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Each liquid crystal display device of a multi-display system
includes a light intensity correcting section, which performs a
light intensity correction in which backlight intensity of each
of light intensity control areas belonging to a liquid crystal
display device including the light intensity correcting section
is corrected in accordance with backlight intensities of adja-
cent areas which are adjacent to the light intensity control
area. In a case where another liquid crystal display device
which is adjacent to the liquid crystal display device includ-
ing the light intensity correcting section includes one of the
adjacent areas, the light intensity correcting section accesses
to the another liquid crystal display device via the communi-
cation section so as to obtain the backlight intensity of the one
of the adjacent areas, in order to perform the light intensity
correction in accordance with the obtained backlight intensity
of the adjacent area.
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MULTI-DISPLAY SYSTEM

[0001] This Nonprovisional application claims priority
under 35 U.S.C. §119 on Patent Application No. 2011-
094532 filed in Japan on Apr. 20, 2011, the entire contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a multi-display sys-
tem including a plurality of liquid crystal display devices
arranged in array.

BACKGROUND ART

[0003] Conventionally, transmissive liquid crystal display
devices are known as image display means. The transmissive
liquid crystal display device is provided with a non-self-
luminous liquid crystal panel and accordingly requires a
backlight device.

[0004] A backlight device including a cold cathode fluo-
rescent lamp (CCFL) as a light source has been used conven-
tionally. Recently, however, a backlight device including a
LED as a light source is widely used, which is free from
disadvantages of a cold cathode fluorescent lamp, such as
environmental pollution caused by mercury, or slower
response speed.

[0005] In addition to solving the disadvantages of a cold
cathode fluorescent lamp, the backlight device including a
LED as alight source can also achieve a partial drive such as
local dimming (area control) to improve a contrast ratio of an
image. The local dimming will be described below.

[0006] Thelocal dimming refers to processing for adjusting
a backlight intensity of each of a plurality of areas (light
intensity control areas) into which a liquid crystal panel is
divided, on the basis of luminance components of image data
of each of the plurality of areas. That is, in the liquid crystal
display device which employs local dimming, a backlight
intensity of an area displaying a bright image can be
increased, whereas a backlight intensity of an area displaying
a dark image can be decreased. It allows the liquid crystal
display device which employs local dimming to display an
image of a higher contrast ratio in which a bright image region
is displayed brighter, and a dark image region is displayed
darker.

[0007] However, the liquid crystal display device which
employs local dimming has a disadvantage, which will be
described below, in a case where one area displaying white
and black images, and another area displaying only a black
image are adjacent to each other, for example. That is, a
backlight intensity of the area displaying white and black
images is adjusted to a value in accordance with the white
image (an image with high luminance components), whereas
a backlight intensity of the area displaying only a black image
is adjusted to a value in accordance with the black image (an
image with low luminance components). This leads to a dif-
ference in brightness of displayed black between one area and
another area, resulting in an unnaturally-appearing image
being displayed in which a boundary between the areas is
conspicuous. In order to avoid such a disadvantage, a liquid
crystal display device has been proposed, which employs
processing in which, after backlight intensities of respective
areas are calculated on the basis of a local dimming tech-
nique, the backlight intensities of the respective areas are
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corrected so that no area has a light intensity differing greatly
from those of adjacent areas (hereinafter referred to as a “light
intensity correction”). Patent Literature 1 discloses an
example of such a light intensity correction.

CITATION LISTS
Patent Literatures

[0008] Patent Literature 1

[0009] Japanese Patent Application Publication, Tokukai
No. 2010-020961 A (Paragraphs [0032] through [0036]
(Publication Date: Jan. 28, 2010)

[0010] Patent Literature 2

[0011] Japanese Patent Application Publication, Tokukai
No. 2010-066715 A (Publication Date: Mar. 25, 2010)

[0012] Patent Literature 3
[0013] Japanese Patent Application Publication, Tokukai
No. 2009-169196 A (Publication Date: Jul. 30, 2009)
SUMMARY OF INVENTION
Technical Problem

[0014] A multi-display system recently widely used, which
includes a plurality of liquid crystal display devices arranged
in array, cannot unfortunately perform the above-mentioned
light intensity correction appropriately. The following will
discuss the problem.

[0015] In a multi-display system, each liquid crystal dis-
play device includes a control circuit (IC chip) for calculating
backlight intensity. Therefore, the calculation and the correc-
tion of light intensities of a backlight device on the basis of
local dimming are performed for each liquid crystal display
device in the multi-display system.

[0016] Inother words, in each liquid crystal display device,
a control circuit (i) calculates light intensities of respective
areas in the liquid crystal display device with reference to
image data of images to be displayed on the liquid crystal
display device, and then (ii) corrects the calculated light
intensities of the respective areas in the liquid crystal display
device so that no area has a light intensity differing greatly
from those of adjacent areas. That is, each control section of
the liquid crystal display device corrects light intensities of
respective areas of the liquid crystal display device including
the control section, without taking into consideration a dif-
ference in or ratio in light intensities between the areas
belonging to the liquid crystal display device including the
control section and areas belonging to other adjacent liquid
crystal display devices. Therefore, if the light intensity cor-
rection is employed in a multi-display system in which, for
example, a first area of a first liquid crystal display device is
adjacent to a second area of a second liquid crystal display
device at an interface between the both liquid crystal display
devices, then there will be such a risk that the first area
displays black with a light intensity of 100% and the second
area displays black with a light intensity of 0%. If such a
situation is caused, a difference in brightness of black
between the first area and the second area, which are adjacent
to each other at the interface between the first and the second
liquid crystal display devices, would be significant although
both the first area and the second area suppose to display a
same color (black). This causes a problem that the multi-
display system as a whole displays an image that appears
unnatural.
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[0017] The present invention has been accomplished in
view of the problem mentioned above, and an object of the
present invention is to provide a multi-display system includ-
ing a plurality of liquid crystal display devices arranged in
array, which avoids displaying an image that appears unnatu-
ral.

Solution to Problem

[0018] In order to solve the above-mentioned problem, the
present invention is a multi-display system including a plu-
rality of liquid crystal display devices each of which includes
a plurality of light intensity control areas, in each of which
light intensity control areas a backlight intensity can be
adjusted, wherein: liquid crystal display devices, which are
adjacent to each other, are connected to each other commu-
nicatably via a communication section, and each of the plu-
rality of liquid crystal display devices comprises a light inten-
sity output section and a light intensity correcting section, the
light intensity output section being configured to set a back-
light intensity of each of light intensity control areas belong-
ing to a liquid crystal display device including the light inten-
sity output section, the light intensity output section setting
the backlight intensity on the basis of image data of an image
to be displayed on the each of light intensity control areas, the
light intensity correcting section being configured to perform
a light intensity correction in which the backlight intensity of
each of light intensity control areas belonging to a liquid
crystal display device including the light intensity correcting
section is corrected in accordance with backlight intensities
of adjacent areas which are adjacent to the light intensity
control area, and, in a case where another liquid crystal dis-
play device which is adjacent to the liquid crystal display
device including the light intensity correcting section
includes one of the adjacent areas, the light intensity correct-
ing section accessing to the another liquid crystal display
device including the one of the adjacent areas via the com-
munication section so as to obtain the backlight intensity of
the one of the adjacent areas, in order to perform the light
intensity correction in accordance with the obtained backlight
intensity of the one of the adjacent areas.

[0019] According to the configuration of the present inven-
tion, the light intensity correcting section can perform a light
intensity correction in which the backlight intensity of each of
the light intensity control areas belonging to the liquid crystal
display device including the light intensity correcting section
is corrected in accordance with backlight intensities of adja-
cent areas which are adjacent to the light intensity control
area. In particular, the light intensity correcting section in
accordance with the present invention can correct the back-
light intensity of each of the light intensity control areas
belonging to the liquid crystal display device including the
light intensity correcting section in accordance with backlight
intensities of adjacent areas, even in a case where another
liquid crystal display device which is adjacent to the liquid
crystal display device including the light intensity correcting
section includes one of the adjacent areas.

[0020] Therefore, the present invention can avoid a signifi-
cant difference in brightness between light intensity control
areas adjacent to each other in a liquid crystal display device,
in a case where the light intensity control areas display sub-
images whose average luminance components or the like are
same or approximate. Moreover, the present invention can
avoid a significant difference in brightness between light
intensity control areas which are adjacent to each other at an
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interface between one liquid crystal display device and
another adjacent liquid crystal display device, in a case where
the light intensity control areas display sub-images whose
average luminance components or the like are same or
approximate. It is therefore possible to prevent the multi-
display system including a plurality of liquid crystal display
devices arranged in array from displaying an image that
appears unnatural.

Advantageous Effects of Invention

[0021] According to the present invention, it is possible to
prevent a multi-display system including a plurality of liquid
crystal display devices arranged in array from displaying an
image that appears unnatural.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 illustrates a liquid crystal display device of
such a type that backlight intensity is not adjusted, and a
liquid crystal display device of such a type that backlight
intensity can be adjusted.

[0023] FIG. 2 illustrates a liquid crystal display device of a
type which does not employ local dimming, and a liquid
crystal display device of a type which can employ local dim-
ming.

[0024] FIG. 3 is a diagram illustrating a problem caused in
the liquid crystal display device of a type which can employ
local dimming.

[0025] FIG. 4 illustrates a liquid crystal display device of
such a type that, after a light intensity of each area is calcu-
lated on the basis of a local dimming technique, the light
intensity of each area is corrected.

[0026] FIG. 5 is a diagram illustrating local dimming in a
multi-display system.

[0027] FIG. 6 is a diagram illustrating a problem of a multi-
display system in which both local dimming and a light inten-
sity correction are performed.

[0028] FIG. 7 is a diagram illustrating a concept of a multi-
display system in accordance with the present embodiment.

[0029] FIG. 8 is a flow chart illustrating a flow of light
intensity correction processing.

[0030] FIG.9isadiagram illustrating a configuration of the
multi-display system in accordance with the present embodi-
ment.

[0031] FIG. 10 is a block diagram illustrating a light inten-
sity determining section included in each of liquid crystal
display devices included in the multi-display system in accor-
dance with the present embodiment.

[0032] FIG. 11 illustrates examples of default values of
light intensities of areas in the multi-display system in accor-
dance with the present embodiment.

[0033] FIG. 12 is a first diagram illustrating a course of
light intensity correction processing performed with respect
to each area in the multi-display system in accordance with
the present embodiment.

[0034] FIG. 13 is a second diagram illustrating a further
course of light intensity correction processing performed
with respect to each area in the multi-display system in accor-
dance with the present embodiment.

[0035] FIG. 14 illustrates corrected light intensities of the
areas in the multi-display system in accordance with the
present embodiment.

[0036] FIG. 15 s a flow chart illustrating a flow of the light
intensity correction processing performed in each of the lig-
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uid crystal display devices included in the multi-display sys-
tem in accordance with the present embodiment.

DESCRIPTION OF EMBODIMENTS

[A Concept of the Present Embodiment]

[0037] The following will first describe how the inventor of
the present invention arrived at a multi-display system in
accordance with the present embodiment and a concept
thereof, with reference to FIGS. 1 through 8.

[0038] Inacasewherealightintensity of a backlight device
cannot be adjusted, as with a first type liquid crystal display
device illustrated in FIG. 1, the backlight device must con-
tinue to light with the light intensity of 100%, even when a
black image (black solid image) is displayed. Accordingly,
light of the backlight device is slightly escaped from each
pixel of a liquid crystal panel even when a black image is
displayed. Due to the escape of the light, luminance of the
black image never becomes zero, and so-cold floating black
level is to be caused. In contrast, in a second type liquid
crystal display device in which a light intensity of a backlight
device can be adjusted, as illustrated in FIG. 1, a light inten-
sity of the backlight device can be adjusted to 0% when a
black image is displayed (that is, the backlight is not turned
on). This makes it possible to display a true black image (a
black image close to a true black) without so-cold floating
black level (luminance is 0). Therefore, the second type liquid
crystal display device in which a light intensity of a backlight
device can be adjusted is more preferable than the first type
liquid crystal display device in which a light intensity of a
backlight device cannot be adjusted. Note that, in the present
embodiment, a light intensity of a backlight device is denoted
in percentage (unit: %), where the largest value of the output
light intensity is 100.

[0039] Recently, liquid crystal display devices are widely
used each of which can employ local dimming. In the local
dimming, a liquid crystal panel is divided into a plurality of
areas (light intensity control areas) and, on the basis of image
data of each of the divided areas, a light intensity of a back-
light device is adjusted for the each area. Specifically, with
respect to the each area, a statistic (an average, a median or the
like) of luminance components of image data of an image to
be displayed is calculated and in accordance with the statistic
of the luminance components, a light intensity of the back-
light device is obtained. The luminance components (Y) refer
to values (i) indicating brightness of the image indicated by
the image data and (ii) being obtained from R, B, and G values
of the image data.

[0040] Note further that, in the present specification, the
term “luminance” means, when used solely, a measure indi-
cating brightness of an image actually displayed (for
example, a photometric value), whereas, the term “luminance
component” means a value indicating brightness of an image,
which brightness is obtained from image data.

[0041] Next, an advantage of local dimming will be
described with reference to FIG. 2. When a liquid crystal
display device which does not employ local dimming, such as
a third type liquid crystal display device illustrated in FIG. 2,
displays an image including both a black image and a white
image (a white solid image), the black image would be float-
ing black level, since a backlight device emits light to the
black image with a light intensity same as that of light emitted
to the white image. Therefore, an image displayed on the third
type liquid crystal display device which does not employ
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local dimming would lack contrast to some extent. On the
other hand, when a liquid crystal display device which
employs local dimming, such as a fourth type liquid crystal
display device illustrated in FIG. 2, displays an image includ-
ing both a black image and a white image, such control is
possible that the white image is irradiated with light from a
backlight device with a light intensity of 100%, whereas no
light is irradiated to the black image. Therefore, as illustrated
in FIG. 2, the fourth type liquid crystal display device capable
of employing local dimming can display an image having a
higher contrast ratio than that of the third type liquid crystal
display device. Further, the fourth type liquid crystal display
device capable of employing local dimming can reduce elec-
tric power consumption, since the backlight intensity of the
fourth type liquid crystal display device is lower than that of
the third type liquid crystal display device.

[0042] However, local dimming offers not only the above-
mentioned advantage of capable of displaying an image with
a high contrast ratio but also a disadvantage. The following
will discuss the disadvantage with reference to FIG. 3.

[0043] As illustrated in FIG. 3, it is assumed that, of a
plurality of areas of a liquid crystal display device, the central
area displays an image including both a white image and a
black image, whereas other areas display only black images.
In the fourth type liquid crystal display device as illustrated in
FIG. 3, it is defined by local dimming that a light intensity of
the central area is 100% and light intensities of other areas are
0%. Accordingly, in the fourth type liquid crystal display
device, the central area significantly differs from the other
areas in luminance of black, as indicated by a reference
numeral 10 in FIG. 3. This will disadvantageously cause an
unnaturally-appearing image to be displayed in which a
boundary between the areas is conspicuous. Such a disadvan-
tage is not caused in the third type liquid crystal display
device which does not employ local dimming since a light
intensity is not adjusted for each area, as indicated by a
reference numeral 20 in FIG. 3, however, the third type liquid
crystal display device has the above-described disadvantage
of lacking contrast to some extent.

[0044] Inorderto maintain displaying an image with a high
contrast ratio, avoiding the disadvantage of local dimming, a
liquid crystal display device can perform processing in
which, after light intensities of respective areas are calculated
on the basis of a local dimming technique, the calculated light
intensities of the respective areas (the light intensity of a
backlight device) are corrected so that no area has a light
intensity differing greatly from those of adjacent areas. The
following will describe the correction in detail.

[0045] If, of two adjacent areas, a light intensity of one area
is defined as the maximum value (100%) and a light intensity
of the other area is defined as the minimum value (0%), as
with the case of local dimming of the fourth type liquid crystal
display device illustrated in FIGS. 3 and 4, then a boundary
between the areas will be conspicuous. Specifically, in the
fourth type liquid crystal display device as illustrated in
FIGS. 3 and 4, the central area and areas adjacent to the
central area significantly differ from each other in luminance
of black, although both areas display black images. This is
because the light intensity of the central area is defined as the
maximum value (100%) whereas the light intensities of the
areas adjacent to the central area are defined as the minimum
value (0%). This will cause an unnaturally-appearing image
to be displayed.
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[0046] The disadvantage of local dimming can be solved,
when, after light intensities of respective areas are calculated
on the basis of the local dimming technique, the calculated
light intensities of the respective areas are corrected so that no
area has a light intensity differing greatly from those of adja-
cent areas, as with a fifth type liquid crystal display device
illustrated in FIG. 4. The correction is referred to as the light
intensity correction. The following will describes a flow of
processing of the light intensity correction with reference to
the flow chart of FIG. 8.

[0047] Before performing the processing illustrated in FIG.
8, a control section (IC chip) of the fifth type liquid crystal
display device first calculates, with the use of the local dim-
ming technique, a light intensity of each area on the basis of
a statistic (an average or the like) of luminance components of
image data of the each area. The calculated light intensity of
the each area is indicated in a reference numeral 30 of FIG. 4.
After calculating the light intensity of the each area, the
control section decides, as a target area, any one of all the
areas, as illustrated in FIG. 8 (S1).

[0048] Subsequently, the control section calculates a value
by multiplying the largest light intensity of the light intensi-
ties of adjacent areas by Y2 (half the largest light intensity
value), the adjacent areas being adjacent to the target area
(S2). Note that, if the calculated value includes fractions
below decimal point, the fractions are then rounded up.

[0049] Further, the adjacent areas refer to four areas: a right
area right adjacent to a target area, a left area left adjacent to
the target area, an upper area upward adjacent to the target
area, and a lower area downward adjacent to the target area.
However, in a case where an area located at the end of a
display panel is a target area, the adjacent areas refer to two or
three areas, since there lacks one or two areas, of the left area,
the right area, the upper area, and the lower area. For example,
in a case where an area a in FIG. 4 is a target area, an area b,
an area ¢, an area d, and an area e are adjacent areas. Further-
more, in a case where the area ¢ in FIG. 4 is a target area, the
area a, an area f, and an area g are adjacent areas.

[0050] Accordingly, for example, in a case where the area a
is a target area, the calculated value in S2 is 0 since all of the
four adjacent areas have the light intensity value of 0. Further,
for example, in a case where the area c is a target area, the
calculated value in S2 is 50 since the largest value of the light
intensity values of the three adjacent areas is 100.

[0051] After S2, the control section determines whether or
not the light intensity of the target area is lower than the value
calculated in S2 (S3).

[0052] Inacase where it is determined that the light inten-
sity of the target area is not lower than the value calculated in
S2, that is, the light intensity of the target area is equal to or
higher than the value calculated in S2, the control section
labels the target area with “Correction Not Necessary” (S4),
and the processing goes to S7.

[0053] In contrast, in a case where it is determined that the
light intensity of the target area is lower than the value calcu-
lated in S2, the control section corrects the light intensity of
the target area (S5). Specifically, the control section corrects,
in S5, the light intensity of the target area to the value calcu-
lated in S2. Accordingly, in a case where the area c illustrated
in FIG. 4 is a target area, the light intensity of the target area
will be corrected from 0 to 50. After S5, the control section
labels the target area with “Correction Completed” (S6) and
the processing goes to S7.
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[0054] 1InS7, the control section determines whether or not
all the areas of the liquid crystal display device are labeled
with any one of “Correction Not Necessary” and “Correction
Completed”. In a case where the control section determined
that not all the areas are labeled with any one of “Correction
Not Necessary” and “Correction Completed” (No in S7), the
control section changes the target area to an area which is
labeled with none of “Correction Not Necessary™ and “Cor-
rection Completed” (S8), and the processing from S2 is
repeated. That is, the area labeled with none of “Correction
Not Necessary” and “Correction Completed” is set to a target
area (S8), and the processing from S2 is repeated. Therefore,
the processing from S2 to S7 is repeated until all the areas
have been once a target area. Whereas, in a case where the
control section determines that all the areas of the liquid
crystal display device are labeled with any one of “Correction
Not Necessary” and “Correction Completed” (Yes in S7), the
processing goes to S9.

[0055] 1InS9, the control section determines whether or not
there exists any area labeled with “Correction Completed”. In
a case where the control section determines that there exists
any area labeled with “Correction Completed” (Yes in S9),
the control section eliminates all labels associated to all the
areas (S10), and the processing from S1 is repeated. Whereas,
in a case where the control section determines that there exists
no area labeled with “Correction Completed”, the control
section ends the processing illustrated in the flow chart of
FIG. 8. Accordingly, when the light intensity correction has
been performed on at least one target area during one pro-
cessing, another one processing will be repeated, on the
premise that each of the areas included in the fifth type liquid
crystal display device is treated once as a target area and steps
of'S2 through S7 sequentially performed for each of the areas
are regarded as one processing, whereas when no light inten-
sity correction has been performed during one processing, the
processing will end. Therefore, the processing of FIG. 8 will
be continued while the light intensity correction is performed
on at least one area during one processing, and the processing
of FIG. 8 will end when no light intensity correction is
required for any area during one processing.

[0056] As a result of the processing illustrated in FIG. 8,
light intensities of a backlight device of the fifth type liquid
crystal display device, which light intensities are indicated by
the reference numeral 30 in FIG. 4, will be corrected to the
values indicated by the reference numeral 40 in FIG. 4. This
makes it possible to reduce the difference in light intensity
between the central area and the adjacent areas from 100 to
50, and the difference in light intensity between the central
area and areas other than the adjacent areas from 100 to 75.
Therefore, an image can be displayed in which the difference
in luminance of black between the central area and areas other
than the central area is reduced, overcoming the disadvantage
oflocal dimming. Moreover, the lack of contrast is improved.

[0057] In other words, the light intensity correction is per-
formed such that the maximum value (absolute value) of the
difference in backlight intensity between areas adjacent to
each other is reduced compared with that before the light
intensity correction. Further, light intensities of the areas
included in the fifth type liquid crystal display device are
corrected such that, of light intensities of the adjacent areas,
the smaller light intensity is not less than a half the larger light
intensity. Consequently, assuming that a histogram where a
horizontal axis indicates locations of areas and a vertical axis
indicates light intensities of the areas is illustrated, changes in
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difference in light intensity before the light intensity correc-
tion are sharp (the reference numeral 30 in FIG. 4) whereas
changes in difference in light intensity after the light intensity
correction are mild (the reference numeral 40 in FIG. 4). This
allows displaying an image in which a large difference in
luminance between areas adjacent to each other is prevented,
i.e., the disadvantage of local dimming is overcome.

[0058] The following will discuss local dimming in the
multi-display system including a plurality of liquid crystal
display devices arranged in array.

[0059] FIG. 5 exemplifies two multi-display systems: a first
type multi-display system including a plurality of liquid crys-
tal display devices in each of which a backlight intensity can
be adjusted but local dimming is not employed, and a second
type multi-display system including a plurality of liquid crys-
tal display devices in each of which can employ local dim-
ming (both systems include 9 liquid crystal display devices
arranged in a matrix).

[0060] Itis assumed that, in both of the multi-display sys-
tems, only a central area of a liquid crystal display device
located in the central (referred hereinafter as a central liquid
crystal display device) displays a white image and other areas
of the central liquid crystal display device and other liquid
crystal display devices display black images.

[0061] In this case, as illustrated in FIG. 5, in the first type
multi-display system, a light intensity of the entire central
liquid crystal display device is defined as 100% although the
central liquid crystal display device also includes areas dis-
playing black images, whereas light intensity values of the
other liquid crystal display devices which display black
images are defined as 0%. In the first type multi-display
system, therefore, luminance of'black is different between the
central liquid crystal display device and other liquid crystal
display devices, so that the first type multi-display system as
a whole disadvantageously display an unnaturally-appearing
image, as indicated by a reference numeral 61 in FIG. 5.

[0062] Incontrast, in the second type multi-display system
capable of employing local dimming, such a control is pos-
sible that a white image of the central liquid crystal display
device is irradiated from a backlight device with backlight
with a light intensity of 100%, whereas no backlight is irra-
diated to areas displaying black images and other liquid crys-
tal display devices displaying merely black images (a light
intensity of each of the areas displaying black images is 0%).
Therefore, as indicated by a reference numeral 70 in FIG. 5,
the second type multi-display system does not display an
unnaturally-appearing image, differently from the image
illustrated by the reference numeral 61 in FIG. 5, since lumi-
nance of black is equivalent between the central liquid crystal
display device and other liquid crystal display devices. Con-
sequently, it is preferable that not only each liquid crystal
display device but also a multi-display system employs local
dimming.

[0063] However, if a multi-display system just employs
local dimming, it will then cause the same problem as with the
fourth type liquid crystal display device illustrated in FIG. 4.
That is, in a case where, of a plurality of areas belonging to
one of the liquid crystal display devices included in the multi-
display system, one area displays both white and black
images, and other areas display only black images, an unnatu-
rally-appearing image would be displayed as indicated by the
reference numeral 60 in FIG. 4. In order to avoid such a
disadvantage, it is considered that the light intensity correc-

Oct. 25,2012

tion should be performed also in the multi-display system, as
with the fifth type liquid crystal display device illustrated in
FIG. 4.

[0064] However, just performing the light intensity correc-
tion in the multi-display system would cause another prob-
lem. The following will discuss the problem. In a multi-
display system, each liquid crystal display device includes a
control section (IC chip) for calculating backlight intensities.
Therefore, in the multi-display system, the calculation of
light intensities in the local dimming and the light intensity
correction are performed for each liquid crystal display
device. That is, each control section of the liquid crystal
display device calculates a light intensity of each area of the
liquid crystal display device, with reference to image data of
images to be displayed on the liquid crystal display device,
and then corrects the light intensity of each area of the liquid
crystal display device with reference to light intensity values
of other areas of the liquid crystal display device.

[0065] In other words, each liquid crystal display device
does not input image data or light intensities of other liquid
crystal display devices, so that the control section of the each
liquid crystal display device cannot refer to light intensities of
areas of the other liquid crystal display devices. Therefore,
the control section of each liquid crystal display device cor-
rects light intensities of areas belonging to the liquid crystal
display device including the control section, without taking
into consideration a difference in or ratio of light intensity
between the areas belonging to the liquid crystal display
device including the control section and areas belonging to
other adjacent liquid crystal display devices.

[0066] Therefore, although both the local dimming and the
light intensity correction are performed, such a situation as
exemplified by a third type multi-display system in FIG. 6
would be caused that an area A of a central liquid crystal
display device 95 displays black with a light intensity value of
50%, and an area B, which belongs to an adjacent liquid
crystal display device 90 and is located adjacent to the area A,
displays black with a light intensity value 0of 0%. The situation
is caused because a control section of the liquid crystal dis-
play device 90 including the area B can only refer to, of light
intensities of areas adjacent to the area B, the light intensities
(0%) of areas belonging to the liquid crystal display device 90
but cannot refer to the light intensity (50%) of the area A
belonging to the liquid crystal display device 95 located adja-
cent to the liquid crystal display device 90, i.e., the control
section of the liquid crystal display device 90 including the
area B cannot correct the light intensity of the area B in
accordance with the light intensity of the area A.

[0067] Ifsuch asituation is caused, as indicated by a refer-
ence numeral 80 in FIG. 6 or 7, luminance of black is signifi-
cantly difference between one liquid crystal display device
and other liquid crystal display devices. This causes a multi-
display system as a whole to display an unnaturally-appear-
ing image.

[0068] Inorderto prevent the problem, in the multi-display
system of the present embodiment, the light intensity correc-
tion can be performed for each area of each liquid crystal
display device, instead of a light intensity correction per-
formed independently for each liquid crystal display device,
so as to correct light intensities of areas which (i) belong to
different liquid crystal display devices and (ii) are adjacent to
each other at an interface between these different liquid crys-
tal display devices, with reference to the mutual light inten-
sities. That is, in a case where adjacent areas which are adja-
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centto a target area encompass (i) adjacent areas belonging to
a liquid crystal display device including the target area, and
(i1) an adjacent area belonging to another liquid crystal dis-
play device adjacent to the liquid crystal display device
including the target area, the light intensity of the target area
can be corrected, with reference to not only the light intensity
of the adjacent areas belonging to the liquid crystal display
device including the target area but also the light intensity of
the adjacent area belonging to the another liquid crystal dis-
play device adjacent to the liquid crystal display device
including the target area. Specifically, in a case where, of
adjacent areas which are adjacent to a target area, one or two
adjacent areas is/are included in other one or two liquid crys-
tal display devices adjacent to the liquid crystal display
device including the target area, it is determined whether or
not the light intensity correction of the target area should be
made, with reference to not only the light intensities of the
adjacent areas belonging to the liquid crystal display device
including the target area but also the light intensity(s) of the
one or two adjacent areas belonging to other one or two liquid
crystal display devices adjacent to the liquid crystal display
device including the target area. And, if necessary, the light
intensity of the target area will be corrected, in accordance
with light intensity(s) of the one or two areas belonging to
other one or two liquid crystal display devices adjacent to the
liquid crystal display device including the target area.

[0069] Accordingly, as indicated by a reference numeral 35
in FIG. 7, the present embodiment can achieve the light inten-
sity correction such that a difference in light intensity
between liquid crystal display devices located adjacent to
each other is reduced. This further allows that a difference in
luminance of black between liquid crystal display devices
located adjacent to each other is reduced, thereby preventing
a multi-display system as a whole from displaying an image
that appears unnatural.

[A Configuration of the System of the Present Embodiment]

[0070] The following will describe a configuration and pro-
cessing contents of the multi-display system in accordance
with the present embodiment with reference to FIGS. 9
through 15.

[0071] As illustrated in FIG. 9, a multi-display system 100
of the present embodiment includes liquid crystal display
devices 110, 120, 130, and 140, which are arranged in a
matrix, and an image processing device 150 connected to
each of the liquid crystal display devices 110, 120, 130, and
140 communicatably.

[0072] The image processing device 150 is connected to
each of the liquid crystal display devices 110, 120, 130, and
140 in a communication-enabled manner via known commu-
nication means such as an HDMI (High Definition Multime-
dia Interface) and a DVI (Digital Visual Interface).

[0073] The image processing device 150 is a computer for
(i) inputting, from an external device such as a PC (personal
computer), image data of an image to be displayed on each of
the liquid crystal display devices 110, 120, 130, and 140
included in the multi-display system 100, (ii) performing
image processing with respect to the inputted image data, and
(iii) sending image data after the image processing to each of
the liquid crystal display devices 110,120, 130, and 140. The
liquid crystal display devices 110, 120, 130, and 140 respec-
tively receive image data of images to be displayed on the
respective liquid crystal display devices.
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[0074] Specifically, after inputting from the PC image data
of'an image to be displayed on the entire multi-display system
100, the image processing device 150 divides the image ofthe
inputted image data into four sub-images, and sends the
image data of the divided sub-images to the respective liquid
crystal display devices 110, 120, 130, and 140. That is, the
image processing device 150 divides one image into an upper-
left sub-image, an upper-right sub-image, a lower-left sub-
image, and a lower-right sub-image. Then, the image process-
ing device 150 sends the image data of the upper-left sub-
image to the liquid crystal display device 110, the image data
of'the lower-left sub-image to the liquid crystal display device
130, the image data of the upper-right sub-image to the liquid
crystal display device 120, and the image data of the lower-
right sub-image to the liquid crystal display device 140.
[0075] Although, in the present embodiment, the process-
ing for dividing an image is performed by the image process-
ing device 150 as described above, the processing can be
performed by the PC in FIG. 9. In this case, the PC divides an
image to be displayed on the entire multi-display system 100
into four sub-images, and sends all of four image data
obtained by the processing to the image processing device
150, which sends respectively the image data to the liquid
crystal display devices 110, 120, 130, and 140. Alternatively,
the PC divides an image to be displayed on the entire multi-
display system 100 into four sub-images and sends image
data of the divided sub-images respectively to the liquid crys-
tal display devices 110, 120, 130, and 140 without the inter-
mediating image processing device 150 (in this case, the
image processing device 150 is not necessary).

[0076] Each of the liquid crystal display devices 110, 120,
130, and 140 is a transmissive liquid crystal display device
and is divided into nine areas (light intensity control areas)
arranged in a matrix, in which a backlight intensity of each of
the areas can be adjusted. The liquid crystal display device
110 includes nine areas (1-1) through (1-9), the liquid crystal
display device 120 includes nine areas (2-1) through (2-9),
the liquid crystal display device 130 includes nine areas (3-1)
through (3-9), and the liquid crystal display device 140
includes nine areas (4-1) through (4-9).

[0077] Further, as illustrated in FIG. 9, the liquid crystal
display device 110 is adjacent to the liquid crystal display
devices 120 and 130, the liquid crystal display device 120 is
adjacent to the liquid crystal display devices 110 and 140, the
liquid crystal display device 130 is adjacent to the liquid
crystal display devices 110 and 140, and the liquid crystal
display device 140 is adjacent to the liquid crystal display
devices 120 and 130.

[0078] Further, in the present embodiment, each of the lig-
uid crystal display devices 110, 120, 130, and 140 is commu-
nicatably connected to each of other liquid crystal display
devices adjacent to the each liquid crystal display device via
a USB (Universal Serial Bus) as a communication section.
That is, the liquid crystal display device 110 is capable of
communicating data with the liquid crystal display devices
120 and 130, the liquid crystal display device 120 is capable
of communicating data with the liquid crystal display devices
110 and 140, the liquid crystal display device 130 is capable
of communicating data with the liquid crystal display devices
110 and 140, and the liquid crystal display device 140 is
capable of communicating data with the liquid crystal display
devices 120 and 130. Note that the communication section is
not limited to a USB, and can be a LAN (Local Area Net-
work), or an RS232-C.
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[0079] The following will describe the liquid crystal dis-
play device 110. Note that each of the liquid crystal display
devices 120, 130, and 140 has configurations same as that of
the liquid crystal display device 110, and includes same com-
ponents as those included in the liquid crystal display device
110. Accordingly, the following will describe merely the liq-
uid crystal display device 110 and the descriptions of the
liquid crystal display devices 120, 130, and 140 will be omit-
ted.

[0080] The liquid crystal display device 110 includes: a
liquid crystal panel; a drive circuit for driving the liquid
crystal panel; a backlight device for irradiating areas of the
liquid crystal panel; and a light intensity determining section
for determining light intensities (irradiated light intensities)
of backlight emitted from the backlight device to the areas of
the liquid crystal panel. That is, the drive circuit drives the
liquid crystal panel on the basis of the image data sent from
the image processing device 150 to the liquid crystal display
device 110, and the liquid crystal panel displays an image on
the basis of the image data. The light intensity determining
section determines backlight intensities of the areas of the
liquid crystal panel on the basis of the image data sent from
the image processing device 150 and the backlight device
irradiates each of the areas of the liquid crystal panel with
backlight of the light intensity determined by the light inten-
sity determining section.

[0081] The following will detail the light intensity deter-
mining section for determining light intensities of the back-
light device. A light intensity determining section 700 is an
integrated circuit and includes, as illustrated in FIG. 10, a
light intensity calculating section 701a and a light intensity
correcting section 702.

[0082] The light intensity calculating section 701 inputs
image data sent from the image processing device 150 to the
liquid crystal display device 110, and calculates (sets) back-
light intensities of areas belonging to the liquid crystal dis-
play device 110, on the basis of the image data (calculation of
light intensities on the basis of the local dimming technique).
That is, the light intensity calculating section 701 calculates
statistics (averages or the like) of luminance components of
image data of sub-images to be displayed on the respective
areas (1-1) through (1-9) illustrated in FIG. 9, and determines
backlight intensities in accordance with the statistics of the
luminance components.

[0083] Specifically, a conversion formula is to be stored
such that ahigher light intensity value is calculated for an area
having a higher statistic of luminance components (a brighter
area), and a smaller light intensity value is calculated for an
area having a lower statistic of luminance components (a
darker area), since the lower a luminance component is, the
darker the image is, and the higher a luminance component is,
the brighter the image is. And, the light intensity calculating
section 701 calculates, with use of the image data sent from
the image processing device 150, statistics of luminance com-
ponents of the areas (1-1) through (1-9), and outputs (calcu-
lates), with the use of the calculated statistics of luminance
components and the conversion formula, the light intensities
of the areas (1-1) through (1-9). With this measure, a higher
light intensity value is calculated for an area having a higher
statistic (an average or the like) of luminance components,
and a smaller light intensity value is calculated for an area
having a lower statistic of luminance components. Instead of
the conversion formula used in the present embodiment to
obtain the light intensities, a conversion table can be used,
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which conversion table is configured such that a higher light
intensity value is outputted for an area having a higher statis-
tic (an average or the like) of luminance components, and a
smaller light intensity value is outputted for an area having a
lower statistic (an average or the like) of luminance compo-
nents.

[0084] So far, the light intensity calculating section 701 of
the liquid crystal display device 110 has been described. A
light intensity calculating section 701 of the liquid crystal
display device 120 calculates respective backlight intensities
of the areas (2-1) through (2-9), on the basis of respective
luminance components of sub-images to be displayed
thereon. A light intensity calculating section 701 of the liquid
crystal display device 130 calculates respective backlight
intensities of the areas (3-1) through (3-9), on the basis of
respective luminance components of sub-images to be dis-
played thereon. A light intensity calculating section 701 of the
liquid crystal display device 140 calculates respective back-
light intensities of the areas (4-1) through (4-9), on the basis
of respective luminance components of sub-images to be
displayed thereon.

[0085] For example, in a case where an image (original
image) is displayed in which the area (4-5) is white and all
other areas are black, as illustrated in FIG. 11, the light
intensity calculating section 701 of the liquid crystal display
device 140 calculates the light intensity of the area (4-5) as
100%, and the light intensities of all other areas as 0%. And,
the light intensity calculating section 701 of each of the liquid
crystal display devices 110, 120, and 130 calculates light
intensities of all areas belonging to the each liquid crystal
display device as 0%.

[0086] After the light intensity calculating section 701 cal-
culates light intensities of own areas, the light intensity cor-
recting section 702 of FIG. 10 inputs the light intensities and
performs light intensity correction processing illustrated in
FIG. 15. The following will describe the light intensity cor-
rection processing performed by the light intensity correcting
section 702 of the liquid crystal display device 110, with
reference to FIG. 15.

[0087] Although other light intensity correcting sections
702 of the liquid crystal display devices 120, 130, and 140
perform the light intensity correction processing as illustrated
in FIG. 15, contents of the light intensity correction process-
ing performed on the liquid crystal display devices 110, 120,
130, and 140 are equivalent, so that the following will merely
describe the light intensity correction processing performed
on the liquid crystal display device 110 and the descriptions
of other light intensity correction processing performed on
the liquid crystal display devices 120, 130, and 140 will be
omitted, if not necessary.

[0088] First, the light intensity correcting section 702 resets
a counter to 0 (S10). Then, the light intensity correcting
section 702 decides as a target area any one of all the areas
(1-1) through (1-9) of the liquid crystal display device 110
(S11).

[0089] Note that: in a case of the processing by the light
intensity correcting section 702 of the liquid crystal display
device 120, any one of all the areas of the liquid crystal
display device 120 is decided as a target area; in a case of the
processing by the light intensity correcting section 702 of the
liquid crystal display device 130, any one of all the areas of
the liquid crystal display device 130 is decided as a target
area; and in a case of the processing by the light intensity
correcting section 702 of the liquid crystal display device
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140, any one of all the areas of the liquid crystal display
device 140 is decided as a target area. The same applies to the
step S18 which will be described later.

[0090] After S11, the light intensity correcting section 702
calculates a value by multiplying the largest light intensity of
light intensities of adjacent areas by Y% (a value which is half
the largest light intensity value), the adjacent areas being
adjacent to the target area (S12). If the calculated value
includes fractions below decimal point, the fractions are then
rounded up. For example, in a case where the largest value of
the light intensities of the adjacent areas is “25”, a value
“12.5” is obtained, but the value is rounded up to “13”.
[0091] As with the case of S2 in FIG. 8, the adjacent areas
refer to four areas; a right area right adjacent to a target area,
aleft arealeft adjacent to the target area, an upper area upward
adjacent to the target area, and a lower area downward adja-
cent to the target area.

[0092] In S12 in FIG. 15, even in a case where an area
included in a liquid crystal display device adjacent to the
liquid crystal display device including the target area is adja-
cent to the target area, this area is treated as an adjacent area
for the target area. For example, in a case where the area (1-8)
illustrated in FIG. 9 is a target area, not only the areas (1-5)
(1-7) (1-9) but also the area (3-2) is regarded as the adjacent
area. Further, in a case where the area (1-9) is a target area, not
only the areas (1-6) (1-8) but also the areas (2-7) (3-3) are
regarded as the adjacent area.

[0093] As described above, each of the liquid crystal dis-
play devices 110, 120, 130, and 140 is capable of communi-
cating data with other adjacent liquid crystal display devices.
Accordingly, in a case where an adjacent area is included in a
liquid crystal display device adjacent to the liquid crystal
display device including the target area, the light intensity
correcting section 702 of the liquid crystal display device
including the target area accesses to this adjacent liquid crys-
tal display device via a USB so as to detect (obtain) the light
intensity of the adjacent area included in the adjacent liquid
crystal display device (in other words, the light intensity
correcting section 702 of the liquid crystal display device
including the target area obtains, from the adjacent liquid
crystal display device via a USB, light intensity data indicat-
ing the light intensity of this adjacent area). For example, in a
case where the area (1-8) of the liquid crystal display device
110 is a target area, not only the areas (1-5), (1-7), and (1-9)
of'the liquid crystal display device 110 but also the area (3-2)
of the liquid crystal display device 130 is regarded as the
adjacent area. In this case, the light intensity correcting sec-
tion 702 of the liquid crystal display device 110 accesses to
the liquid crystal display device 130 via a USB so as to detect
the light intensity of the area (3-2).

[0094] In a case where an area located at the end of the
multi-display system 100 is a target area, there lacks one or
two areas, of the left area, the right area, the upper area, and
the lower area, so that there are only two or three adjacent
areas. For example, in a case where the area (1-1) in FIG. 8 is
a target area, only the areas (1-2) and (1-4) are adjacent areas,
and the area (1-4) in FIG. 8 is a target area, only the areas
(1-1), (1-5) and (1-7) are adjacent areas.

[0095] After S12, the light intensity correcting section 702
determines whether or not the light intensity of the target area
is lower than the value calculated in S12 (S13). In a case
where it is determined that the light intensity of the target area
is not lower than the value calculated in S12, that is, the light
intensity of the target area is equal to or higher than the value
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calculated in S12, the light intensity correcting section 702
labels the target area with “Correction Not Necessary” (S14),
and the processing goes to S17.

[0096] In contrast, in a case where it is determined that the
light intensity of the target area is lower than the value calcu-
lated in S12, the light intensity correcting section 702 corrects
the light intensity of the target area (S15). Specifically, the
light intensity correcting section 702 corrects, in S15, the
light intensity of the target area to the value calculated in S12.
After S15, the light intensity correcting section 702 labels the
target area with “Correction Completed” (S16) and the pro-
cessing goes to S17.

[0097] In S17, the light intensity correcting section 702
determines whether or not all the areas (1-1) through (1-9) of
the liquid crystal display device 110 are labeled with any one
of “Correction Not Necessary” and “Correction Completed”.
In a case where the light intensity correcting section 702
determines that not all the areas of the liquid crystal display
device 110 are labeled with any one of “Correction Not Nec-
essary” and “Correction Completed” (No in S17), the light
intensity correcting section 702 changes the target area to an
area which is labeled with none of “Correction Not Neces-
sary” and “Correction Completed” (S18), and the processing
from S12 is repeated. That is, the area labeled with none of
“Correction Not Necessary” and “Correction Completed” is
set to a target area (S18), and the processing from S12 is
repeated. Therefore, the processing from S12 to S17 is
repeated until all the areas included in the liquid crystal dis-
play device 110 have been once a target area. Whereas, in a
case where the light intensity correcting section 702 deter-
mines that all the areas of the liquid crystal display device 110
are labeled with any one of “Correction Not Necessary” and
“Correction Completed” (Yes in S17), the processing goes to
S19.

[0098] In S19, the light intensity correcting section 702
adds 1 to the counter (increment). After S19, the light inten-
sity correcting section 702 determines whether or not the
value of the counter is equal to or more than a threshold (S20).
In a case where the light intensity correcting section 702
determines that the value of the counter is not equal to or more
than the threshold (No in S20), the light intensity correcting
section 702 eliminates all labels associated to all the areas
included in the liquid crystal display device 110 (S22), and
the processing from S11 is repeated. Whereas, in a case where
the light intensity correcting section 702 determines that the
value of the counter is equal to or more than the threshold (Yes
in S20), the processing goes to S21. The reason why S20 is
provided will be described later.

[0099] In S21, the light intensity correcting section 702
determines whether or not there exists any area labeled with
“Correction Completed” in the liquid crystal display device
110. In a case where the light intensity correcting section 702
determines that there exists an area labeled with “Correction
Completed” in the liquid crystal display device 110 (Yes in
S21), the light intensity correcting section 702 eliminates all
labels associated to all the areas included in the liquid crystal
display device 110 (S22), and the processing from S11 is
repeated. Whereas, in a case where the light intensity correc-
tion sect ion 702 determines that there exists no area labeled
with “Correction Completed” in the liquid crystal display
device 110, the light intensity correcting section 702 ends the
processing illustrated in the flow chart of FIG. 15. Accord-
ingly, when the light intensity correction has been performed
on at least one target area during one processing (on the
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premise that each area of the liquid crystal display device 110
is once treated as a target area, and the steps S2 through S7
performed to each area is regarded as one processing),
another one processing will be repeated, whereas when no
light intensity correction has been performed during one pro-
cessing, the processing will end. Therefore, the one process-
ing will be repeated until no light intensity correction is
required for any of the areas of the liquid crystal display
device 110.

[0100] Note that: the light intensity correcting section 702
of the liquid crystal display device 120 processes and deter-
mines, in the steps S17, S21, and S22, each area of the liquid
crystal display device 120; the light intensity correcting sec-
tion 702 of the liquid crystal display device 130 processes and
determines, in the steps S17, S21, and S22, each area of the
liquid crystal display device 130; and the light intensity cor-
recting section 702 of the liquid crystal display device 140
processes and determines, in the steps S17, S21, and S22,
each area of the liquid crystal display device 140.

[0101] The following will discuss why S20 is provided in
the flow chart of FIG. 15. For example, in a case where an
original image as illustrated in FIG. 11 is inputted, each area
ofeach of the liquid crystal display devices 110,120,130, and
140 has a default light intensity value (the value calculated by
the light intensity calculating section 701) as illustrated in
FIG. 11. In this case, all areas of the liquid crystal display
device 110 have light intensities of 0. Of areas of the liquid
crystal display devices 120 and 130 being adjacent to the
liquid crystal display device 110, the areas (3-1), (3-2), (3-3),
(2-1), (2-4), and (2-7), which are adjacent to the areas (1-3),
(1-6), (1-7), (1-8), and (1-9) of the liquid crystal display
device 110, have also light intensities of 0 (see FIGS. 9 and
11). Therefore, in the situation illustrated in FIG. 11, if the
light intensity correcting section 702 of the liquid crystal
display device 110 performs only the above-mentioned one
processing (on the premise that each area of the liquid crystal
display device 110 is once treated as a target area, and the
steps S2 through S7 performed to each area is regarded as one
processing), there exists no area labeled with “Correction
Completed”. Provided the processing of S20 does not exist,
the processing of FIG. 15 with respect to the liquid crystal
display device 110 will end without performing the step of
S15. In other words, if there is no step in S20, the processing
will end disadvantageously in the situation of FIG. 12,
although essentially the value illustrated in FIG. 11 should be
corrected to the value illustrated in FIG. 12, which should be
then corrected to the value illustrated in FIG. 13, which
should further be corrected to the value illustrated in FIG. 14.

[0102] Providing the step of S20 as illustrated in FIG. 15
makes it possible to repeat the above-mentioned one process-
ing at least the threshold number of times in each of the liquid
crystal display devices 110,120, 130, and 140. The threshold
is a value larger than the value obtained by adding the number
of the areas arranged in a lateral direction and the number of
the areas arranged in a longitudinal direction of the multi-
display system 100. In the example of FIG. 11, the numbers of
the areas in both lateral and longitudinal directions are 6, so
that the threshold can be a value equal to or more than 12.
Accordingly, the steps from S2 to S6 performed to an area of
a liquid crystal display device included in the multi-display
system 100 can be repeated until the values of an adjacent area
in an adjacent liquid crystal display device become constant.
This allows preventing the above-mentioned disadvantage.
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[0103] As the result of the above-mentioned processing of
FIG. 15 performed in each of the liquid crystal display
devices 110, 120, 130, and 140, light intensities of the areas of
the liquid crystal display device 140 will be first corrected
from the default values illustrated in FIG. 11 to the values
illustrated in FIG. 12. Subsequently, the liquid crystal display
devices 120 and 130 access to the liquid crystal display device
140 to obtain the light intensities, and correct the light inten-
sities of the respective liquid crystal display devices 120 and
130 in accordance with obtained light intensities. Conse-
quently, the light intensities of areas of the liquid crystal
display devices 110, 120, 130, and 140 of the multi-display
system 100 will be corrected from the values illustrated in
FIG. 12 to the values illustrated in FIG. 13. Subsequently, the
liquid crystal display device 110 access to the liquid crystal
display devices 120 and 130 to obtain the light intensities, and
correct the light intensities of the liquid crystal display device
110 in accordance with obtained light intensities. Conse-
quently, the light intensities of the liquid crystal display
devices 110, 120, 130, and 140 of the multi-display system
100 will be corrected from the values illustrated in FIG. 13 to
the values illustrated in FIG. 14.

[0104] And, each light intensity correcting section 702 of
the liquid crystal display devices 110,120,130, and 140 sends
light intensity data indicating the corrected light intensities of
the areas to the backlight device. The backlight device will
emit light on the basis of the light intensity data received from
the each light intensity correcting section 702.

[0105] As the result of the processing described above, the
light intensities of areas, which are adjacent to each other, are
corrected such that the smaller light intensity of the areas is
not less than a half the larger light intensity. This allows
reducing a difference in luminance of black between the areas
which are adjacent to each other. Specifically, according to
the multi-display system 100 of the present embodiment,
light intensities of areas, which are adjacent to each other atan
interface between one liquid crystal display device and
another adjacent liquid crystal display device, are corrected
such that the smaller light intensity is not less than a half the
larger light intensity. This also allows reducing a difference in
luminance of black between the areas which are adjacent to
each other at an interface between one liquid crystal display
device and another adjacent liquid crystal display device.

[0106] As described above, the multi-display system 100 in
accordance with the present embodiment includes the liquid
crystal display devices 110, 120, 130, and 140 having a plu-
rality of areas in each of which a backlight intensity can be
adjusted, wherein, of the liquid crystal display devices 110,
120, 130, and 140, adjacent liquid crystal display devices are
connected to each other communicatably via a communica-
tion section (for example, a USB). And each of the liquid
crystal display devices 110, 120, 130, and 140 includes: a
light intensity calculating section (light intensity output sec-
tion) 701 for setting a backlight intensity of a target area
included in the each of the liquid crystal display devices 110,
120, 130, and 140 on the basis of image data of an image to be
displayed on the target area; and a light intensity correcting
section 702 for correcting the backlight intensity of the target
area in accordance with backlight intensities of adjacent areas
which are areas adjacent to the target area. In a case where
another liquid crystal display device which is adjacent to the
liquid crystal display device including the target area includes
one of the adjacent areas, the light intensity correcting section
702 accesses to this liquid crystal display device including the
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adjacent area viaa USB so as to detect the backlight intensity
of'the adjacent area, in order to correct the backlight intensity
of the target area in accordance with the detected backlight
intensity of the adjacent area.

[0107] According to the multi-display system 100 of the
present embodiment, it is possible to correct the backlight
intensity of the target area, in accordance with the backlight
intensities of the adjacent areas which are adjacent to the
target area. Specifically, even in a case where another liquid
crystal display device which is adjacent to the liquid crystal
display device including the target area includes one of the
adjacent areas, it is possible to correct the backlight intensity
ofthe target area in accordance with backlight intensity of the
adjacent area. This allows avoiding a difference in luminance
between adjacent areas in a liquid crystal display device, in a
case where the areas display sub-images whose average lumi-
nance components or the like are same or approximate. This
further allows avoiding a significant difference in luminance
between light intensity control areas which are adjacent to
each other at an interface between one liquid crystal display
device and another adjacent liquid crystal display device, in a
case where the areas display sub-images whose average lumi-
nance components or the like are same or approximate.
Therefore, it is possible to prevent a multi-display system
including a plurality of liquid crystal display devices arranged
in array from displaying an image that appears unnatural.

[0108] More specifically, as the result of the processing
illustrated in FIG. 15 performed to the multi-display system
100 in accordance with the present embodiment, the correc-
tion is performed such that the maximum value (absolute
value) of the difference in backlight intensity of areas adja-
cent to each other is lower after the correction than before the
correction (the maximum value before the light intensity
correction is 100 as illustrated in FIG. 11, whereas the maxi-
mum value after the light intensity correction is 50 as illus-
trated in FIG. 14). Further, light intensities of adjacent areas
are corrected such that the smaller light intensity is not less
than a half the larger light intensity. Consequently, assuming
that a histogram where a horizontal axis indicates locations of
areas and a vertical axis indicates light intensities of the areas
is illustrated, changes in difference in light intensity before
the light intensity correction are sharp (see in FIG. 11)
whereas changes in difference in light intensity after the light
intensity correction are mild (see corrected light intensity
data illustrated in FIG. 14). This allows displaying an image
in which a significant difference in luminance between areas
adjacent to each other is prevented, i.e., the disadvantage of
local dimming is overcome.

[0109] Furthermore, in the present embodiment, the light
intensity correcting section 702 treats, as a target area, all
areas included in a liquid crystal display device, to which the
light intensity correcting section 702 belongs, one after
another, and determines (S13) whether or not the backlight
intensity of the target area is smaller than a value obtained by
multiplying the largest adjacent light intensity by 1/n (n=2),
the largest adjacent light intensity referring to the largest light
intensity of backlight intensities of adjacent areas located
adjacent to the target area. The light intensity correcting sec-
tion 702 does not correct the backlight intensity of the target
area in a case where the backlight intensity of the target area
is not smaller than the value obtained by multiplying the
largest adjacent light intensity by 1/n (S14), but corrects the
backlight intensity of the target area to the value obtained by
multiplying the largest adjacent light intensity by 1/n, in a
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case where the backlight intensity of the target area is smaller
than the value obtained by multiplying the largest adjacent
light intensity by 1/n (S15). This makes it possible to perform
the light intensity correction for each area so that, of two areas
which are adjacent to each other, the smaller light intensity is
not less than a value obtained by multiplying the larger light
intensity by 1/n. However, n is not limited to 2, and can be any
value which is larger than 1 (an integer and a decimal frac-
tion).

[0110] Inthe present embodiment, the light intensity of the
backlight device has been denoted in percentage (%), where
the maximum value of the output light intensity is 100. How-
ever, the denotation is not limited to this, and the light inten-
sity of the backlight device may be denoted, for example, in a
decimal fraction(s) smaller than 1 (a value with N decimal
place(s)), where the maximum value of the output light inten-
sity is 1. Note that, in this case, a fraction on the N+1 th
decimal place of the calculated value will be rounded up,
instead fractions below decimal point of the calculated value
inthe case 0of S12 in FIG. 15. For example, in a case where the
light intensity of the backlight device is denoted in a value
with two decimal places (0.00), the value “0.225” calculated
in S12 in FIG. 15 will be rounded up to “0.23”.

[0111] Inthe present embodiment, the light intensity of the
target area is corrected to a value obtained by multiplying the
largest adjacent light intensity (the largest light intensity of
backlight intensities of adjacent areas adjacent to the target
area) by 1/n, it is not limited to such a correction. Essentially,
any correction is possible which is performed so that the light
intensity of the target area is corrected depending on light
intensities of adjacent areas. Accordingly, the present inven-
tion is not limited to the correction such that the light intensity
of the target area is corrected to a value obtained by multi-
plying the largest adjacent light intensity by 1/n. For example,
a threshold is set depending on the largest adjacent light
intensity, and determination is made whether or not the dif-
ference between the light intensity of the target area and the
largest adjacent light intensity is larger than the threshold. In
a case where it is determined that the difference between the
light intensity of the target area and the largest adjacent light
intensity is larger than the threshold, addition can be made to
the light intensity of the target area so that the difference is
equal to the threshold. Alternatively, an average of the light
intensity of the target area and the largest adjacent light inten-
sity can be defined as the corrected light intensity of the target
area, in a case where it is determined that the difference
between the light intensity of the target area and the largest
adjacent light intensity is larger than the threshold.

[0112] Alternatively, it can be set that, if the contents
(method) of the light intensity correction prefers to using a
computing equation, the computing equation is used to output
a correction value, whereas in a case where the contents
(method) of the light intensity correction prefers to using a
correction table, the correction table is used to output a cor-
rection value.

[0113] Although the light intensity determining section
700 has been described, which includes members made from
integrated circuits, the light intensity determining section 700
may be a computer including a processor, a ROM, a RAM,
and the like. In this case, the processing at each members
included in the light intensity determining section 700 is
performed by a program operated by a computer. The pro-
gram may be a program which is stored in removable media,
such as a CD-ROM (computer-readable storage medium),
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and read out to be used, or a program which is installed in a
hard disk and read out to be used.

[0114] In order to solve the above-mentioned problem, the
multi-display system in accordance with the present embodi-
ment includes a plurality of liquid crystal display devices
each of which includes a plurality of light intensity control
areas, in each of which light intensity control areas a back-
light intensity can be adjusted, wherein: liquid crystal display
devices, which are adjacent to each other, are connected to
each other communicatably via a communication section,
and each of the plurality of liquid crystal display devices
comprises a light intensity output section and a light intensity
correcting section, the light intensity output section being
configured to set a backlight intensity of each of light inten-
sity control areas belonging to a liquid crystal display device
including the light intensity output section, the light intensity
output section setting the backlight intensity on the basis of
image data of an image to be displayed on the each of light
intensity control areas, the light intensity correcting section
being configured to perform a light intensity correction in
which the backlight intensity of each of light intensity control
areas belonging to a liquid crystal display device including
the light intensity correcting section is corrected in accor-
dance with backlight intensities of adjacent areas which are
adjacent to the light intensity control area, and, in a case
where another liquid crystal display device which is adjacent
to the liquid crystal display device including the light inten-
sity correcting section includes one of the adjacent areas, the
light intensity correcting section accessing to the another
liquid crystal display device including the one of the adjacent
areas via the communication section so as to obtain the back-
light intensity of the one of the adjacent areas, in order to
perform the light intensity correction in accordance with the
obtained backlight intensity of the one of the adjacent areas.

[0115] According to the configuration of the present inven-
tion, the light intensity correcting section can perform a light
intensity correction in which the backlight intensity of each of
the light intensity control areas belonging to the liquid crystal
display device including the light intensity correcting section
is corrected in accordance with backlight intensities of adja-
cent areas which are adjacent to the light intensity control
area. In particular, the light intensity correcting section in
accordance with the present invention can correct the back-
light intensity of each of the light intensity control areas
belonging to the liquid crystal display device including the
light intensity correcting section in accordance with backlight
intensities of adjacent areas, even in a case where another
liquid crystal display device which is adjacent to the liquid
crystal display device including the light intensity correcting
section includes one of the adjacent areas.

[0116] Therefore, the present invention can avoid a signifi-
cant difference in brightness between light intensity control
areas adjacent to each other in a liquid crystal display device,
in a case where the light intensity control areas display sub-
images whose average luminance components or the like are
same or approximate. Moreover, the present invention can
avoid a significant difference in brightness between light
intensity control areas which are adjacent to each other at an
interface between one liquid crystal display device and
another adjacent liquid crystal display device, in a case where
the light intensity control areas display sub-images whose
average luminance components or the like are same or
approximate. It is therefore possible to prevent the multi-
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display system including a plurality of liquid crystal display
devices arranged in array from displaying an image that
appears unnatural.

[0117] In the multi-display system in accordance with the
present embodiment, the light intensity correcting section
performs the light intensity correction such that a maximum
value of differences in backlight intensities between light
intensity control areas which are adjacent to each other is
reduced.

[0118] Further in the multi-display system in accordance
with the present embodiment, the light intensity correcting
section performs the light intensity correction such that, of
light intensities of two light intensity control areas which are
adjacent to each other, the smaller light intensity is not less
than a value obtained by multiplying the larger light intensity
by 1/n, where n>1.

[0119] Furthermore in the multi-display system in accor-
dance with the present embodiment, the light intensity cor-
recting section (i) treats, as a target area, all the light intensity
control areas belonging to the liquid crystal display device
comprising the light intensity correcting section one after
another, (ii) determine whether or not the backlight intensity
of the target area is smaller than a value obtained by multi-
plying a largest adjacent light intensity by 1/n, the largest
adjacent light intensity referring to a largest light intensity of
the backlight intensities of the adjacent areas located adjacent
to the target area, and (iii) does not correct the backlight
intensity of the target area in a case where the backlight
intensity of the target area is not smaller than the value
obtained by multiplying the largest adjacent light intensity by
1/n, but corrects the backlight intensity of the target area to the
value obtained by multiplying the largest adjacent light inten-
sity by 1/n in a case where the backlight intensity of the target
area is smaller than the value obtained by multiplying the
largest adjacent light intensity by 1/n.

[0120] The present invention is not limited to the above-
mentioned embodiments, and various modifications are pos-
sible within a scope defined by Claims. The technical scope of
the present invention encompasses embodiments obtained by
appropriately combining the technical means disclosed in
different embodiments.

INDUSTRIAL APPLICABILITY
[0121] The present invention is applicable to a multi-dis-
play system including a plurality of liquid crystal display
devices arranged in array.

REFERENCE SIGNS LIST
[0122] 100 Multi-display system
[0123] 110 Liquid crystal display device
[0124] 120 Liquid crystal display device
[0125] 130 Liquid crystal display device
[0126] 140 Liquid crystal display device
[0127] 150 Image processing device
[0128] 700 Light intensity determining section
[0129] 701 Light intensity calculating section (Light

intensity output section)
[0130] 702 Light intensity correcting section

1. A multi-display system comprising a plurality of liquid
crystal display devices each of which includes a plurality of
light intensity control areas, in each of which light intensity
control areas a backlight intensity can be adjusted, wherein:
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liquid crystal display devices, which are adjacent to each
other, are connected to each other communicatably via a
communication section, and

each of the plurality of liquid crystal display devices com-
prises a light intensity output section and a light intensity
correcting section,

the light intensity output section being configured to set a
backlight intensity of each of light intensity control
areas belonging to a liquid crystal display device com-
prising the light intensity output section, the light inten-
sity output section setting the backlight intensity on the
basis of image data of an image to be displayed on the
each of light intensity control areas,

the light intensity correcting section being configured to
perform a light intensity correction in which the back-
light intensity of each of light intensity control areas
belonging to a liquid crystal display device comprising
the light intensity correcting section is corrected in
accordance with backlight intensities of adjacent areas
which are adjacent to the light intensity control area,
and,

in a case where another liquid crystal display device which
is adjacent to the liquid crystal display device compris-
ing the light intensity correcting section includes one of
the adjacent areas, the light intensity correcting section
accessing to the another liquid crystal display device
including the one of the adjacent areas via the commu-
nication section so as to obtain the backlight intensity of
the one of the adjacent areas, in order to perform the light
intensity correction in accordance with the obtained
backlight intensity of the one of the adjacent areas.

2. The multi-display system as set forth in claim 1,
wherein:
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the light intensity correcting section performs the light

intensity correction such that a maximum value of dif-
ferences in backlight intensities between light intensity
control areas which are adjacent to each other is reduced.

3. The multi-display system as set forth in claim 2,
wherein:
the light intensity correcting section performs the light

intensity correction such that, of light intensities of two
light intensity control areas which are adjacent to each
other, the smaller light intensity is not less than a value
obtained by multiplying the larger light intensity by 1/n,
where n>1.

4. The multi-display system as set forth in claim 3,
wherein:
the light intensity correcting section (i) treats, as a target

area, all the light intensity control areas belonging to the
liquid crystal display device comprising the light inten-
sity correcting section one after another, (ii) determine
whether or not the backlight intensity of the target area is
smaller than a value obtained by multiplying a largest
adjacent light intensity by 1/n, the largest adjacent light
intensity referring to a largest light intensity of the back-
light intensities of the adjacent areas located adjacent to
the target area, and (iii) does not correct the backlight
intensity of the target area in a case where the backlight
intensity of the target area is not smaller than the value
obtained by multiplying the largest adjacent light inten-
sity by 1/n, but corrects the backlight intensity of the
target area to the value obtained by multiplying the larg-
est adjacent light intensity by 1/n in a case where the
backlight intensity of the target area is smaller than the
value obtained by multiplying the largest adjacent light
intensity by 1/n.
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