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FIG. 3
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FIG. 14
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CONTROL DEVICE FOR LIQUID CRYSTAL
DISPLAY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE, METHOD FOR
CONTROLLING LIQUID CRYSTAL DISPLAY
DEVICE, PROGRAM, AND STORAGE
MEDIUM

TECHNICAL FIELD

The present invention relates to (i) a control device for a
liquid crystal display device including a backlight and (ii) a
method for controlling the liquid crystal display device.

BACKGROUND ART

Conventionally, various kinds of techniques have been pro-
posed in which backlights are provided for respective ones of
a plurality of areas in a display screen of a liquid crystal
display panel, and luminances of the backlights are controlled
in accordance with respective pieces of image data to be
displayed in the plurality of areas.

For example, Patent Literature 1 discloses a technique in
which image data is divided for a plurality of video areas for
which backlights are respectively provided, and luminances
of the backlights are controlled in accordance with respective
APLs (average luminance) of the plurality of video areas.

Moreover, Patent Literature 2 discloses a technique for
compensating display image datain accordance with a bright-
ness distribution of a backlight.

Patent Literature 1

Japanese Patent Publication, No. 3766231 (Publication Date:
Nov. 24, 2000)

Patent Literature 2

Japanese Patent Application Publication, Tokukai, No. 2005-
309338 (Publication Date: Nov. 4, 2005)

SUMMARY OF INVENTION

In some cases, depending on applications of aliquid crystal
display device, an aspect ratio of the number of pixels (the
number of dots) of a display image in image data supplied to
the liquid crystal display device can be different from an
aspect ratio of the number of pixels of a display screen of the
liquid crystal display device.

Forexample, ina case of a high-definition display in which
a high-definition image of 4K2K class (approximately hori-
zontal 4000 pixelsxvertical 2000 pixels) is displayed, aspect
ratios differs depending on images because the number of
dots arranged in horizontal and vertical directions is not
decided as a normal format (standard). For example, in a
digital cinema, a resolution of 4096 dotsx2160 lines is used,
and, in high-definition video, a resolution 0f 3840 dotsx2160
lines is used. Moreover, in a case of a display of 2K 1K class
(approximately horizontal 2000 pixelsxvertical 1000 pixels),
in general, a resolution of 2048x1080 and a resolution of
1920x1080, etc., are used.

On the other hand, the number of vertical pixels and the
number of horizontal pixels ofa display screen (liquid crystal
display panel) of the liquid crystal display device are set in
manufacturing.

From this, when pieces of image data having different
aspect ratios are displayed on a common liquid crystal display
device, some of the pieces of image data have aspect ratios
which are different from the aspect ratio of the display screen
of the liquid crystal display device. Accordingly, an area
(image non-display area) in which no image is displayed
occurs in an edge area of the display screen. Specifically, for
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2

example, in a case where an image of 4K2K of 3840x2160
dots is displayed on a liquid crystal display panel of 4096x
2160 dots, an image non-display area of 4096-3840=256
dots occurs on the liquid crystal display panel.

However, according to the conventional technique, only a
case is assumed where an aspect ratio of inputted image data
is identical to an aspect ratio of a display screen, and it is not
considered how to control a backlight in an image non-dis-
play area in a case where an aspect ratio of the inputted image
data is different from the aspect ratio of the display screen.
Therefore, the conventional technique has a problem that a
luminance of the backlight cannot be controlled propetly in a
border area of the image display area and the image non-
display area in the display screen, and accordingly display
quality of an image is decreased.

For example, in a case where a plurality of light sources
arranged in a backside of the display screen are used as a
backlight, luminance distributions of respective ones of the
plurality of light sources spread and thereby overlap each
other. Accordingly, a luminance distribution in the liquid
crystal display panelis defined by the luminance distributions
of the respective ones of the plurality of light sources. There-
fore, in a case where luminances of light sources in an image
non-display area are set to 0, it is possible that a luminance of
video displayed in the vicinity to a border area of the image
non-display area and the image display area becomes insuf-
ficient, and thereby the video becomes unnatural.

Note that a method of changing an aspect ratio of image
data by expanding the image data in a vertical or horizontal
direction is conventionally known as a method for solving a
discrepancy between aspect ratios of the image data and the
liquid crystal display panel (e.g., a full-screen display in a
commercially available general television set). However,
according to this method, even though the discrepancy
between aspect ratios of the image data and the liquid crystal
display panel can be solved, a decrease of display quality of
an image is unavoidable because the image to be displayed is
deformed. In most cases, it is not preferable in particular to
see a deformed display image on a display fordisplaying high
quality video such as video of 4K2K class.

The present invention is accomplished in view of the prob-
lem and its object is to improve display quality in a border
area of an image-display area and an image non-display area
in a liquid crystal display device including a liquid crystal
display panel and a backlight unit having a plurality of light
sources arranged in a backside of the liquid crystal display
panel.

In order to attain the object, a control device of the present
invention for controlling operations of a liquid crystal display
device which includes a liquid crystal display panel and a
backlight unit having a plurality of light sources arranged in a
matrix manner in a backside of the liquid crystal display
panel, said control device including: a liquid crystal control
section which controls pixels of the liquid crystal display
panel in accordance with inputted image data; a backlight
control section which controls light-emitting states of respec-
tive ones of the plurality of light sources in accordance with
the inputted image data; and an image size adjusting section
which generates size-adjusted image data in a case where an
aspect ratio of the inputted image data is different from an
aspect ratio of the liquid crystal display panel, the image size
adjusting section adding dummy image data to a periphery of
(1) image data which is obtained by subjecting the inputted
image data to a predetermined process or (ii) the inputted
image data so as to generate the size-adjusted image data, so
that an aspect ratio of the size-adjusted image data corre-
sponds to the aspect ratio of the liquid crystal display panel,
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the backlight control section dividing the size-adjusted image
data into a plurality of blocks which correspond to respective
positions in which the plurality of light sources are provided,
determining a light-emitting luminance of each light source
in an image display area among the plurality of light sources
in accordance with a maximum value among gradation values
of pixels included in that one of the plurality of blocks corre-
sponding to the light source, the image display area being an
area for displaying an image corresponding to the inputted
image data, and determining a light-emitting luminance of
each light source in an image non-display area among the
plurality of light sources in accordance with (i) an average
luminance level of pixels included in a block of an image
display area adjacent to a block corresponding to the light
source, the image non-display area being an area in which an
image corresponding to the dummy image data is displayed,
or (ii) an average luminance level of some of a plurality of
small blocks which are adjacent to the block corresponding to
the light source in the image non-display area, the plurality of
small blocks being obtained by further dividing the block of
the image display area adjacent to the block corresponding to
the light source.

According to the configuration, the backlight control sec-
tion (i) determines a light-emitting luminance of each light
source in the image display area among the plurality of light
sources in accordance with a maximum value among grada-
tion values of the pixels included in that one of the plurality of
blocks corresponding to the light source, the image display
area being an area for displaying an image corresponding to
the inputted image data, and (ii) determines a light-emitting
luminance of each light source in the image non-display area
among the plurality of light sources in accordance with (i) an
average luminance level of pixels included in a block of the
image display area adjacent to a block corresponding to the
light source, the image non-display area being an area in
which an image corresponding to the dummy image data is
displayed, or (ii) an average luminance level of some of a
plurality of small blocks which are adjacent to a block corre-
sponding to the light source in the image non-display area, the
plurality of small blocks being obtained by further dividing
the block of the image display area adjacent to the block
corresponding to the light source. This makes it possible to
prevent decrease of display quality caused due to lack of
luminance oflight emitted from the backlight unit in a border
area of the image display area and the image non-display area.

Tt is possible that, for each light source among the plurality
of light sources which is in a block of the image non-display
area which block is not adjacent to a block of the image
display area, the backlight control section determines a light-
emitting luminance of the light source in accordance with (i)
an average luminance level of pixels included in a block of the
image display area which is nearest to the block correspond-
ing to the light source or (ii) an average luminance level of
some of a plurality of small blocks which are positioned near
the image non-display area corresponding to the light source,
the plurality of small blocks being obtained by further divid-
ing the block of the image display area which is nearest to the
block corresponding to the light source.

According to the configuration, the light-emitting lumi-
nance ofthe light source in the block of the image non-display
area which is not adjacent to the block of the image display
area is determined in accordance with an average luminance
level of (i) the nearest block of the image display area or (ii)
the small blocks which are obtained by dividing the block of
the image display area. This makes it possible to prevent
decrease of display quality caused dueto lack of luminance of
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light emitted from the backlight unit in a border area of the
image display area and the image non-display area.

Ttis possible that, in a case where plural blocks of the image
non-display area are aligned in a direction off from the image
display area, the backlight control section determines light-
emitting luminances of some of the plurality of light sources
corresponding to the plural blocks of the image non-display
area so that the light-emitting luminances becomes darker as
a distance from the image display area increases.

As a distance increases between (i) a position in which a
light source is provided and (ii) an image display area, the
light source less affects a display characteristic of the image
display area. Therefore, when the light-emitting luminances
of the light sources corresponding to the blocks of the image
non-display area are determined so that the light-emitting
luminances become darker as a distance from the image dis-
play area increases, it is possible to (i) suppress deterioration
of display quality in the image display area and (ii) reduce
power consumption by decreasing the light-emitting lumi-
nances of the light sources corresponding to the image non-
display area.

It is possible that the control device further includes a
luminance distribution data generating section which gener-
ates luminance distribution data indicative of luminance dis-
tribution caused in the liquid crystal display panel due to light
emitted by the plurality of light sources, the plurality of light
sources emitting the light according to the respective light-
emitting luminances determined by the backlight control sec-
tion, and the liquid crystal control section (i) including a
compensating section which compensates the inputted image
data in accordance with the luminance distribution data, and
(ii) controlling the pixels of the liquid crystal display panel in
accordance with image data which has been compensated by
the compensating section.

According to the configuration, the luminance distribution
data generating section generates the luminance distribution
data indicative of luminance distribution caused in the liquid
crystal display panel due to light emitted by the plurality of
light sources, the plurality of light sources emitting the light
according to the respective light-emitting luminances deter-
mined by the backlight control section, and the liquid crystal
control section (i) includes the compensating section which
compensates the inputted image data in accordance with the
luminance distribution data, and (ii) controls the pixels of the
liquid crystal display panel in accordance with the image data
which has been compensated by the compensating section.
This makes it possible to properly control luminance distri-
bution of a displayed image seen by the user.

It is possible that the image size adjusting section carries
out the addition of the dummy image data so that an image
corresponding to the inputted image data is displayed in sub-
stantially center of the liquid crystal display panel.

According to the configuration, the image corresponding
to the inputted image data can be displayed in substantially
center of the liquid crystal display panel.

A liquid crystal display device of the present invention
includes: a liquid crystal display panel; a backlight unit hav-
ing a plurality of light sources arranged in a matrix manner in
a backside of the liquid crystal display panel; and any one of
the control devices described above.

According to the configuration, it is possible to prevent
decrease of display quality caused due tolack of luminance of
light emitted from the backlight unit in a border area of the
image display area and the image non-display area.

A method of the present invention for controlling opera-
tions of a liquid crystal display device which includes a liquid
crystal display panel and a backlight unit having a plurality of
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light sources arranged in a matrix manner in a backside of the
liquid crystal display panel, the method including the steps of:
(a) controlling pixels of the liquid crystal display panel in
accordance with inputted image data; (b) controlling light-
emitting states of respective ones of the plurality of light
sources in accordance with the inputted image data; and (gen-
erating size-adjusted image data in a case where an aspect
ratio of the inputted image data is different from an aspect
ratio of the liquid crystal display panel, the size-adjusted
image data being generated by adding dummy image data to
a periphery of (i) image data which is obtained by subjecting
the inputted image data to a predetermined process or (ii) the
inputted image data so that the size-adjusted image data has
an aspect ratio which corresponds to the aspect ratio of the
liquid crystal display panel, the step (b) including: (d) divid-
ing the size-adjusted image data into a plurality of blocks
which correspond to respective positions in which the plural-
ity of light sources are provided; (e) determining a light-
emitting luminance of each light source in an image display
area among the plurality of light sources in accordance with a
maximum value among gradation values of pixels included in
that one of the plurality of blocks corresponding to the light
source, the image display area being an area for displaying an
image corresponding to the inputted image data; and (f) deter-
mining a light-emitting luminance of each light source in an
image non-display area among the plurality of light sources in
accordance with (i) an average luminance level of pixels
included in a block of an image display area adjacent to a
block corresponding to the light source, the image non-dis-
play area being an area in which an image corresponding to
the dummy image data is displayed, or (ii) an average lumi-
nance level of some of a plurality of small blocks which are
adjacent to the block corresponding to the light source in the
image non-display area, the plurality of small blocks being
obtained by further dividing the block of the image display
area adjacent to the block corresponding to the light source.

The method includes the steps of: determining a light-
emitting luminance of each light source in the image display
area among the plurality of light sources in accordance with a
maximum value among gradation values of the pixels
included in that one of the plurality of blocks corresponding
to the light source, the image display area being an area for
displaying an image corresponding to the inputted image
data; and determining a light-emitting luminance of each
light source in the image non-display area among the plurality
of light sources in accordance with (i) an average luminance
level of pixels included in a block of the image display area
adjacent to a block corresponding to the light source, the
image non-display area being an area in which an image
corresponding to the dummy image data is displayed, or (ii)
an average luminance level of some of a plurality of small
blocks which are adjacent to the block corresponding to the
light source in the image non-display area, the plurality of
small blocks being obtained by further dividing the block of
the image display area adjacent to the block corresponding to
the light source. This makes it possible to prevent decrease of
display quality caused due to lack of Tuminance of light emit-
ted from the backlight unit in a border area of the image
display area and the image non-display area.

Note that the control device can be realized by a computer.
In that case, the computer is caused to serve as the sections
described above. Accordingly, (i) a program for causing the
computer to serve as the image processing device and (ii) a
computer-readable storage medium storing the program are
encompassed in the invention.
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BRIEF DESCRIPTION OF DRAWINGS

FIG.1is ablock diagram schematically illustrating a struc-
ture of a liquid crystal display device, according to an
embodiment of the present invention.

FIG. 2

(a) and (&) of FIG. 2 are explanatory views illustrating
examples of methods for combining a plural pieces of divided
image data.

FIG. 3 is a graph illustrating a relation between gradation
values of an inputted image signal and gradation values of a
display image in a case where luminance of a backlight is
varied.

FIG. 4 is a graph illustrating a relation between gradation
values of an inputted image signal and compensated grada-
tion values, in order to prevent gradation of a display image
from being varied even in a case where luminance of a back-
light is varied.

FIG. 5 is an explanatory view illustrating an example of a
generating process of mapping image data.

FIG. 6

(a) and (&) of FIG. 6 are explanatory views illustrating
examples of methods for generating a luminance signal cor-
responding to an LED resolution.

FIG. 7 is a graph illustrating luminances of respective
sections in a liquid crystal display panel caused by light
emitted from backlights.

FIG. 8 is a graph illustrating luminances of respective
sections in a liquid crystal display panel caused by light
emitted from backlights.

FIG.9

(a) of FIG. 9 is an explanatory view illustrating an example
of an image to be displayed on a liquid crystal display panel
and (b) of FIG. 9 is an explanatory view illustrating a lumi-
nance distribution of the liquid crystal display panel caused
by light emitted from a backlight unit whose light-emitting
state is controlled in accordance with the image of (a).

FIG. 10 is an explanatory view schematically illustrating a
process flow of the liquid crystal display device shown in FIG.
1.

FIG. 11 is an explanatory view illustrating an overview of
an upscaling process carried out by the liquid crystal display
device shown in FIG. 1.

FIG. 12 is a block diagram schematically illustrating a
structure of an upscaling circuit included in the liquid crystal
display device shown in FIG. 1.

FIG. 13 is a block diagram schematically illustrating a
structure of an edge detection circuit included in the liquid
crystal display device shown in FIG. 1.

FIG. 14 is an explanatory view illustrating an overview of
a difference operation process carried out in the liquid crystal
display device shown in FIG. 1.

FIG. 15 is a chart illustrating an example of results of a
difference operation process carried out in the liquid crystal
display device shown in FIG. 1.

FIG. 16 is a chart illustrating an example of results of a
difference operation process carried out in the liquid crystal
display device shown in FIG. 1.

FIG. 17 is a chart illustrating an example of results of a
difference operation process carried out in the liquid crystal
display device shown in FIG. 1.

FIG. 18 is an explanatory view illustrating an overview of
an averaging process carried out in the liquid crystal display
device shown in FIG. 1.

FIG. 19 is an explanatory view illustrating an overview of
an edge detection process carried out in the liquid crystal
display device shown in FIG. 1.
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FIG. 20 is an explanatory view illustrating patterns of
inclination of an edge expressed by a block of 3x3 dots,
according to the liquid crystal display device shownin FIG. 1.

FIG. 21

(@) and (b) of FIG. 21 are explanatory views illustrating
examples of an interpolation method used in an upscaling
process.

FIG. 22 is an explanatory view illustrating an interpolation
method applied to an edge part, according to the liquid crystal
display device shown in FIG. 1.

REFERENCE SIGNS LIST

1: Control device

2: Liquid crystal display panel

3: Backlight unit

10: Preprocessing circuit (image size adjusting section,
image restoring section)

11a: Dividing circuit (liquid crystal control section)

114: Dividing circuit (liquid crystal control section)

12a through 12d: Upscaling circuit (liquid crystal control
section)

13: Down-converter (liquid crystal control section)

14athrough 144: Compensating circuit (liquid crystal control
section)

15: Liquid crystal driving circuit (liquid crystal control sec-
tion)

16: Display map generating circuit (backlight control section)

17: LED resolution signal generating circuit (backlight con-
trol section)

18: Luminance distribution data generating circuit (backlight
control section)

19: LED driving circuit (backlight control section)

21: Edge detection circuit

22: Interpolation circuit (interpolation process section)

31: Difference circuit (difference operation section)

32: Filter rotation circuit

33: Direction setting circuit

34: Averaging circuit (averaging process section)

35: Correlation operation circuit (correlation operation sec-
tion)

36: Edge-distinguishing circuit

100: Liquid crystal display device

DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present
invention.

(1-1. Configuration of Liquid Crystal Display Device 100)

FIG. 1isablock diagram schematically illustrating a struc-
ture of a liquid crystal display device 100 of the present
embodiment. As shown in FIG. 1, the liquid crystal display
device 100 includes a control device 1. a liquid crystal display
panel 2, and a backlight unit 3.

The liquid crystal display panel 2 displays an image cor-
responding to image data. In the present enibodiment, a panel
having a display size 0f 4096x2160 dots is used. However, the
liquid crystal panel 2 is not limited to this, but conventionally
known various liquid crystal display panels can be used.

The backlight unit 3 is provided on a backside, with respect
to a display face, of the liquid crystal display panel 2 and
emits light so that the liquid crystal display panel 2 can
display an image. The backlight unit 3 includes a plurality of
LED:s (light sources) as light sources. In the present embodi-
ment, a backlight unit is used which includes LEDs as light
sources arranged in a matrix pattern of 8x4. However, the
number of the LEDs is not limited to this. For example, more

10

15

20

25

30

35

40

45

50

55

60

65

8

of the LEDs can be provided. Moreover, the present embodi-
ment discusses a case where the LEDs are used as the light
sources. However, the light sources of the present invention
are not limited to this but another light emitting elements such
as, for example, EL (Electro-Luminescence) elements can be
used as the light sources. Moreovet, the present embodiment
discusses a configuration in which the LEDs (light sources)
are provided directly under the liquid crystal display panel
without providing a light guide plate between the LEDs and
the liquid crystal display panel (so-called direct illumination
device). However, the present invention is not limited to this.
It is possible to use an illumination device of another type
such as, for example, (i) an edge-lighting illumination device
in which a single light guide panel is provided below a light-
emitting face of the illuminating device and a plurality of light
source substrates are provided on at least one of four sides
surrounding the light guide panel so that the plurality of light
source substrates are arranged in parallel with the at least ones
of four sides, or (ii) another type of illuminating device such
as a tandem illuminating device in which light guide plates
are provided for respective light-emitting elements.

The control device 1 includes a preprocessing circuit 10,
dividing circuits 11a and 115, upscaling circuits 12a through
12d, adown-converter 13, compensating circuits 14a through
144, a liquid crystal driving circuit 15, a display map gener-
ating circuit 16, an LED resolution signal generating circuit
17, a luminance distribution data generating circuit 18, an
LED driving circuit 19, and switches SW1, SW2a through
SW2d.

In a case where an aspect ratio of the inputted image data is
different from that of the liquid crystal display panel 2, the
preprocessing circuit (image size adjusting section, image
restoring section) 10 carries out an adjusting process for
conforming the aspect ratio of the inputted image data to that
of the liquid crystal display panel 2 by, for example, adding
dummy image data (e.g., black pixels) to the inputted image
data. For example, in a case where image data having an
image size 0f 3840x2160 dots is inputted to the control device
1, the transversal size (3840 dots) is smaller than the display
screen size (4096 dots) of the liquid crystal display panel 2
which has the display screen size of 4096x2160. In this case,
an image in a left half of divided areas needs to be shifted
toward right by 2048-1920=128 dots in displaying the image.
Therefore, the preprocessing circuit 10 adds dummy image
data on each ofaright side and a left side of the inputted image
data so that the image corresponding to the inputted image
data is disposed in a position which is shifted toward right by
128 dots from a left end of the display screen of the liquid
crystal display panel 2.

Moreover, in a case where the inputted image data is image
data of 4K2K class, the preprocessing circuit 10 supplies
image data, which has been adjusted, to the dividing circuit
11a and the down-converter 13. Alternatively, in a case where
the inputted image data is image data of 2K 1K class or less,
the preprocessing circuit 10 supplies image data, which has
been adjusted, to the dividing circuit 114 and the display map
generating circuit 16.

Note that, in a case where image data inputted to the control
device 1 is a plural pieces of divided image data which is
prepared by dividing original image data for a single screen
(image data of 4K2K class) into the plural pieces for respec-
tive display areas, the preprocessing circuit 10 carries out the
above-described adjusting process on the plural pieces of
divided image data and supplies, to the dividing circuit 11a,
the plural pieces of divided image data thus adjusted, and also
supplies, to the down-converter 13, image data which is
obtained by combining the plural pieces of divided image
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data thus adjusted. In this case, the dividing circuit 11a is to
supply, to the compensating circuits 14a through 144, the
respective ones of the plural pieces of the divided image data
sent from the preprocessing circuit 10.

In order to prevent (i) a non-display area from occurring
between the plural pieces of divided image data and (ii)
disposition of display positions of the plural pieces of divided
image data, the preprocessing circuit 10 sets, for each of the
plural pieces of divided image data, a position of dummy
image data to be added to each of the plural pieces of divided
image data, when the above-described adjusting process is
carried out on the plural pieces of divided image data. For
example, as shown in (a) of FIG. 2, in a case where dummy
image data is uniformly added to right and lower sides of each
of the plural pieces of divided image data, non-display areas
occur between the plural pieces of divided image data. In
order to prevent (i) such non-display areas from occurring
between the plural pieces of divided image data and (ii)
disposition of display positions of the plural pieces of divided
image data, the dividing circuit 11 controls, for each of the
areas, the position of the dummy image data to be added (see
(b) of FIG. 2).

In a case where image data for a single screen is inputted to
the control device 1 and an aspect ration of the inputted image
data is different from an aspect ratio of the liquid crystal
display panel 2, the preprocessing circuit 10 adds dummy
image data (e.g., black pixels) to a periphery of an image
corresponding to the inputted image data so that the inputted
image data will be displayed in the center of the display
screen of the liquid crystal display panel 2.

Note that, with regard to an aspect ratio (image size) of
image data, a horizontal size, for example, can be detected by
counting, after a horizontal sync signal is inputted, the num-
ber of clock signals during a period in which a data-enabling
signal is at a high-level. Moreover, a vertical size can be
detected by counting, after a vertical sync signal is inputted,
the number of times that a data-enabling signal is switched
from a low-level to a high-level.

In a case where image data supplied from the preprocess-
ing circuit 10 is a video signal H of 4K2K class (resolution of
approximately 4000x2000 dots), the dividing circuit (first
dividing section) 11a divides the video signal H into a plural
pieces of image data for each of a predetermined number
(four in the present embodiment) of display areas, and sends
the plural pieces of divided image data to the compensating
circuits 14a through 144 via the switches SW2a through
SW2d, respectively. For example, in a case where image data
0f3840%2160 dots is supplied, as the video signal H of 4K2K
class, to the dividing circuit 11a, the dividing circuit 11a
divides the image data into four pieces of image data for four
areas (upper left, upper right, lower left, and lower right; each
piece of image data has an image size of 1920x1080 dots).
However, the number of divided images and arrangement of
the divided areas are not limited to this. For example, the
inputted data can be divided so that the divided areas align
either in a horizontal direction or in a vertical direction. A
dividing method can be selected in accordance with a char-
acteristic of the dividing method, and a circuit technology and
a liquid crystal panel technology at a point in time when the
dividing method is used, etc. In the case of the present
embodiment where the inputted data is divided into the four
pieces of image data for the areas of upper left, upper right,
lower left, and lower right, each image data of the divided area
is of 2K1K. Accordingly, it is possible to use a driving method
without modification which method is used in a conventional
display device of 2K1K class. Moreover, a conventional sig-
nal processing circuit (signal processing LSI) which is used in
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a2KI1K class can be used. This provides advantageous effects
of reducing manufacturing cost and development cost.

Inacase where a plural pieces of divided image data, which
are prepared by dividing original image data for a single
screen, are supplied from the preprocessing circuit 10 to the
dividing circuit 11a, the dividing circuit 11a sends the plural
pieces of divided image data to the compensating circuits 14a
through 14d via the switches SW2a through SW2d, respec-
tively.

In a case where image data supplied to the control device 1
is the video signal H of 4K2K class or the plural pieces of
divided image data prepared from image data of 4K2K class,
a control section (not illustrated) causes the switches SW2a
through SW2d to connect the dividing circuit 11a to the
compensating circuits 14a through 144, respectively. In a
case where the image data supplied to the control device 1 is
a video signal I, of 2K 1K class (resolution of approximately
2000x1000 dots) or less, the control section causes the
switches SW2a through SW2d to connect the upscaling cir-
cuits 12a through 124 to the compensating circuits 14a
through 144, respectively.

In a case where a video signal H of 4K2K class is supplied
to the control device 1, the down-converter (down-converting
section) 13 down-converts the video signal H into image data
of 2K 1K class (in the present embodiment, 1920x 1080 dots),
and sends the image data to the display map generating circuit
16 via the switch SW1. A method for down-converting is not
limited in particular. For example, an average value of four
pixels in an inputted image signal can be set as a value for a
single pixel in an output image signal which single pixel is in
a position corresponding to the four pixels.

In a case where image data supplied to the control device 1
is a video signal H of 4K 2K class or a plural pieces of divided
image data prepared from image data of 4K2K class, the
control section (not illustrated) switches the switch SW1 so
that a video signal, which is outputted from the down-con-
verter 13, is supplied to the display map generating section
16. In a case where image data supplied to the control device
1 is a video signal L of 2K1K class, the control section
switches the switch SW1 so that the video signal L is supplied
to the display map generating section 16.

The dividing circuit (second dividing section) 115 divides
avideo signal L of 2K 1K class which has been supplied to the
control device 1 into pieces of image data for a predetermined
number of areas, and sends the plural pieces of divided image
data to the respective upscaling circuits 12a through 124.
Note that the present embodiment discusses a case where a
high-definition data of 2K1K class is inputted as the video
signal [ and the high-definition data is divided into pieces of
image data for four areas (upper left, upper right, lower left,
and lower light). However, the number of divided images and
arrangement of the divided areas are not limited to this.

Each of the upscaling circuits (upscaling sections) 12a
through 124 receives a corresponding piece of image data
divided by the dividing circuit 115, and carry out an upscaling
process on the corresponding piece of image data thus
received. Then, the upscaling circuits 12a through 124 send
the pieces of image data, which have been upscaled, to the
compensating circuits 14a through 14d via the switches
SW2a through SW2d, respectively. Note that details of the
dividing process and the upscaling process of image data are
described later.

The compensating circuits (compensating sections) 14a
through 144 compensate image data in accordance with lumi-
nance distribution data supplied from the luminance distribu-
tion data generating circuit 18 which is described later, and
send the compensated image data to the liquid crystal driving
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circuit 15. In an LED backlight system in which a plurality of
LED:s are provided on a backside of a liquid crystal display
panel, each of the LEDs shows a luminance distribution in
which a luminance at a position immediately above the LED
is high and the luminance becomes lower as a distance from
the LED increases. Moreover, a luminance distribution,
which is caused by the LED backlight, in areas of the liquid
crystal display panel 2 includes luminance distributions,
which overlap each other, of the respective LEDs. In accor-
dance with the luminance distribution data supplied from the
luminance distribution data generating circuit 18, the com-
pensating circuits 14a through 14d compensate image data so
that (i) transmittance of liquid crystal becomes low in a posi-
tion immediately above the LED and (ii) the transmittance
becomes higher as a distance from the position increases.

FIG. 3 is a graph illustrating a relation between gradation
values of an inputted image signal and a luminance of a
display image in a target pixel in a case where a liquid crystal
display panel is used whose input tones are 64 (0 through 63)
tones and a tone-luminance characteristic is y 2.2. A solid line
indicates a case where a luminance of light which is emitted
from the backlight toward the target pixel is 100%, and a
dotted line indicates a case where a luminance of light emitted
from the backlight toward the target pixel is 30%. According
to the example shown in FIG. 3, a gradation value of an
inputted image signal is 20, and when the luminance of the
backlight is 100%, a luminance of the display image is
approximately 8%. On the other hand, as shown in FIG. 3,
when the luminance of the backlight is 30%, the luminance of
the display image is to be decreased to approximately 2.4%.
Therefore, in order to display the image without changing its
luminance, the gradation value of the inputted image signal
needs to be compensated in accordance with the luminance of
the backlight. Specifically, in a case where the luminance of
the backlight is 100%, the gradation value of the inputted
image signal needs to be compensated to a gradation value
(34.5), with which a display image having a luminance (ap-
proximately 26.7%) can be obtained. The luminance of
approximately 26.7% is a value which is obtained by divid-
ing, by the luminance of the backlight (30%), the luminance
(approximately 8%) of the display image when the luminance
of the backlight is 100%. More specifically, it is necessary to
compensate the gradation value of the image signal so that the
compensated gradation value becomes: ((inputted gradation
value/63)*>*/backlight luminance)*">?x63.

FIG. 4 is a graph illustrating a relation between gradation
values of an inputted image signal and compensated grada-
tion values in a case where input tones are 64 (0 through 63)
tones, a tone-luminance characteristic of the liquid crystal
display panel is y 2.2, and a luminance of the backlight is set
to 30%. As shown in FIG. 4, even when the luminance of the
backlight is 30%, the image can be displayed without chang-
ing its luminance when the gradation values 0 through 32 of
the inputted image signal are compensated to (converted into)
gradation values 0 through 55. Moreover, with the configu-
ration, adisplay luminance in displaying a black image can be
decreased and contrast can be increased. Moreover, the lumi-
nance of the backlight can be decreased and thereby power
consumption can be reduced.

Note that, for easy explanation, the above explanation dis-
cusses a case where the liquid crystal display panel is used
whose input tones are 64 (0 through 63) tones and a tone-
luminance characteristic is y 2.2. However, the present
embodiment is not limited to this. Moreover, the present
embodiment is not limited to the configuration in which the
compensated gradation values are obtained by the operation.
For example, the compensated gradation values can be deter-
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mined by the use of an LUT (look up table) which is prelimi-
narily prepared and is indicative of relations between inputted
gradation values and compensated gradation values for each
luminance of the backlight. Moreover, depending on an LSI
to be designed, such an exponential operation sometimes
cannot be processed properly. In such a case, it is preferable to
carry out a gradation conversion with the use of an LUT.
Moreover, control can be carried out more easily when a
luminance of the backlight is supplied as gamma-converted
gradation data, as compared to a case where the luminance of
the backlight is supplied as values in 0 through 100%. There-
fore, it is mostly more efficient when the compensated gra-
dation values are determined by the use of a combination of
an appropriate LUT and a compensation operation, as com-
pared to a case where the calculation is carried out by the
exponential operation.

The liquid crystal driving circuit (liquid crystal driving
section) 15 controls the liquid crystal display panel 2 in accor-
dance with the pieces of image data which are sent from the
compensating circuits 14a through 14d, so that the liquid
crystal display panel 2 displays an image corresponding to the
pieces of image data. Not that, in the present embodiment, the
liquid crystal driving circuit 15 is described as a single block.
However, the liquid crystal driving circuit 15 is not limited to
this but can be made up of a plurality of blocks. For example,
it is possible to (1) provide liquid crystal driving circuits 15a
through 154 so as to correspond to the respective compensat-
ing circuits 14a through 144, and (ii) cause the liquid crystal
driving circuits 15a through 154 to drive respective divided
areas in the liquid crystal display panel 2. In a case where a
single liquid crystal driving circuit 15 drives the whole liquid
crystal display panel 2, driving timing of each of the areas can
be easily driven at an identical timing. This provides an
advantageous effect of easily controlling the areas. However,
a circuit size (IC size) becomes large because the number of
input-output pins is increased. In a case where a plurality of
liquid crystal driving circuits 15 are provided for the respec-
tivedivided areas, a chip size can bereduced (in particular, the
present embodiment is economical because each of the
divided areas 1s of 2K 1K class, and accordingly a 2K control
chip used in a conventional display device of 2K 1K class can
be used). However, it is necessary to provide an adjustment
circuit for maintaining synchronism among the liquid crystal
driving circuits.

In a case where an aspect ratio of image data supplied via
the switch SW1 is different from a ratio of the vertical and
horizontal numbers of LEDs arranged in the backlight unit 3,
the display map generating circuit (display map generating
section) 16 adjusts an image size of the image data so that
both the ratios become similar to each other. That is, the
display map generating circuit 16 (i) specifies a position
where an image corresponding to the image data supplied via
the switch SW1 is to be displayed in an area corresponding to
each of the LEDs of the backlight unit 3, (ii) mapping, in
accordance with the specification result, the image data sup-
plied via the switch SW1 on image data having a resolution
which is an integral multiple of a resolution corresponding to
an arrangement of LEDs provided in the backlight unit 3, and
thereby (iii) generates mapping image data. Note that in a
case where an aspectratio of an image supplied via the switch
SW1 is different from a ratio of the vertical and horizontal
numbers of arranged LEDs, it is possible to add dummy
image data to the image data as appropriate so that both the
ratios become identical or similar to each other. In this case,
the dummy image data can be made by copying data of pixels
which are adjacent to the dummy image data as shown in FIG.
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5 or can be made with the use of an average value of a block
made up of a plurality of pixels including the adjacent pixels.

The LED resolution signal generating circuit (LED lumi-
nance setting section) 17 generates a luminance signal corre-
sponding to an LED resolution (in this embodiment, 8x4)
based on mapping image data supplied from the display map
generating circuit 16, and supplies the luminance signalto the
luminance distribution data generating circuit 18 and the
LED driving circuit 19.

Specifically, the LED resolution signal generating circuit
17 divides pixels of mapping image data (2048x1080 dots)
supplied from the display map generating circuit 16 into a
plurality of blocks (8x4 blocks) corresponding to the LEDs
provided in the backlight unit 3 (see (a) of FIG. 6). Accord-
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ingly, each of the plurality of blocks is to include data of 15

256x270 pixels of the mapping image data. With respect to
blocks corresponding to an image display area, respective
luminance signals are set based on a maximum gradation
value of the pixels included in each of the blocks. That is, with
respect to the blocks a2 through a7, b2 through b7, ¢2 through
¢7, and d2 through d7, which correspond to the image display
area, in the blocks shown in (a) of FIG. 6, a maximum lumi-
nance value of each of the blocks is assumed as a reference
luminance value, and a luminance signal corresponding to
each of the blocks is set based on the corresponding reference
luminance value.

In a case where, for example, an aspect ratio of inputted
image data is different from an aspect ratio of the liquid
crystal display panel 2, an area (image non-display area)
occurs in which no image data is present in the liquid crystal
display panel 2. With respect to each of blocks of the area
(image non-display area), the LED resolution signal generat-
ing circuit 17 generates a luminance signal based on (i) an
average luminance level (APL) of a block in an image display
area which block is adjacent to the block in the image non-
display area or (ii) on an average luminance level (APL) ofa
part of a block in an image display area which block is
adjacent to the block in the image non-display area.

In the present embodiment, as shown in (b) of FIG. 6, each
of the blocks of the image display area adjacent to the image
non-display area is further divided into small blocks (accord-
ingly, each of the small blocks is to include data of 85x90
pixels or 86x90 pixels in the mapping image data). Then, an
average luminance level (APL) is calculated for each of small
blocks (e.g., small blocks A3, A6, and A9 in the block a7)
adjacent to a block of the image non-display area. With
respect to each of the blocks al, b1, ¢1, d1, a8, b8, ¢8, and d8
which corresponds to the image non-display area, a lumi-
nance signal is set based on a reference luminance value
which is (i) a maximum value among average luminance
levels of small blocks of blocks corresponding to the image
display area which small blocks are adjacent to the corre-
sponding blocks al, b1, c1, d1, a8, b8, c8, or d8, or (ii) an
average value of the average luminance levels of the small
blocks. Accordingly, in the example of (&) of FIG. 6, a lumi-
nance signal corresponding to the block a8 is set based on a
maximum value or an average value of average luminance
levels of the small blocks A3, A6, and A9; and a luminance
signal corresponding to the block b8 is set based on a maxi-
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the small blocks B3, B6, and BY. Luminance signals corre-
sponding to the respective blocks al, b1, c1,dl1, c8, and d8 are
set similarly.

Note that, in a case where a block a9 (not illustrated) in the
image non-display area is further provided in an opposite side
of the block a7 in the image display area with respect to the
block a8 in the image non-display area, a luminance signal
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corresponding to the block a9 can be set in a similar way to the
luminance signal corresponding to the block a8. Alterna-
tively, the luminance signal corresponding to the block a9 can
be set based on a value obtained by multiplying a coefficient
corresponding to a distance from the image display area by an
average value or a maximum value of the average luminance
levels of the small blocks A3, A6, and A9. In this case, the
coefficient can be set as appropriate in accordance with a
luminance distribution characteristic of light emitted from
each of the LEDs so that the LEDs disposed on the back of the
image non-display area do not adversely affect image quality
in the image display area.

Luminance distributions of the plurality of LEDs provided
in the backlight unit 3 spread, and accordingly a luminance
distribution in the liquid crystal display panel includes the
luminance distributions, which overlap each other, of the
plurality of LEDs.

FIG. 7 is a graph illustrating a luminance distribution
caused by light emitted from the backlight in the blocks bl
through b7 in the liquid crystal display panel in a case where
only an LED disposed just beneath the block b4 shown in (a)
of FIG. 6 is turned on and the other LEDs are turned off. Note
that, in the case of FIG. 7, each of the blocks is divided into
small blocks of 3x3, and FIG. 7 illustrates luminances of
respective small blocks which are aligned in a horizontal
direction.

As shown in FIG. 7, a luminance of a small block disposed
in the center of the block b4 is the highest (bright), and the
luminance becomes lower (dark) as a distance from the center
increases.

FIG. 8 is a graph illustrating a luminance distribution
caused by light emitted from the backlight in the blocks bl
through b7 in the liquid crystal display panel in a case where
only LEDs disposed just beneath the blocks bl through b7
shown in () of FIG. 6 are turned on and the other LEDs are
turned off. Note that, in the case of FIG. 8, each of the blocks
is divided into small blocks of 3x3, and FIG. 8 illustrates
luminances of respective small blocks which are aligned in a
horizontal direction.

As shown in FIG. 8. the blocks b3 through b5 show sub-
stantially the same luminances. On the other hand, the blocks
b1, b2, b6, and b7 show luminances lower than those shown
in the blocks b3 through b5. Moreover, the blocks b3 through
b5 show luminances which are far higher than luminances
which are shown in the case where only an LED which is
disposed just beneath the block b4 is turned on.

As described above, a luminance distribution in a liquid
crystal display panel is obtained from luminance distribu-
tions, which overlap each other, of a plurality of LEDs.

In the present embodiment, a maximum value of a lumi-
nance signal corresponding to each of the blocks is set as a
value corresponding to a luminance caused by light emitted
from the backlight unit 3 in the corresponding block of the
liquid crystal display panel, which luminance is obtained
when all LEDs which are disposed just beneath blocks 0f 3x3
centered on the corresponding block emit light at 100%.
However, the present embodiment is not limited to this. For
example, in a case where a brighter display is demanded to be
carried out by emphasizing a dynamic range, the maximum
value of the luminance signal corresponding to each of the
blocks can be set higher than the above described case. In a
case where the liquid crystal display panel originally has
excellent expression property of a dark image or the number
oftones is drastically large and compression is not noticeable,
the maximum value can be set lower than the above described
case.
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The luminance caused by light emitted from the backlight
in each of the blocks of the liquid crystal display panel is
affected by surrounding blocks. Accordingly, it sometimes
occurs that sufficient sharpness cannot be obtained by only
varying light-emitting luminances of LEDs disposed just
beneath blocks adjacent to each other, and thereby a neces-
sary luminance cannot be secured. In view of this, it is pref-
erable to pass the luminance signals through a low-pass filter,
etc. so that the luminance signals do not drastically change in
the respective blocks. Moreover, in properly obtaining a lumi-
nance inone of the blocks by an operation in consideration of
effects by LEDs disposed just beneath blocks surrounding the
one of the blocks, the operation sometimes becomes compli-
cate, or sometimes the operation cannot be necessarily carried
out properly. In view of this, it is possible to use values of the
luminance signals for the respective blocks which values are
set with the use of a table prepared in advance. The table
stores combinations of (i) combinations of the reference
luminance values determined for the respective blocks and
(ii) values of luminance signals set for the respective blocks
which values correspond to the respective combinations of
the reference luminance values. Moreover, it is further pos-
sible to carry out a smoothing process, by a low-pass filter, on
the values of the luminance signals set for the respective
blocks with the use of the table.

In the present embodiment, a white backlight is used and a
luminance of the white backlight is controlled with the use of
luminance information obtained from image data. However,
the present embodiment is not limited to this. For example, it
is possible to provide backlights of respective RGB colors
and control luminances of the respective RGB colors sepa-
rately. In that case, contrast can be improved and contrast
between colors in one area can also be increased. This makes
it possible to produce vivid video with high color purity.
Moreover, when a luminescence spectrum of the backlight
and an absorption spectrum of a color filter are matched,
independence between colors can be increased.

In the descriptions above, each of the blocks is divided into
9 small blocks arranged in a matrix of 3x3. However, the
present embodiment is not limited to this. As the division
number is increased, discontinuity of luminance caused by
the backlight becomes less likely to occur. On the other hand,
when the division numberis increased too much, a problem of
increase of a circuit size occurs. Therefore, the division num-
ber can be set as appropriate in consideration of these char-
acteristics.

Note that, the division number is greatly affected by a
fineness of video to be displayed, an SN ratio, and the like.
Accordingly, it is preferable to set the division number as
appropriate in accordance with a type of inputted video, an
SN ratio, and the like. For example, ina case where HD video
(video of approximately 1440x1080 dots) was magnified and
displayed on a liquid crystal display panel of a 4Kx2K class,
no visible defect occurred when each of blocks, which has
128x128 pixels, was divided into 8x8=64 small blocks.
Moreover, in a case where DVD video (video of approxi-
mately 720x480 dots) was magnified and reproduced, no
particular defect occurred when the video was divided into
approximately 4x4. Note that, in a case of pure 4K video
(which is originally generated as video data of 4K2K class), it
is preferable to divide the pure 4K video into 16x16 or more
in order to display an image with higher quality.

In the present embodiment, for convenience of explana-
tion, the LED resolution (the number of arranged LEDs) is
8x4. However, the LED resolution is not limited to this. In
order to improve video quality, it is preferable to increase the
LED resolution. Specifically, it is preferable to set the LED
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resolution to approximately 16x8 to 64x32 so that a block
corresponding to a single LED corresponds to pixels of
approximately 64x64 dots to 256x256 dots in image data of
4K2K class. When the LED resolution is set to 16x8 or more,
it is possible to prevent a user from visually recognizing a
difference of luminances between the blocks and allow the
user to watch sharp vide. Moreover, it is preferable that the
LEDresolution is setto 64x32 orless because, in a case where
the LED resolution is too high, problems such as increase of
a circuit size and enlargement of a power supply circuit for
LED occur. A shape of a block corresponding to each of the
LED:s is not limited to a square but can be set as appropriate
in accordance with the number and arrangements of mem-
bers.

The luminance distribution data generating circuit (lumi-
nancedistribution data generating section) 18 generates lumi-
nance data (luminance distribution data) of pixels which
luminance data is obtained from luminance distributions,
which (i) are caused by lights emitted from the respective
LEDs in a case where the LEDs are driven in accordance with
the respective luminance signals corresponding to the LED
resolution generated by the LED resolution signal generating
circuit 17 and (ii) overlap each other, in the liquid crystal
display panel 2. Then, the luminance distribution data gener-
ating circuit 18 divides the generated luminance distribution
data into pieces of luminance distribution data for respective
display areas in the liquid crystal display panel 2, and sends
the pieces of luminance distribution data to the respective
compensating circuits 14a through 144.

Each of the LEDs is a point light source. Light emitted
from each of the LEDs is diffused while traveling to the liquid
crystal display panel 2, and accordingly each of luminance
distributions in the liquid crystal display panel 2 shows a
mountain shape whose peak corresponds to a position just
above the corresponding LED. That is, in the liquid crystal
display panel 2, a luminance at a position just above the
corresponding LED is high and the luminance becomes lower
as a distance from the position increases. With the configu-
ration, the luminance distribution data generating circuit 18
generates luminance distribution data by calculating a lumi-
nance distribution in the liquid crystal display panel 2 caused
by the whole backlight unit 3 (all the LEDs provided in the
backlight unit 3) with the use of the luminance distributions
which is caused in the liquid crystal display panel 2 by the
respective LEDs and overlap each other. (a) of FIG. 9 illus-
trates an example of image data to be displayed on the liquid
crystal display panel 2. () of FIG. 9 illustrates an example of
luminance distribution data corresponding to the image data.

The LED driving circuit (LED driving section) 19 controls
luminances of the respective LEDs based on the luminance
signals corresponding to the LED resolution generated by the
LED resolution signal generating circuit 17. That is, the LED
driving circuit 19 controls light-emitting luminances of the
respective LEDs so that each of the light-emitting luminances
corresponds to a luminance in dots, which correspond to each
of the LEDs, in the luminance signal.

(1-2. Process in Control Device 1)

The following describes a process flow in the control
device 1. First, the following describes a case where four
pieces of image data P1, P2, P3, and P4 are supplied to the
control device 1. The four pieces of image data P1, P2, P3, and
P4 (i) are prepared by dividing image data of 3840x2160 dots
into four pieces so that each of the four pieces of image data
P1, P2, P3, and P4 has an image size of 1920x1080 dots, and
(i1) correspond to respective four areas of upper left, lower
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left, upper right, and lower right. FIG. 10 is an explanatory
view schematically illustrating a process in the control device
1 in this case.

The preprocessing circuit 10 (i) generates pieces of image
data Q1, Q2, Q3, and Q4 by expanding the respective pieces
of image data P1, P2, P3, and P4 to 2040x1080 dots, and (ii)
sends the pieces of image data Q1, Q2, Q3, and Q4 to the
down-converter 13 and the dividing circuit 11a. The dividing
circuit 11a sends the pieces of image data Q1, Q2, Q3, and Q4
to the compensating circuits 14a through 144 via the switches
SW2a through SW24, respectively. At this point, the prepro-
cessing circuit 10 carries out the expansion by (i) right-align-
ing the pieces of image data in upper left and lower left, (ii)
adding dummy image data (e.g., black pixels) to the left sides
of the pieces of image data in upper left and lower left, (iii)
left-aligning the pieces of image data in upper right and lower
right, and (iv) adding dummy image data (e.g., black pixels)
to the right sides of the pieces of image data in upper right and
lower right. Note that, in a case where a longitudinal size of
inputted image data is different from that of the liquid crystal
display panel, the expansion can be carried out by (i) bottom-
aligning the pieces of image data in upper left and upper right,
(ii) adding dummy image data to the upper sides of the pieces
of image data in upper left and upper right, (iii) top-aligning
the pieces of image data in lower left and lower right, and (iv)
adding dummy image data to the lower sides of the pieces of
image data in lower left and lower right.

The down-converter 13 generates image data R1 of 1920x
1080 dots by down-converting image data of 4096x2160 dots
obtained by combining the pieces of image data Q1, Q2, Q3,
and Q4, and sends the image data R1 to the display map
generating circuit 16 via the switch SW1.

The display map generating circuit 16 carries out a map-
ping process for conforming an aspect ratio of the inputted
image data to an aspect ratio of the backlight unit 3, and
thereby generates mapping image data R2. In this case, for
areas in which no image data is present, image data of the
peripheral pixels can be copied, or an average value of image
data of a plurality of pixels including the peripheral pixels can
be used.

Then, the LED resolution signal generating circuit 17 gen-
erates a luminance signal S1 corresponding to an LED reso-
lution based on the mapping image data generated by the
display map generating circuit 16, and sends the luminance
signal S1 thus generated to the luminance distribution data
generating circuit 18 and the LED driving circuit 19. The
luminance signal S1 are generated with the method described
above.

The luminance distribution data generating circuit 18 (i)
calculates a luminance distribution (luminance of the pixels)
T in the liquid crystal display panel 2 caused by light emitted
from the LEDs which are driven based on the luminance
signal S1 corresponding to the LED resolution sent from the
LED resolution signal generating circuit 17, (ii) divides the
calculated luminance distribution T for each of display areas
in the liquid crystal display panel 2 and thereby generates
luminance distribution signals T1 through T4 for the respec-
tive areas, and (iii) sends the luminance distribution signals
T1 through T4 to the respective compensating circuits 14a
through 14d4.

The compensating circuits 14a through 14d respectively
compensate gradation levels of the pieces of image data Q1
through Q4 according to the luminance distribution signals
T1 through T4 sent from the luminance distribution data
generating circuit 18, and send pieces of image data Ul
through U4, which have been prepared by the compensation,
to the liquid crystal driving circuit 15.
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The liquid crystal driving circuit 15 causes the display
areas of the liquid crystal display panel 2 to display images
respectively according to the pieces of image data U1 through
U4 sent from the compensating circuits 14a through 144.
Moreover, in sync with this, the LED driving circuit 19 con-
trols light-emitting states of the respective LEDs in response
to the luminance signals sent from the LED resolution signal
generating circuit 17.

The following describes a case where image data P1 of
1920%1080 dots is supplied to the control device 1.

In this case, the preprocessing circuit 10 adds dummy
image data (e.g., black pixels) to the image data P1 of 1920x
1080 dots so as to expand the image data P1 to image data
PX1 of 2048x1080 dots which is the same aspect ratio as that
of the liquid crystal display panel 2. At this point, the prepro-
cessing circuit 10 adds dummy image data to peripheral parts
of the image data P1 so that an image corresponding to the
image data P1 is ultimately displayed in substantially the
center of the display area of the liquid crystal display panel 2.
The image data PX1 generated by the preprocessing circuit
10 is sent to the dividing circuit 115 and the display map
generating circuit 16.

The display map generating circuit 16 carries out a map-
ping process for conforming an aspect ratio of the inputted
image data to an aspect ratio of the backlight unit 3, and
thereby generates mapping image data R2. In this case, for
areas in which no image data is present, image data of the
peripheral pixels can be copied, or an average value of image
data of a plurality of pixels including the peripheral pixels can
be used.

Then, the LED resolution signal generating circuit 17 gen-
erates a luminance signal S1 corresponding to an LED reso-
lution based on the mapping image data generated by the
display map generating circuit 16, and send the luminance
signal S1 thus generated to the luminance distribution data
generating circuit 18 and the LED driving circuit 19. The
luminance signal S1 are generated by the method described
above.

The luminance distribution data generating circuit 18 (i)
calculates a luminance distribution (luminance of the pixels)
T in the liquid crystal display panel 2 by the LEDs which are
driven based on the luminance signal S1 corresponding to the
LED resolution sent from the LED resolution signal generat-
ing circuit 17, (ii) divides the calculated luminance distribu-
tion T for each of display areas in the liquid crystal display
panel 2, and (iii) sends respective luminance distribution sig-
nals T1 through T4 for the areas to the compensating circuits
14a through 14d.

On the other hand, the dividing circuit 11 divides the
image data P1 supplied from the preprocessing circuit 10 into
pieces of image data QX1 through QX4 respectively corre-
sponding to four areas of upper left, lower left, upper right,
and lower right, and sends the pieces of image data QX1
through QX4 to the respective upscaling circuits 12a through
12d. The upscaling circuits 12a through 12d respectively
up-convert the pieces of image data QX1 through QX4 to
pieces of image data each of which has an image size of
2048x1080 dots, and send the pieces of image data, which
have been up-converted, to the compensating circuits 14a
through 14d. Note that details of the dividing process in the
dividing circuit 115 and the upscaling process in the upscal-
ing circuits 12a through 12d are described later.

The compensating circuits 14a through 144 respectively
compensate gradation levels of the pieces of image data Q1
through Q4 in accordance with the luminance distribution
signals T1 through T4 supplied from the luminance distribu-
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tion data generating circuit 18, and send pieces of image data
U1 through U4, which have been compensated, to the liquid
crystal driving circuit 15.

The liquid crystal driving circuit 15 causes the display
areas in the display liquid crystal display panel 2 to display
respective images corresponding to the pieces of image data
U1 through U4 supplied from the compensating circuits 14a
through 14d. Moreover, in sync with this, the LED driving
circuit 19 controls light-emitting states of the respective
LEDs inresponse to the luminance signals sent from the LED
resolution signal generating circuit 17.

Note that, in the present embodiment, the compensating
circuit is divided into four compensating circuits 14a through
144. However, the present embodiment is not limited to this.
For example, the compensating circuit can be made up of a
single circuit in a case where memory capacity and a process-
ing speed canbe secured sufficiently. In this case, itis possible
that the luminance distribution data generating circuit 18
sends a luminance distribution T which corresponds to the
whole area of the liquid crystal display panel 2 to the com-
pensating circuit, and the compensating circuit compensates
gradation values of the pieces of image data Q1 through Q4
based on the luminance distribution T and sends pieces of
image data U1 through U4, which have been compensated, to
the liquid crystal driving circuit 15.

The backlight unit 3 can be a backlight unit which has
colors of R, G, and B whose luminances can be controlled
separately. Alternatively, the backlight unit 3 can be a white
LED or a CCFL with which luminance control for different
colors cannot be carried out. In a case where the luminance
control for different colors cannot be carried out, it is possible
that, in order to reduce a circuit size, the display map gener-
ating circuit 16 converts inputted image data for an RGB color
space into image data for a YUV color space, and the lumi-
nance distribution data generating circuit 18 converts the data
for the YUV color space into data for an RGB color space and
sends the data for the RGB color space to the compensating
circuits 14a through 144.

(1-3. Processes in Dividing Circuit 115 and Upscaling
Circuits 12a Through 124)

The following describes a method for dividing image data
in the dividing circuit 115 and an upscaling process in each of
the upscaling circuits 12a through 124d.

FIG. 11 is an explanatory view schematically illustrating
processes carried out in the dividing circuit 116 and the
upscaling circuits 12a through 124. As shown in FIG. 11,
when 2K 1K image data is supplied, as inputted image (origi-
nal image) data, to the dividing circuit 115, the dividing
circuit 115 divides the inputted image data into four pieces of
divided image data of (1K+a)x(0.5K+ct). Note that each of
dashed parts (corresponding to parts ¢) shown in FIG. 11
represents a part which overlaps the adjacent one of the
divided image data.

The upscaling circuits 12a through 124 carry out interpo-
lation processes (upscaling processes) on the respective
pieces of the divided image data divided as described above,
and accordingly 2K1K interpolated image data (upscaled
image data) is produced. Note that each of the upscaling
circuits 12a through 12d carries out the interpolation pro-
cesses concurrently with the other of the upscaling circuits
12a through 124.

Then, the compensating circuits 14a through 144 carry out
the above described compensating processes on the respec-
tive pieces of the interpolated image data which are interpo-
lated by the upscaling circuits 12a through 124, and the liquid
crystal driving circuit 15 (i) generates divided video signals
corresponding to the respective pieces of the interpolated and

20

25

40

45

50

60

65

20

compensated image data and (ii) causes the liquid crystal
display panel 2 to display, in the divided areas, images cor-
responding to the divided video signals.

FIG. 12 is a block diagram schematically illustrating a
structure of each of the upscaling circuits 12a through 124. As
shown in FIG. 12, each of the upscaling circuits 12a through
12d includes an edge detection circuit 21 and an interpolation
circuit 22. The edge detection circuit 21 detects a position and
a direction of an edge contained in divided image data. The
interpolation circuit 22 carries out interpolation processes
with the use of respective different interpolation methods on
an edge part and a non-edge part. Specifically, the interpola-
tion circuit 22 interpolates the edge part with the use of an
average value of values of pixels which are adjacent to each
other in the edge direction. On the other hand, the interpola-
tion circuit 22 interpolates the non-edge part with the use of a
weighted average value of values of pixels adjacent to each
other at all azimuths.

FIG. 13 is a block diagram schematically illustrating a
configuration of the edge detection circuit 21. As shown in
FIG. 13, the edge detection circuit 21 includes a difference
circuit 31, a filter rotation circuit 32, a direction setting circuit
33, an averaging circuit 34, a correlation operation circuit 35,
and an edge-distinguishing circuit 36.

The difference circuit 31 (i) calculates difference image
data by carrying out a difference operation, with the use of a
difference filter, on received image data and (ii) sends the
calculated difference image data to the averaging circuit 34
and the correlation operation circuit 35.

For example, as shown in FIG. 14, a difference filter made
up of 3x3 dots to each of which a filter coefficient is assigned
is applied to a block made up of 5x5 dots centered on a target
pixel in inputted image data, whereby a difference operation
result of 3x3 dots centered on the target pixel is obtained. In
this case, the difference operation is represented as:

bkl =

3 [Formula 1]
d(i+k-1(j+!-1)-aij
=

3
-1 f

where dij is a pixel value of each dot in the inputted image
data (i and j are independently an integer between 1 through
3), aij is the difference filter, bkl is a pixel value of each dot in
the difference operation result (k and I are independently an
integer between 1 through 3).

Note that, according to the present embodiment, the differ-
ence filter ajj is a filter of 1:2:1 as represented by a formula

below:
-1 01
aij:[—Z 0 2]
-1 01

Note that the difference filter aij is not limited to this but
can be a difference filter which is capable of extracting an
edge of an article pictured in an image by an operation with
the use of differentiation or difference of gradation values in
vicinity to a target pixel. For example, such a difference filter
can be a filter 0f 3:2:3, 1:1:1, or 1:6:1, as represented below:

[Formula 2]



US 8,917,293 B2

-3 03 [Formula 3]
aij={-2 0 2

-3 03

-1 01
aij=[-1 01

-1 01

-1 01
aij=| -6 0 6

-1 01

In acase where a difference filter is represented as a:b:a, the
larger aweight of b becomes, the more accurately a vicinity of
a target pixel can be evaluated but the more easily the differ-
ence filter gets affected by noise. The smaller a weight of b
becomes, the more comprehensively a vicinity of the target
pixel can be judged but the more easily small change is
missed. Therefore, a filter coefficient of the difference filter
can be selected appropriately in accordance with a target
image characteristic. For example, in a case of contents such
as a photograph which is substantially precise and hardly
includes a blur, a characteristic of the contents can be seen
more easily as the weight of b becomes larger. In a case of
contents such as a video of quick movements, in particular, a
dark video which easily includes a blur or noise, it is possible
to prevent misjudge by relatively reducing the weight of b.
According to the present embodiment, the difference filter is
made up of 3x3 dots. However, the present invention is not
limited to this. For example, a difference filter of 5x5 dots or
7x7 dots can be used.

The filter rotation circuit 32 carries out a rotation process
on the difference filter used in the difference circuit 31. The
direction setting circuit 33 controls rotation of the difference
filter by the filter rotation circuit 32 and sends, to the edge-
distinguishing circuit 36, a signal indicative of an application
state of the difference filter.

According to the present embodiment, inputted image data
is subjected to a difference operation with the use of the
difference filter aij so that edge detection process is carried
out in a horizontal direction. Then, the inputted image data is
subjected to a difference operation again, with the use of a
filter which is obtained by rotating the difference filter aij by
90 degrees, so that an edge in a vertical direction is detected.
Note that edge detection processes can be concurrently car-
ried out in the horizontal and vertical directions. This can be
carried out by providing two sets of the difference circuit 31,
the filter rotation circuit 32, the direction setting circuit 33, the
averaging circuit 34, the correlation operation circuit 35, and
the edge-distinguishing circuit 36.

FIG. 15 is a chart illustrating an image (image A) of a clear
edgein the vertical direction, an image (image B) of a thin line
extending in the vertical direction, an image (image C) of
irregular lines, and results of difference operations in the
horizontal direction and the vertical direction carried out,
with the use of a difference filter of 1:2:1, on the images.

As shown in FIG. 15, each of the images A through C has
an identical pattern of 3x3 dots centered on a target pixel
(center pixel) ininputted image data. Regarding the images A
through C, each result (center value) obtained by carrying out
horizontal difference operations on the respective target pix-
els is 4. However, each ratio between (i) an average value in
the block of 3x3 dots centered on the target pixel and (ii) the
center value obtained by the horizontal difference operation
is: 0.67 in the picture A; 0.33 in the picture B; and 0.22 in the
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picture C. This indicates that the value becomes larger as the
image includes a clearer edge (or a clearer image similar to an
edge). That is, the image B of thin line may be either an edge
or a pattern (texture), and accordingly the average value (in-
dicative of likeness to an edge) of the image B becomes
approximately half of that of the image A. Moreover, it is
impossible to judge whether the image C of irregular lines is
areal edge or noise, and accordingly the average value of the
image C becomes approximately % of that of the image A.

Note that, in a case where the difference image data is a
block of 5x5 dots or a block of 7x7 dots, differences among
average values of the images A through C in the inputted
image data are smaller than those of the block of 3x3 dots.
Accordingly, it is necessary to carry out detailed conditional
judgment in a case where edge detection is carried out with
the use of the average values of the difference image data of
the block of 5x5 dots or the block of 7x7 dots. Therefore, it is
preferable to use the difference image data of 3x3 dots in the
edge detection process. Note that the difference image data of
33 dots can be obtained by referring to the block of 5x5 dots
in the inputted image data.

In a case where a circuit size can be enlarged, in addition to
the edge detection with the use of the difference image data of
3x%3 dots, edge detection process can be carried out with the
used of the difference image data of 5x5 dots and/or 7x7 dots.
Results of the process can be stored in a database which can
be exceptionally used in a case of a detection failure in the
edge detection with the use of the difference image data of
3x3 dots. This makes it possible to carry out more accurate
edge detection. For example, even an edge which is mixed in
a highly-repetitive texture pattern can be appropriately
detected.

FIG. 16 is a chart illustrating an image (image D) of a clear
edge in an oblique direction, an image (image E) of a thin line
extending in an oblique direction, an image (image F) of
irregular lines, and results of difference operations in the
horizontal direction and the vertical direction carried out,
with the use of a difference filter of 1:2:1, on the images D
through F.

According to the results of horizontal and vertical differ-
ence operations carried out on the images D and E, each ratio
between (i) an average value in the block of 3x3 dots centered
on the target pixel and (ii) the center value is 0.67 in the
picture D and 0.33 in the picture E. This indicates, as with the
results of horizontal difference operation on the images A and
B, that the value of the ratio becomes larger as the image
expresses clearer edge (or clearer image similar to an edge).
According to the image F, the ration between (i) an average
value in the block of 3x3 dots and (ii) the center value is 0.06.
With the ratio, it is difficult to judge the image F as an edge.

FIG. 17 1s a chart illustrating an image (image G) of an edge
with inclination of %2, an image (image H) of an edge with
inclination of 1, an image (image I) of an edge with inclina-
tion of 2, and results of difference operations in the horizontal
direction and the vertical direction carried out, with the use of
adifference filter of 1:2:1, on the images G through I. Each of
the images G through I shown in FIG. 17 represents an edge
part. According to the results of horizontal and vertical dif-
ference operations carried out on the images G through I, each
ratio between (i) an average value in the block of 3x3 dots
centered on the target pixel and (ii) the center value is rather
high.

Moreover, respective ratios between (i) the respective cen-
ter values obtained by the horizontal difference operations
carried out on the images G through I and (ii) the respective
center values obtained by the vertical difference operations
carried out on the images G through I are 2/4 in the image G,
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3/3 inthe image H, and 4/2 in the image 1. These ratios accord
with the respective inclinations of the edge in images G
through I. According to the present embodiment, in a case
where the edge-distinguishing circuit 36 (which is described
later) judges that the target pixel is an edge part, the edge-
distinguishing circuit 36 calculates, in accordance with the
feature described above, an inclination of the edge based on
the ratio between the center values (target pixel values)
obtained by the horizontal and vertical difference operations.
Note that, according to a horizontal or vertical edge, the
center value obtained by the horizontal operation or the ver-
tical operation becomes 0. This makes it possible to easily
judge an edge direction.

The averaging circuit 34 produces, based on the difference
image data bij supplied from the difference circuit 31, aver-
aged image data in which a value obtained by averaging pixel
values of a target pixel and the peripheral pixels is defined as
a pixel value of the target pixel.

Note that the averaging process can be carried out by a filter
process with the use of a low-pass filter (LPF) of 2x2 dots as
shown in FIG. 18 for example. According to the example
shown in FIG. 18, a low-pass filter made up of 2x2 dots to
each of which a filter coefficient is assigned is applied to a
block made up of 3x3 dots in the difference image data sent
from the difference circuit 31, whereby an averaging process
result of 2x2 dots is obtained. In this case, the averaging
operation is represented as:

2 [Formula 4]

bil :Zidij-aij

i1 j=1

2
Zdi(j+1)-aij

where bij is a pixel value of each dot in the difference image
data (i and j are independently an integer between 1 to 3), cij
is the low-pass filter, and b'ij is a pixel value of each dot in the
averaged image data.

Moreover, the averaging circuit 34 calculates b13, b23,
b31, b32, and b33 by carrying out similar operations on each
of the dots, one by one, in the block of the 3x3 dots in the
difference image data. That is, the averaging circuit 34 cal-
culates averaged image data for a total of 9 pixels including a
target pixel and the surrounding 8 pixels. Then, the averaging
circuit 34 sends the averaged image data of the 9 pixels to the
correlation operation circuit 35.

The correlation operation circuit 35 calculates a value
indicative of a correlation between the difference image data
sent from the difference circuit 31 and the averaged image
data sent from the averaging circuit 34. Specifically, the cor-
relation operation circuit 35 calculates (i) an average value A
of the difference image data, sent from the difference circuit
31, of 9 pixels centered on a target pixel and (ii) an average
value B of the averaged image data, sent from the averaging
circuit 34, of the 9 pixels centered on the target pixel. Then,
the correlation operation circuit 35 carries out, based on the
average values A and B, calculation processes on the target
pixel for obtaining correlation values R=B/A in the horizontal
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and vertical directions. Subsequently, a larger one of the
correlation value R calculated in the horizontal and the cor-
relation value R calculated in the vertical directions is
selected and sent to the edge-distinguishing circuit 36.

The edge-distinguishing circuit 36 compares the correla-
tion value R of the target pixel sent from the correlation
operation circuit 35 with a predetermined threshold value Th
so as to judge whether or not the target pixel is an edge pixel.
Note that the threshold value Th may be predetermined by
carrying out an experiment in which (i) correlation values R
of pixels are calculated based on a large number of sample
images and (ii) a correlation value R calculated for a pixel in
an edge part is compared to a correlation value R calculated
for a pixel in a non-edge part.

FIG. 19 is an explanatory view illustrating an overview of
an edge detection process carried out by the edge-distinguish-
ing circuit 36. As shown in FIG. 19, in a case where inputted
image data includes both an edge part and noise, difference
image data is affected by the edge part and the noise. Accord-
ingly, if edge detection is carried out with the use of only the
difference image data, the noise will affect the edge detection.

That is, in a case where inputted image data contains an
edge which extends in the longitudinal direction, difference
image data which is obtained by carrying out the difference
operation on the inputted image data has a value other than 0.
In a case where no gradation variation exists in the inputted
image data, the value becomes 0. Note however that, ina case
where noise or fine vertical stripes exist, the difference image
data has a value other than 0.

In view of this, the noise can be eliminated out of the
difference image data by carrying out the averaging process
on the difference image data (see FIG. 19).

That is, noise existing in a single dot within a range to be
averaged will be eliminated by the averaging process. More-
over, it is possible to eliminate minute noise, texture, and the
like by enlarging the range to be averaged, like 3x3 dots, 4x4
dots, and 5x5 dots.

On the other hand, the edge part divides relatively large
areas. Accordingly, difference information before the averag-
ing process is easily maintained in an averaged block.

According to the configuration, a correlation between the
difference image data and the averaged image data which is
obtained by averaging the difference image data is checked.
This makes it possible to accurately detect an edge part while
distinguishing noise or a texture from the edge.

That is, in the averaged image data, noise or a texture are
eliminated while the edge part remains after the averaging
process. Accordingly, the correlation value R becomes large
in the edge part whereas the correlation value R becomes
small in the non-edge part. Moreover, the correlation value R
is 1 or a value close to 1 in the edge part whereas the corre-
lation value R in the non-edge part is far smaller than the
correlation value in the edge part. Therefore, it is possible to
highly accurately detect an edge part by (i) checking, by an
experiment, etc. in advance, a range in which the correlation
value drastically changes and (ii) predetermining a threshold
value Th within the range.

The edge-distinguishing circuit 36 (i) detects an edge
direction (a direction in which the edge extends) with the use
of the result of the horizontal difference operation process and
the result of the vertical difference operation process and (ii)
sends the detected result to the interpolation circuit 22.

Specifically, the edge-distinguishing circuit 36 calculates a
ratio a=al/a2, where al is a value of a target pixel in the
horizontal difference operation result and a2 is a value of a
target pixel in the vertical difference operation result. Then,
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with the use of the calculated ratio a, an inclined angle 6 of the
edge is calculated by O=arctan (a).

Note that patterns (types) of inclination which can be
expressed by a block of 3x3 dots are only 5 types (see FIG.
20). Moreover, in some cases, a value of the ratio a changes
dueto an effect of noise contained in the inputted image data.
Accordingly, itis not necessarily required to exactly calculate
the angle 0 of the edge direction. That is, it is sufficient as long
as the angle 6 can be classified into any one of the 5 patterns
shown in FIG. 20 or any one of 9 patterns including the 5
patterns shown in FIG. 20 and intermediate inclinations of the
5 patterns. Therefore, it is not necessarily required to directly
calculate the value of the ratio a in order to (i) simplify an edge
direction detection process and (ii) reduce a circuit size
required for detecting an edge direction. For example, the
inclination of the edge can be classified, by comparing with a
multiplication circuit, into any one of the 5 patterns shown in
FIG. 20 or any one of the 9 patterns including the 5 patterns
shown in FIG. 20 and intermediate inclinations of the 5 pat-
terns.

Alternatively, a filter of 5x5 dots can be used for detecting
an inclination of an edge direction. Patterns of inclination
which can be judged in an area of 5x5 dots are 9 types of
simple patterns or a dozen of types of patterns when interme-
diate inclinations of the 9 types are considered. Therefore,
when the filter of 5x5 dots is used for judging an edge direc-
tion more accurately and an interpolation operation is carried
out in accordance with the inclination patterns judged by the
filter of 5x5 dots, an edge state can be interpolated appropri-
ately within a larger area, as compared with the case where an
inclination is judged by the block of 3x3 dots. However, in a
case where a block of 5x5 dots is used for detecting an edge
direction, an edge whose direction changes in a short cycle
tends to be missed more often than the case where the block
of 3x3 dots is used for detection. Therefore, the blocks for
detecting inclination of an edge direction can be selected
appropriately in accordance with a type or characteristic, etc.
of contents to be displayed.

Based on the result of edge detection carried out by the
edge-distinguishing circuit 36, the interpolation circuit 22
carries out interpolation processes, on the edge part and the
non-edge part, which are suitable for respective characteris-
tics of the edge part and the non-edge part.

Note that, in a case where inputted image data is upscaled
by horizontally and vertically doubling resolution of the
inputted image data, two types of interpolation methods can
be used (see (a) and (b) of FIG. 21).

As shown in (a) of FIG. 21, according to a first method,
pixels (indicated by triangles in the figure) between reference
pixels (indicated by circles in the figure) in the inputted image
data are interpolated while values (luminance) of the refer-
ence pixels remain.

As shown in (b) of FIG. 21, according to a second method,
four pixels (indicated by triangles in the figure) surrounding
each of reference pixels (indicated by circles in the figure) in
the inputted image data are interpolated. According to this
method, pixel values (luminance) of the reference pixels do
not remain after the interpolation process.

In a case where an inputted image expresses an article
having a clear edge and the second method is used for inter-
polation, the edge may be blurred because pixel values of
reference pixels do not remain in the inputted image data. The
first method can be carried out by an operation which is easier
than that of the second method, whereby a circuit size can be
reduced. Therefore, the present embodiment employs the first
method. However, the present invention is not limited to this
but the second method can be used.
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FIG. 22 is an explanatory view illustrating an interpolation
method applied to an edge part, where an edge part having an
inclination of 1 is interpolated for example.

According to the interpolation method shown in FIG. 22,
first, four pixels which surround a pixel to be interpolated are
selected. Note that an interpolation operation can be easily
carried out when four pixels are selected which are positioned
at respective apexes of a parallelogram formed by lines
including lines in parallel with the inclination direction of the
edge.

Specifically, as shown in FIG. 22, pixels B, E, F, and T are
selected as pixels surrounding an interpolation pixel x. More-
over, pixels D, E, H, and T are selected as pixels surrounding
an interpolation pixel y. Note that, for an interpolation pixel z
which exists on a line which connects pixels adjacent to each
other in the edge direction, the pixels (in this case, two pixels)
adjacent to each other in the edge direction are selected as
pixels surrounding the interpolation pixel z. Then, an average
value of the selected surrounding pixels is obtained as a pixel
value of corresponding one of the interpolation pixels. That
is, 7=(E+1)/2, y=(D+E+H+I)/4, and x=(B+E+F+I)/4.

Note that, in a case where inclination of an edge direction
is not 1, an average value can be used which is obtained by
multiplying each pixel value of surrounding four pixels by a
coefficient which is set for each pixel in accordance with a
degree of inclination. For example, in a case where an incli-
nation is 2 in FIG. 22, the pixel values of the interpolation
pixels can be obtained as follows: z=((3xE+F)/4+(H+3x1/4))/
2, y=((3xE+D)/4+(3xH+1)/4)/2, x=(B+1)/2.

The coefficient in accordance with the inclination of the
edge can be set in advance by an approximate calculation, etc.
so as to correspond to, for example, the 5 patterns or the 9
patterns which can be expressed by the block of 3x3 dots.

On the other hand, a part which is judged to be a non-edge
part (e.g., a part expressing gentle gradation variations or a
noise part) is processed by an interpolation method effective
for a texture in which an edge does not stand out. The method
“effective for a texture” means a process which is (i) centered
on maintainability of gradation or hue, and continuity of
gradation variations and (ii) relatively effective against noise.
Such a method can be, for example, conventionally known
various methods such as a bilinear method, a bicubic method,
or alanczos filter method (LANCZOS method). In particular,
the LANCZOS method is known as an excellent and simple
filter which can be used suitably in a case where an enhancing
rate in upscaling is constant (in the present embodiment,
resolution is doubled).

As described above, in the present embodiment, operations
in display areas in the liquid crystal display panel 2 are con-
trolled based on the plural pieces of divided image data which
have been prepared by dividing image data for a single screen
in accordance with the display areas in the liquid crystal
display panel 2, and operations of the LEDs in the backlight
unit 3 are controlled based on image data for a single screen
which is not divided.

With the configuration, LEDs in the border area of the
display areas can be controlled properly. This makes it pos-
sible to prevent decrease of display quality in the border area
of the display areas.

Moreover, according to the liquid crystal display device
100 ofthe present embodiment, in a case where an aspect ratio
of inputted image data is different from an aspect ratio of the
liquid crystal display panel 2 and accordingly image non-
display area occurs in which corresponding inputted image
data is not present in a display screen of the liquid crystal
display panel 2, luminances of LEDs corresponding to the
image non-display area is set based on an average luminance
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(APL) in an edge area of the image display area. This makes
it possible to suppress decrease of image quality in an edge
area of an image, and to display a natural image.

Moreover, according to the liquid crystal display device
100 ofthe present embodiment, in a case where an aspect ratio
of inputted image data is different from an aspect ratio of the
liquid crystal display panel 2 and accordingly image non-
display area occurs in which corresponding inputted image
data is not present in a display screen of the liquid crystal
display panel 2, the display map generating circuit 16 deter-
mines a position in which an image corresponding to the
inputted image data is to be displayed in the display screen
and thereby generates mapping image data (display map
information). Based on the mapping image data, light-emit-
ting luminances of the respective LEDs are set, and the plural
pieces of divided image data are compensated. That is, the
display map generating circuit 16 generates position infor-
mation as display map information in order for the liquid
crystal display panel 2 to display an image corresponding to
inputted image data. The position information as display map
information is generated so that positions of images in the
plural pieces of divided image data and positions of the
images in non-divided image data used for controlling LEDs
are conformed to each other. With the configuration, even in
acasewhere an aspect ratio of inputted image data is different
from an aspect ratio of the liquid crystal display panel 2, an
image corresponding to the inputted image data can be prop-
erly displayed. Moreover, in accordance with a position
where the image is displayed in accordance with the inputted
image data, light-emitting states of the LEDs can be properly
controlled.

Moreover, according to the liquid crystal display device
100 of the present embodiment, a correlation value is calcu-
lated with the use of (i) difference image data which is
obtained by carrying out the difference operation on the
inputted image data and (ii) averaged image data which is
obtained by carrying out the averaging process on the differ-
ence image data, and then an edge part and an edge direction
are detected based on the calculated correlation value. This
makes it possible to highly-accurately detect an edge part in
the inputted image data.

Moreover, according to the present embodiment, it is
judged whether or not a target pixel in inputted image data is
an edge part based on difference image data and averaged
image data which are calculated based on image data of 5x5
dots centered on the target pixel. According to the configura-
tion, when the inputted image data is divided for a plurality of
areas, the inputted image data is simply divided into four
pieces of divided image data, and each one of the four pieces
of divided image data is caused to include image data of 2
nearest lines of dots in each border area of the adjacent ones
of the divided areas, the nearest lines being nearest to that one
of the divided areas. That is, image data of 2 columns in a
border area of the horizontally adjacent divided image data
and image data of 2 rows in a border area of the vertically
adjacent divided image data are added to (overlap) each one
of the four pieces of divided image data. This makes it pos-
sible to highly-accurately detect an edge part contained in
each piece of the divided image data. That s, it is possible to
accurately and separately carry out edge detection and
upscaling on each of the divided areas without considering
interaction with the other divided areas, by causing each of
the divided areas to have a horizontal pixel number of nx/2+2
and a vertical pixel number of ny+2, where nx and ny indicate
the horizontal pixel number and the vertical pixel number,
respectively, in the inputted image data.
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According to the configuration, image data used for an
edge detection process can be reduced. This makes it possible
to reduce a circuit size and processing time. That is, it is not
necessary to check an edge of an article pictured in the whole
image, unlike the conventional technique. Accordingly, it is
not necessary to send, for edge detection, information of the
whole image to each of divided upscaling circuits. Therefore,
it is possible to highly-accurately carry out, in each of the
upscaling circuits, edge detection without considering inter-
action with the other divided areas.

Each of the circuits (each block) included in the control
device 1 can be realized by software with the use of a proces-
sor such as a CPU. That is, the control device 1 can include a
CPU (central processing unit), a ROM (read only memory), a
RAM (random access memory), and a memory device
(memory medium) such as a memory. The CPU executes
instructions in control programs for realizing each function.
The ROM contains the program which is loaded on the RAM,
and the memory device stores the program and various data.
The objective of the present invention can also be achieved,
by providing the control device 1 with a computer-readable
storage medium storing control program codes (executable
program, intermediate code program, or source program) for
the control device 1, serving as software for realizing the
foregoing respective functions, so that the computer (or CPU
or MPU) retrieves and executes the program code stored in
the storage medium.

The storage medium can be, for example, a tape, such as a
magnetic tape or a cassette tape; a disk including (i) a mag-
netic disk such as a Floppy (Registered Trademark) disk or a
hard disk and (i1) an optical disk such as CD-ROM, MO, MD,
DVD, orCD-R;a card such as an IC card (memory card) or an
optical card; or a semiconductor memory such as a mask
ROM, EPROM, EEPROM, or flash ROM.

Alternatively, the control device 1 can be arranged to be
connectable to a communications network so that the pro-
gram codes are delivered over the communications network.
The communications network is not limited to a specific one,
and therefore can be, for example, the Internet, an intranet,
extranet, LAN, ISDN, VAN, CATV communications net-
work, virtual private network, telephone line network, mobile
communications network, or satellite communications net-
work. The transfer medium which constitutes the communi-
cations network is not limited to a specific one, and therefore
can be, for example, wired line such as IEEE 1394, USB,
electric power line, cable TV line, telephone line, or ADSL
line; or wireless such as infrared radiation (IrDA, remote
control), Bluetooth (Registered Trademark), 802.11 wireless,
HDR, mobile telephone network, satellite line, or terrestrial
digital network. Note that, the present invention can be real-
ized by a computer data signal (i) which is realized by elec-
tronic transmission of the program code and (ii) which is
embedded in a carrier wave.

Each of the circuits (each block) included in the control
device 1 can be realized by any of (i) software, (i1) hardware
logic, and (iii) a combination of hardware which carries out
part of a process and an operation means which executes
software for carrying out control of the hardware and the rest
of the process.

The present invention is not limited to the description of the
embodiments above, but can be altered by a skilled person in
the art within the scope of the claims. An embodiment derived
from a proper combination of technical means disclosed in
respective different embodiments is also encompassed in the
technical scope of the present invention.
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INDUSTRIAL APPLICABILITY

The present invention is applicable to (i) a control device
for a liquid crystal display device including a backlight and
(ii) a method for controlling the liquid crystal display device.

The invention claimed is:

1. A control device for controlling operations of a liquid
crystal display device which includes a liquid crystal display
panel and a backlight unit having a plurality of light sources
arranged in a matrix manner in a backside of the liquid crystal
display panel, said control device comprising:

aliquid crystal control section configured to control pixels
of the liquid crystal display panel in accordance with
inputted image data;

a backlight control section configured to control light-
emitting states of respective ones of the plurality of light
sources in accordance with the inputted image data; and

an image size adjusting section configured to generate
size-adjusted image data in a case where an aspect ratio
of the inputted image data is different from an aspect
ratio of the liquid crystal display panel, the image size
adjusting section adding dummy image data to a periph-
ery of (i) image data which is obtained by subjecting the
inputted image data to a predetermined process or (ii)
the inputted image data so as to generate the size-ad-
justed image data, so that an aspect ratio of the size-
adjusted image data corresponds to the aspect ratio of
the liquid crystal display panel,

the backlight control section is configured to

divide the size-adjusted image data into a plurality of
blocks which correspond to respective positions in
which the plurality of light sources are provided, each
block being non-overlapping and at least two of the
plurality of blocks being in a same row and at least two
of the plurality of blocks being in a same column,

determine a light-emitting luminance of each light source
in an image display area among the plurality of light
sources in accordance with a maximum value among
gradation values of pixels included in that one of the
plurality of blocks corresponding to the light source, the
image display area being an area for displaying an image
corresponding to the inputted image data, and

determine a light-emitting luminance of each light source
in animage non-display area among the plurality of light
sources based on (i) an average luminance level of at
most pixels included in a block of an image display area
adjacent to a block corresponding to the light source in
the non-display area, a number of the at most pixels
included in the block of the image display area adjacent
to the block corresponding to the light source in the
non-display area being greater than zero, the image dis-
play area adjacent to the block corresponding to the light
source in the non-display area being at most a portion of
the image display area, the image non-display areabeing
an area in which an image corresponding to the dummy
image data is displayed, or (ii) an average luminance
level of some of a plurality of small blocks which are
adjacent to the block corresponding to the light source in
the image non-display area, the plurality of small blocks
being obtained by further dividing the block of the image
display area adjacent to the block corresponding to the
light source, a number of the some of the plurality of
small blocks which are adjacent to the block correspond-
ing to the light source in the image non-display area
being less than all of the plurality of small blocks, each

5

20

25

30

40

45

55

60

65

30

small block being non-overlapping and corresponding
to an area of at least two pixels in a same column and two
pixels in a same row.

2. The control device as set forth in ¢laim 1, wherein:

for each light source among the plurality of light sources
which is in a block of the image non-display area which
block s not adjacent to a block of the image display area,
the backlight control section is configured to determine
a light-emitting luminance of the light source in accor-
dance with (i) an average luminance level of pixels
included in a block of the image display area which is
nearest to the block corresponding to the light source or
(ii) an average luminance level of some of a plurality of
small blocks which are positioned near the image non-
display area corresponding to the light source, the plu-
rality of small blocks being obtained by further dividing
the block of the image display area which is nearest to
the block corresponding to the light source.

3. The control device as set forth in claim 2, wherein:

in acase where plural blocks of the image non-display area
arealigned in a direction off from the image display area,
the backlight control section is configured to determine
light-emitting luminances of some of the plurality of
light sources corresponding to the plural blocks of the
image non-display area so that the light-emitting lumi-
nances becomes darker as a distance from the image
display area increases.

4. The control device as set forth in claim 1, further com-

prising:

a luminance distribution data generating section config-
ured to generate luminance distribution data indicative
of luminance distribution caused in the liquid crystal
display panel due to light emitted by the plurality of light
sources, the plurality of light sources emitting the light
according to the respective light-emitting luminances
determined by the backlight control section, and

the liquid crystal control section (i) including a compen-
sating section configured to compensate the inputted
image data in accordance with the luminance distribu-
tion data, and (ii) configured to control the pixels of the
liquid crystal display panel in accordance with image
data which has been compensated by the compensating
section.

5. The control device as set forth in claim 1, wherein:

the image size adjusting section is configured to carry out
the addition of the dummy image data so that an image
corresponding to the inputted image data is displayed in
substantially center of the liquid crystal display panel.

6. A liquid crystal display device, comprising:

a liquid crystal display panel;

a backlight unit having a plurality of light sources arranged
in a matrix manner in a backside of the liquid crystal
display panel; and

the control device as set forth in claim 1.

7. A method for controlling operations of a liquid crystal
display device which includes a liquid crystal display panel
and a backlight unit having a plurality of light sources
arranged in a matrix manner in a backside of the liquid crystal
display panel,

said method comprising the steps of:

(a) controlling pixels of the liquid crystal display panel in
accordance with inputted image data;

(b) controlling light-emitting states of respective ones of
the plurality of light sources in accordance with the
inputted image data; and

(c) generating size-adjusted image data in a case where an
aspect ratio of the inputted image data is different from
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an aspect ratio of the liquid crystal display panel, the
size-adjusted image data being generated by adding
dummy image data to a periphery of (i) image data
which is obtained by subjecting the inputted image data
to a predetermined process or (ii) the inputted image
data so that the size-adjusted image data has an aspect
ratio which corresponds to the aspect ratio of the liquid
crystal display panel, the step (b) including:

(d) dividing the size-adjusted image data into a plurality of
blocks which correspond to respective positions in
which the plurality of light sources are provided, each
block being non-overlapping and at least two of the
plurality of blocks being in a same row and at least two
of the plurality of blocks being in a same column;

(e) determining a light-emitting luminance of each light
source in an image display area among the plurality of
light sources in accordance with a maximum value
among gradation values of pixels included in that one of
the plurality of blocks corresponding to the light source,
the image display area being an area for displaying an
image corresponding to the inputted image data; and

(D) determining a light-emitting luminance of each light
source in an image non-display area among the plurality
of light sources based on (i) an average luminance level
of at most pixels included in a block of an image display
area adjacent to a block corresponding to the light source
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in the non-display area, a number of the at most pixels
included in the block of the image display area adjacent
to the block corresponding to the light source in the
non-display area being greater than zero, the image dis-
play area adjacent to the block corresponding to the light
source in the non-display area being at most a portion of
theimage display area, the image non-display areabeing
an area in which an image corresponding to the dummy
image data is displayed, or (ii) an average luminance
level of some of a plurality of small blocks which are
adjacent to the block corresponding to the light source in
the image non-display area, the plurality of small blocks
being obtained by further dividing the block of the image
display area adjacent to the block corresponding to the
light source, a number of the some of the plurality of
small blocks which are adjacent to the block correspond-
ing to the light source in the image non-display area
being less than all of the plurality of small blocks, each
small block being non-overlapping and corresponding
to an area of at least two pixels in a same column and two
pixels in a same row.
8. A non-transitory computer-readable storage medium,
when executed on a computer, configured to operate the con-
trol device of claim 1.
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