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(57) ABSTRACT

In alocal dimming technology for reducing power consump-
tion of a display device using a backlight as in a liquid crystal
display, the backlight is configured by a plurality of indepen-
dently controllable light sources, an image is divided into
areas of the same number as that of the controllable light
sources and light emission intensity of the light source is
calculated based on a feature value of each area. However,
this technology has a problem that when a backlight lumi-
nance distribution within each area is not uniform, image
quality is deteriorated or a power consumption reduction
effect is lowered.

In the present invention, the image is divided into areas of the
number greater than that of the controllable light sources, and
the light emission intensity of each light source is determined
based on the feature values of a plurality ofareas to reduce the
above-described problem.
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IMAGE DISPLAY APPARATUS

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application JP2008-214805 filed on Aug. 25, 2008, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an image display
apparatus that displays input image data.

[0003] Inadisplay device that uses backlight without emit-
ting light by itselfas in liquid crystals, power consumption of
the backlight occupies most of that of the display device in
many cases. In this case, reduction in the power consumption
ofthe backlight has the key to that of the entire display device.
[0004] For the purpose, a processing where the light quan-
tity of the backlight is reduced in a dark video scene is per-
formed, and thereby, attempts are made to reduce the power
consumption ofthe display device. When the light quantity of
the backlight is simply reduced to 1/N, the brightness of the
screen is also decreased to 1/N if nothing is done. However,
the light quantity of the backlight is reduced to 1/N, and
further, a pixel value of each pixel is corrected to thereby
increase transmissivity of each liquid crystal pixel to N times.
By doing so, the brightness of the screen can be finally main-
tained.

[0005] However, the transmissivity of each liquid crystal
pixel cannot be set to a value greater than a maximum trans-
missivity that is feasible in liquid crystal elements. Therefore,
an upper limit exists in a value of N. For the purpose of
maximizing N in a range where the degradation in the image
quality is prevented from occurring, the value of N may be
adjusted such that the transmissivity of a liquid crystal pixel
corresponding to a brightest pixel in a display image is set to
the maximum transmissivity of the liquid crystal element. As
described above, a method of collectively controlling back-
light luminance of the entire screen as described above is
referred to as global dimming.

[0006] Inthe global dimming, even if one luminescent spot
is present in the screen, the value of N is affected by the
luminescent spot and the luminance of the entire backlight
increases. Therefore, an effect of the reduction in the power
consumption is hard to be exerted too much depending on
contents of the video in some cases.

[0007] To cope with the above-described problem, recently,
watched is a technology called local dimming in which a
screen is divided into small areas, a light source correspond-
ing to each small area is prepared on one-on-one level, the
light emission intensity of each light source can be indepen-
dently controlled, and thereby, the luminance of the backlight
is controlled to each area (“Locally Pixel-compensated back-
light dimming on LED-backlight LCD TV”, Hanfeng Chen et
al., Journal of the SID 2007 pp 981-988). Based on a pixel
value in the area using the same manner as in the global
dimming technology, the light emission intensity of a light
source corresponding to each area is determined in this tech-
nology. This operation is performed over all the areas within
the screen, thereby determining the light emission intensities
of all the light sources. Using these values, each light source
is controlled, and at the same time, each pixel value of input
images is compensated in the same manner as in the global
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dimming technology. Thereby, the power consumption can be
reduced without almost deteriorating quality of the video.
[0008] Itis desired that when the global dimming technol-
ogy is performed, light emitted from each light source is
uniformly irradiated on the corresponding area, and further,
light emitted from the other light sources has no effect on a
luminance distribution within the area. However, light emit-
ted from each light source actually extends also over other
areas in many cases. In this case, when light emitted from the
light source corresponding to the area is irradiated on the area
and light emitted from light sources near the area is not
irradiated on the area, the original luminance of the backlight
in the area cannot be attained in some cases. Also under the
above-described conditions, as a method of assuring the nec-
essary backlight luminance, in JP-A-2008-9415, provided is
a method of emitting light from ambient light sources with a
value obtained by multiplying the light emission intensity by
a certain constant value at the time of emitting light from a
certain light source.

SUMMARY OF THE INVENTION

[0009] In JP-A-2008-9415, disclosed is a method where a
pixel value of a pixel with maximum luminance within an
area corresponding to each light source on one-on-one level is
found to determine an initial value of light emission intensity
of the light source using the pixel value. The above-described
method is effective when light emitted from the light source
corresponding to each area is uniformly spread; however, the
method has the possibility that the power consumption reduc-
tion amount is lowered or the image quality is deteriorated
when light is not uniformly spread.

[0010] In the present invention, when calculating the light
emission intensity of each light source, not only a pixel value
of a pixel with the maximum luminance within the area but
also position information thereof is used at the same time to
solve the above-described problem. Specifically, used is a
method of dividing the entire display screen into areas whose
number is greater than that of systems of the independently
controllable light sources, finding out a feature value of a
maximum of the pixel within each area, and calculating the
light emission intensity of each light source using the feature
values.

[0011] For example, according to one aspect of the present
invention, there is provided an image display apparatus. The
image display apparatus comprises: a liquid crystal panel
having a plurality of pixels arranged in a matrix;

[0012] the liquid crystal panel including a first image area
on the first end side, a second image area on the second end
side, and a third image area between the first and second
image areas;

[0013] aplurality of light sources arranged on the back side
of the liquid crystal panel;

[0014] the plurality of light sources including at least a first
light source arranged on a first end side in a horizontal direc-
tion of the liquid crystal panel and a second light source
arranged on a second end side different from the first end; and
[0015] a controller controlling light emission intensity of
the light source;

[0016] the controller controlling the light emission inten-
sity of the first light source and that of the second light source,
thereby displaying an image in the third image area.

[0017] Further, for example, according to another aspect of
the present invention, there is provided an image display
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apparatus. The image display apparatus comprises: a liquid
crystal panel having a plurality of pixels arranged in a matrix;
[0018] the liquid crystal panel including a plurality of
image areas, wherein the number of the plurality of image
areas is greater than that of the plurality of light sources; and
[0019] a plurality of light sources arranged on the back side
of the liquid crystal panel;

[0020] the light source being formed from a plurality of
small light sources controlled by one control signal.

[0021] According to the present invention, the amount of
power consumption or the deterioration in the image quality
can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other features, objects and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

[0023] FIG. 1 is a front view illustrating a relationship
between a display unit and a sidelight;

[0024] FIG. 2 is a cross-sectional view illustrating a rela-
tionship between a display unit and a sidelight;

[0025] FIG. 3 isa view illustrating a relationship between a
nearest light source and a corresponding area;

[0026] FIG. 4 is a cross-sectional view illustrating a lumi-
nance distribution in the case where interference between
light sources is negligible;

[0027] FIG. 5 is a view illustrating calculating expressions
at the time of performing local dimming;

[0028] FIG. 6 is a cross-sectional view illustrating a lumi-
nance distribution in the case where interference between
light sources is not negligible;

[0029] FIG. 7 is a cross-sectional view (at the time of dim-
ming light) illustrating a luminance distribution in the case
where interference between light sources is not negligible;
[0030] FIG. 8 is a view illustrating an area division corre-
sponding to interference between light sources in the hori-
zontal direction;

[0031] FIG. 9is a cross-sectional view illustrating a lumi-
nance distribution in which an area division is added;

[0032] FIG. 10 is a view illustrating a calculating expres-
sion in the case where interference between light sources is
not negligible;

[0033] FIG. 11 is a histogram illustrating a pixel value of
each area;
[0034] FIG. 12 is a view illustrating an area division corre-

sponding to interference between light sources in the vertical
direction;

[0035] FIG. 13 is a view illustrating an area division corre-
sponding to interference between light sources in the hori-
zontal direction and in the vertical direction;

[0036] FIG. 14 is a view illustrating an area division at the
time when light in the vicinity of the center is uniformly
mixed,;

[0037] FIG. 15 is a view illustrating an area division at the
time when light in the vicinity of the center is uniformly
mixed;

[0038] FIG. 16 is a view illustrating a luminance distribu-
tion due to a left-hand sidelight according to an embodiment
5 of the present invention;

[0039] FIG. 17 is a view illustrating a luminance distribu-
tion due to a right-hand sidelight according to the embodi-
ment 5 of the present invention;
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[0040] FIG. 18 is a view illustrating a luminance distribu-
tion due to both the sidelights according to the embodiment 5
of the present invention;

[0041] FIG. 19 is a view illustrating a target luminance
distribution according to the embodiment 5 of the present
invention; and

[0042] FIG. 20 is a view illustrating calculating expressions
for correcting an image according to the embodiment 5 of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0043] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings of the embodiments.

[0044] In reference numerals indicated in the drawings of
the embodiments, a reference numeral 10 denotes a left-hand
sidelight, 11 denotes a right-hand sidelight, 20 denotes a
display unit, 21 denotes a liquid crystal panel, 22 denotes a
diffusing plate, 23 denotes a light guide plate, 24 denotes a
reflecting sheet, 30 denotes a backlight luminance distribu-
tion at the time of lighting only the left-hand sidelight, 31
denotes a backlight luminance distribution at the time of
lighting only the right-hand sidelight, 32 denotes a backlight
luminance distribution at the time of lighting both of the
sidelights, 33 denotes a target backlight luminance distribu-
tion at the time of correcting an image, 100 denotes a top
controllable light source of the left-hand sidelight, 101
denotes a second controllable light source from the top of the
left-hand sidelight, 102 denotes a third controllable light
source from the top of the left-hand sidelight, 103 denotes a
bottom controllable light source of the left-hand sidelight,
110 denotes a top controllable light source of the right-hand
sidelight, 111 denotes a second controllable light source from
the top of the right-hand sidelight, 112 denotes a third con-
trollable light source from the top of the right-hand sidelight,
and 113 denotes a bottom controllable light source of the
right-hand sidelight.

Embodiment 1

[0045] FIG. 1is a front view illustrating a display device 1
according to an embodiment 1 of the present invention, and
FIG. 2 is a cross-sectional view obtained by cutting FIG. 1
with one plane 50 vertical to the Y-axis direction. In addition,
in FIG. 1, the X direction is defined as the horizontal direction
ofthe figure, the Y direction is defined as the direction vertical
to the figure, and the Z direction is defined as the direction
perpendicular to both of the X direction and the Y direction.
The display device 1 includes the display unit 20 that displays
a video, and the right and left sidelights 10 and 11 that are
used as light sources of the display unit 20. The left-hand
sidelight 10 has four light sources 100, 101, 102, and 103
capable of independently controlling light emission intensity,
and meanwhile, the right-hand sidelight 11 has four light
sources 110, 111, 112, and 113 capable of independently
controlling light emission intensity. In the present example, it
is assumed that each of the light sources 100 to 103 and the
light sources 110 to 113 is constituted of a single or a plurality
of light-emitting diodes. When each light source modulates
the pulse width (PWM modulation) of an input current, the
light emission intensity can be freely varied between 0 to
100% of a maximum.

[0046] On the other hand, the display unit 20 has a structure
in which the liquid crystal panel 21, the diffusing plate 22, the
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light guide plate 23, and the reflecting sheet 24 are superposed
in the form of layers. This structure is one example, and there
may also be used a structure in which another sheet is inter-
leaved between respective layers, an order of layers is intet-
changed, or an unnecessary layer is removed. A layer that is
used in a general liquid crystal device can be used as each
layer, and therefore, a detailed description is here omitted and
operations will be only introduced simply.

[0047] Lightemitted from the sidelights 10 and 11 is spread
over the entire face of the display unit 20 via the light guide
plate 23. Specifically, the light is reflected by the reflecting
sheet 24, and thereby, it is radiated on the liquid crystal panel
21 side, that is, on the side of a person that is viewing the
screen. In the present specification, a remaining portion in
which the sidelights 10 and 11, and the liquid crystal panel 21
of the display unit 20 are removed from the display device 1
is referred to as a backlight for the reason of a light source
behind the liquid crystal panel 21. The diffusing plate 22 has
a function of appropriately diffusing light reflected by the
reflecting sheet 24 to uniform luminance of the backlight.

[0048] On the liquid crystal panel 21, the liquid crystal
switches of the number that is equivalent to that of pixels
corresponding to the panel resolution are two-dimensionally
disposed. In the case ofa color liquid crystal, disposed are the
liquid crystal switches of the number obtained by multiplying
the number of pixels by the number of color components
constituting each pixel. As this liquid crystal switch, there is
widely used a switch formed by sandwiching a substance
called the liquid crystal between two sheets of transparent
electrodes. Further, a voltage applied between the transparent
electrodes is adjusted, thereby changing the amount of light
that transmits through the liquid crystal switch. Light emitted
from the backlight is visible to human eyes through the liquid
crystal switches. In the case where the transmissivity of the
liquid crystal switch is low, most of light emitted from the
backlight is shielded, and therefore, the liquid crystal switch
looks dark. On the contrary, in the case where the transmis-
sivity of the liquid crystal switch is high, the liquid crystal
switch looks bright. As described above, the liquid crystal
switches are two-dimensionally disposed on the liquid crystal
panel 21. Therefore, the voltage applied to each liquid crystal
switch is adjusted, thereby displaying objects two-dimen-
sionally. Further, the sidelights 10 and 11 emit white light or
light pursuant to the white light, and a color filter is attached
to each liquid crystal switch, thereby also displaying a color
image. For ease of description, hereinafter, it is assumed that
the liquid crystal switches exist over the entire face of the
display unit 20 and an image with the same size as that of the
display unit 20 can be displayed.

[0049] At first, a method of performing the local dimming
will be described on the assumption of an ideal case where
interference between light sources is negligible. In this case,
as in FIG. 1, the entire display screen of the display unit 20 is
divided into eight areas whose number is equal to the number
of the light sources. An area to which each pixel belongs is
determined based on a light source that is proximate to the
pixel. The area to which each pixel belongs is not redundantly
determined and all the pixels are determined so as to belong to
an area. F1G. 3 illustrates an example of the area division in
the case where a resolution of a maximum image capable of
controlling the display on the display unit 20 is set to be 1920
pixels wide and 1080 pixels long. Here, as for the pixel
coordinates, an upper left of the display unit 20 is defined as
an origin, namely, x=0 and y=0. As an ideal case, FIG. 4
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illustrates the luminance distribution of the backlight at the
time of cutting the display unit 20 by a plane vertical to the
Y-axis. In the FIG. 4, the value 1100 indicates the maximum
of the backlight luminance at the time of lighting each light
source in the light emission intensity of 100%. In an example
of this figure, the entire backlight luminance value becomes
equal to the value 100 regardless of a position of the pixels.
Light emitted from the left-hand sidelight 10 keeps uniform
luminance from a left end of the screen to a center of the
screen, and is rapidly attenuated in the center to zero (char-
acteristics 30 of FIG. 4). On the contrary, light emitted from
the right-hand sidelight 11 keeps uniform luminance from a
right end of the screen to a center of the screen, and is rapidly
attenuated in the center to zero (characteristics 31 of FIG. 4).
In this case, it can be said that interference of light between
areas in the horizontal direction is approximately equal to
zero. In the same manner, in this ideal case, interference of
light between areas in the vertical direction is also assumed to
be approximately equal to zero. In this case, the backlight
luminance in each of the areas (0, 0) to (1, 3) is uniquely
determined only by the light emission luminance of the near-
est light sources 100 to 113 indicated in FIG. 3.

[0050] When, for example, aiming at the area (0, 3), the
backlight luminance of the pixels included in this area is
uniquely determined by the light emission intensity of the
light source 103 regardless of the position within the area.
Specifically, when the light source 103 is lighted in the light
emission intensity of 100%, the backlight luminance value of
both the pixels A and B becomes equal to the value 1.100
regardless of states of the other light sources. When the light
source 103 is lighted in the light emission intensity of C %, the
backlight luminance value of both the pixels A and B
becomes equal to L100xC.

[0051] As described above, when the backlight luminance
1s uniform regardless of the position within the area, an opti-
mum luminous ratio o for the backlight can be calculated
from a pixel value Pmax of the pixel with the maximum
luminance within the area. The procedure will be described
with reference to FIG. 5.

[0052] A general liquid crystal display apparatus is
adjusted such that power characteristics called gamma char-
acteristics hold between the input pixel value and the trans-
missivity of the liquid crystal switch. That is, the yth power of
the input pixel value becomes equal to the transmissivity of
the liquid crystal switch. Here, the pixel value and the trans-
missivity of the liquid crystal switch are assumed to be nor-
malized in the range of 0 to 1 using the respective maximums.
Further, y is a constant value, and generally set to a value
adjacent to 2.2.

[0053] In this case, the brightness V of the pixel visible to
human eyes can be represented by the product of the yth
power of the normalized pixel value P and the backlight
luminance BL. When the pixel value is represented in 8 bits,
the maximum thereof is equal to 255. Therefore, the bright-
ness VO(x, y) at the time when human beings view the pixel of
the coordinates (x, y) before light control can be represented
by an expression 1 using the pixel value PO(x, y) of the
coordinates (X, y) before the light control and the BLO(x, y)
before the light control. In the same manner, when respective
values after the light control are set to V1(x, y), P1(x, y), and
BL1(x, y), a relationship of an expression 2 holds among the
values V1(x, y), P1(x, v), and BL1(x, y). Here, in order that
the same image may be visible to human eyes before and after
the light control, the VO(x, y) and the V1(x, y) may be equal
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to each other in all the coordinates (X, y). In this case, an
expression 3 is derived from the expressions 1 and 2. In order
that the expression 3 may hold in all the coordinates (x, y), this
expression must hold also in the maximum Pmax of the PO(x,
y) in each area. At this time, when the P1(x, ) is adjusted so
as to be equal to 255 as the maximum capable of being
represented in § bits, the maximum effect of reduction in the
power consumption can be realized.

[0054] When the above-described values are substituted in
the expression 3, an expression 4 holds. When the expression
4 is transformed, an expression 5 holds with regard to the
luminous ratio o of the backlight. The expression 5 means
that the brightness of the light source for the area to which the
pixel (x, y) belongs can be multiplied by a.. Here, ct is a value
between 0 and 1. Since each light source is PWM-controlled,
the brightness of the light source and the power consumption
are roughly proportional to each other. In short, the light
emission intensity of the light source for the area to which the
pixel (X, y) belongs can be multiplied by «, and at this time,
the power consumption is also multiplied by c.

[0055] In this connection, only when the brightness of the
light source is simply multiplied by ., the brightness V1(x, y)
at the time when human beings view the image is also multi-
plied by o, and as a result, the video is changed. To cope with
the above-described problem, the dimmed light of the back-
light is required to be canceled out by increasing the pixel
value P1(x, y) after the light control. With regard to the value
of the P1(x, y), the expression 3 is transformed to derive an
expression 6. That is, the light source is controlled according
to the expression 5, and at the same time, a value of the image
side is also multiplied by a correction value according to the
expression 6, thereby preventing the change in the video.

[0056] In addition, when there occurs a case where the
P1(x, y) calculated by the expression 6 is greater than the
maximum 255 that can be represented in 8 bits, the image
cannot be correctly displayed. However, as long as the expres-
sion 5 holds, the above-described case does not occur.

[0057] The description is made above on a method of per-
forming the local dimming in the ideal case where interfer-
ence between the light sources is negligible.

[0058] Actually, in some cases interference between the
light sources is not negligible. A problem of that case will be
described with reference to FIG. 6. Here, assumed is a case
where interference between the light sources occurs only in
the horizontal direction and interference between the light
sources in the vertical direction is negligible. For example,
when the pixel (x, y) within the area (0, 3) of FIG. 1 is
processed, only the light sources 103 and 113 may be con-
sidered. In FIG. 6, the value 100 represents the maximum of
the backlight luminance at the time of lighting each light
source in the light emission intensity of 100%. Light emitted
from the left-hand sidelight 10 keeps uniform luminance
partway from the left end of the screen toward the center of
the screen. However, light is gradually attenuated as
approaching the center. Passing through the center of the
screen, and after a brief interval, light is attenuated to zero
(characteristics 30 of FIG. 6). On the contrary, light emitted
from the right-hand sidelight 11 keeps uniform luminance
partway from the right end of the screen toward the center of
the screen. However, light is gradually attenuated as
approaching the center. Passing through the center of the
screen, and after a brief interval, light is attenuated to zero
(characteristics 31 of FIG. 6).
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[0059] Here, there is considered a case where the maximum
Pmax of the pixel in the region (0, 3) is equal to 186 and the
maximum Pmax of the pixel in the region (1, 3) is equal to 90.
For ease of description, fractional figures after the decimal
points are neglected in the following description.

[0060] When interference between the light sources is not
negligible, the central term of the expression 5 has different
values depending on the coordinates. Therefore, an expres-
sion 7 of FIG. 10 having removed therein the central term of
the expression S5 is used. When substituting the maximum
Pmax in the expression 7, the luminous ratio 103 of the light
source 103 is equal to about 50% and the luminous ratio 113
of the light source 113 is equal to about 10%. In other words,
the light source 103 is lighted in the light emission intensity of
50%, and the light source 113 is lighted in the light emission
intensity of 10%. In this case, the cross section of the back-
light luminance distribution in the areas (0, 3) and (1, 3) has
characteristics obtained by adding those 30 and 31 of FIG. 7.

[0061] When the pixel with the maximum Pmax=186 exists
at a position of the pixel A, BLO(x, y)/BL1(x, y) is approxi-
mately equal to 2 in the expression 6, and as a result, the P1(x,
y)isequal to about 255. Since 255 can be represented in 8 bits,
this case can be displayed without problems.

[0062] On the other hand, when the pixel with the maxi-
mum Pmax=186 exists at a position of the pixel B, BLO(x,
v)/BL1(x, y) is greater than 2 in the expression 6. In this case,
the P1(x, y) has a value greater than the maximum 255 that
can be represented in 8 bits, and the brightness of the pixel B
cannot be displayed without errors. As a result, this causes
deterioration in the image quality.

[0063] For the purpose of solving the above-described
problem, in the present embodiment, adopted is a method of
dividing the display screen into 12 areas whose number is
greater than 8 being the number of the controllable light
sources as in FIG. 8 and calculating the maximum in each
area. In the area division in the longitudinal direction, the
display screen is divided into four areas (x, 0), (x, 1), (x, 2),
and (x, 3) as in FIG. 3 while corresponding to the nearest light
source as heretofore described. Here, x indicates a position in
the lateral direction, that is, any one of 0, 1, and c.

[0064] The division method in the lateral direction is per-
formed as in FIG. 9. Specifically, an area on which light
emitted from the left-hand light source is dominantly irradi-
ated is defined as an area (0, y), an area on which light emitted
from the right-hand light source is dominantly irradiated is
defined as an area (1, y), and an area on which light emitted
from both of the left-hand light source and the right-hand light
source is mixedly irradiated is defined as an area (c, y). Here,
yisanumber of 0 to 3 indicating a position in the longitudinal
direction. The division position of these areas is not strict, and
can be flexibly determined such as even if affected in some
degree by light emitted from the right-hand light source, an
area 1s allocated to the area (0, y).

[0065] Here, a description will be made while aiming at the
bottom areas (0,3), (c, 3), and (1, 3) of the screen and the light
sources 103 and 113 that have an effect on these areas in the
same manner as in the previous description. For ease of
description, it is assumed that an effect that is exerted on these
areas by all the light sources except the light sources 103 and
113 is negligible. In this case, the light emission intensities of
the light sources 103 and 113 are determined as follows.

[0066] (1) Search the area (0, 3) for a point with the highest
luminance. Define this luminance value as P03.
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[0067] (2) Search the area (1, 3) for a point with the highest
luminance. Define this luminance value as P13.

[0068] (3) Search the area (c, 3) for a point with the highest
luminance. Define this luminance value as Pc3. Further,
define the coordinates of the pixel with the highest lumi-
nance as (mx, my).

[0069] (4) Using the expression 7 after substituting a value
of the P03 for the Pmax, calculate the luminous ratio ¢.103
of the light source 103.

[0070] (5) Using the expression 7 after substituting a value
of the P13 for the Pmax, calculate the luminous ratio ¢.113
of the light source 113.

[0071] (6) Find the luminance Pc3e of the coordinates (mx,
my) at the time when the light source 103 is lighted with the
luminous ratio 103, and the light source 113 is lighted
with the luminous ratio a113.

[0072] (7) Here, when the light source 103 is lighted with
the luminous ratio o103, and the light source 113 is lighted
with the luminous ratio a113, the backlight of the coordi-
nates (mx, my) emits light with the luminance that is (Pc3/
Pc3e) times the required luminance.

[0073] (8) If the inequality Pc3e=Pc3 holds, the backlight
has the luminance sufficient to display a point with the
highest luminance in the area (c, 3). In this case, use the
luminous ratios 2103 and c.113 as those of the light sources
103 and 113.

[0074] (9) If the inequality Pc3e<Pc3 holds, the backlight
has not the luminance sufficient to display a point with the
highest luminance in the area (c, 3). In this case, use values
obtained by multiplying the luminous ratios 103 and
al13 by (Pc3/Pc3e), respectively. as those of the light
sources 103 and 113.

[0075] When the luminous ratios of the light sources 103
and 113 are determined using the above-described procedure,
the luminous ratio in which deterioration in the video is more
reduced can be selected. In addition, when the Iuminous ratio
of one light source exceeds 100% by multiplying the lumi-
nous ratios @103 and ct113 by (Pc3/Pc3e) in the item (9), the
luminous ratio of the light source is set to 100%. When the
luminous ratio of the other light source is raised up to
Pc3e=Pc3, the control can be more appropriately performed.
[0076] When the above-described procedure is applied to
all the light sources, the luminous ratios of all the light
sources are determined. Further, a value of BLO(x. y)/BL1(x,
y), which is necessary for the correction of the pixel values in
all the coordinates (x, y) within the screen, is uniquely detet-
mined. Then, each light source is controlled according to the
luminous ratio, and at the same time, all of the pixel values are
corrected using the expression 6, thereby reducing the power
consumption.

[0077] In addition, in this example, the maximum in each

area is used to determine the luminous ratio of each light

source. This method has an advantage that deteriorationin the
image quality is small; however, the amount of reduction in
the power consumption tends to be suppressed. In order to
solve the above-described problem, it is effective to use the
histogram to determine the luminous ratio of each light
source. This method will be described with reference to FIG.
11. In FIG. 11, all the pixels within one area are targeted and
the histogram is created using the horizontal axis as the pixel
value and the vertical axis as the number of times of appear-
ances. A point positioned on the rightmost side in the histo-
gram represents the maximum pixel within this area, and its
value is the Pmax. This Pmax is substituted in the expression
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7, and thereby, the luminous ratio o of the light source cor-
responding to the Pmax is found. As understood when view-
ing the expression 7, as the Pmax is smaller, the luminous
ratio o of the light source can be more reduced, and accord-
ingly, the power consumption reduction effect is more
improved. When the Pmax is thus determined, the deteriora-
tion in the image quality can be suppressed to zero in the ideal
case.

[0078] On the other hand, human eyes tend to get dull with

deterioration in the image quality. A method of using the

histogram improves the power consumption reduction effect
by using the above-described fact. Here, as an example, the
maximum pixel is found for the remaining pixels obtained by
excluding the pixels having included therein the luminance
value in the top 5% from all the pixels within the area. The
maximum pixel value corresponds to Phist of FIG. 11, and is
largely reduced as compared with the Pmax. When this value
is substituted for the Pmax of the expression 7, the power
consumption reduction effect can be improved. In this con-
nection, in this case, the pixels removed in the top 5% cannot
reproduce a correct value after the image correction, and
therefore, the image quality is deteriorated. Here, when a ratio

(5% in this example) of the pixels to be removed is adjusted,

the tradeoff between the deterioration in the image quality

and the power-saving effect can be controlled.

[0079] A method of determining the light emission inten-

sities of the light sources 103 and 113 in the case of applying

this method of using the histogram to the area division of FIG.

8 is performed as follows.

[0080] (1) Search the area (0, 3) for a pixel with the highest
luminance among the remaining pixels obtained by
excluding the pixels having included therein the luminance
value in the top 5% therefrom. Define this luminance value
as P03.

[0081] (2) Search the area (1, 3) for a pixel with the highest
luminance among the remaining pixels obtained by
excluding the pixels having included therein the luminance
value in the top 5% therefrom. Define this luminance value
as P13.

[0082] (3) Search the area (c, 3) for a pixel with the highest
luminance among the remaining pixels obtained by
excluding the pixels having included therein the luminance
value in the top 5% therefrom. Define this luminance value
as Pc3.

[0083] (4) Using the expression 7 obtained by substituting
a value of the P03 for the Pmax, calculate the luminous
ratio 0103 of the light source 103.

[0084] (5) Using the expression 7 obtained by substituting
a value of the P13 for the Pmax, calculate the luminous
ratio o113 of the light source 113.

[0085] (6) Find the average luminance in the area (c, 3) at
the time when the light source 103 is lighted with the
luminous ratio 103 and the light source 113 is lighted
with the luminous ratio o. 113, and further, define this
obtained value as the Pc3e.

[0086] (7) If the inequality Pc3e=Pc3 holds, use the lumi-
nous ratios 103 and 113 as those ofthe light sources 103
and 113.

[0087] (8) If the inequality Pc3e<Pc3 holds, use values
obtained by multiplying the luminous ratios 103 and
0113 by (Pc3/Pc3e), respectively, as those of the light
sources 103 and 113.

[0088] In addition, in the item (6) of this example, the

average luminance in the area (c, 3) is defined as the Pc3e;
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further, a value obtained by multiplying the average lumi-
nance in the area (¢, 3) by N may be defined as the Pc3e by
giving a margin for the Pc3e. N is an arbitrary number. When
this value is reduced, the power consumption reduction effect
is lowered; however, deterioration in the image quality can be
more suppressed. On the contrary, when N is increased, the
power consumption reduction effect is improved; however,
deterioration in the image quality increases. When N is thus
adjusted, the output characteristics can be more approxi-
mated to desired characteristics.

[0089] A relationship between the display image and the
sidelight behaves differently in the past by adopting the
above-described constitution. Suppose a case where the
entire display screen is painted in a light gray color and a
luminescent spot like a star is located only at a position of the
pixel A in FIG. 1. In such a case, when adopting a method of
determining light source luminance based on the luminance
value of a point with the maximum luminance within the area,
this luminescent spot is included in the area (0, 3) in both of
FIGS. 1 and 8. That is, even if the area division is performed
using any segment of FIGS. 1 and 8, the left-hand light source
103 lights brightly and the remaining light sources light
slightly to reproduce a light gray color in the above-described
case.

[0090] On the other hand, suppose a case where the entire
display screen is painted in a light gray color and a lumines-
cent spot like a star is located only at a position of the pixel B
in FIG. 1. In such a case, when adopting a method of deter-
mining light source luminance based on the luminance value
of a point with the maximum luminance within the area, this
luminescent spot belongs to the area (0, 3) in FIG. 1, and
belongs to the area (c, 3) in FIG. 8. That is, when the area
division is performed using the segment of FIG. 1, the left-
hand light source 103 lights brightly and the remaining light
sources light slightly to reproduce a light gray color. Mean-
while, when the area division is performed using the segment
of FIG. 8, the left-hand light source 103 lights brightly, and at
the same time, the right-hand light source 113 also lights
more brightly than the remaining light sources.

[0091] As described above, when using the method accord-
ing to the present invention, the light emission luminance of
each light source may be changed even if an object moves
within one area of FIG. 1. In the example of this sidelight,
even if an object moves within one area on the left half of the
screen, the light emission luminance of the light source on the
right half of the screen may be changed.

Embodiment 2

[0092] The embodiment 1 assumes a case where interfer-
ence between the light sources occurs only in the horizontal
direction and interference between the light sources in the
vertical direction is negligible; however, the embodiment 1
may assume a case where interference between the light
sources occurs only in the vertical direction and interference
between the light sources in the horizontal direction is negli-
gible depending on characteristics in an optical system. In the
above-described case, another area is provided in the vicinity
of a border between areas (x, y) and (%, y+1), thereby sup-
pressing deterioration in the image quality. This method will
be described with reference to FIG. 12.

[0093] When no interference between the light sources
occurs as in FIG. 1, light for irradiating the area (0, 0) is
supplied from the light source 100, and light for irradiating
the area (0, 1) is supplied from the light source 101. However,
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when interference between the light sources occurs in the

vertical direction, an area that is irradiated by light supplied

from both of the light sources 100 and 101 is formed in the
vicinity of a border between the areas (0,0) and (0, 1). In FIG.

12, this area is defined as an area (0, 01). In this embodiment

2, the original areas are adjusted such that the respective areas

are exclusively formed. For example, a remaining area

obtained by excluding an area equivalent to the area (0, 01) in

FIG. 12 from the area (0, 0) in FIG. 1 corresponds to the area

(0, 0) according to the present embodiment.

[0094] An example of a method of determining the light

emission intensity of each light source in this constitution will

be described. Here, a method of determining the light emis-
sion intensity of each light source will be described based on
the maximum within the area; however, the determination

method is not limited thereto. Various methods such as a

method of using the histogram described in the embodiment

1 are considered.

[0095] First, the luminous ratios of the light sources 100

and 101 are here determined using the following procedure.

[0096] (al)Searchthearea (0,0) forapoint with the highest
luminance. Define this luminance value as P00.

[0097] (a2)Searchthearea (0, 1) fora point with the highest
luminance. Define this luminance value as P01.

[0098] (a3) Search the area (0, 01) for a point with the
highest luminance. Define this luminance value as P001.
Further, define the coordinates of the pixel with the highest
luminance as (mx, my).

[0099] (a4)Using the expression 7 after substituting a value
of the P00 for the Pmax, calculate the luminous ratio 100
of the light source 100.

[0100] (a5)Using the expression 7 after substituting a value
of the P01 for the Pmax, calculate the luminous ratio ¢.101
of the light source 101.

[0101] (a6) Find the luminance P001e of the coordinates
(mx, my) at the time when the light source 100 is lighted
with the luminous ratio ¢.100, and the light source 101 is
lighted with the luminous ratio a101.

[0102] (a7)Ifthe inequality P001e=P001 holds, the back-
light has the luminance sufficientto display a point with the
highest luminance in the area (0, 01). In this case, use the
luminous ratios 100 and 101 as those of the light sources
100 and 101 without change.

[0103] (a8) If the inequality P001e<P001 holds, the back-
light has not the luminance sufficient to display a point with
the highest luminance in the area (0, 01). In this case, use
values obtained by multiplying the luminous ratios ¢.100
and o101 by (P001/P001e), respectively, as those of the
light sources 100 and 101.

[0104] Inthe same manner, the luminous ratios of the light

sources 101 and 102 are determined using the following

procedure.

[0105] (b1) Search the area (0, 1) for a point with the
highest luminance. Define this luminance value as P01.
[0106] (b2) Search the area (0, 2) for a point with the
highest luminance. Define this luminance value as P02.
[0107] (b3) Search the area (0, 12) for a point with the
highest luminance. Define this luminance value as P012.
Further, define as (mx, my) the coordinates of the pixel

with the highest luminance.

[0108] (b4)Using the expression 7 after substituting a value
of the P01 for the Pmax, calculate the luminous ratio o101
of the light source 101.
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[0109] (b5)Using the expression 7 after substituting a value
of the P02 for the Pmax, calculate the luminous ratio ¢.102
of the light source 102.

[0110] (b6) Find the luminance P012e of the coordinates
(mx, my) at the time when the light source 101 is lighted
with the luminous ratio 101, and the light source 102 is
lighted with the luminous ratio ¢.102.

[0111] (b7) If the inequality P012¢=P012 holds, the back-
light has the luminance sufficient to display a point with the
highest luminance in the area (0, 12). In this case, use the
luminous ratios 2101 and ¢.102 as those of the light sources
101 and 102 without change.

[0112] (b8) If the inequality P012e<P012 holds, the back-
light has not the luminance sufficient to display a point with
the highest luminance in the area (0, 12). In this case, use
values obtained by multiplying the luminous ratios 101
and 102 by (P012/P012e), respectively, as those of the
light sources 101 and 102.

[0113] When the luminous ratio of each light source is
sequentially determined as described above, the light source
in which a plurality of Tuminous ratios are calculated exists in
some cases. In this example, the luminous ratio ¢.101 of the
light source 101 is calculated through both of the flow (al) to
(a8) and the flow (bl) to (b8). In the above-described case,
among the luminous ratios calculated through the respective
flows, the maximum luminous ratio is defined as that of the
light source.
[0114] Theluminous ratios of all the light sources are deter-
mined by repeating the above-described procedure. When the
luminous ratios of all the light sources are determined, the
luminance distribution of the backlight is uniquely deter-
mined. Each light source is controlled according to the cal-
culated luminous ratio, and at the same time, correction of the
image is performed by the expression 6 based on the lumi-
nance distribution of the backlight. Thereby, the power con-
sumption can be reduced in a state that deterioration in the
image quality is more suppressed.

Embodiment 3

[0115] In the embodiments 1 and 2, a description is made
on a case where interference between the light sources occurs
in any one of the horizontal direction and the vertical direc-
tion and interference between the light sources in the other
direction is negligible; further, even if interference between
the light sources in both the directions is not negligible, the
present invention is effective. The above-described case will
be described with reference to FIG. 13.
[0116] In this embodiment, in the same manner as in the
embodiment 1, an area with which light emitted from the light
sources for irradiating both the areas interferes in the vicinity
of a border between the areas (x, y) and (x+1, y) is defined as
an area (c, y) again, thereby corresponding to interference
between the light sources in the horizontal direction. Further,
in the same manner as in the embodiment 2, an area with
which light emitted from the light sources for irradiating both
the areas interferes in the vicinity of a border between the
areas (x, y) and (x, y+1) is defined as another area again,
thereby corresponding to interference between the light
sources in the vertical direction.
[0117] A calculation example of light emission intensity of
each light source according to the present embodiment is
given as follows.
[0118] (1) Determine the luminous ratio o100 of the light
source 100 using pixel information on the area (0, 0). The

Feb. 25,2010

image information is information such as the maximum
luminance value and histogram within areas.

[0119] (2) Determine the luminous ratio o110 of the light
source 110 using pixel information on the area (1, 0).

[0120] (3) Determine the luminous ratio o101 of the light
source 101 using pixel information on the area (0, 1).

[0121] (4) Determine the luminous ratio a111 of the light
source 111 using pixel information on the area (1, 1).

[0122] (5) Calculate a value obtained by adjusting a value
of the luminous ratio a.100 of the light source 100 and that
of the luminous ratio o110 of the light source 110 using
pixel information on the area (c, 0) according to the same
procedure as that of the embodiment 1.

[0123] (6) Calculate a value obtained by applying the same
method as that of the item (5) also to the areas (¢, 1), (0, 01),
and (1, 01) and adjusting the luminous ratio of each light
source.

[0124] (7)Searchthearea(c,01) forapoint with the highest
luminance. Define this luminance value as Pc01. Further,
define the coordinates of this pixel with the highest lumi-
nance as (mx, my).

[0125] (8) Find luminance PcOle of the coordinates (mx,
my) at the time of lighting the light sources 100, 110, 101,
and 111 with the luminous ratios calculated by the items (1)
to (4).

[0126] (9) If the inequality PcO0le=Pc01 holds, use the
luminous ratios of the light sources 100, 110, 101, and 111
without change.

[0127] (10)Ifthe inequality PcO1e<Pc01 holds, use values
obtained by multiplying the luminous ratios of the light
sources 100, 110, 101, and 111 by (Pc01/Pc01e), respec-
tively, as that of each light source.

[0128] Here, the above-described method is performed
while aiming at only an upper half of the screen, and further,
the method is performed for the entire screen. When a plural-
ity of luminous ratios are calculated with regard to one light
source using the above-described procedure, the maximum
luminous ratio among those is used as that of the light source.
[0129] Inaddition, in the previous embodiments, a descrip-
tion is made with reference to the so-called sidelight type
display device in which each light source is disposed on both
sides of the display unit; further, the same processing can be
performed also in the display device using a so-called direct
backlight type in which each light source is disposed under
the display unit. That is, the present invention is effective
without depending on the sidelight type or the direct type.

Embodiment 4

[0130] InFIG. 8 of the embodiment 1, a central area of the
display unit 20 is composed of four areas, namely, the areas
(c, 0) to (c, 3). However, depending on characteristics of the
optical system, light emitted from each light source may be
approximately uniformly mixed in the vicinity of the center of
the display unit 20. In the above-described case, the central
area of the display unit 20 is not divided into the areas (c, 0)
to (c, 3), but may be effectively treated as an area (c) collec-
tively as in FIG. 14. In F1G. 14, eight areas of the areas (0, 0)
to (1,3)and the area (c) are assumed to be not overlapped with
each other.
[0131] In this case, the luminous ratio of each light source
is determined using the following procedure.
[0132] (1) Determine the luminous ratio o100 of the light
source 100 using pixel information on the area (0, 0).
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Perform the same processing to each light source, and
determine the luminous ratio of each light source.

[0133] (2) Search the area (c) for a point with the highest
luminance. Define this luminance value as Pc. Further,
define the coordinates of this pixel with the highest lumi-
nance as (mx, my).

[0134] (3) Find luminance Pce of the coordinate (mx, my)
at the time of lighting each light source with the luminous
ratio calculated by the item (1).

[0135] (4)Ifthe inequality Pce=Pc holds, use the luminous
ratio of each light source without change.

[0136] (5) If the inequality Pce<Pc holds, use values
obtained by multiplying the luminous ratio of each light
source by (Pc/Pce), respectively, as that of each light
source.

[0137] In the above-described example, each area is

assumed to be not overlapped with each other; however,

depending on characteristics of the optical system, the areas
may be overlapped with each other as in FIG. 15. In this
diagram, a pixel F is included in both of the areas (0, 0) and

(c). When light for irradiating each point within the area (c) is

not uniformly mixed from each light source but slightly

strongly affected by the nearest light source 100, the areas are
thus overlapped with each other, and thereby, the control
closer to an ideal value can be performed.

Embodiment 5

[0138] Another method of solving a problem caused by
interference between the light sources will be described with
reference to FIGS. 9 and 16 to 19. For ease of description, in
the same manner as in the embodiment 1, the description will
be here made assuming that interference between the light
sources occurs only in the horizontal direction and interfer-
ence between the light sources in the vertical direction is
negligible. However, the present invention is not limited to
this condition.

[0139] FIG. 9 illustrates a luminance distribution of the
backlight in the display device that is adjusted such that the
luminance distribution of the entire screen is approximated to
flat characteristics at the time of lighting both of the right and
left sidelights 10 and 11 in the light emission intensity of
100%, in short, at the time of lighting all the light sources. In
this diagram, the value [.100 represents the target luminance
value of the backlight.

[0140] An area close to the left end of the screen is hardly
affected by the right-hand sidelight 11, and therefore, the
luminance value at the time of lighting only the left-hand
sidelight in the light emission intensity of 100% approxi-
mately coincides with the value 1.100. Much the same is true
on the area close to the right end of the screen.

[0141] On the other hand, in the vicinity of the center of the
screen, for setting the luminance value at the time when both
of the right and left sidelights is lighted in the light emission
intensity of 100% to the value L1100, the luminance value at
the time when only any one of the right and left sidelights is
lighted is required to be a value smaller than the value L100.
[0142] For this reason, when performing the local dimming
in which the area is divided as in FIG. 1 and the light emission
intensity of each light source is determined based on the
maximum luminance of each area, the luminance in the back-
light does not reach the required brightness, in some cases, in
the vicinity of the center of the screen.

[0143] To cope with the above-described problem, in the
present embodiment, as in FIG. 16, even if the left-hand
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sidelight is lighted in the light emission intensity of 100% and
the right-hand sidelight is lighted in the light emission inten-
sity of 0%, the luminance distribution is set so that the target
luminance value L100 can be maintained in the left-half
screen. A reference number 30 in FIG. 16 denotes one
example of the luminance distribution at this time. When a
size and density of a reflection pattern formed on a surface of
the light guide plate 23 are changed, the luminance distribu-
tion can be set. In the same manner, as in FIG. 17, even if the
right-hand sidelight is lighted in the light emission intensity
of 100% and the left-hand sidelight is lighted in the light
emission intensity of 0%, the luminance distribution is set so
that the target luminance value 100 can be maintained in the
right-half screen. A reference number 31 in FIG. 17 denotes
one example of the luminance distribution at this time.
[0144] Inthiscase, when bothof theright and left sidelights
are lighted in the light emission intensity of 100%, the lumi-
nance distribution in which an emphasis is put on the lumi-
nance in the vicinity of the center of the screen is obtained as
denoted in a reference number 32 in FIG. 18. This luminance
distribution corresponds to the BLO(x, y) of each expression
in FIG. 5. Here, defined is a target backlight luminance dis-
tribution BLT(x, y) at the image correction. The luminance
distribution BLT(x, y) has flat luminance distribution charac-
teristics as denoted in a reference number 33 in FIG. 19.
[0145] When the BLT(x, y) is substituted for the BLO(x, y)
of the expression 6 in FIG. 5, an expression 8 of FIG. 20 is
obtained. The luminous ratio o of the light source is calcu-
lated based on the expression 7 of FIG. 10 and the light
emission luminance of each light source is controlled based
on the luminous ratio c.. Further, an expression 9 holds in all
the pixels, and the P1(x, y) of the expression 8 can be set so as
not to exceed 255. As a result, the deterioration in the image
quality can be suppressed.
[0146] It should be further understood by those skilled in
the art that although the foregoing description has been made
on embodiments of the invention, the invention is not limited
thereto and various changes and modifications may be made
without departing from the spirit of the invention and the
scope of the appended claims.
1. An image display apparatus, comprising:
a liquid crystal panel having a plurality of pixels arranged
in a matrix;
the liquid crystal panel including a first image area on the
first end side, a second image area on the second end
side, and a third image area between the first and second
image areas;
a plurality of light sources arranged on the back side of the
liquid crystal panel;
the plurality of light sources including at least a first light
source arranged on a first end side in a horizontal direc-
tion of the liquid crystal panel and a second light source
arranged on a second end side different from the first
end; and
a controller controlling light emission intensity of the light
source;
the controller controlling the light emission intensity of the
first light source and that of the second light source,
thereby displaying an image in the third image area.
2. The image display apparatus according to claim 1,
wherein:
the plurality of light sources further includes a third light
source adjacent to the first light source in a vertical
direction;
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the liquid crystal panel further includes a fourth image area
lining with the first image area in the vertical direction,
and a fifth image area lining between the first image area
and the fourth image area; and

the controller controls the light emission intensity of the
first light source and that of the third light source,
thereby displaying an image in the fifth image area.

3. An image display apparatus, comprising:

a liquid crystal panel having a plurality of pixels arranged
in a matrix;

the liquid crystal panel including a plurality of image areas,
wherein the number of the plurality of image areas is
greater than that of the plurality of light sources; and

a plurality of light sources arranged on the back side of the
liquid crystal panel;

the light source being formed from one or a plurality of
small light sources controlled by one control signal.

4. The image display apparatus according to claim 3,

wherein:

the number of the plurality of image areas lining in the
horizontal direction is greater than that of the plurality of
light sources lining in the horizontal direction.

5. The image display apparatus according to claim 3,

wherein:

the number of the plurality of image areas lining in the
vertical direction is greater than that of the plurality of
light sources lining in the vertical direction.

6. An image display apparatus, comprising:

at least a two-dimensional image transmission device con-
verting a pixel value distribution of input two-dimen-
sional image data including X pixels long and Y pixels
wide into a two-dimensional distribution of the trans-
mission amount of light;

the two-dimensional image transmission device having a
structure in which XxY pixel transmissivity converting
means that converts image value information of one
pixel portion into the transmission amount of light are
arranged in longitudinal and lateral directions on the
same plane, in which one or a plurality of transmission
light amount controlling means that can change the
transmission amount of light corresponding to a control
value applied from the outside are collected and struc-
tured, wherein the pixel value of each pixel of the input
image is correlated to transmissivity of each pixel trans-
missivity converting means on one-on-one level to rep-
resent the pixel value distribution of the image data as
the two-dimensional distribution of the transmission
amount of light; and

a two-dimensional light source device having a two-di-
mensional luminance distribution;

the two-dimensional light source device having a structure
in which a plurality of controllable light sources, com-
posed of one or a plurality of light emitting means,
which can work with the same control value applied
from the outside to control the light emission intensity
are mounted, wherein the light emission intensity of
each controllable light source can be controlled indepen-
dently by the individual control value; wherein:

when light generated by the two-dimensional light source
device is transmitted through the two-dimensional
image transmission device, the pixel value distribution
of the input image data is converted into the two-dimen-
sional luminance distribution to visualize the image data
as an image;
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the XxY pixels included in the input image data are divided
into several image areas, and the feature value of each
image area is extracted based on distribution conditions
of the pixel value included in the image area for each
image area to determine the light emission intensity of
each controllable light source based on the feature value
of each image area; and
the number of the image areas for extracting the feature
value is greater than that of the controllable light
sources.
7. The image display apparatus according to claim 6,
wherein:
the feature value of each image area is a pixel value of a
pixel having maximum luminance among all the pixels
included in the image area.
8. The image display apparatus according to claim 6,
wherein:
when extracting the feature value of each image area, a
histogram is tabulated using pixels within the image area
as an object.
9. The image display apparatus according to claim 6,
wherein:
in the edge light type display apparatus in which the con-
trollable light sources are arranged only at positions
adjacent to two sides facing to each other of the image
display area in the two-dimensional image transmission
device, the three or more image areas are present
between the arbitrary controllable light source and the
controllable light source facing thereto.
10. The image display apparatus according to claim 6,
wherein:
in the edge light type display apparatus in which the con-
trollable light sources are arranged only at positions
adjacent to two sides facing to each other of the image
display area in the two-dimensional image transmission
device, the division number of the image areas along the
direction vertical to the two sides is greater than the
number of the controllable light sources that are present
at each side.
11. An image display apparatus, comprising:
at least a two-dimensional image transmission device con-
verting a pixel value distribution of input two-dimen-
sional image data including X pixels long and Y pixels
wide into a two-dimensional distribution of the trans-
mission amount of light;
the two-dimensional image transmission device having a
structure in which XxY pixel transmissivity converting
means that converts image value information of one
pixel portion into the transmission amount of light are
arranged in longitudinal and lateral directions on the
same plane, in which one or a plurality of transmission
light amount controlling means that can change the
transmission amount of light corresponding to a control
value applied from the outside are collected and struc-
tured, wherein the pixel value of each pixel of the input
image is correlated to transmissivity of each pixel trans-
missivity converting means on one-on-one level to rep-
resent the pixel value distribution of the image data as
the two-dimensional distribution of the transmission
amount of light; and
a two-dimensional light source device having a two-di-
mensional luminance distribution;
the two-dimensional light source device having a structure
in which a plurality of controllable light sources, com-
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posed of one or a plurality of light emitting means,
which can work with the same control value applied
from the outside to control the light emission intensity
are mounted, wherein the light emission intensity of
each controllable light source can be controlled indepen-
dently by the individual control value; wherein:

when light generated by the two-dimensional light source
device is transmitted through the two-dimensional
image transmission device, the pixel value distribution
of the input image data is converted into the two-dimen-
sional luminance distribution to visualize the image data
as an image;

the XxY pixels included in the input image data are divided
into several image areas, and the feature value of each
image area is extracted based on distribution conditions
of the pixel value included in the image area for each
image area to determine the light emission intensity of
each controllable light source based on the feature value
of each image area; and

the light emission intensity of each controllable light
source is determined with reference to the feature values
of a plurality of image areas.

12. The image display apparatus according to claim 11,
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each controllable light source can be controlled indepen-
dently by the individual control value; wherein:

when light generated by the two-dimensional light source

device is transmitted through the two-dimensional
image transmission device, the pixel value distribution
of the input image data is converted into the two-dimen-
sional luminance distribution to visualize the image data
as an image;

the XxY pixels included in the input image data are divided

into several image areas, and the feature value of each
image area is extracted based on distribution conditions
of the pixel value included in the image area for each
image area to determine the light emission intensity of
each controllable light source based on the feature value
of each image area; and

a part of the image area for extracting the feature value is
overlapped with each other.

16. The image display apparatus according to claim 15,

wherein:
the feature value of each image area means a pixel value of

the pixel with the maximum luminance among all the
pixels included in the image area.
17. The image display apparatus according to claim 15,

wherein:
the plurality of image areas are not overlapped with each

wherein:
when extracting the feature value of each image area, a

other.
13. The image display apparatus according to claim 11,

wherein:

a part of the plurality of image areas are overlapped with
each other.
14. The image display apparatus according to claim 11,

wherein:

in the image areas, the feature value thereofhas an effect on
the calculation of the light emission intensities of all the
controllable light sources.

15. An image display apparatus, comprising:

at least a two-dimensional image transmission device con-
verting a pixel value distribution of input two-dimen-
sional image data including X pixels long and Y pixels
wide into a two-dimensional distribution of the trans-
mission amount of light;

the two-dimensional image transmission device having a
structure in which XxY pixel transmissivity converting
means that converts image value information of one
pixel portion into the transmission amount of light are
arranged in longitudinal and lateral directions on the
same plane, in which one or a plurality of transmission
light amount controlling means that can change the
transmission amount of light corresponding to a control
value applied from the outside are collected and struc-
tured, wherein the pixel value of each pixel of the input
image is correlated to transmissivity of each pixel trans-
missivity converting means on one-on-one level to rep-
resent the pixel value distribution of the image data as
the two-dimensional distribution of the transmission
amount of light; and

a two-dimensional light source device having a two-di-
mensional luminance distribution;

the two-dimensional light source device having a structure
in which a plurality of controllable light sources, com-
posed of one or a plurality of light emitting means,
which can work with the same control value applied
from the outside to control the light emission intensity
are mounted, wherein the light emission intensity of

histogram is tabulated using the pixels within the image
area as an object.
18. An image display apparatus, comprising:

at least a two-dimensional image transmission device con-

verting a pixel value distribution of input two-dimen-
sional image data including X pixels long and Y pixels
wide into a two-dimensional distribution of the trans-
mission amount of light;

the two-dimensional image transmission device having a

structure in which XxY pixel transmissivity converting
means that converts image value information of one
pixel portion into the transmission amount of light are
arranged in longitudinal and lateral directions on the
same plane, in which one or a plurality of transmission
light amount controlling means that can change the
transmission amount of light corresponding to a control
value applied from the outside are collected and struc-
tured, wherein the pixel value of each pixel of the input
image is correlated to transmissivity of each pixel trans-
missivity converting means on one-on-one level to rep-
resent the pixel value distribution of the image data as
the two-dimensional distribution of the transmission
amount of light; and

a two-dimensional light source device having a two-di-

mensional luminance distribution;

the two-dimensional light source device having a structure

in which a plurality of controllable light sources, com-
posed of one or a plurality of light emitting means,
which can work with the same control value applied
from the outside to control the light emission intensity
are mounted, wherein the light emission intensity of
each controllable light source can be controlled indepen-
dently by the individual control value; wherein:

when light generated by the two-dimensional light source

device is transmitted through the two-dimensional
image transmission device, the pixel value distribution
of the input image data is converted into the two-dimen-
sional luminance distribution to visualize the image data
as an image;
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the XxY pixels included in the input image data are divided
into several image areas, and the feature value of each
image area is extracted based on distribution conditions
of the pixel value included in the image area for each
image area to determine the light emission intensity of
each controllable light source based on the feature value
of each image area; and

in the two-dimensional light source device, an optical char-
acteristic is adjusted such that light emission luminance
of a position corresponding to the vicinity of the border
of each area is higher than average luminance of the
two-dimensional light source device.

19. The image display apparatus according to claim 18,

wherein:

in the image data correction processing for compensating
the dimmed light of the controllable light source, when
the correction intensity for an area in which the light
emission luminance of the two-dimensional light source
device according to claim 13 is enhanced is set to be
slightly weaker than that for all the areas except the
above-described area, gradation crushing of the image
after the correction is reduced.

20. A controllable light source control value generating

means, comprising:

at least an image inputting means for inputting an image
and

N system control output generating means for controlling
light emission intensities of N controllable light sources;
wherein

dividing input image data into M areas, wherein M is
greater than N;

generating the feature values of M from pixel values
belonging to each of the M areas; and

generating a value to be outputted to the N system control
output generating means based on the feature values of
M.

21. An image display apparatus, comprising:

at least a two-dimensional image transmission device con-
verting a pixel value distribution of two-dimensional
image data into a two-dimensional distribution of the
transmission amount of light; and

a two-dimensional light source device having a two-di-
mensional luminance distribution;

the two-dimensional light source device having a structure
in which a plurality of controllable light sources com-
posed of one or a plurality of light emitting means that
can work with the same control value applied from the
outside to control light emission intensity are mounted,
wherein the light emission intensity of each controllable
light source can be controlled independently by the indi-
vidual control value; wherein:

when light generated by the two-dimensional light source
device is transmitted through the two-dimensional
image transmission device, the pixel value distribution
of the input image data is converted into the two-dimen-
sional luminance distribution to visualize the image data
as an image;

the XxY pixels included in the input image data are divided
into image areas of the number greater than that of the
controllable light sources;

when calculating the luminance of a first and second con-
trollable light sources included in the two-dimensional
light source device, from distribution conditions of the
pixel value included in the image area for each image
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area of an image area 1 in which light emission lumi-
nance of the two-dimensional light source device corre-
sponding to light emitted from the first controllable light
source is mainly determined, an image area 2 in which
the light emission luminance of the two-dimensional
light source device corresponding to light emitted from
the second controllable light source is mainly deter-
mined, and an image area 3 in which the light emission
luminance of the two-dimensional light source device
corresponding to light emitted from both of the first and
second controllable light sources is mainly determined,
the feature value of each image area is extracted;

an initial value of the light emission intensity of the first
controllable light source is determined based on the
feature value of the area 1, an initial value of the light
emission intensity of the second controllable light
source is determined based on the feature value of the
area 2, and expected luminance of the area 3 is estimated
from the initial values of the light emission intensities of
the first and second controllable light sources; and

the expected luminance of the area 3 and the feature value
of the area 3 are compared, and as a result, when the
expected luminance of the area 3 has a value sufficient to
the feature value of the area 3, the initial values of the
light emission intensities of the first and second control-
lable light sources are set to the light emission intensities
of the first and second controllable light sources,
whereas when the expected luminance of the area 3 has
not a value sufficient to the feature value of the area 3, the
result obtained by performing the correction based on
coefficients calculated from the expected luminance of
the area 3 and the feature value of the area 3 to the initial
values of the light emission intensities of the first and
second controllable light sources is set to the light emis-
sion intensities of the first and second controllable light
sources.

22. The image display apparatus according to claim 21,

wherein:

the correction is a process in which the initial values of the
light emission intensities of the first and second control-
lable light sources are multiplied by a value obtained by
dividing the luminance required for the area 3 calculated
from the feature value of the area 3 by the expected
luminance of the area 3.

23. An image display apparatus, comprising:

at least a two-dimensional pixel value transmissivity con-
verting means that represents a pixel value distribution
of two-dimensional image data as a two-dimensional
transmissivity  distribution when two-dimensional
dimensionally arranging a plurality of pixel value trans-
missivity converting means that changes a transmissiv-
ity of light according to a pixel value of each pixel
forming the image data; and

a two-dimensional light source means, acting as a light
source with a two-dimensional luminance distribution,
configured by two or more controllable light sources
capable of independently controlling light emission
intensity, and a light diffusing means that diffuses light
emitted from the controllable light sources into an image
display area of the two-dimensional pixel value trans-
missivity converting means; wherein:

for each pixel, based on the product of the transmissivity of
a position corresponding to the pixel of the two-dimen-
sional pixel value transmissivity converting means and
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the luminance value of a position corresponding to the
pixel of the two-dimensional light source means, the
display luminance of the pixels is determined, thereby
expressing the image data with a form recognizable by
human beings;

when calculating the luminance of a first and second con-
trollable light sources included in the two-dimensional
light source means, from distribution conditions of the
pixel value included in the image area for each image
area of an image area 1 on the two-dimensional pixel
value transmissivity converting means in which light
emission luminance of the two-dimensional light source
device corresponding to light emitted from the first con-
trollable light source is mainly determined, an image
area 2 on the two-dimensional pixel value transmissivity
converting means in which the light emission luminance
of the two-dimensional light source device correspond-
ing to light emitted from the second controllable light
source is mainly determined, and an image area 3 on the
two-dimensional pixel value transmissivity converting
means in which the light emission luminance of the
two-dimensional light source device corresponding to
light emitted from both of the first and second control-
lable light sources is mainly determined, the feature
value of each image area is calculated,

an initial value of the light emission intensity of the first
controllable light source is determined based on the
feature value of the area 1, an initial value of the light
emission intensity of the second controllable light
source is determined based on the feature value of the
area 2, and expected luminance of the area 3 is estimated
from the initial values of the light emission intensities of
the first and second controllable light sources; and

provided is a circuit that compares the expected luminance
of the area 3 and the feature value of the area 3 with each
other.
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24. The image display apparatus according to claim 23,
wherein:
the feature value of each image area means a pixel value of
a pixel with maximum luminance among all the pixels
included in the image area.
25. The image display apparatus according to claim 23,
wherein:
when extracting the feature value of each image area, a
histogram is tabulated using a pixel within the image
area as an object.
26. An image display apparatus, comprising:
a liquid crystal panel having a plurality of pixels arranged
in a matrix;
a plurality of light sources arranged on the back side of the
liquid crystal panel;
the plurality of light sources including a plurality of light
sources arranged on a first end side in the horizontal
direction of the liquid crystal panel and a plurality of
light sources arranged on a second end side different
from the first end side; and
a controller controlling light emission intensity of the light
source; wherein
the light emission intensities of the plurality of light
sources are independently controlled.
27. The image display apparatus according to claim 26,
wherein:
the light emission intensities of the plurality of light
sources are determined based on a value of each pixel
forming an image displayed on the liquid crystal panel.
28. The image display apparatus according to claim 26,
wherein:
the correction processing of transmissivity of the liquid
crystal on the image displayed on the liquid crystal panel
is performed according to the light emission intensities
of the plurality of light sources.
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