
[0104] 1t is to be noted that, when the respective light-
emitting diodes 21 emit light, for example, an equal drive
current is used to allow the light-emitting diodes 21 to emit
light with equal luminance. Alternatively, the light source
drive section 22 may control light emission luminance at each
light emission, based on an image state.

[0105] When control is performed as illustrated in FIG. 6,
the backlight section 20 emits light from each of the regions
20a to 20f'only while a period in which each of the regions
20a to 20f scatters light and a period in which the light-
emitting diodes 21 emit light coincide with each other. When
each of the regions 20a to 20/ emits light for a short time in
one frame period in such a manner, motion blur in an image
displayed on the liquid crystal display panel 10 is allowed to
be suppressed.

[0106] As described above referring to FIG. 3, the PDLC
panel 220 has a characteristic in which light emission lumi-
nance is increased with a reduction in the area of a region
scattering light. Therefore, when light emission luminance of
the light-emitting diodes 21 is equal to that when the light-
emitting diodes 21 continuously light up or is increased cor-
responding to a ratio between a lighting period and a non-
lighting period, average light emission luminance of the
backlight section 20 is allowed to be substantially equal to
that when the entire backlight section 20 continuously lights
up. Therefore, the light-emitting diodes 21 as the light sources
are allowed to be used within a range in which light emission
efficiency is high, and have an effect of efficiently suppress-
ing motion blur with low power consumption.

[0107] Inthis embodiment, the control section 41 performs
corresponding control only in a case where there is a possi-
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bility that an image is moved at high speed by a touch opera-
tion or in a case where there is a possibility that a displayed
image is an image ofa rapidly moving object; therefore, more
efficient display control is allowed to be performed. In other
words, the control section 41 controls the PDLC panel 220
and the light-emitting diodes 21 only when an image which
may cause noticeable motion blur is displayed; therefore, an
appropriate display mode is adopted.

5. Example of Luminance Control State

Example 1

[0108] FIG. 7 is a timing chart illustrating an example (Ex-
ample 1) of a state in which the control section 41 controls the
PDLC panel 220 and the light-emitting diodes 21 in synchro-
nization with writing of image data to the liquid crystal dis-
play panel 10.

[0109] A partA inFIG. 7 illustrates change in luminance of
apixel located at a specific position in an image displayed on
the liquid crystal display panel 10.

[0110] A partBin FIG. 7 illustrates change in a voltage V1
applied to write image data to the liquid crystal display panel
and change in transmittance t1 of light through the liquid
crystal display panel 10. As illustrated in the part B in FIG. 7,
although the transmittance t1 changes with change in the
voltage t1 applied to the liquid crystal display panel 10,
change in the transmittance vl is delayed to some extent.
[0111] A part C in FIG. 7 illustrates whether the PDLC
panel 220 is in a cloudy state or a transparent state. As illus-
trated in the part C in FIG. 7, the PDLC panel 220 is turned to
the cloudy state at a timing when the transmittance t1 illus-
trated in the part B in FIG. 7 is varied in response to writing of
image data, and then is stabilized.

[0112] A part D in FIG. 7 illustrates a period in which the
light-emitting diodes 21 light up. In the example in FIG. 7,
luminance when the light-emitting diodes 21 light up is equal
at any timing, and each light emission period w1 is also equal
at any timing. As illustrated in the part D in FIG. 7, the light
source drive section 22 allows the light-emitting diodes 21 to
light up at substantially a midpoint of a period in which the
PDLC panel 220 is in the cloudy state.

[0113] Asillustrated in FIG. 7, when the control section 41
controls the cloudy state of the PDLC panel 220 and lighting
of the light-emitting diodes 21 in synchronization with writ-
ing of image data to the liquid crystal display panel 10,
display luminance of the liquid crystal display panel 10 is
appropriately controllable, as illustrated in the part A in FIG.
7.

6. Example of Luminance Control State

Example 2

[0114] FIG. 8 is a timing chart illustrating an example (Ex-
ample 2) of a state in which the control section 41 controls the
PDLC panel 220 and the light-emitting diodes 21 in synchro-
nization with writing of image data to the liquid crystal dis-
play panel 10. The example in FIG. 8 is an example in which
a light emission period of the light-emitting diodes 21 is
changed.

[0115] A partAin FIG. 8 illustrates change in luminance of
a pixel located at a specific position in an image displayed on
the liquid crystal display panel 10.

[0116] A part B in FIG. 8 illustrates change in the voltage
V1 applied to write image data to the liquid crystal display
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panel 10 and change in transmittance t1 of light through the
liquid crystal display panel 10. The voltage V1 and the trans-
mittance T1 illustrated in the part B in FIG. 8 are the same as
the voltage V1 and the transmittance 71 illustrated in the part
BinFIG. 7.

[0117] A part C in FIG. 8 illustrates whether the PDLC
panel 220 is in the cloudy state or the transparent state. A part
D in FIG. 8 illustrates a period in which the light-emitting
diodes 21 light up. In the example in FIG. 8, while luminance
when the light-emitting diodes 21 light up is equal at any
timing, respective light emission periods w11, w12, w13,
wld, . . . are different at respective light emission timings.
[0118] Asillustrated in FIG. 8, when the control section 41
controls the light emission period of the light-emitting diodes
21, as illustrated in the part A in FIG. 8, luminance of the
entire backlight section 20 is allowed to be changed more
greatly than in the example in FIG. 7.

7. Description of Light Emission Efficiency

[0119] FIG. 9is a characteristic diagram illustrating varia-
tions in light emission efficiency in this embodiment.

[0120] In this embodiment, the control section 41 controls
luminance of the backlight section 20 by control of the PDLC
panel 220, and control of light emission luminance of the
light-emitting diodes 21 within a relatively narrow range.
Therefore, loss caused by an increase in luminance is
increased substantially linearly, and even though luminance
is high, the loss is allowed to be suppressed relatively low, and
large loss at the time of high light emission luminance in
related art as illustrated in FIG. 13 is not caused. Accordingly,
an effect of efficiently controlling light emission luminance
of abacklight with low power consumption is obtained. Since
low power consumption is achieved in such a manner, the
display unit according to this embodiment of the present
disclosure is suitable for battery-driven mobile apparatuses.

8. Example of Another Embodiment

[0121] FIGS.10A, 10B, and 11 are diagrams illustrating a
configuration of a backlight section according to another
embodiment of the present disclosure.

[0122] FIGS. 10A and 10B illustrate the configuration of
the backlight section. FIG. 10A is a top view, and FIG. 10B is
aside view. As illustrated in FIGS. 10A and 10B, a light guide
member 210" included in the backlight section is partitioned
into three regions 210a, 2105, and 210c. Light-emitting
diodes 21a, 214, and 21¢ are disposed for the regions 210q,
210b, and 210¢, respectively. For example, when the light-
emitting diode 21a emits light, the light enters the region
210a of the light guide member 210'.

[0123] Then, a PDLC panel 220' is partitioned into six
regions 221, 222, 223, 224, 225, and 226 along a direction
orthogonal to a direction in which the light guide member
210' is partitioned, and light scattering states of the respective
regions 221 to 226 are individually controllable.

[0124] Since the configuration illustrated in FIGS. 10A and
10B is adopted, as illustrated in FIG. 10A, luminance of
eighteen regions 221a to 226a, 2215 to 226b, and 221c¢ to
226¢ in the backlight section are individually controllable.
The eighteen regions 221a to 226a, 2215 to 2265, and 221¢ to
226¢ are regions formed by partitioning the light guide mem-
ber 210" into three regions and partitioning the PDLC panel
220" into six regions.
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[0125] FIG. 11 is a timing chart illustrating an example of
luminance of each of the light-emitting diodes 21a to 21¢ and
change in scattering states of the six regions 221 to 226 of the
PDLC panel 220" with time.

[0126] Parts A to C in FIG. 11 illustrate an example of
luminance of the light-emitting diodes 21a to 21¢. respec-
tively. Parts D to Tin FIG. 11 illustrate an example of scatter-
ing states of the six regions 221 to 226 of the PDLC panel
220", respectively.

[0127] For example, at a first timing illustrated in FIG. 11,
the region 221 scatters light, the light-emitting diode 21a
strongly emits light, the light-emitting diode 215 weakly
emits light, and the light-emitting diode 21¢ is turned off. At
this time, the region 2214 illustrated in the part A in FIG. 10
emits light with high luminance, the region 2215 emits light
with low luminance, and the region 221¢ does not emit light.
Other regions 222a to 226a, 222b to 2265, and 222¢ to 226¢
do not emit light. At the following timings, light emission
states of respective regions are individually controllable,
based on luminance of the light-emitting diodes 21« to 21c.
[0128] When the backlight section with the configuration
illustrated in FIGS. 10A and 10B is prepared, the light emis-
sion state is more specifically controllable by control of the
scattering state of each region of the PDLC panel 220" and
control of the light-emitting diodes 21a to 21c.

9. Modifications

[0129] Itis to be noted that the configurations and control
examples of the backlight section described in the above
embodiments are only examples, and the present disclosure is
not limited thereto. For example, in FIGS. 1, 3A, and 3B, an
example in which a scattering region of the PDLC panel 220
is partitioned into six regions is illustrated; however, the num-
ber of partitioned regions and a partitioning direction in the
present disclosure are not limited thereto. The positions of the
light-emitting diodes 21 as light sources in the present dis-
closure are not limited to the example illustrated in FIGS.3A
and 3B, and the like.

[0130] Moreover, an example in which the backlight sec-
tion uses light-emitting diodes as light sources is illustrated,
however, the backlight section may use any other light source.
[0131] Further, in the example illustrated in FIG. 1, a dis-
play unit in which the control section 41 controls the scatter-
ing state of the PDLC panel 220 and the light emission states
of the light-emitting diodes 21 is configured. On the other
hand, for example, a program executing a procedure illus-
trated in the flow chart in FIG. 4 or the flow chart in FIG. 5
may be created and installed in a computer including a PDLC
panel to achieve a similar function. As used herein, the term
“computer” refers to an information processing apparatus
having a function of executing a program, and examples of
the computer include various program-installable appara-
tuses such as smartphones and tablet terminals. Moreover, the
program may be stored in any of various kinds of recording
media to be installed in the computer.

[0132] The present disclosure may have the following con-
figurations.

[0133] (1) A display unit including:

[0134] an image display panel,

[0135] abacklight section disposed ona back surface of the

image display panel, and including a light guide member and
a polymer dispersed liquid crystal panel,

[0136] alight source emitting light, the light being allowed
to enter the light guide member of the backlight section;
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[0137] a polymer dispersed liquid crystal panel drive sec-
tion driving the polymer dispersed liquid crystal panel of the
backlight section in synchronization with writing of an image
displayed on the image display panel to control a location that
scatters light incident on the light guide member on the poly-
mer dispersed liquid crystal panel; and

[0138] alight source drive section allowing the light source
to blink in synchronization with a period in which light is
scattered by the polymer dispersed liquid crystal panel.
[0139] (2) The display unit according to (1), in which
[0140] the polymer dispersed liquid crystal panel is parti-
tioned into a plurality of first regions that are one-dimension-
ally arrayed in a first direction,

[0141] the polymer dispersed liquid crystal panel drive sec-
tion drives the polymer dispersed liquid crystal panel to allow
the plurality of first regions to individually scatter light in a
first period, and

[0142] the light source drive section allows the light source
to emit light in a second period, the second period being
arranged within the first period.

[0143] (3) Thedisplay unit according to (2), further includ-
ing:
[0144] a touch panel detecting an object in contact with or

in proximity to a surface of the image display panel; and
[0145] a touch operation identification section identifying
an operation instruction by the object in contact with or in
proximity to the surface of the image display panel, based on
a detection state on the touch panel,

[0146] wherein, based on the operation instruction identi-
fied by the touch operation identification section, the polymer
dispersed liquid crystal panel drive section drives the plurality
of first regions to individually scatter light, and the light
source drive section drives the light source to emit light in the
second period.

[0147] (4) The display unit according to (3), in which the
operation instruction identified by the touch operation iden-
tification section is an operation instruction involving move-
ment of a part or a whole of an image displayed on the image
display panel.

[0148] (5) Thedisplay unit according to (3) or (4), in which,
when the operation instruction is not identified, the light
source drive section allows the light source to continuously
emit light, and the polymer dispersed liquid crystal panel
drive section allows an entire surface of the polymer dis-
persed liquid crystal panel to scatter light.

[0149] (6) The display unit according to any one of (2) to
(5), in which, depending on a state or a kind of an image
displayed on the image display panel, the polymer dispersed
liquid crystal panel drive section drives the plurality of first
regions to individually scatter light, and the light source drive
section drives the light source to emit light in the second
period.

[0150] (7) The display unit according to any one of (2) to
(6), in which the light source drive section controls brightness
of the backlight section by changing duration of the second
period in which the light source emits light.

[0151] (8) The display unit according to any one of (2) to
(7), in which
[0152] the light guide member of the backlight section is

partitioned into a plurality of second regions that are one-
dimensionally arrayed in a second direction, the second direc-
tion being different from the first direction, the light source is
disposed for each of the second regions, and the backlight is
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partitioned into a plurality of third regions that are two-di-
mensionally arrayed in the first direction and the second
direction, and

[0153] luminance of the plurality of third regions are indi-
vidually controllable by both selection of the first region
driven by the polymer dispersed liquid crystal panel drive
section to scatter light and selection ofa light source driven by
the light source drive section to be turned on.

[0154] (9) A displaying method including:

[0155] driving a polymer dispersed liquid crystal panel
included in a backlight section in synchronization with writ-
ing of an image displayed on an image display panel to
control a location that scatters light incident on a light guide
member included in the backlight section on the polymer
dispersed liquid crystal panel, the backlight section being
disposed on a back surface of the image display panel; and
[0156] allowing a light source to blink in synchronization
with a period in which light is scattered by the polymer
dispersed liquid crystal panel, the light source allowing light
to enter the light guide member.

[0157] (10) A recording medium having a computer-read-
able program embodied therein, the computer readable pro-
gram causing, when executed by a machine, the machine to
implement a method, the method including:

[0158] driving a polymer dispersed liquid crystal panel
included in a backlight section in synchronization with writ-
ing of an image displayed on an image display panel to
control a location that scatters light incident on a light guide
member included in the backlight section on the polymer
dispersed liquid crystal panel, the backlight section being
disposed on a back surface of the image display panel; and
[0159] allowing a light source to blink in synchronization
with a period in which light is scattered by the polymer
dispersed liquid crystal panel, the light source allowing light
to enter the light guide member.

[0160] It should be understood by those skilled in the art
that various modifications, combinations, 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.

What is claimed is:

1. A display unit comprising:

an image display panel;

abacklight section disposed on a back surface of the image
display panel, and including a light guide member and a
polymer dispersed liquid crystal panel;

alight source emitting light, the light being allowed to enter
the light guide member of the backlight section;

apolymer dispersed liquid crystal panel drive section driv-
ing the polymer dispersed liquid crystal panel of the
backlight section in synchronization with writing of an
image displayed on the image display panel to control a
location that scatters light incident on the light guide
member on the polymer dispersed liquid crystal panel;
and

a light source drive section allowing the light source to
blink in synchronization with a period in which light is
scattered by the polymer dispersed liquid crystal panel.

2. The display unit according to claim 1, wherein

the polymer dispersed liquid crystal panel is partitioned
into a plurality of first regions that are one-dimension-
ally arrayed in a first direction,
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the polymer dispersed liquid crystal panel drive section
drives the polymer dispersed liquid crystal panel to
allow the plurality of first regions to individually scatter
light in a first period, and

the light source drive section allows the light source to emit

light in a second period, the second period being
arranged within the first period.

3. The display unit according to claim 2, further compris-
ing:

a touch panel detecting an object in contact with or in

proximity to a surface of the image display panel; and

a touch operation identification section identifying an

operation instruction by the object in contact with or in
proximity to the surface of the image display panel,
based on a detection state on the touch panel,

wherein, based on the operation instruction identified by

the touch operation identification section, the polymer
dispersed liquid crystal panel drive section drives the
plurality of first regions to individually scatter light, and
the light source drive section drives the light source to
emit light in the second period.

4. The display unitaccording to claim 3, wherein the opera-
tion instruction identified by the touch operation identifica-
tion section is an operation instruction involving movement
of a part or a whole of an image displayed on the image
display panel.

5. The display unit according to claim 4, wherein, when the
operation instruction is not identified, the light source drive
section allows the light source to continuously emit light, and
the polymer dispersed liquid crystal panel drive section
allows an entire surface of the polymer dispersed liquid crys-
tal panel to scatter light.

6. The display unit according to claim 2, wherein, depend-
ing on a state or a kind of an image displayed on the image
display panel, the polymer dispersed liquid crystal panel
drive section drives the plurality of first regions to individu-
ally scatter light, and the light source drive section drives the
light source to emit light in the second period.

7. The display unit according to claim 2, wherein the light
source drive section controls brightness of the backlight sec-
tion by changing duration of the second period in which the
light source emits light.
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8. The display unit according to claim 2, wherein

the light guide member of the backlight section is parti-
tioned into a plurality of second regions that are one-
dimensionally arrayed in a second direction, the second
direction being different from the first direction, the light
source is disposed for each of the second regions, and the
backlight is partitioned into a plurality of third regions
that are two-dimensionally arrayed in the first direction
and the second direction, and

luminance of the plurality of third regions are individually

controllable by both selection of the first region driven
by the polymer dispersed liquid crystal panel drive sec-
tion to scatter light and selection of a light source driven
by the light source drive section to be turned on.

9. A displaying method comprising:

driving a polymer dispersed liquid crystal panel included in

abacklight section in synchronization with writing of an
image displayed on an image display panel to control a
location that scatters light incident on a light guide mem-
ber included in the backlight section on the polymer
dispersed liquid crystal panel, the backlight section
being disposed on a back surface of the image display
panel; and

allowing a light source to blink in synchronization with a

period in which light is scattered by the polymer dis-
persed liquid crystal panel, the light source allowing
light to enter the light guide member.

10. A recording medium having a computer-readable pro-
gram embodied therein, the computer readable program caus-
ing, when executed by a machine, the machine to implement
a method, the method comprising:

driving a polymer dispersed liquid crystal panel included in

abacklight section in synchronization with writing of an
image displayed on an image display panel to control a
location that scatters light incident on a light guide mem-
ber included in the backlight section on the polymer
dispersed liquid crystal panel, the backlight section
being disposed on a back surface of the image display
panel; and

allowing a light source to blink in synchronization with a

period in which light is scattered by the polymer dis-
persed liquid crystal panel, the light source allowing
light to enter the light guide member.
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