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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/030,417. filed Feb. 18, 2011, which
contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2010-068124 filed in the Japan
Patent Office on Mar. 24, 2010. The entire content of each of
the foregoing applications is hereby incorporated by refer-
ence into the present application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play having alight source unit of the so-called edge light type.
[0004] 2. Description of the Related Art

[0005] In recent years, as a display of a portable terminal
device, an active matrix type of liquid crystal display (LCD)
in which a TFT (Thin Film Transistor) is provided for each
pixel has been often used. In such a liquid crystal display,
generally, each pixel is driven by line-sequentially writing an
image signal in an auxiliary capacitive element and a liquid
crystal element of each pixel from an upper part to a lower
part of a screen.

[0006] As a backlight used in the liquid crystal display, a
backlight using a cold cathode fluorescent lamp (CCFL) as a
light source is mainstream, but in recent years, a backlight
using a light emitting diode (LED) has also appeared (for
example, see Japanese Unexamined Patent Application Pub-
lication No. 2009-157400).

[0007] In the liquid crystal display that employs such an
LED as a backlight, there has been proposed one in which a
light source unit is configured by being divided into two or
more emission subsections, and performs light-emission
operation independently on this emission subsection basis
(for example, see Japanese Unexamined Patent Application
Publication No. 2001-142409).

SUMMARY OF THE INVENTION

[0008] Incidentally, in recent years, in order to make the
entire liquid crystal display thinner, adoption of the so-called
edge light type of backlight in place of the so-called direct-
lighting backlight in the past has begun (for example, see
Japanese Unexamined Patent Application Publication No.
2009-157400). In this edge light type of backlight, light
sources such as LEDs are located at a side of a light-guiding
plate, and a light-exit plane is formed on the light-guiding
plate.

[0009] This edge light type of backlight is designed, gen-
erally, such that when all the light sources emit the light of the
same emission intensity, non-uniformity in luminance in the
light-exit plane does not occur if possible. Therefore, in such
acase, almost no non-uniformity in display luminance occurs
in a display screen as well.

[0010] However, in a case in which to a liquid crystal dis-
play using this edge light type of backlight, the partitioning-
light-emission operation in the direct-lighting backlight of
the past is directly applied for the purpose of achieving low
power consumption, high contrast or the like, it is conceivable
that the following problem may arise.

[0011] In other words, at first, when the partitioning-light-
emission operation of the past is performed in the edge light
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type of backlight, a decrease in luminance corresponding to
the distance from the light source occurs on the light-exit
plane. For example, in the neighborhood of a central part of
the light-exit plane far away from the light source, light-
emission luminance becomes lower as compared to the neigh-
borhood of an end part. When such a decrease in the lumi-
nance corresponding to the distance from the light source
occurs, a crush in the tone occurs at the time of image display,
and non-uniformity in the display luminance occurs within
the display screen, resulting in a reduction of the display-
image quality.

[0012] In view of the foregoing, it is desirable to provide a
liquid crystal display capable of improving display-image
quality, at the time of performing image display by using an
edge light type of light source unit that performs partitioning-
light-emission operation.

[0013] According to an embodiment of the present inven-
tion, the following liquid crystal display is provided. The
liquid crystal display includes a light source unit that includes
a light-guiding plate with a light-exit plane partitioned into a
plurality of emission subsections which are independently
controllable of each other and one or a plurality of sides, and
a plurality of light sources disposed at the side. The liquid
crystal display further includes a liquid-crystal-display panel
that is configured to include a plurality of pixels, and modu-
lates light emitted from the light source unit on the emission
subsection basis, based on an input image signal made up of
a pixel signal of each pixel, thereby performing image dis-
play. The liquid crystal display further includes a display
control unit that has a partitioning-drive processing section
that generates, based on the input image signal, each of a
light-emission pattern signal indicating a light-emission pat-
tern on the emission subsection basis in the light source unit
and a partitioning-drive image signal. The display control unit
performs light-emission driving for each light source of the
light source unit by using the light-emission pattern, and also
performs display driving for each pixel of the liquid-crystal-
display panel by using the partitioning-drive image signal.
The partitioning-drive processing section performs a gain
correction of multiplying each pixel signal in the input image
signal by a predetermined gain factor that is set so that a value
increases as a pixel position of the pixel signal goes away
from the light source. Further, the display control unit gener-
ates each of the light-emission pattern signal and the parti-
tioning-drive image signal, by using each pixel signal after
the gain correction being performed.

[0014] In the liquid crystal display according to the
embodiment of the present invention, by the plurality of light
sources disposed at the side of the light-guiding plate, the
plurality of emission subsections capable of being controlled
independently of each other are formed on the light-exit plane
of the light source unit. In other words, the light source umt
has an edge light type of structure that can perform partition-
ing-light-emission operation. Further, based on the input
image signal made up of the pixel signal of each pixel, each of
the light-emission pattern signal indicating the light-emission
pattern on the emission subsection basis in the light source
unit and the partitioning-drive image signal is generated. The
light-emission driving for each light source of the light source
unit is performed by using the light-emission pattern, and the
display driving for each pixel of the liquid-crystal-display
panel is performed by using the partitioning-drive image sig-
nal. At the time, there is performed the gain correction of
multiplying each pixel signal in the input image signal by the
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predetermined gain factor that is set so that the value
increases as the pixel position goes away from the light
source, and by using each pixel signal after the gain correction
being performed, each of the light-emission pattern signal
and the partitioning-drive image signal is generated. As a
result, in the light source unit of the edge light type that
performs the partitioning-light-emission operation, a crush in
the tone at the time of image display resulting from a decrease
in the luminance corresponding to the distance from the light
source on the light-exit plane is shrank or evaded, and non-
uniformity in the display luminance within the display screen
is suppressed.

[0015] According to the liquid crystal display in the
embodiment of the present invention, at the time of image
display by using the edge light type of light source unit that
performs the partitioning-light-emission operation, there is
performed the gain correction of multiplying each pixel sig-
nal in the input image signal by the predetermined gain factor
that is set so that the value increases as the pixel position goes
away from the light source, and each of the light-emission
pattern signal and the partitioning-drive image signal is gen-
erated by using each pixel signal after the gain correction
being performed. As a result, a crush in the tone at the time of
image display is shrank or evaded, and non-uniformity in the
display luminance within the display screen is suppressed.
Therefore, when the image display is performed by using the
edge light type of light source unit that carries out the parti-
tioning-light-emission operation, it is possible to improve the
display-image quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram that illustrates the entire
structure of a liquid crystal display according to an embodi-
ment of the present invention;

[0017] FIG. 2 is a circuit diagram that illustrates an
example of the detailed structure of a pixel illustrated in FIG.
1,

[0018] FIG. 3A and FIG. 3B are plan views that each sche-
matically illustrate a detailed structure of a backlight illus-
trated in FIG. 1;

[0019] FIG. 4 is an exploded perspective view that sche-
matically illustrates an example of a light-emission sub-re-
gion and an irradiated sub-region in the liquid crystal display
illustrated in FIG. 1;

[0020] FIG. 5is a block diagram that illustrates a detailed
structure of a partitioning-drive processing section illustrated
in FIG. 1;

[0021] FIG. 6isa schematic diagram that illustrates a sum-
mary of partitioning-light-emission operation of the back-
light in the liquid crystal display illustrated in F1G. 1,
[0022] FIG. 7is block diagram that illustrates a structure of
a partitioning-drive processing section in a liquid crystal dis-
play according to a comparative example;

[0023] FIG. 8A and FIG. 8B are schematic diagrams for
explaining a decrease in luminance corresponding to the dis-
tance from the light source on the light-exit plane of the
backlight;

[0024] FIG. 9 is a characteristic diagram for explaining a
crush in the tone at the time of display resulting from the
decrease in the luminance on the light-exit plane;

[0025] FIG. 10A and FIG. 10B are characteristic diagrams
for explaining an example of gain correction operation in the
liquid crystal display illustrated in FIG. 1;
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[0026] FIG. 11A and FIG. 11B are schematic diagrams that
illustrate an example of the partitioning-light-emission
operation using the gain correction operation illustrated in
FIG. 10;

[0027] FIG. 12 is a schematic diagram that illustrates an
example of partitioning-light-emission operation according
to a modification 1 of the present invention; and

[0028] FIG. 13A andFIG. 13B are schematic diagrams that
illustrate an example of partitioning-light-emission operation
according to a modification 2 of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] An embodiment of the present invention will be
described in detail with reference to the drawings. Inciden-
tally, the description will be provided in the following order.
1. Embodiment (an example in which after a predetermined
gain correction is performed for an input image signal, a light
emission pattern signal and a partitioning-drive image signal
are obtained)

2. Modification

[0030] Modification 1 (an example in which light sources
on both of a pair of opposing side faces emit light concur-
rently)

[0031] Modification 2 (an example in which light sources
on respective two or more sides emit light concurrently
according to a pixel position)

1. Embodiment

Entire structure of liquid crystal display 1

[0032] FIG. 1isa block diagram of the entire liquid crystal
display (liquid crystal display 1) according to an embodiment
of the present invention.

[0033] Theliquid crystal display 1 performs image display,
based on an input image signal Din (an image signal made up
of a pixel signal of each pixel 20 to be described later) input
externally. The liquid crystal display 1 includes a liquid-
crystal-display panel 2, a backlight 3 (light source unit), an
image-signal processing section 41, a partitioning-drive pro-
cessing section 42, a timing control section 43, a backlight
driving section 50, a data driver 51 and a gate driver 52. Of
these, the image-signal processing section 41, the partition-
ing-drive processing section42, the timing control section 43,
the backlight driving section 50, the data driver 51 and the
gate driver 52 correspond to a specific example of the “display
control unit” according to the embodiment of the present
invention.

[0034] The liquid-crystal-display panel 2 performs image
display based on the input image signal Din, by modulating
light emitted from the backlight 3 to be described later based
on the input image signal Din. This liquid-crystal-display
panel 2 includes a plurality of pixels 20 arranged in the form
of a matrix as a whole.

[0035] FIG. 2 illustrates an example of the circuit configu-
ration of a pixel circuit in each pixel 20. The pixel 20 has a
liquid crystal element 22, a TFT element 21 and an auxiliary
capacitive element 23. To this pixel 20, a gate line G for
line-sequentially selecting a pixel targeted for driving, a data
line D for supplying an image voltage (an image voltage
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supplied from the data driver 51, which will be described
later) to the pixel targeted for driving, and an auxiliary capac-
ity line Cs are connected.

[0036] The liquid crystal element 22 performs display
operation, according to the image voltage supplied to one end
through the TFT element 21 from the data line D. This liquid
crystal element 22 is, for example, an element in which a
liquid crystal layer (not illustrated) made of liquid crystal in a
VA (Vertical Alignment) mode or a TN (Twisted Nematic)
mode is sandwiched between a pair of electrodes (not illus-
trated). One (one end) of the pair of electrodes in the liquid
crystal element 22 is connected to a drain of the TFT element
21 and one end of the auxiliary capacitive element 23, and the
other (the other end) is grounded. The auxiliary capacitive
element 23 is a capacitive element for stabilizing stored
charge of the liquid crystal element 22. The one end of this
auxiliary capacitive element 23 is connected to the one end of
the liquid crystal element 22 and the drain of the TFT element
21, and the other end is connected to the auxiliary capacity
line Cs. The TFT element 21 is a switching element for
supplying an image voltage based on an image signal D1 to
the one end of each of the liquid crystal element 22 and the
auxiliary capacitive element 23, and is configured to include
a MOS-FET (Metal Oxide Semiconductor-Field Effect Tran-
sistor). Of this TFT element 21, a gate is connected to the gate
line G a source is connected to the data line D, and the drain
is connected to the one end of each of the liquid crystal
element 22 and the auxiliary capacitive element 23.

[0037] (Backlight 3)

[0038] The backlight3 is alight source unit that emits light
to the liquid-crystal-display panel 2, and is configured by
using, for example, a CCFL or a LED as a light emitting
element (light source). In the backlight 3, as will be described
later, light emission driving is performed based on the con-
tents (an image pattern) of the input image signal Din.
[0039] FIG. 3A and FIG. 3B schematically illustrate a
detailed structure of the backlight 3 in a plan view. This
backlight 3 is configured to include, for example, a rectangu-
lar light-guiding plate 30 that forms a light-exit plane, and a
plurality of light sources 31 disposed at sides (sides of the
light-exit plane) of this light-guiding plate 30. Specifically, in
the example illustrated in FIG. 3A, a plurality of (here, four)
light sources 31 are disposed on both of a pair of opposing
side faces (sides in a vertical direction) in the rectangular
light-guiding plate 30. Further, in the example illustrated in
FIG. 3B, a plurality of (here, four) light sources 31 are dis-
posed on both of a pair of opposing side faces (sides in a
lateral direction) in the rectangular light-guiding plate 30.
Incidentally, in the present embodiment, as illustrated in FIG.
3A, there will be described below the example in which the
plurality of light sources 31 are disposed on both of the pair of
opposing side faces (sides in the lateral direction) in the
rectangular light-guiding plate 30.

[0040] In the backlight 3 thus configured, as illustrated in,
for example, FIG. 3A, FIG. 3B and FIG. 4, a plurality of
light-emission sub-regions 36 (emission subsections) that can
be controlled independently of each other are formed on the
light-exit plane of the light-guiding plate 30. In other words,
this backlight 3 is an edge light type of backlight (capable of
performing partitioning-light-emission operation) in a parti-
tioning-driving system. Specifically, on the light-exit plane in
the backlight 3, the light-emission regions of n columnsxm
rows=K units (n, m=an integer of 2 or more) are provided by
division in an in-plane direction. Incidentally, this number of
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divisions is set to realize a resolution lower than the pixel 20
in the liquid-crystal-display panel 2 described above. I addi-
tion, as illustrated in FIG. 4, in the liquid-crystal-display
panel 2, a plurality of irradiated sub-regions 26 corresponding
to the respective light-emission sub-regions 36 are formed.

[0041] This backlight 3 can control the light emission inde-
pendently for each of the light-emission sub-regions 36,
according to the contents (image pattern) of the input image
signal Din. In addition, for example, the light source 31 in the
backlight 3 can be configured, for example, by combining
color LEDs of ared LED that emits red light, a green LED that
emits green light and a blue LED that emits blue light. How-
ever, the type of the LED used as a light source is not limited
to this, and may employ, for example, a white LED that emits
white light. Incidentally, each light source 31 is configured
such that at least one such light source is used.

[0042] Theimage-signal processing section 41 subjects the
input image signal Din made up of the image signal of each
pixel 20 to, for example, predetermined image processing (for
example, sharpness processing, gamma correction process-
ing and the like) for improving the image quality, thereby
generating the image signal D1. Incidentally, the image signal
D1 generated in this way also is made up of the pixel signal of
each pixel 20, like the input image signal Din.

[0043] The partitioning-drive processing section 42 sub-
jects the image signal D1 supplied from the image-signal
processing section 41, to predetermined partitioning-drive
processing. As a result, the partitioning-drive processing sec-
tion 42 generates each of a light-emission pattern signal BL1
indicating a light-emission pattern on the light-emission sub-
region 36 basis in the backlight 3 and a partitioning-drive
image signal D4. Specifically, in the present embodiment, the
partitioning-drive processing section 42 performs a gain cor-
rection of multiplying each pixel signal in the image signal
D1 by a predetermined gain factor a to be described later, and
generates each of the light-emission pattern signal BL1 and
the partitioning-drive image signal D4, by using each pixel
signal after this gain correction is performed. Incidentally, the
details of the structure of the partitioning-drive processing
section 42 will be described later (FIG. 5).

[0044] Thetiming control section 43 controls the timing for
driving the backlight driving section 50, the gate driver 52 and
the data driver 51, and supplies the data driver 51 with the
partitioning-drive image signal D4 supplied from the parti-
tioning-drive processing section 42.

[0045] The gate driver 52 line-sequentially drives, accord-
ing to the timing control by the timing control section43, each
pixel 20 within the liquid-crystal-display panel 2 along the
gate line G described above. On the other hand, the data driver
51 supplies each pixel 20 of the liquid-crystal-display panel 2
with the image voltage based on the partitioning-drive image
signal D4 supplied from the timing control section 43. Spe-
cifically, by subjecting the partitioning-drive image signal D4
to D/A (digital/analog) conversion, the image signal (the
image voltage mentioned above) that is an analog signal is
generated and output to each pixel 20. In this way. display
driving based on the partitioning-drive image signal D4 is
performed for each pixel 20 within the liquid-crystal-display
panel 2.

[0046] The backlight driving section 50 performs, accord-
ing to the timing control by the timing control section 43,
light-emission driving (lighting driving) for each light source
31 (each light-emission sub-region 36) in the backlight 3,
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based on the light-emission pattern signal BL1 output from
the partitioning-drive processing section 42.

[0047] [Detailed Structure of Partitioning-Drive Process-
ing Section 42]
[0048] Next, with reference to FIG. 5, a detailed structure

of the partitioning-drive processing section 42 will be
described. F1G. 5 is a block diagram of the partitioning-drive
processing section42. This partitioning-drive processing sec-
tion 42 includes a pixel-position detecting section 420, a gain
correction section 421, a low-resolution implementing sec-
tion 422, a BL-level calculation section 423, a diffusion sec-
tion 424 and an LCD-level calculation section 425.

[0049] The pixel-position detecting section 420 detects the
pixel position within the display screen (within the light-exit
plane) of each pixel signal in the image signal D1. Inciden-
tally, the detected pixel position of each pixel signal is output
to the gain correction section 421 as position detection data
DF.

[0050] The gain correction section 421 performs the gain
correction by multiplying each pixel signal in the image sig-
nal D1 by the predetermined gain factor o to be described
later, by using the position detection data DF supplied from
the pixel-position detecting section 420. Specifically, the gain
correction is performed by multiplying each pixel signal in
the image signal D1 by the gain factor a (see FIG. 10A to be
described later) set so that the value increases as the pixel
position goes away from the light source 31 of the backlight
3. Incidentally, detailed operation of this gain correction sec-
tion 421 will be described later.

[0051] The low-resolution implementing section 422 sub-
jects a gain-corrected image signal D2 (=axD1) supplied
from the gain correction section 421 to predetermined low-
resolution implementing processing, thereby generating an
image signal D3 to be a basis for the light-emission pattern
signal BL.1 described above. Specifically, the image signal D3
is generated by reconstructing the image signal D2 config-
ured to include a luminance-level signal (pixel signal) for
each pixel 20, so that a luminance-level signal on the basis of
the light-emission sub-region 36 with a resolution lower than
the pixel 20 is obtained.

[0052] The BL-level calculation section 423 calculates a
light-emission luminance level by the light-emission sub-
region 36, based on the image signal D3 that is the luminance-
level signal on the light-emission sub-region 36 basis, thereby
generating the light-emission pattern signal BL1 that indi-
cates a light-emission pattern on the light-emission sub-re-
gion 36 basis. Specifically, by analyzing the luminance level
of the image signal D3 per light-emission sub-region 36, it is
possible to obtain a light-emission pattern corresponding to
the luminance level of each region.

[0053] The diffusion section 424 subjects the light-emis-
sion pattern signal BL1 output from the BL-level calculation
section 423 to predetermined diffusion processing, thereby
outputting a light-emission pattern signal BL2 after the dif-
fusion processing to the LCD-level calculation section 425,
and makes a conversion from the signal by the light-emission
sub-region 36 to the signal by the pixel 20. This diffusion
processing is performed by considering actual luminance
distribution (diffusion distribution of light from the light
source: see F1G. 8B and FIG. 10B to be described later) in the
light source 31 in the backlight 3.

[0054] The LCD-level calculation section 425 generates
the partitioning-drive image signal D4, based on the image
signal D1 and the light-emission pattern signal BL2 after the
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diffusion processing. Specifically, the image signal D4 is
generated by dividing the signal level of the image signal D1
by the light-emission pattern signal BL.2 after the diffusion
processing. To be more specific, the LCD-level calculation
section 425 generates the image signal D4 by using the fol-
lowing equation (1) (see FIG. 9 to be described later).

DA4=(D1/BL2) O

[0055] Here, based on the above equation (1), there is
obtained such a relation that the original signal (image signal
D1)=(the light-emission pattern sighal BL.2xthe partitioning-
drive image signal D4). Of this, the physical meaning of (the
light-emission pattern signal BL2xthe partitioning-drive
image signal D4) is a superimposing of a picture image of the
partitioning-drive image signal D4 on a picture image of each
light-emission sub-region 36 in the backlight 3 being turned
onin a certain light-emission pattern. As a result, the light and
shade distribution of the transmitted light in the liquid-crys-
tal-display panel 2 is offset, which means an equivalence to
the original display (display by the original signal) being
viewed.

[0056] [Operation and Effect of Liquid Crystal Display 1]
[0057] Subsequently. there will be described the operation
and effect of the liquid crystal display 1 of the present
embodiment.
[0058] (1.
Operation)
[0059] Inthis liquid crystal display 1, as illustrated in FIG.
1, at first, the image-signal processing section 41 generates
the image signal D1 by subjecting the input image signal Din
to the predetermined image processing. Subsequently, the
partitioning-drive processing section 42 subjects this image
signal D1 to the predetermined partitioning-drive processing.
As a result, each of the light-emission pattern signal BL1
indicating the light-emission pattern on the light-emission
sub-region 36 basis in the backlight 3 and the partitioning-
drive image signal D4 is generated.

[0060] Subsequently, each of the partitioning-drive image
signal D4 and the light-emission pattern signal BL1 gener-
ated in this way is input into the timing control section 43. Of
these, the partitioning-drive image signal D4 1s supplied from
the timing control section 43 to the data driver 51. The data
driver 51 subjects this partitioning-drive image signal D4 to
the D/A conversion, thereby generating the image voltage
that is an analog signal. Then, the display driving operation is
performed by the drive voltage output from each of the gate
driver 52 and the data driver 51 to each pixel 20. As a result,
the display driving based on the partitioning-drive image
signal D4 is performed for each pixel 20 in the liquid-crystal-
display panel 2.

[0061] Specifically, as illustrated in FIG. 2, according to a
selection signal supplied from the gate driver 52 through the
gate line G, on-off operation of the TFT element 21 is
switched. As a result, conduction between the data line D and
the liquid crystal element 22 as well as the auxiliary capaci-
tive element 23 is selectively performed. As a result, the
image voltage based on the partitioning-drive image signal
D4 supplied from the data driver 51 is supplied to the liquid
crystal element 22, and the line-sequential display driving
operation is performed.

[0062] On the other hand, the light-emission pattern signal
BL1 is supplied from the timing control section 43 to the
backlight driving section 50. The backlight driving section 50
performs the light-emission driving (partitioning-drive

Summary of Partitioning-Light-Emission
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operation) for each light source 31 in the backlight 3 based on
this light-emission pattern signal BL1. As a result, in the
backlight 3, the plurality of light-emission sub-regions 36 that
can be controlled independently of each other are formed on
the light-exit plane, by the plurality of light sources 31 dis-
posed at the sides of the light-guiding plate 30.

[0063] At the time, in the pixel 20 to which the image
voltage is supplied, illumination light from the backlight 3 is
modulated in the liquid-crystal-display panel 2, and emitted
as display light. As a result, the image display based on the
input image signal Din is performed in the liquid crystal
display 1.

[0064] Specifically, as illustrated in FIG. 6, for example, a
synthetic image 73 (superimposed based on multiplication),
which is obtained by physically superimposing a panel-sur-
face image 72 by the display panel 2 alone on a light-emitting
surface image 71 by each light-emission region 36 of the
backlight 3, becomes an image to be observed finally in the
entire liquid crystal display 1.

[0065] (2. Partitioning-Light-Emission Operation Adapted
to Edge Light Type of Backlight)

[0066] Next, with referenceto FIG. 7 through FIG. 11B, the
partitioning-light-emission operation adapted to the back-
light 3 of the edge light type, which is one of features of the
present invention, will be described in detail in comparison
with a comparative example.

[0067] (2-1. Partitioning-Light-Emission Operation of
Comparative Example)

[0068] FIG. 7 is a block diagram of a partitioning-drive
processing section (partitioning-drive processing section
104) in a liquid crystal display according to the comparative
example. This partitioning-drive processing section 104 of
the comparative example is configured in a manner similar to
the partitioning-drive processing section 42 of the present
embodiment illustrated in FIG. 5, except that the pixel-posi-
tion detecting section 420 and the gain correction section 421
are omitted (prevented from being provided). In other words,
this comparative example is equivalent to a case in which
partitioning-light-emission operation in the (direct lighting)
backlight of the past is directly applied to a liquid crystal
display employing the edge light type of backlight.

[0069] Therefore, in this partitioning-drive processing sec-
tion 104, at first, in the low-resolution implementing section
422, low-resolution processing is applied to the image signal
D1, and an image signal D103 is generated. Subsequently,
based on this image signal D103, the BL-level calculation
section 423 generates a light-emission pattern signal BL.101
that indicates a light-emission pattern on the light-emission
sub-region 36 basis. Further, in the diffusion section 424,
diffusion processing is applied to the light-emission pattern
signal BL101 output from the BL-level calculation section
423, and a light-emission pattern signal B1.102 after the dif-
fusion processing is output to the LCD-level calculation sec-
tion 425. Subsequently, based on the image signal D1 and the
light-emission pattern signal BL102 after the diffusion pro-
cessing, the LCD-level calculation section 425 generates a
partitioning-drive image signal D104. Specifically, the LCD-
level calculation section 425 generates the partitioning-drive
image signal D104 by using the following equation (2), in a
manner similar to the present embodiment.

D104=(D1/BL102) Q

[0070] Here, the edge light type of backlight is designed so
that, as illustrated in, for example, FIG. 8A, when all the light
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sources 31 emit the light of the same emission intensity,
almost no luminance non-uniformity within the light-exit
plane occurs if possible. Therefore, in this case, almost no
display luminance non-uniformity occurs within the display
screen as well. Incidentally, the luminance level at the time of
light emission illustrated on the right side of the figure indi-
cates the luminance level of each position along a line 11-IT on
the light-exit plane of the light-guiding plate 30 in the figure.
This also applies to FIG. 8B to be described below.

[0071] However, in a case in which to this liquid crystal
display using the edge light type of backlight, the partition-
ing-light-emission operation in the (direct-lighting) backlight
of the past is directly applied for the purpose of achieving low
power consumption, high contrast or the like, it is conceivable
that the following problem may arise.

[0072] That is, first, when the partitioning-light-emission
operation of the past is performed in the edge light type of
backlight, as illustrated in, for example, FIG. 8B, a decrease
in the luminance corresponding to the distance from the light
source 31 occurs on the light-exit plane of the light-guiding
plate 30. Specifically, in this example, in the neighborhood of
a central part (center) of the light-exit plane and at opposite
side located far away from the light source 31, the light-
emission luminance is lower than that in the neighborhood of
the light source 31 (the longer the distance from the light
source 31 is, the lower the light-emission luminance becomes
gradually).

[0073] In the backlight 3, when such a decrease in the
luminance corresponding to the distance from the light source
31 occurs, a crush in the tone takes place at the time of image
display, and non-uniformity in the display luminance occurs
in the display screen, for the following reason. That is, as
described above, the LCD-level calculation section 425
executes the division based on the above equation (2), when
generating the partitioning-drive image signal D104 based on
the image signal D1 and the light-emission pattern signal
BL102 after the diffusion processing. In other words, the
partitioning-drive image signal D104 is generated by dividing
the signal level of the image signal D1 by the light-emission
pattern signal BL.102 after the diffusion processing.

[0074] Forthisreason, as illustrated in, for example, FIG. 9,
in a case in which the luminance level in the light-emission
pattern signal BL102 (for example, a region within the light-
exit plane far away from the light source 31) is low, the
luminance level of the generated image signal D104 becomes
relatively higher as indicated by a sign P1 in FIG. 9, for
example. However, in reality, the luminance level of this
image signal D104 cannot be increased without limitation
(towards infinity), and is limited to an upper limit or lower due
to the characteristics and the like of the device (the liquid-
crystal-display panel 2). As a result, in this comparative
example, when a decrease in the luminance corresponding to
the distance from the light source 31 occurs in the backlight 3
as described above, a crush in the tone occurs at the time of
image display in the region (the region far away from the light
source 31) where the luminance level in the light-emission
pattern signal BL102 is low. When such a crush in the tone
occurs, non-uniformity in the display luminance occurs in the
display screen, which results in a reduction of the display-
image quality.

[0075] (2-2. Partitioning-Light-Emission Operation of
Present Embodiment)

[0076] In contrast, in the present embodiment, in the gain
correction section 421 of the partitioning-drive processing
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section 42, the gain correction is performed by multiplying
each pixel signal in the image signal D1 by the predetermined
gain factor a, by using the position detection data DF, thereby
generating the image signal D2 (see the following equation
(3)). Specifically, as illustrated in FIG. 10A, for example, the
gain correction is performed by multiplying each pixel signal
in the image signal D1 by the gain factor o being set so that the
value increases as the pixel position goes away from the light
source 31 of the backlight 3. Withreference to F1IG. 10A, FIG.
10B and FIG. 11, the partitioning-light-emission operation of
the present embodiment using such a gain correction will be
described below in detail.

D2=axDl G)

[0077] Here, FIG. 10A illustrates an example of the relation
between the pixel position (the distance from the light source
31) within the screen and the value of the gain factor a.
Further, FIG. 10B illustrates an example of the relation
between the pixel position (the distance from the light source)
in a vertical direction (V direction) within the screen and the
light-emission luminance level on the light-exit plane, at the
time of the gain correction, and an upper part and a lower part
of the figure represent an upper end and a lower end of the
screen, respectively. On the other hand, each of FIG. 11A and
FIG. 11B schematically illustrates an example in which in a
static image where two small bright objects (see signs Wa and
Wh in the figure) exist in a background that is dark (in a gray
level) as a whole, the partitioning-light-emission operation is
performed by using the gain correction of the present embodi-
ment. Incidentally, here, the pixel position of the object indi-
cated by the sign Wa is assumed to be closer to the light source
31 on the upper side of the light-guiding plate 30 (the distance
from the light source 31 is relatively short), as compared to
the pixel position of the object indicated by the sign Wh.
Specifically, as illustrated in FIG. 11A, a distance d1 from a
light source 31A of the object indicated by the sign Wa is
shorter than a distance d2 from a light source 31B of the
object indicated by the sign Wh.

[0078] Therefore, in this example, at the time of the gain
correction, the gain correction section 421 applies the gain
factor o, as illustrated in, for example, each of FIG. 10A and
FIG. 11A. In other words, it is set so that as compared to a gain
factor al applied to the image signal D1 of the pixel position
(distance d1) corresponding to the object indicated by the
sign Wa, the value of a gain factor a2 applied to the image
signal D1 of the pixel position (distance d2 (>d1)) corre-
sponding to the object indicated by the sign Wb comes larger
(a2>a1). Incidentally, the luminance level of the image sig-
nal D2 after the gain correction illustrated on the right side of
FIG. 11A indicates the luminance level of each position along
a line and a line IV-IV on the light-exit plane of the light-
guiding plate 30 in FIG. 11A.

[0079] Subsequently, the BL-level calculation section 423
generates the light-emission pattern signal BL1, by using the
image signal D3 based on the image signal D2 after this gain
correction. Further, by using the light-emission pattern signal
BL1 determined based on the image signal D2 after this gain
correction, the diffusion section 424 generates the light-emis-
sion pattern signal BL2, and the LCD-level calculation sec-
tion 425 generates the partitioning-drive image signal D4.
Then, based on the light-emission pattern signal BL.1 and the
partitioning-drive image signal D4, the partitioning-light-
emission operation and the display operation are performed.
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[0080] Thus, in each of a light-emission sub-region 36A
(irradiated region 26A) corresponding to the pixel position
(distance d1) of the object indicated by the sign Wa and a
light-emission sub-region 36B (irradiated region 26B) corre-
sponding to the pixel position (distance d2) of the object
indicated by the sign Wb, which are illustrated in F1IG. 114,
the following partitioning-light-emission operation is per-
formed. That is, as illustrated in, for example, FIG. 10B and
FIG. 11A, light-emission driving is performed so that the
light source 31B used for forming the light-emission region
36B is relatively higher in light-emission luminance level
than the light source 31A used for forming the light-emission
sub-region 36A.

[0081] Specifically, the light-emission luminance levels are
set in the light-emission regions 36 A and 36B corresponding
to the objects respectively indicated by the signs Wa and Wb,
so that the luminance decrease property corresponding to the
distance from the light source 31, as indicated by a sign GO in
FIG. 10B, for example, is compensated. To be more specific,
in this example, in the light-emission sub-region 36A (see a
point Pa in FIG. 10B) corresponding to the object indicated
by the sign Wa, due to the gain correction with the gain factor
a1, the luminancelevel of a point Pa' on a luminance decrease
curve indicated by a sign G1 is set. Further, in the light-
emission sub-region 36B (see a point Pb in FIG. 10B) corre-
sponding to the object indicated by the sign Wb, due to the
gain correction with the gain factor a2 (>a1), the luminance
level of a point Pb' on a luminance decrease curve indicated
by a sign G2 is set. In other words, here, the gain correction is
performed so that the luminance level (at a point PO in FIG.
10B) at the pixel position in the neighborhood of the light
source 31 (the upper end) and the luminance level (Pa', Pb' in
FIG. 10B) after the gain correction at the pixel position of the
object indicated by each of the signs Wa and Wb become
approximately equal. In other words, in this example, the
value of the gain factor o is set so that the luminance decrease
property GO corresponding to the distance from the light
source 31 is completely compensated.

[0082] Inthis way, in the present embodiment, as indicated
by the sign P1 in FIG. 11B, the luminance levels on the
light-exit plane of the backlight 3 at the pixel positions of the
objects indicated by the respective signs Wa and Wb become
approximately equal. In other words, in the backlight 3 of the
edge light type that performs the partitioning-light-emission
operation, a decrease in the luminance corresponding to the
distance from the light source 31 on the light-exit plane is
shrank or evaded. As a result, unlike the above described
comparative example, a crush in the tone at the time of image
display, resulting from such a decrease in the luminance cor-
responding to the distance from the light source 31 on the
light-exit plane is shrank or evaded, and non-uniformity in the
display luminance within the display screen is suppressed.

[0083] As described above, in the present embodiment, at
the time of the image display by using the backlight 3 of the
edge light type that performs the partitioning-light-emission
operation, the gain correction is performed by multiplying
each pixel signal in the image signal D1 by the predetermined
gain factor o being set so that the value increases as the pixel
position goes away from the light source 31, and each of the
light-emission pattern signal BL1 and the partitioning-drive
image signal D4 is generated by using each pixel signal (the
image signal D2) after this gain correction being performed.
As aresult, a crush in the tone at the time of image display is
shrank or evaded, and non-uniformity in the display screen is
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suppressed. Therefore, at the time of the image display by
using the backlight 3 of the edge light type that performs the
partitioning-light-emission operation, it is possible to
improve the display quality.

[0084] Further, as described above, non-uniformity in the
display luminance within the display screen can be sup-
pressed. Therefore, in the liquid crystal display 1 using the
backlight 3 of the edge light type, even when the liquid-
crystal-display panel 2 is upsized (the screen is enlarged), it is
possible to apply the partitioning-light-emission operation
while suppressing a decrease in the image quality to a mini-
mum, and low power consumption and high contrast can be
achieved.

2. Modification

[0085] Subsequently, modifications (modifications 1 and 2)
of the foregoing embodiment will be described. Incidentally,
the same elements as those of the embodiment will be pro-
vided with the same signs as those of the embodiment, and the
description will be omitted as appropriate.

[0086] (Modification 1)

[0087] FIG. 12 schematically illustrates an example of the
partitioning-light-emission operation according to the modi-
fication 1. In the present modification, as illustrated in FIG.
12, the partitioning-light-emission operation is performed so
that the light sources 31 atboth ofa pair of opposing side faces
(here the sides in a vertical direction) in the light-guiding
plate 30 emit the light concurrently. Incidentally, the lumi-
nance level at the time of light emission on the right side of the
figure indicates the luminance level of each position along a
line V-V on the light-exit plane of the light-guiding plate 30.
[0088] The present modification that performs such parti-
tioning-light-emission operation also can produce an effect
similar to that in the above-described embodiment, by using
the gain correction in a manner similar to the above-described
embodiment (see an arrow in FIG. 12). In other words, it is
possible to shrink or avoid a decrease in the luminance cor-
responding to the distance from the light source 31 on the
light-exit plane of the backlight 3, and non-uniformity in the
display luminance within the display screen can be sup-
pressed.

[0089] (Modification 2)

[0090] Each of FIG. 13A, and FIG. 13B schematically
illustrates an example of the partitioning-light-emission
operation according to the modification 2. In the present
modification, the light sources 31 at each oftwo or more sides
of the light-guiding plate 30 emit the light concurrently,
according to the pixel position of a target object within the
display screen.

[0091] Specifically, in the example illustrated in FIG. 13 A,
in addition to the light sources 31A and 31B in charge of the
light-emission sub-regions 36A and 36B (irradiated sub-re-
gions 26A and 26B) in the example illustrated in FIG. 11A
and F1G. 11B, a light source 31C located at the opposite side
of the light source 31A also performs the light-emission
operation. In other words, here, the pixel position of the object
indicated by the sign Wb is also in a position (near the middle)
closer to the opposite side (the light source 31C side) to some
extent and therefore, the light source 31C provided at the
opposite side also performs the light-emission operation.
[0092] Furthermore, in the example illustrated in FIG. 13B,
the light sources 31 are disposed at each of four sides of the
light-guiding plate 30, and the light sources 31 at three or
more sides of this light-guiding plate 30 emit the light con-
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currently. Specifically, in addition to the light sources 31A
and 31B in charge of the light-emission sub-regions 36A and
36B (irradiated sub-regions 26 A and 26B), the light source
31C and a light source 31D also perform the light-emission
operation. This is because, here, the pixel position of the
object indicated by the sign Wb is in the position also closer
to the light source 31D to some extent.

[0093] In this way, in the present modification, the light
sources 31 at the two or more sides in the light-guiding plate
30 emit the light concurrently, according to the pixel position
of the target object within the display screen and therefore, in
addition to the effect in the above-described embodiment,
further suppression of the non-uniformity in

1-5. (canceled)

6. A display apparatus comprising:

alight source unit that includes a light-guiding plate witha
light-exit plane partitioned into a plurality of emission
subsections which are independently controllable of
each other, and one or a plurality of sides, and a plurality
of light sources disposed at one or a plurality of said
sides;

a display panel that includes a plurality of pixels, and is
configured to adjust light emitted from the light source
unit on the emission subsection basis, based on an input
image signal made up of a pixel signal of each pixel,
thereby performing image display; and

circuitry that generates, based on the input image signal, a
light-emission pattern signal indicating a light-emission
pattern on the emission subsection basis in the light
source unit, that performs light-emission driving for
each light source of the light source unit using the light-
emission pattern signal, and that performs display driv-
ing for each pixel of the display panel using a partition-
ing-drive image signal,

wherein the circuitry performs a gain correction by multi-
plying each pixel signal in the input image signal by a
predetermined gain factor that is set so thata value of the
predetermined gain factor increases as a distance from a
pixel position of the pixel signal to the light source
disposed at the side increases, and so that non-unifor-
mity in a display luminance within the display panel is
suppressed, and generation of the light-emission pattern
signal by using each pixel signal after the gain correction
is performed, and

the circuitry performs generation of the partitioning drive
image signal by a calculation using a signal level of the
input image signal and the light-emission pattern signal
after a diffusion processing, the light-emission pattern
signal is obtained by using the each pixel signal after the
gain correction is performed, and the diffusion process-
ing is performed by considering a luminance distribu-
tion in the light source unit.

7. The display apparatus according to claim 6, wherein the
value of the predetermined gain factor is set so that a lumi-
nance decrease property corresponding to a distance from the
light source on the light-exit plane is compensated.

8. The display apparatus according to claim 6, wherein the
light sources are disposed on both of a pair of opposing side
faces in the light-guiding plate, and

the circuitry performs the light-emission driving so that the

light sources at both of the pair of opposing side faces
emit light concurrently.
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9. The display apparatus according to claim 6, wherein the
light sources are disposed at each of four sides in the light-
guiding plate, and

the circuitry performs the light-emission driving so that the

light sources at three or more sides among the four sides
emit light concurrently.

10. The display apparatus according to claim 6, wherein
each of the light sources is a light emitting diode (LED).

11. The display apparatus according to claim 6, wherein the
circuitry detects a position within the display panel of the
pixel signal of each of the pixels.

12. The display apparatus according to claim 6, wherein the
luminance distribution in the light source unit is a diffusion
distribution of light from each of the light sources.

13. The display apparatus according to claim 6, wherein the
circuitry performs the generation of the light-emission pat-
tern signal by performing a low-resolution implementing pro-
cessing after the gain correction is performed.

14. The display apparatus according to claim 13, wherein
the circuitry performs the low-resolution implementing pro-
cessing by reconstructing each said pixel signal after the gain
correction is performed so that a luminance-level signal on
the basis of the emission subsection with a resolution lower
than each said pixel is obtained for each of the plurality of the
emission subsections.

15. The display apparatus according to claim 6, wherein the
circuitry performs the generation of the partitioning drive
image signal by dividing the signal level of the input image
signal by the light-emission pattern signal after the diffusion
processing.

16. The display apparatus according to claim 6, wherein the
display panel modulates the light emitted from the light
source unit on the emission subsection basis, based on the
input image signal, thereby performing the image display.

17. The display apparatus according to claim 6, wherein the
display panel is a liquid crystal display panel.

18. The display apparatus according to claim 6, wherein the
light source unit includes a red light source that emits red
light, a green light source that emits green light, and a blue
light source that emits blue light.

19. The display apparatus according to claim 18, wherein,
in terms of light sources, the light source unit consists of the
red light source, the green light source, and the blue light
source.

20. A display apparatus comprising:

alight source unit that includes a light-guiding plate with a

light-exit plane partitioned into a plurality of emission
subsections which are independently controllable of
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each other, and one or a plurality of sides, and a plurality
of light sources disposed at one or a plurality of said
sides;

a display panel that includes a plurality of pixels, and is
configured to adjust light emitted from the light source
unit on the emission subsection basis, based on an input
image signal made up of a pixel signal of each pixel,
thereby performing image display; and

circuitry that generates, based on the input image signal, a
light-emission pattern signal indicating a light-emission
pattern on the emission subsection basis in the light
source unit, that performs light-emission driving for
each light source of the light source unit using the light-
emission pattern signal, and that performs display driv-
ing for each pixel of the display panel using a partition-
ing-drive image signal,

wherein the circuitry performs a gain correction by multi-
plying each pixel signal in the input image signal by a
predetermined gain factor that is set so that non-unifor-
mity in a display luminance within the display panel is
suppressed,

the circuitry performs a generation of the light-emission
pattern signal using each pixel signal after the gain cor-
rection is performed, and

the circuitry performs a generation ofthe partitioning drive
image signal by a calculation using a signal level of the
input image signal and the light-emission pattern signal
after a diffusion processing, the light-emission pattern
signal is obtained by using the each pixel signal after the
gain correction is performed, and the diffusion process-
ing is performed by considering a luminance distribu-
tion in the light source unit.

21. The display apparatus according to claim 20, wherein
the display panel modulates the light emitted from the light
source unit on the emission subsection basis, based on the
input image signal, thereby performing the image display.

22. The display apparatus according to claim 20, wherein
the display panel is a liquid crystal display panel.

23. The display apparatus according to claim 20, wherein
the light source unit includes a red light source that emits red
light, a green light source that emits green light, and a blue
light source that emits blue light.

24. The display apparatus according to claim 23, wherein,
in terms of light sources, the light source unit consists of the
red light source, the green light source, and the blue light
source.
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