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(57) ABSTRACT

For the purpose of suppressing untrue black with the change
in luminance of video, which is displayed as the same object,
being reduced to improve the contrast, there is provided a
liquid crystal display apparatus that is capable of: extracting
the pixel frequency distribution of an input video signal on a
luminance level basis, and extracting the pixel frequency
distribution of specific color from a color-difference signal of
input video in a screen area, the color-difference signal being
determined from the luminance distribution of a plurality of
backlights; on the basis of the result of the extraction, deter-
mining the control amount of the luminance of the plurality of
backlights, and the correction amount of the luminance of a

(22) Filed: Jan. 22, 2008 liquid crystal panel, on a screen area basis; controlling the
luminance of the plurality of backlights on the basis of the
(30) Foreign Application Priority Data control amount of the luminance; and at the same time, con-
trolling the luminance of the input video signal on the basis of
Jan. 22,2007 (IP) oo 2007-011526  the correction amount of the luminance.
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LIQUID CRYSTAL DISPLAY APPARATUS
AND LUMINANCE CONTROL METHOD
THEREOF

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application serial No. P2007-011526, filed on Jan. 22,
2007, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field of the Invention

[0003] The present invention relates to liquid crystal dis-
play apparatuses, and more particularly to luminance control
techniques thereof.

[0004] 2. Description of the Related Art

[0005] In recent years, transmissive liquid crystal display
apparatuses are achieving widespread use as large-screen flat
televisions and large-screen flat displays. The transmissive
liquid crystal display apparatus is configured to use, in com-
bination, a liquid crystal panel functioning as an optical 1s0-
lation shutter, and light source units located on the back of the
liquid crystal panel. Each of the light source units is called
“backlight”. The increase and decrease of the light quantity of
each backlight causes the maximum luminance of the trans-
missive liquid crystal display apparatus to increase and
decrease. The increase of the luminance of each backlight is
indispensable for displaying bright images. However,
because the liquid crystal panel cannot completely isolate a
light beam coming from each backlight under present circum-
stances, if the light quantity of each backlight is increased,
black becomes faded in dark part of input video; in other
words, what is called, a phenomenon of “untrue black” (here-
inafter referred to as “untrue black™) occurs, which often
leads to the decrease in contrast. JP-A-2002-14660 is dis-
closed as a technique for improving the untrue black, for
example. For the purpose of providing a liquid crystal display
apparatus that is capable of individually and independently
controlling the contrast and luminance of a video signal and
the luminance of a plurality of backlights with high accuracy
inresponse to a luminance signal of the minute area and the
luminance distribution, and that is capable of extending a
dynamic range of video and reducing the power consumption,
JP-A-2002-14660 discloses the technique in which an area
occupation ratio of one field or one frame is determined on a
luminance level basis to calculate the control amount of the
image quality from the area occupation ratio so that not only
the contrast and the luminance, but also the luminance of the
backlights, are controlled.

SUMMARY OF THE INVENTION

[0006] For example, a case where an input video signal
shown in FIG. 9 is displayed by the liquid crystal display
apparatus disclosed in the JP-A-2002-14660 will be consid-
ered as below. FIG. 9 is a diagram illustrating an image
displayed on a screen in which the upper half of a background
(screen area A) is white, the lower half of the background
(screen area B) is black, and a person’s face colored with light
brown (skin color) is located in the central portion of the
screen. As a result of extracting the luminance distribution of
this image, the screen area A includes many pixel frequencies
whose luminance level is high as shown in FIG. 10A. On the
other hand, the screen area B includes many pixel frequencies
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whose luminance level is low as shown in FIG. 10B. There-
fore, in the upper part of the screen, the light quantity of the
backlight light source 6A in the liquid crystal display appa-
ratus disclosed in JP-A-2002-14660 is kept high, and accord-
ingly the luminance is high. On the other hand, in the lower
part of the screen, the light quantity of the backlight light
source 6B is decreased, which causes the luminance to
decrease. Along with the above operation, the luminance of
part of the person’s face, which is included in the screen area
A, becomes high, whereas the luminance of part of the per-
son’s face, which is included in the screen area B, becomes
low. However, in actuality, the person’s face located in the
central portion of the screen should be displayed with uni-
form luminance. Because the eyes of a human being are in
particular sensitive to the difference in the luminance and hue
of light brown (skin color), the person’s face whose lumi-
nance has changed will bring discomfort to the viewer.
[0007] Taking the above-described situation of the prior art
into consideration, objects of the present invention are to
suppress untrue black with the change in luminance of video,
which is displayed as the same object (like the person’s face
described above), reduced in response to characteristics of the
displayed video in a liquid crystal display apparatus, and
thereby to enable the improvement of contrast.

[0008] Thepresentinvention is a technique that can achieve
the above-described objects.

[0009] To be more specific, according to the present inven-
tion, there is provided aliquid crystal display apparatus that is
configured to be capable of: extracting the pixel frequency
distribution of an input video signal on a luminance level
basis, and extracting the pixel frequency distribution of spe-
cific color from a color-difference signal of input video in a
screen area, the color-difference signal being determined
from the luminance distribution of a plurality of backlights;
on the basis of the result of the extraction, determining the
control amount of the luminance of the plurality of back-
lights, and the correction amount of the luminance of a liquid
crystal panel, on a screen area basis; controlling the lumi-
nance of the plurality of backlights on the basis of the control
amount of the luminance; and at the same time, controlling
the luminance of the input video signal on the basis of the
correction amount of the luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram illustrating as an example a
configuration of a liquid crystal display apparatus according
to an embodiment of the present invention;

[0011] FIG. 2 is a diagram illustrating how a screen of the
liquid crystal display apparatus shown FIG. 1 is divided into
screen areas;

[0012] FIGS. 3A through 3H are charts each illustrating
characteristics of a luminance distribution filter included in
the liquid crystal display apparatus shown in FIG. 1;

[0013] FIGS. 4A through 4H are charts each illustrating, on
aluminance level basis, the pixel frequency distribution of the
image shown in FIG. 2;

[0014] FIGS. 5A through 5H are charts each illustrating
characteristics of a color distribution filter included in the
liquid crystal display apparatus shown in FIG. 1,

[0015] FIGS. 6A through 6H are charts each illustrating the
pixel frequency distribution of each specific color of the
image shown in FIG. 2;
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[0016] FIG. 7 is a flowchart illustrating how a backlight
driving control signal is generated in the liquid crystal display
apparatus shown in FIG. 1;

[0017] FIGS.8A, 8B are charts each illustrating a backlight
driving control signal at the time of generation thereof;
[0018] FIG.9isadiagram in which problems of the present
invention are described, illustrating a divided screen and an
input video signal; and

[0019] FIGS.10A,10B are charts in which problems of the
present invention are described, each illustrating the lumi-
nance frequency distribution of screen areas.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Embodiments of the present invention will be
described with reference to drawings as below.

[0021] FIGS. 1 through 8 are diagrams each illustrating a
liquid crystal display apparatus according to one embodiment
of the present invention. F1G. 1 is a diagram illustrating as an
example a configuration of the liquid crystal display appara-
tus according to the embodiment of the present invention.
FIG. 2 is a diagram illustrating how a screen of the liquid
crystal display apparatus shown FIG. 1 is divided into screen
areas. FIGS. 3A through 3H are charts each illustrating char-
acteristics of a luminance distribution filter included in the
liquid crystal display apparatus shown in FIG. 1. FIGS. 4A
through 4H are charts each illustrating, on a luminance level
basis, the pixel frequency distribution of the image shown in
FIG. 2. FIGS. 5A through 5H are charts each illustrating
characteristics of a color distribution filter included in the
liquid crystal display apparatus shown in FIG. 1. FIGS. 6A
through 6H are charts each illustrating the pixel frequency
distribution of each specific color of the image shown in FIG.
2. FIG. 7 is a flowchart illustrating how a backlight driving
control signal is generated in the liquid crystal display appa-
ratus shown in FIG. 1. FIGS. 8A, 8B are charts each illustrat-
ing a backlight driving control signal at the time of generation
thereof.

[0022] As shown in FIG. 2, the liquid crystal display appa-
ratus shown in FIG. 1 is configured to control each of eight
screen areas in total, the eight screen areas being formed by
dividing the whole screen into two in the longitudinal direc-
tion, and by dividing the whole screen into four in the lateral
direction.

[0023] In FIG. 1, reference numeral 101 denotes a video
(luminance) signal input terminal into which a video (lumi-
nance) signal is inputted; reference numeral 102 denotes a
video (color difference) signal input terminal into which a
video (color difference) signal is inputted; reference numeral
103 denotes an image quality adjusting unit for controlling
the luminance of an inputted video signal to adjust the image
quality; reference numeral 113 denotes a video (luminance)
signal output terminal from which a video (luminance) signal
which has been subjected to image quality adjustment is
output; reference numeral 114 denotes a video (color differ-
ence) signal output terminal from which a video (color dif-
ference) signal whish has been subjected to image quality
adjustment is output; reference numerals 105A through 105H
denote backlight driving circuits for the eight screen areas A
through H shown in FIG. 2 respectively; reference numerals
106A through 106H denote backlights for the eight screen
areas A through H shown in FIG. 2 respectively; and refer-
ence numerals 104 A through 104H are image characteristics
extraction units that correspond to the eight screen areas A
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through H shown in FIG. 2 respectively, the image character-
istics extraction units being used as extraction units.

[0024] In the image characteristics extraction unit 104A;
reference numeral 107A denotes a luminance distribution
filter; reference numeral 108A denotes a luminance distribu-
tion extraction unit for extracting the pixel frequency distri-
bution of an input video signal (video (luminance) signal) on
a luminance level basis; reference numeral 111A denotes a
color distribution filter; and reference numeral 112A denotes
a specific color distribution extraction unit for extracting the
pixel frequency distribution of specific color from a color-
difference signal included in an input video signal (video
(color difference) signal) of each of the screen areas A
through H, the color-difference signal being determined from
the luminance distribution of each of the backlights 106 A
through 106H. Reference numeral 109 denotes a control unit.
The image characteristics extraction units 104B through
104H are also configured in the same manner as the image
characteristics extraction unit 104A.

[0025] Inthe configuration shown in FIG. 1, a video (lumi-
nance) signal inputted from the video (luminance) signal
input terminal 101 is supplied to the image quality adjusting
unit 103 and the image characteristics extraction unit 104A
through 104H. A video (luminance) signal, which has been
inputted into the image characteristics extraction unit 104A,
is supplied to the luminance distribution filter 107A.

[0026] FIGS. 3A through 3H are charts each illustrating
characteristics of the luminance distribution filter for the
screen areas A through H respectively. In each of FIGS. 3A
through 3H, characteristics on the upper side show character-
istics that depend on a vertical position. The horizontal axis
indicates a vertical position of a liquid crystal panel shown in
FIG. 2, whereas the vertical axis indicates a correction gain
value of a video (luminance) signal. Characteristics on the
lower side show characteristics that depend on a horizontal
position. The horizontal axis indicates a horizontal position of
the liquid crystal panel shown in FIG. 2, whereas the vertical
axis indicates a correction gain value of the video (luminance)
signal. An output signal of the luminance distribution filter
107A is calculated by the equation as follows: Output signal=
(Input signal)x(Correction gain that depends on vertical posi-
tion)x(Correction gain that depends on horizontal position).
For example, when a luminance signal level of pixels existing
in the screen area A shown in FIG. 2 is 255, a correction gain
in the vertical direction is equivalent to 1.0, and a correction
gain in the horizontal direction is equivalent to 1.0, in the
luminance distribution filter 107A. Accordingly, the output
signal of the luminance distribution filter 107A is calculated
as follows: 255x(1.0)x(1.0)=255. However, as shown in
FIGS. 3B through 3H, in the luminance distribution filters
107B through 107H, which exist in the video characteristics
extraction unit 104B through 104H respectively, at least one
of a correction gain in the vertical direction and a correction
gain in the horizontal direction is equivalent to 0.0. Accord-
ingly, an output signal of each of the luminance distribution
filters 107B through 107H is calculated as follows: 255%0.
0=0.

[0027] In the configuration shown in FIG. 1, the output
signal of the luminance distribution filter 107A is supplied to
the luminance distribution extraction unit 108A. The lumi-
nance distribution extraction unit 108 A extracts, on a lumi-
nance level basis, the frequency distribution of pixel values
that are included in one field or one frame of an input video
signal. Each of the luminance distribution extraction units,
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which exist in the image characteristics extraction units 104B
through 104H, also has the same function as that of the
luminance distribution extraction unit 108A. For example, in
the case of the input video signal shown in FIG. 2, the results
on the luminance frequency distribution that each of the lumi-
nance distribution extraction units 108 A through 108H has
extracted are shown in FIGS. 4A through 4H respectively. In
FIG. 4A, the horizontal axis indicates a luminance level, in
which the luminance level becomes lower on the left side, and
the luminance level becomes higher on the right side. The
vertical axis indicates the frequency of pixels included in the
luminance level. All pixels included in the screen area A
correspond to a background whose color is white, and accord-
ingly a luminance level of each of the pixels is the highest.
Therefore, as shown in FIG. 4A, the luminance frequency
distribution concentrates on the right most luminance level. In
addition, pixels included in the screen area B correspond to
the background whose color is white, or face video whose
color is skin color. Therefore, as shown in FIG. 4B, the
luminance frequency is distributed over the right most lumi-
nance level and a middle level that is brightish. Moreover, all
pixels included in the screen area E correspond to a back-
ground whose color is black, and accordingly a luminance
level of each of the pixels is the lowest. Therefore, as shown
in FIG. 4E, the luminance frequency distribution concen-
trates on the left most luminance level. The results on the
luminance frequency distribution that each of the luminance
distribution extraction units 108A through 108H has
extracted are supplied to a control circuit 9.

[0028] Next, in FIG. 1, a video (color difference) signal
inputted from the video (color difference) signal input termi-
nal 102 is supplied to the image quality adjusting unit 103 and
the video characteristics extraction unit 104A through 104H.
The video (color difference) signal, which has been inputted
into the image characteristics extraction unit 104A, is sup-
plied to the color distribution filter 111A.

[0029] FIGS. 5A through SH are charts each illustrating
characteristics of the color distribution filter for the screen
areas A through H respectively. In each of FIGS. 5A through
5H, characteristics on the upper side show characteristics that
depend on a vertical position. The horizontal axis indicates a
vertical position of the liquid crystal panel shown in FIG. 2,
whereas the vertical axis indicates a correction gain value for
avideo (color difference) signal. Characteristics on the lower
side show characteristics that depend on a horizontal position.
The horizontal axis indicates a horizontal position of the
liquid crystal panel shown in FIG. 2, whereas the vertical axis
indicates a correction gain value for the video (color differ-
ence) signal. An output signal of the color distribution filter
111A is calculated by the equation as follows: Output signal=
(Input signal)x(Correction gain that depends on vertical posi-
tion)x(Correction gain that depends on horizontal position).
For example, when a color-difference signal level of the pix-
els existing in the screen area A shown in FIG. 2 is 255, a
correction gain in the vertical direction is equivalent to 1.0,
and a correction gain in the horizontal direction is equivalent
to 1.0, in the color distribution filter 111A. Accordingly, the
output signal ofthe color distribution filter 111 A is calculated
as follows: 255x(1.0)x(1.0)=255. However, as shown in
FIGS. 5B through 5H, in the color distribution filters 111B
through 111H, which exist in the image characteristics
extraction unit 104B through 104H respectively, at least one
of a correction gain in the vertical direction and a correction
gain in the horizontal direction is equivalent to 0.0. Accord-
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ingly, an output signal of each of the color distribution filters
111B through 111H is calculated as follows: 255x0.0=0.

[0030] InFIG. 1, the output signal of the color distribution
filter 111A is supplied to the specific color distribution extrac-
tion unit 112A. The specific color distribution extraction unit
112A extracts the pixel frequency distribution of specific
color from a color-difference signal that is included in one
field or one frame of an input video signal of the screen area
A. Each of the specific color distribution extraction units,
which are included in the video characteristics extraction
units 104B through 104H, also has the same function as that
of the specific color distribution extraction unit 112A. For
example, in the case of a video input signal shown in FIG. 2,
the results on specific color frequency distribution that each
of the specific color distribution extraction units, which are
included in the image characteristics extraction units 104B
through 104H, has extracted are shown in FIG. 6B through
6H respectively. In FIG. 6A, the horizontal axis indicates a
hue range, in which the hue becomes more bluish on the left
side, and the hue becomes more cyanish on the right side. In
addition, the vertical axis indicates the pixel frequency
included in the hue range. All of the pixels included in the
screen area A correspond to the background whose color is
white, which is achromatic color. Therefore, as shown in FIG.
6A, no hue frequency is extracted as the specific color fre-
quency distribution. Next, pixels included in the screen area B
correspond to the background whose color is white, and the
face video whose color is skin color. Therefore, as shown in
FIG. 6B, the frequency within a hue range including skin
color is extracted as the specific color frequency distribution.
Further, all of the pixels included in the screen area E corre-
spond to the background whose color is black, which is ach-
romatic color. Therefore, as shown in FIG. 6E, no hue fre-
quency is extracted as the specific color frequency
distribution. The results on the specific color frequency dis-
tribution that each of the specific color distribution extraction
units, which are included in the video characteristics extrac-
tion units 104B through 104H, has extracted are supplied to
the control unit 109.

[0031] On the basis of the results on the luminance fre-
quency distribution extracted by each of the luminance dis-
tribution extraction units 108 A through 108H, and the results
on the specific color frequency distribution extracted by the
specific color distribution extraction units, which are
included in the video characteristics extraction units 104B
through 104H, the control unit 109 generates a backlight
driving control signal to be supplied to the backlight driving
circuit 105A through 105H.

[0032] FIG. 7 is a flowchart illustrating how a backlight
driving control signal is generated by the control unit 109.

[0033]

[0034] (1) first of all, starting the operation to generate a
backlight driving control signal from the screen area A shown
in FIG. 2 (step S701);

[0035] (2) for the specific color frequency distribution of
the screen area A, which has been extracted by the specific
color distribution extraction unit 112A, making a judgment as
to whether or not the frequency of predetermined specific hue
exceeds a predetermined threshold value (step S702);
[0036] (3)as aresult of the judgment made in the step S702,
if the frequency of the specific hue in the screen area A does
not exceed the threshold value, generating a backlight driving
control signal for the screen area A on the basis of the lumi-

In FIG. 7, the process flows as follows:
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nance frequency distribution extracted by the luminance dis-
tribution extraction unit 108A (step S703);

[0037] (4)as aresult of the judgment made in the step S702,
if the frequency of the specific hue in the screen area A
exceeds the threshold value, making a judgment as to whether
or not the frequency of the predetermined specific hue in each
of screen areas adjacent to the screen area A (more specifi-
cally, in each of the screenareas B, E, F) exceeds the threshold
value in the specific color frequency distribution detected by
the corresponding specific color distribution extraction unit
(step S704);

[0038] (5)as aresult of the judgment made in the step S704,
if the frequency of the specific color hue does not exceed the
threshold value in all of the adjacent screen areas, generating
a backlight driving control signal for the screen area A in the
step S703 on the basis of the luminance frequency distribu-
tion extracted by the luminance distribution extraction unit
108A,;

[0039] (6)as aresult of the judgment made in the step S704,
if the frequency of the specific color hue exceeds the thresh-
old value in any of the adjacent screen areas, setting an iden-
tical control flag of the screen area in which the frequency of
the specific color hue exceeds the threshold value (step
S705)—in the above conditions, a backlight driving control
signal for the screen area A is not generated,

[0040] (7) also for the screen areas B through H, further
performing the same processing as that performed for the
screen area A, and then making a check as to whether or not
the processing has been performed for all of the screen areas
A through H (step S706); however, in the processing in the
step S704, each of the screen areas B through H has different
adjacent screen areas, which also differ from the adjacent
screen areas of the screen area A

[0041] (8) as a result of the check made in the step S706, if
the processing to be performed for all of the screen areas A
through H has been completed, generating a backlight driving
control signal for the screen area whose identical control flag
has been set (step S708)—in the case of the video signal
shown in FIG. 2, an identical control flag of each of the screen
areas B, C, F, G is set according to the result of extracting the
specific color frequency distribution shown in FIG. 6, and
accordingly, on the basis of the luminance frequency distri-
bution extracted by the luminance distribution extraction
units 108B, 108C, 108F, 108G, calculating the luminance
frequency distribution on the assumption that the screen areas
B, C, F, G belong to the same image area, and on the basis of
the result of the calculation, generating a backlight driving
control signal for the screen areas B, C, F, G;

[0042] (9) after that, ending the operation to generate the
backlight driving control signal (step S709); and

[0043] (10) as a result of the check made in the step S706,
if the processing to be performed for all of the screen areas A
through H is not completed, shifting to the next screen area to
be subjected to the processing (step S707), and then returning
to the step S702 to make the judgment.

[0044] FIGS. 8A, 8B are charts each illustrating the back-
light driving control signal at the time of generation thereof.
[0045] The control unit 109 includes predetermined
weighted coefficient characteristics for the luminance fre-
quency distribution as shown in FIG. 8A, and the backlight
driving control signal characteristics for a total value of the
frequency distribution, which has been corrected by weighted
coefficient characteristics for the luminance frequency distri-
bution, as shown in FIG. 8B. The control unit 109 generates a
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backlight driving control signal from the luminance distribu-
tion characteristics inputted on the basis of these characteris-
tics. These characteristics enable to generate such a backlight
driving control signal that with the increase in pixel frequency
whose luminance level is low in the luminance frequency
distribution, the backlight luminance becomes lower, and
generates such a backlight driving control signal that with the
increase in pixel frequency whose luminance level is high in
the luminance frequency distribution, the backlight lumi-
nance becomes higher. On the basis of the backlight driving
control signals of the screen areas A through H, the backlight
driving circuits 105A through 105H adjust the light quantity
of the backlights 106 A through 106H respectively. As a result
of the above-described control, the backlight luminance
becomes high in the screen areas A, D, whereas the backlight
luminance becomes low in the screen areas E, H. This makes
it possible to display high-contrast images. In addition,
because the backlight luminance is equally controlled in the
screen areas B, C, F, G, it is possible to suppress the change in
luminance of an object that is displayed as the same object (in
the description of this embodiment, a person’s face displayed
in the screens).

[0046] Moreover, on the basis of the results extracted by the
luminance frequency distribution and the results by extracted
the specific color frequency, which have been supplied by the
video characteristics extraction units 104A through 104H,
and on the basis of the resulted backlight driving control
signal, the control unit 109 generates a contrast correction
control signal of a luminance signal, a hue correction control
signal of a color-difference signal, and a color-saturation
correction control signal, and then supplies the generated
control signals to the image quality adjusting unit 103 as
image-quality adjustment control signals. On the basis of the
image-quality adjustment control signal described above, the
image quality adjusting unit 103 adjusts the input video (lu-
minance) signal and the input video (color difference) signal,
and then outputs the adjusted input video (luminance) signal
and the adjusted input video (color difference) signal to the
video (luminance) signal output terminal 113 and the video
(color difference) signal output terminal 114 respectively.
The video (luminance) signal and the video (color difference)
signal, which have been output to the video (luminance)
signal output terminal 113 and the video (color difference)
signal output terminal 114 respectively, are displayed on a
liquid crystal panel (not illustrated) as images through a lig-
uid crystal panel controller (not illustrated).

[0047] According to the above-described embodiment of
the present invention, by adjusting the light quantity of a
plurality of backlights on the basis of characteristics of an
input video signal for each screen area, it is possible to sup-
press the occurrence of untrue black of dark part, and thereby
to improve the contrast. In addition, by detecting the specific
color distribution on a screen area basis, it is possible to
suppress the change in luminance of the same object image
(for example, a person’s face) that is displayed across the
plurality of screen areas.

[0048] Incidentally, although the number of screen areas is
eight in the above-described embodiment, the present inven-
tion is not limited to this. Irrespective of the number of screen
areas, the number of image characteristics extraction units,
the number of backlight driving circuits, and the number of
backlights have only to be equalized to the number of screen
areas. In addition, although the screen is divided into the
screen areas in both the longitudinal and lateral directions, the
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screen may also be divided into the screen areas only in the
longitudinal direction, or only in the lateral direction. More-
over, the image characteristics extraction unit, the control
unit, and the image quality adjusting unit, which are elements
according to the present invention, may also be configured by
hardware, or may also be implemented by software process-
ing executed by a microcomputer. Further, although the spe-
cific color is detected as one color in the description of this
embodiment, the control may also be performed with two or
more colors being specified. In addition, it may also be so
configured that, for another video display part at the time of
displaying PinP (Picture in Picture) or at the time of display-
ing a plurality of screens, a backlight driving control signal is
generated in a state in which even a screen area which is
adjacent on a panel is not included in an adjacent screen area.

[0049] Moreover, forthe purpose of improving the moving-
image display performance of liquid crystal display appara-
tuses, for example, the following techniques are known:
backlight blink that provides a low-luminance light emission
period during which the backlight quantity is decreased to a
minimum level in all screen areas at the same timing during
one frame period of a video signal; and backlight scroll blink
in which a screen is divided into a plurality of small screen
areas in the longitudinal direction, and each low-luminance
light emission period is successively set. When the backlight
blink is use, the plurality of backlight driving circuits 105A
through 105H drive the backlights 106A through 106H
respectively with one frame period of an input video signal
time-divided into a backlight quantity variable period and a
backlight quantity minimum value period. In this case, the
backlights 106 A through 106H are driven with the backlight
luminance control amount adjusted during the backlight
quantity variable period so that the backlight quantity, which
has been time-integrated during the one frame period,
becomes the backlight luminance specified by luminance
control amount information of the backlights 106A through
106H, the luminance control amount information being sup-
plied from the control unit 109. On the other hand, in the case
of the backlight scroll blink, the plurality of backlight driving
circuits perform not only the same processing as that of the
backlight blink described above, but also controls backlight
groups by using the backlight quantity variable period and the
backlight quantity minimum value period, which are the same
with respect to the time, the backlight groups being included
in a plurality of small screen areas into which a screen area is
divided in the longitudinal direction, and thereby drives back-
lights in such a manner that the start time of a backlight
quantity variable period differs among the backlight groups.
According to the present invention, it is also possible to
operate the backlight blink and the backlight scroll blink in
combination. In this case, the backlight quantity during a
backlight light emission period other than the low-luminance
light emission period is adjusted so that the backlight quan-
tity, which has been time-integrated during one frame period,
becomes the light emission amount inreponse to a backlight
driving control signal received from the control unit 109. In
any of the techniques described above, that is to say, the
backlight blink, the backlight scroll blink, or the combination
of the backlight blink with the backlight scroll blink, it is
possible to produce the same effects as those of the embodi-
ment described with reference to FIGS. 1 through 8.

[0050] As described above, according to the present inven-
tion, it is possible to provide a liquid crystal display apparatus
that is capable of suppressing untrue black with the change in
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luminance ofanimage, which is displayed as the same object,
reduced in response to characteristics of images to be dis-
played so that the contrast can be improved.

[0051] The present invention can also be implemented in
other modes without deviating from the spirit or principal
features thereof. Therefore, all of the above-descried embodi-
ments are merely simple examples of the present invention at
all points, and accordingly the present invention should not be
restrictively understood. The scope of the present invention is
defined by claims. Moreover, all modification and changes,
which belong to equivalent claims of the claims, fall with the
scope of the present invention.

What is claimed is:

1. A liquid crystal display apparatus that irradiates a liquid
crystal panel with light beams from a plurality of backlights
so as to form and display an image corresponding to a video
signal, said liquid crystal display apparatus comprising:

an extraction unit for extracting the pixel frequency distri-
bution of an input video signal on a luminance level
basis, and for extracting the pixel frequency distribution
of specific color from a color-difference signal of the
input video signal in a screen area, the color-difference
signal being determined from the luminance distribution
of the plurality of backlights;

a control unit for determining the control amount of the
luminance of the plurality of backlights, and the correc-
tion amount of the luminance of the liquid crystal panel,
on the basis of the result of the extraction, and for out-
putting a control signal corresponding to the control
amount of the luminance and a control signal corre-
sponding to the correction amount of the luminance;

a plurality of backlight driving circuits, each of which
drives each of the plurality of backlights on the basis of
the control amount of the luminance; and

an image quality adjusting unit for controlling the lumi-
nance of the input video signal on the basis of the cor-
rection amount of the luminance;

wherein, on a screen area basis, the luminance of the input
video signal and the luminance of the backlights are
controlled in response to the pixel frequency distribution
of specific color extracted from the input video signal.

2. The liquid crystal display apparatus according to claim
1, wherein:

said extraction unit includes:

a plurality of luminance distribution filters that are pro-
vided in association with the luminance distribution of
the plurality of backlights;

a plurality of luminance distribution extraction units for
extracting the pixel frequency distribution of the input
video signal on a luminance level basis, the input video
signal being inputted through the plurality of luminance
distribution filters; and

a specific color distribution extraction unit for extracting
the pixel frequency distribution of specific color from a
color-difference signal ofthe input video signal included
in a screen area, the color-difference signal being deter-
mined from the luminance distribution of the plurality of
backlights;

wherein said control unit calculates the correction amount
of the luminance of the liquid crystal panel and the
control amount of the luminance of the plurality of back-
lights on the basis of pixel frequency distribution infor-
mation signals output by the plurality of luminance dis-
tribution extraction units and specific color pixel
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frequency distribution information signal output by the
specific color distribution extraction unit, and thereby
generates a control signal in response to the result of the
calculation.
3. The liquid crystal display apparatus according to claim
1, wherein:
said control unit controls the backlight driving circuits so
that as a result of judgments made on the basis of the
pixel frequency distribution of specific color, which has
been extracted on a screen area basis, if it is judged that
there is a screen area, whose pixel frequency of specific
color exceeds a predetermined value, among screen
areas that are adjacent to one another, the luminance of
backlights, each of which corresponds to each of the
screen areas that are adjacent to one another, is kept
uniform.
4. The liquid crystal display apparatus according to claim
2, wherein:
said control unit controls the backlight driving circuits so
that as a result of judgments made on the basis of the
pixel frequency distribution of specific color, which has
been extracted on a screen area basis, if it is judged that
there 1s a screen area, whose pixel frequency of specific
color exceeds a predetermined value, among screen
areas that are adjacent to one another, the luminance of
backlights, each of which corresponds to each of the
screen areas that are adjacent to one another, is kept
uniform.
5. The liquid crystal display apparatus according to claim
1, wherein:
said plurality of backlights are located in such a manner
that a screen is divided into a plurality of screen areas in
the longitudinal direction by the luminance distribution,
or in such a manner that the screen is divided into a
plurality of screen areas in the longitudinal and lateral
directions by the luminance distribution.
6. The liquid crystal display apparatus according to claim
2, wherein:
said plurality of backlights are located in such a manner
that a screen is divided into a plurality of screen areas in
the longitudinal direction by the luminance distribution,
or in such a manner that the screen is divided into a
plurality of screen areas in the longitudinal and lateral
directions by the luminance distribution.
7. The liquid crystal display apparatus according to claim
1, wherein:
the number of the extraction units provided for each of the
plurality of backlights is two or more.
8. The liquid crystal display apparatus according to claim
2, wherein:
the number of the extraction units provided for each of the
plurality of backlights is two or more.
9. The liquid crystal display apparatus according to claim
1, wherein:
each of the plurality of backlight driving circuits drives the
backlight with one frame period of an input video signal
divided into a backlight quantity variable period and a
backlight quantity minimum value period, and drives the
backlight with the backlight luminance control amount
adjusted during the backlight quantity variable period so
that the backlight quantity, which has been time-inte-
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grated by the one frame period, becomes the backlight
luminance specified by the backlight luminance control
amount information supplied by the control unit.

10. The liquid crystal display apparatus according to claim
2, wherein:

each of the plurality of backlight driving circuits drives the

backlight with one frame period of an input video signal
divided into a backlight quantity variable period and a
backlight quantity minimum value period, and drives the
backlight with the backlight luminance control amount
adjusted during the backlight quantity variable period so
that the backlight quantity, which has been time-inte-
grated by the one frame period, becomes the backlight
luminance specified by the backlight luminance control
amount information supplied by the control unit.

11. The liquid crystal display apparatus according to claim
9, wherein:

the plurality of backlight driving circuits control backlight

groups, which are included in a plurality of small screen
areas into which a screen area is divided in the longitu-
dinal direction, according to the backlight quantity vari-
able period and the backlight quantity minimum value
period, which are the same with respect to the time,
whereby the start time of a backlight quantity variable
period differs among the backlight groups.

12. The liquid crystal display apparatus according to claim
10, wherein:

the plurality of backlight driving circuits control backlight

groups, which are included in a plurality of small screen
areas into which a screen area is divided in the longitu-
dinal direction, according to the backlight quantity vari-
able period and the backlight quantity minimum value
period, which are the same with respect to the time,
whereby the start time of a backlight quantity variable
period differs among the backlight groups.

13. A luminance control method of a liquid crystal display
apparatus that irradiates a liquid crystal panel with light
beams from a plurality of backlights so as to form and display
an image corresponding to a video signal, said luminance
control method comprising the steps of:

extracting the pixel frequency distribution of an input

video signal on a luminance level basis, and extracting
the pixel frequency distribution of specific color from a
color-difference signal of the input video signal included
in a screen area, the color-difference signal being deter-
mined from the luminance distribution of the plurality of
backlights;

calculating the correction amount of the luminance of the

liquid crystal panel, and the control amount of the lumi-
nance of the plurality of backlights, on the basis of the
result of the extraction; and

driving the plurality of backlights on the basis of the cal-

culated control amount of the luminance, and control-
ling the luminance of the input video signal on the basis
of the correction amount of the luminance;

wherein, on a screen area basis, the luminance of the input

video signal and the luminance of the backlights are
controlled according to the pixel frequency distribution
of specific color extracted from the input video signal.
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