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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to atechnique as-
sociated with liquid crystal display devices, and more
specifically, to a technique for controlling backlight used
in liquid crystal display panels.

2. Description of the Related Art

[0002] The non-self-luminous nature of liquid crystals
in liquid crystal displays requires that such a display is
externally lighted by irradiating light using a backlight.
Although there are backlights that use fluorescent lamps
(cold cathode tubes), light-emitting diodes (LEDs) or
electroluminescence (EL) as light sources, convention-
ally, backlights that use fluorescent lamps as light sourc-
es have been the mainstream.

[0003] However, since lighting a fluorescent lamp re-
quires that a high voltage (around 700 V) with a frequency
in the order of several tens kHz is applied to both ends
of the lamp, there is a problem in that current leakage
via minute floating capacitance, disconnection, short-cir-
cuit and the like are likely to occur. In addition, due to the
bluish tinge of white light produced by a fluorescent lamp,
the whiteness thereof makes it insufficient for achieving
high color reproducibility. Furthermore, the use of mer-
cury, which is an environmental toxin, in fluorescent
lamps to facilitate in-tube discharge is not preferable from
the perspective of environmental protection.

[0004] On the other hand, using LEDs as light sources
for a backlight has advantages such as: a long operating
life, resistance to shock, and a less likelihood of short-
circuiting; superior chromatic purity; being a low-voltage
operating element, superior handling and safety, and
easy to downsize; a low level of temporal variations in
luminance; and excellentlinearity of luminescent quantity
with respect to current value, and high response speed.
Accordingly, research and development on LED back-
lights have been underway.

[0005] For instance, Japanese Patent No. 3584351
discloses aninvention that enables aliquid crystal display
device provided with LEDs as a backlight to split the lu-
minous region of the backlight and control the lumines-
cence intensity of each luminous region according to the
optical transmittance of the liquid crystal panel in order
to suppress luminance heterogeneity in display areas
and, at the same time, to selectively increase luminance
in a specific display area in comparison to other display
areas without significantly increasing power consump-
tion.

[0006] In addition, Japanese Patent No. 3738427 dis-
closes an invention that is arranged to solve the problem
of arapid decline in the responsiveness of a liquid crystal
panel due to a decline in liquid crystal temperature by
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utilizing the limiting resistor of a LED that is used as a
backlight to heat liquid crystals in order to provide tem-
perature compensation for the responsiveness of the lig-
uid crystals.

[0007] Information of a color image is projected on a
device that converts light passed through filters of the
three primary colors -red (R), green (G) and blue (B)- into
an electric signal. Outputs from the device are used as
signals (RGB signals) respectively corresponding to the
luminescence intensities of R, G, and B to form animage
signal.

[0008] FIGS. 1Ato 1D arediagrams for explaining con-
ventional and typical image information processing. Im-
age information (image data) is encoded and transmitted
(FIG. 1A), and then decoded (FIG. 1B). An RGB signal
is extracted from the decoded data (FIG. 1C), and the
RGB signal is transmitted to the display panel while re-
maining data is discarded (FIG. 1D).

[0009] The RGB signal holds, for instance, 24 bits (8
bits of each of RGB) of information. Sending this infor-
mation to a liquid crystal panel enables display of 2 to
the 24th power (approximately 16.7 million) colors and 2
to the 8th power (256) tonal levels per pixel.

[0010] However, the dynamic range of a human eye
is said to be several million-fold, which may be expressed
in bits as a value exceeding 20 bits. In other words, for
the human eye, mere 256 tones is nowhere near a suf-
ficienttonal level and is inadequate for displaying images
in high resolution and sufficient texture. In this light, HDMI
(High Definition Multimedia Interface), which is a multi-
media interface for digital signals, has expanded the in-
formation quantity of each of RGB to 14 bits (total of 42
bits).

[0011] With digital broadcasting for television, moving
image data in MPEG2 data format is compressed and
transmitted as information. Ground-based digital broad-
casting and satellite digital broadcasting are similarly
subject to high-efficiency encoding and transmission in
MPEG2 data format. In MPEG, in addition to motion re-
trieval in the case of progressive scanning (non-interlace
scanning), three motion retrieval methods in the case of
interlace scanning (or interlaced scanning) are defined.
For so-called Hi-Vision (HD) high-definition television
screens, screen standards such as 720P (1280 x 720
pixels), 10801(1920 x 1080 pixels) and 1080P(1920 x
1080 pixels) have been defined.

[0012] For playback of moving images, received en-
coded signals in MPEG2 data format must be decoded
and processing for generating image/audio information
must be performed. Primarily, since this processing is
primarily continuous processing of product-sums using
a predetermined coefficient and the information that re-
sults from computation is average information of a sam-
pling period, information quantity may easily be expand-
ed. Thus, it would be easy to acquire information corre-
sponding to the mere 14 bits per RGB (total 42 bits) that
is processed by HDMI.

[0013] The quantity of information obtained by decod-
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ing MPEG2-format encoded signals is intrinsically high.
RGB signals used inimage display in ordinary liquid crys-
tal display devices are set to 8 bits of each of RGB (total
24 bits). This is because the limitations imposed on in-
formation processing at the display device-side causes
only the high 8 bits of image information respectively cor-
responding to RGB to be extracted and used as RGB
information while the remaining information is discarded.
[0014] In other words, while image information ob-
tained through composition intrinsically contains enough
information to enable display of color images with an ex-
tremely large number of tones, conventional image dis-
play methods only use a portion (in the above example,
8 bits of the luminance signal) of the intrinsic image in-
formation. Thus, it is inevitable that the number of tonal
levels displayable on a liquid crystal display panel is lim-
ited.

SUMMARY OF THE INVENTION

[0015] The present invention has been made in con-
sideration of the above problems, and its object is to en-
hance the tones of images displayed on a liquid crystal
display panel by controlling the emitting state of LEDs
used as a backlight based on image information inputted
to the liquid crystal display device.

[0016] In order to solve such problems, a backlight
control method for a liquid crystal display device accord-
ing to the present invention comprises: a first step for
decoding RGB information of respectively K bits of RGB
based on encoded image information corresponding to
a single screen; a second step for extracting color infor-
mation of maximum luminance from the RGB informa-
tion; and a third step for determining a backlight signal
to be associated with the luminance of a backlight com-
prising of LEDs based on predetermined B bits of data
including the most significant bit among bit data of color
information with maximum luminance, wherein the third
step comprises: a first substep for determining whether
the maximum luminance is within a luminance control
range of the backlight based on the B bits of data and
when determined that the maximum luminance is within
the luminance control range, controls the luminance of
the backlight based on the B bits of data; and a second
substep for generating a backlight signal that sets the
backlight to minimum luminance when it is determined
that the maximum luminance is lower than the luminance
control range.

[0017] The backlight control method preferably com-
prises a fourth step for determining an RGB signal, and
is arranged so that, when the first substep is executed,
L bits of data including at least 1 bit of the B bits of data
is generated as the RGB signal, while on the other hand,
L bits of data from the most significant bit to a bit in the
range of the (B+1)st order bit to the (B+L)st order bit of
RGB information of K bits of each of RGB is generated
as the RGB signal following the execution of the second
substep.
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[0018] In another aspect of a backlight control method
for a liquid crystal display device according to the present
invention, the method comprises: a first step for decoding
RGB information of respectively K bits of RGB based on
encoded image information corresponding to a single
screen; a second step for respectively extracting maxi-
mum luminance from each of the RGB information; and
a third step for determining a backlight signal to be as-
sociated with the luminance of a backlight comprising of
a red series LED, a green series LED and a blue series
LED based on predetermined B bits of data including the
most significant bit among bit data of the maximum lumi-
nance of each of the RGB information, wherein the third
step comprises: a first substep for determining whether
the respective RGB maximum luminances are within a
luminance control range of the red series LED, the green
series LED, and the blue series LED based on the B bits
of data, and when determined that the maximum lumi-
nance is within the luminance control range, controls the
luminance of the LED of the corresponding color based
on the B bits of data; and a second substep for generating
a backlight signal that sets the LED of the corresponding
color to minimum luminance when it is determined that
the maximum luminance is lower than the luminance con-
trol range.

[0019] The backlight control method preferably com-
prises a fourth step for determining an RGB signal, and
is arranged so that, when the first substep is executed,
L bits of data including at least 1 bit of the B bits of data
is generated as the RGB signal of the corresponding
color, while, on the other hand, L bits of data from the
most significant bit to a bit in the range of the (B+1)st
order bit to the (B+L)st order bit of RGB information of K
bits of each of RGB is generated as the RGB signal of
the corresponding color following the execution of the
second substep.

[0020] A backlight control system for a liquid crystal
display device according to the present invention com-
prises: an image information decoding unit that decodes
RGB information of respectively K bits of RGB based on
encoded image information corresponding to a single
screen; an image luminance peak detecting unit that ex-
tracts color information of maximum luminance from the
RGB information ; and an image signal extraction unit
that determines a backlight signal to be associated with
the luminance of a backlight comprising of LEDs based
on predetermined B bits of data including the most sig-
nificant bit among bit data of color information with max-
imum luminance, wherein the image signal extraction unit
comprises: computing means that determines whether
the maximum luminance is within a luminance control
range of the backlight based on the B bits of data, and
when it is determined that the maximum luminance is
within the luminance control range, controls the lumi-
nance of the backlight based on the B bits of data, while
on the other hand, generates a backlight signal that sets
the backlight to minimum luminance when it is deter-
mined that the maximum luminance is lower than the
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luminance control range.

[0021] The backlight control system is preferably ar-
ranged so that: the computing means provided in the
image signal extraction unit generates L bits of data in-
cluding at least 1 bit of the B bits of data as the RGB
signalwhen itis determined that the maximum luminance
is within the luminance control range of the backlight,
while on the other hand, the computing means generates
L bits of data from the most significant bit to a bit in the
range of the (B+1)st order bit to the (B+L)st order bit of
RGB information of K bits of each of RGB as the RGB
signalwhen itis determined thatthe maximum luminance
is lower than the luminance control range.

[0022] In another aspect of a backlight control system
for a liquid crystal display device based on the present
invention, the system comprises: an image information
decoding unit that decodes decoding RGB information
of respectively K bits of RGB based on encoded image
information corresponding to a single screen; an image
luminance peak detecting unit that respectively extracts
maximum luminance from each of the RGB information;
and an image signal extraction unit that determines a
backlight signal to be associated with the luminance of
a backlight comprising of ared series LED, a green series
LED and a blue series LED based on predetermined B
bits of data including the most significant bit among bit
data of respective maximum luminances of each of the
RGB information, wherein the image signal extraction
unit comprises computing means that determines wheth-
er the respective RGB maximum luminances are within
a luminance control range of the red series LED, the
green series LED and the blue series LED based on the
B bits of data, and when determined that the maximum
luminance is within the luminance control range, controls
the luminance of the LED of the corresponding color
based on the B bits of data, while when it is determined
that the maximum luminance is lower than the luminance
control range, generates a backlight signal that sets the
LED with the corresponding color to minimum luminance.
[0023] The backlight control system is preferably ar-
ranged so that: the computing means provided in the
image signal extraction unit generates L bits of data in-
cluding at least 1 bit of the B bits of data as the RGB
signal of the corresponding color when it is determined
that the maximum luminance is within the luminance con-
trol range of the backlight, while on the other hand, the
computing means generates L bits of data from the most
significant bit to a bit in the range of the (B+1)st order bit
to the (B+L)st order bit of RGB information of K bits of
each of RGB as the RGB signal of the corresponding
color when it is determined that the maximum luminance
is lower than the luminance control range.

[0024] Inaddition, the backlight control system accord-
ing to the present invention may be arranged so as to
comprise a backlight signal processing unit to which a
backlight signal from the image signal extraction unit is
inputted, wherein the backlight signal processing unit has
an external interface for backlight luminance adjustment
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from the outside.

[0025] A liquid crystal display device according to the
presentinvention comprises the backlight control system
according to the presentinvention, and the lighting states
of LEDs provided as a backlight are controlled by the
above-described backlight control system.

[0026] As seen, according to the present invention, by
arranging the lighting states of LEDs provided as a back-
light to be controlled based on image information inputted
to a liquid crystal display device, tone enhancement of
images displayed on a liquid crystal display panel may
be achieved. As a result, a liquid crystal display panel
having a low tonal level may be used as a liquid crystal
display panel having a high tonal level.

[0027] Furthermore, since this method merely causes
tone control to be also performed at the backlight (LEDs)
side based on information intrinsically included in image
information, the method is extremely simple in principle
and will not impede any demands for lightening, thinning
or the like of the device.

[0028] Moreover, even when a user of the liquid crystal
display device adjusts the brightness of animage through
manual control, tone control of the image may be per-
formed by controlling the light quantity of the backlight-
side lighting without having to input the manual control
as a signal to the liquid crystal panel-side.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Other objects, features and advantages of the
present invention will become more apparent from the
following detail description when read in conjunction with
the accompanying drawings in which:

FIGS. 1Ato 1D are diagrams for explaining proc-
esses of conventional image infor-
mation processing;

are diagrams for conceptually ex-
plaining processes of image infor-
mation processing according to the
present invention;

is a diagram for explaining the prin-
ciple of tone control according to
the present invention;

is a diagram for conceptually ex-
plaining the substantial tone en-
hancement that is achievable
through tone control according to
the present invention;

are diagrams for specifically ex-
plaining examples of display signal
processing for tone control accord-
ing to the present invention;

is a block diagram for explaining a
configuration example of an image
signal generating unit for executing
image information processing ac-
cording to the present invention;

FIGS. 2Ato 2D

FIG. 3

FIG. 4

FIGS. 5Ato 5D

FIG. 6
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FIG.7 is a block diagram for explaining a
configuration example of a back-
light signal processing unit that
processes backlight signals;

is a flowchart for explaining a first
example of a procedure of tone
control according to the presentin-
vention;

form a first diagram for specifically
explaining the processing depicted
in FIG. 8;

form a second diagram for specifi-
cally explaining the processing de-
picted in FIG. 8;

FIG. 8

FIGS. 9A to 9E

FIGS. 10A to 10E

FIG. 11 is a flowchart for explaining a sec-
ond example of a procedure of tone
control according to the presentin-
vention; and

FIG. 12 is a diagram for explaining an out-

line of a configuration of a liquid
crystal display device according to
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Embodiments of the present invention will now
be described with reference to the drawings. In the fol-
lowing description, while it is assumed that LEDs of three
colors, namely, a red (R) LED, a green (G) LED and a
blue (B) LED are used to obtain a white backlight, emis-
sion colors of these LEDs need not be limited to the three
colors of red (R), green (G) and blue (B). For the back-
lighting LEDs used in the present invention, any back-
lighting LED may be used as long as a combination there-
of is capable of producing white through color mixing.
LEDs capable of forming such a combination shall be
referred to as a red (R) series LED, a green (G) series
LED and a blue (B) series LED.

[0031] FIGS. 2A to 2D are diagrams for conceptually
explaining exemplary processes of image information
processing according to the present invention. Image in-
formation (image data) that has been encoded and trans-
mitted is received (FIG. 2A), and decoded to obtain de-
coded data (FIG. 2B). Processing, to be described later,
is performed on the decoded data to extract a backlight
signal to be used in luminance control of the backlight
and an RGB signal to be transmitted to the liquid crystal
display panel-side (FIG. 2C). Then, the backlight signal
is transmitted to the backlight and the RGB signal to the
liquid crystal display panel, and the remaining data is
discarded (FIG. 2D).

[0032] In other words, while in a conventional method,
only RGB signals are considered image signals, in the
present invention, in addition to RGB signals, backlight
signals that control the luminance of the backlight are
considered image signals. Accordingly, the respective
luminances (tones) of the respective colors of red (R),
green (G) and blue (B) are controlled from the liquid crys-
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tal display panel-side and the backlight side.

[0033] In the present invention, no special limitations
are imposed on the number of bits of data extracted as
the above-described backlight signal and RGB signals.
When performing image display using a conventional lig-
uid crystal display panel (and the control unit thereof),
the number of bits for each of the RGB signals may be
set to 8 bits to arrive at data with a total of 24 bits. In this
case, tone control of 2 to the 8th power (256) tonal levels
may be performed from the liquid crystal display-side.
[0034] Inthepresentinvention, since abacklightsignal
used for luminance control of images is extracted from
decoded image information, tone control from the back-
light side (tone control by the backlight signal) is per-
formed in addition to the above-described tone control
from the liquid crystal display panel-side (tone control by
the RGB signals). As a result, tone enhancement of im-
ages displayed on the liquid crystal display panel may
be achieved.

[0035] FIG. 3 is a diagram for explaining the principle
of tone control according to the present invention. The
example shown in this diagram assumes a case where,
from the decoded image information, 4 bits of data are
extracted as a backlight signal, and 8 bits of data are
extracted as each of RGB signal (total of 24 bits). As
described above, RGB signals (8 bits respectively) to be
transmitted to the liquid crystal display panel-side are
used for controlling voltage to be applied to liquid crystals
corresponding to each color filter. Tone control of 8 bits
(256) of levels is achieved by controlling the gradient
states of the liquid crystal molecules.

[0036] In addition, a backlight signal having a data
quantity of, for instance, 4 bits is transmitted to the back-
light-side, and luminance control of the backlight is per-
formed according to this signal. For instance, when using
an LED (white) as a backlight, luminance control from
the backlight-side is performed by controlling a current
value that flows to the LED as a light source, and tone
control of 4 bits (16) of levels is performed.

[0037] As shown in FIG. 4, according to tone control
as described above, as a result of the 8-bit (256 tone)
luminance control at the liquid crystal display panel-side
and the 4-bit (16 tone) luminance control at the backlight-
side, the liquid crystal display device as a whole is now
capable of 12-bit (4096 tone) luminance control and may
achieve significant tone enhancement.

[0038] FIGS. 5A to 5D are diagrams for specifically
explaining examples of display signal processing for tone
control according to the present invention. Data resulting
from decoding image information includes information re-
garding the brilliance of the three colors of red (R), green
(G) and blue (B) of a single screen (respectively depicted
as "R information”, "G information" and "B information")
(FIG. 5A). In this diagram, "R information" is represented
as a digit sequence of "0011010110...", "G information"
as a digit sequence of "0010010110...." and "B informa-
tion" as a digit sequence of "0001010111...".

[0039] A comparison between the respective exempli-
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fied RGB information reveals that, in the "B information",
the values of the most significant bit to the third bit there-
from are "0" and the first "1" appears at the fourth bit
(from the most significant bit), while in "R information"
and "G information”, "1" initially appears at the third bit
(from the most significant bit). In addition, a comparison
of the fourth bits (from the most significant bits) of R in-
formation and G information, R information has a value
of "1" while G information has a value of "0". In this case,
the color red (R) is determined to be the brightest color
among the RGB information, and R information will be
extracted as "maximum luminance information" (FIG.
5B).

[0040] A digit sequence of a predetermined number of
bits (4 bits in the diagram) from the most significant bit
of the digit sequence "0011010110..." of the "maximum
brilliance information" is extracted and determined (gen-
erated) as a backlight signal "0011 ". Luminance control
of the backlight is performed based on the 4-bit backlight
signal (FIG. 5C).

[0041] RGB signals are generated following the gen-
eration of the backlight signal, whereby tone control is
performed at the liquid crystal display panel-side. As a
specific example, among the digit sequence of R infor-
mation of the maximum luminance information, the bit
sequence from the most significant bit to the bit at which
"1" initially appears (in the illustrated example, the most
significant bit and the second order bit) is ignored, and a
subsequent bit sequence from the high order bit thereof
to a bit of a predetermined digit is extracted and defined
as an R signal. In the illustrated example, since R signals
are arranged to be 8 bits, the "0" of the most significant
bit and the second order bit are ignored, and the subse-
quent 8-digit sequence "11010110" is extracted as the
R signal (FIG. 5D).

[0042] A G signal and a B signal are extracted in the
same manner. The first 8 digits "10010110" of the G in-
formation digit sequence when the most significant bit
and the second order bit thereof are ignored is extracted
asthe Gsignal, and, similarly, the first 8 digits "01010111"
of the B information digit sequence when the most sig-
nificant bit and the second order bit thereof are ignored
is extracted as the B signal (FIG. 5D).

[0043] FIG. 6 is a block diagram for explaining a con-
figuration example of an image signal generating unit for
executing image information processing described
above. When encoded image information is inputted, de-
coding is performed by an image information decoding
unit(11). The decoded datais transmitted to, forinstance,
a motion compensation/IP conversion unit (12) at which
motion compensation, IP conversion and the like is per-
formed on the inputted image information, and subse-
quently transmitted to an image luminance peak detec-
tion unit (13).

[0044] In accordance with the procedure described
with reference to FIGS. 5A to 5D, the image luminance
peak detection unit (13) extracts maximum luminance
information (information having the highest luminance
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among RGB information) from image information corre-
sponding to a single screen. The image luminance peak
detection unit (13) sends the decoded data to an image
signal extraction unit (14). The image signal extraction
unit (14) extracts a backlight signal and an RGB signal
according to the procedure described with reference to
FIGS.5Ato 5D, and sends these signals asimage signals
to an image synchronization/data transmission control
unit (15).

[0045] The image synchronization/data transmission
control unit (15) sends the RGB signal among the display
signals to a display panel luminance instruction unit (16)
and the backlight signal to a backlight luminance instruc-
tion unit (17). The RGB signal and the backlight signal
are transmitted in synchronization to a display timing of
the liquid crystal display panel.

[0046] FIG. 7 is a block diagram for explaining a con-
figuration example of a backlight signal processing unit
that processes the above described backlight signal. The
backlight signal outputted from the image signal gener-
ation unit is inputted to a luminance control DA converter
21, where luminance control signals for controlling the
respective luminances of the backlighting LEDs of the
three colors of red, green and blue which are required to
set the luminance of the backlight light source (luminance
of white light) to a predetermined value are transmitted
to luminance control DA converters (22, 23 and 24) re-
spectively corresponding to each of RGB.

[0047] Each of the luminance control DA converters
(22, 23 and 24) performs analog conversion of the lumi-
nance control signal of each color. The analog-converted
signals are sent to a current control circuit unit (27) to be
converted into current values to be supplied to each LED.
The luminance control DA converter (21) is arranged to
accept manual input of luminance adjustment signals
from the outside via an external interface (25) and a man-
ual luminance control DA converter (26).

[0048] As seen, according to the present invention, as
a result of the luminance control at the liquid crystal dis-
play panel-side and the luminance control at the back-
light-side, the liquid crystal display device as a whole is
now capable of achieving significant tone enhancement.

[0049] Embodiments of the present invention will now
be described in greater detail using examples.
[Example 1]

[0050] FIG. 8 is a flowchart for explaining a first exam-

ple of a procedure of tone control according to the present
invention. First, the procedure commences when image
information corresponding to a single screen is inputted,
and decoding of the image information is performed
(S101). For the illustrated example, it is assumed that
each of the RGB information has an information quantity
of K bits (total of 3K bits).

[0051] The decoded RGB informationis stored (S102),
and luminance range correction corresponding to the
characteristic of the used liquid crystal display panel is
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performed (S103). This luminance range correction is,
for instance, correction for allocating a fewer number of
bits to tonal regions where luminance is high and low and
the sensitivity of the human eye is relatively low, and
allocating a greater number of bits to ranges of medium
luminance where the sensitivity of the human eye is rel-
atively high.

[0052] Next, for each of the RGB information corre-
sponding to each pixel, the maximum value and the min-
imum value of the luminance are stored (S104), a highest
luminance peak among the image information corre-
sponding to a single screen is obtained (S105), and the
maximum luminance thereof is defined as M (S106).
[0053] RGB data extracted as having the maximum
luminance from the RGB information is processed, and
the most significant bit position at which "1" appears is
set as P. As a result of this processing, a relationship of
M=2P is obtained between the aforementioned M and P
(S107).

[0054] Subsequently, determination is made on
whether luminance control by the backlight is possible
(S108). In this example, since the number of bits of the
backlight signal is set as B bits, the above determination
is performed as a comparison between the value of M
(=2P) and the value of 2(K-B).

[0055] When the value of M (=2P) is not smaller than
the value of 2(K-B) (No in S108), the procedure proceeds
to step S109 where data in which the lead (most signifi-
cant) bit to the aforementioned P bit of the luminance-
maximum RGB data is set to "0" while the subsequent
lead bit to the B bit is set to "1" is formed as the backlight
signal. Then, L bits including bit P are extracted from
each RGB information and set as the RGB signal (S110).
[0056] FIG. 9A to 9E are diagrams for describing the
above processing in greater detail. In this case, for easier
comprehension, each RGB information is assumed to be
14 bits (K=14), the number of bits of backlight signals to
be 4 bits (B=4) and the number of each of RGB signal to
be 8 bits (L=8).

[0057] For instance, if "01101011010011" is inputted
as R information, "00100100010010" as G information
and"00001111011011" as B information (FIG. 9A), since
R information has the maximum luminance among these
RGB information, R information is selected (FIG. 9B).
[0058] With the R information "01101011010011",
since the most significant bit position of "1" is 13, P=13
is true. Thus, the determination criterion of step S108
shown in FIG. 8 (2P<2(K-B)?) may now be specifically
expressed as "213<210?" (FIG. 9C).

[0059] In this case, since the determination will result
in "No", the procedure proceeds to step S109 where data
in which the most significant bit subsequent to the P bit
position (13 bit position) to the 4th bit of the R information
"01101011010011" (in other words, the 4 bits at the po-
sitions of the 13 bit, 12 bit, 11 bit and the 10 bit) is set to
"1" ("0111") is created as the backlight signal (FIG. 9D).
Performing such processing may possibly result in back-
light signals of "0001", "0011", "0111" and "1111". A sig-
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nal of "0000" is generated by the processing of step S111,
to be described later, as a signal corresponding to the
minimum luminance of the backlight.

[0060] In an alternative arrangement, data formed by
the most significant bit to the 4th bit of the R information
"01101011010011" ("0110") may be set without modifi-
cation as the backlight signal. In this case, 4 bits (16) of
backlights are conceivable.

[0061] Subsequent to this processing, L bits (8 bits)
beginning at bit P (bit 13) are extracted from each RGB
information as RGB signals (FIG. 9E).

[0062] In step S 108, when the value of M (=2P) is
smaller than the value of 2(K-B) (Yes in S108), the proce-
dure proceeds to step S111 where the backlight signal
is set to a predetermined constant (in this example
"0000"), and L bits of data from the most significant bit
to a bit in the range of the (B+1)st to the (B+L)th bit of
each RGB information is extracted as RGB signals
(S112).

[0063] FIG. 10A to 10E are diagrams for describing
the above processing in greater detail. In a similar man-
ner, for easier comprehension, each RGB information is
assumed to be 14 bits (K=14), the number of bits of a
backlight signal to be 4 bits (B=4) and the number of each
of RGB signals to be 8 bits (L=8).

[0064] For instance, if "00000101101001" is inputted
as R information, "00000010001001" as G information
and "00000011101101" as B information (FIG. 10A),
since R information has the maximum luminance among
these RGB information, R information is selected (FIG.
10B).

[0065] With the R information "00000101101001",
since the most significant bit position of "1" is 9, P=9 is
true. Thus, the determination criterion of step S108
shown in FIG. 8 (2P<2(K-B)?) may now be specifically
expressed as "29<210?" (FIG. 10C).

[0066] Since the determination result in this case is
"Yes", the procedure proceeds to step S111 to set the
constant "0000" as the backlight signal (FIG. 10D). This
backlight signal is a signal corresponding to the minimum
luminance of the backlight.

[0067] Subsequent to this processing, ignoring the 4
bits beginning at the most significant bit of each RGB
information, L bits (8 bits) beginning atbit 10 are extracted
as RGB signals (FIG. 10E).

[0068] Through such processing, the obtained RGB
signal is transmitted to the liquid crystal display panel
(S113), while the backlight signal is synchronized to the
display timing of the liquid crystal panel and transmitted
to the lighting control unit of the backlight (S114).
[0069] The processing of the above-described steps
S101 to S 114 is performed for every screen to achieve
moving image display.

[Example 2]

[0070] FIG. 11 is a flowchart for explaining a second
example of a procedure of tone control according to the
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presentinvention. First, the procedure commences when
image information corresponding to a single screen is
inputted, and decoding of the image information is per-
formed (S201). For the illustrated example as well, it is
assumed that each RGB information has an information
quantity of K bits (total of 3K bits).

[0071] The decoded RGB informationis stored (S202),
and luminance range correction corresponding to the
characteristic of the used liquid crystal display panel is
performed (S203). The contents of this luminance range
correction is the same as already described for Example
1.

[0072] Next, for each RGB information corresponding
to each pixel, the maximum value and the minimum value
of the luminance are stored (S204), the luminance peak
of each RGB information among image information cor-
responding to a single screen is obtained (S205), and for
each color, the maximum luminance thereof is defined
as M (Mg, Mg, Mg) (S206).

[0073] Maximum luminance data of each RGB infor-
mation is processed, and for each color, the most signif-
icant bit position at which "1" appears is set as P (Pg,
Pg, Pg). As a result of this processing, a relationship of
M=2P is obtained between the aforementioned M and P
(S207).

[0074] Subsequently, determination is made on
whether luminance control by backlight is possible
(S208). In this example, since the number of bits of the
backlight signal is set as B bits, the above determination
is performed as a comparison between the value of M
(=2P)and 2(K-B), This determination is performed for each
color of RGB.

[0075] When the value of M (=2P) is not smaller than
the value of 2(K-B) (No in S208), the procedure proceeds
to step S209 where data in which the lead (most signifi-
cant) bit to the aforementioned P bit of the maximum
luminance data is set to "0" while the subsequent lead
bit to the B bit is set to "1" is formed as the backlight
signal. Then, L bits including bit P are extracted from
each RGB information and set as the R signal, the G
signal and the B signal (S210).

[0076] Instep S208, whenthe value of M (=2F) is small-
er than the value of 2(%-B) (Yes in S208), the procedure
proceeds to step S211 where the backlight signal is set
to a predetermined constant (in this example "0000"),
and respectively for R information, G information and B
information, L bits of data from the most significant bit to
a bit in the range of the (B+1)th to the (B+L)th bit are
extracted as the R signal, G signal and B signal (S212).
[0077] Through such processing, the obtained RGB
signals are transmitted to the liquid crystal display panel
(S213), while the backlight signal is synchronized to the
display timing of the liquid crystal panel and transmitted
to the lighting control unit of the backlight (S214).
[0078] The processing of the above-described steps
S201 to S214 is performed for every screen to achieve
moving image display.

[0079] In the tone control of the first example, only the
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luminance of the white light obtained from the light of the
LEDs of the three colors of red (R), green (G) and blue
(B) is controlled, and luminance control of the LEDs of
each color is not performed. Thus, white level (color tone)
control of the backlight is not performed. In contrast, in
the tone control of the second example, since luminance
control is respectively performed for the LEDs of the three
colors ofred (R), green (G) and blue (B), itis now possible
to perform color tone control of the backlight in addition
to the luminance control of the white light.

[Example 3]

[0080] FIG. 12 is a diagram for explaining an outline
of a configuration of a liquid crystal display device ac-
cording to the present invention. In this liquid crystal dis-
play apparatus 100, a TFT 104 as a switching element
and a storage capacitor (not shown) are positioned at
each crossing position of data lines 102 and scan lines
103 configured in an n-row, n-column matrix on a sub-
strate 101. The drain of the TFT 104 is connected to a
pixel electrode 105, the source thereof to the data line
102, and a gate thereof to the scan line 103.

[0081] RGB signals from a display data circuit 108 is
inputted to a data line drive circuit (gate line driver) 106
and a scan line drive circuit (scan line driver) 107, and is
responsible for image display at the liquid crystal display
panel-side.

[0082] RGB signals inputted to a display data circuit
108 are generated by an image information generation
unit 109 based on encoded image information. A back-
light signal generated by the image information genera-
tion unit 109 is sent to a backlight 111 via a backlight
signal processing unit 110 to control intensity of emitting
light of the LED, that is the light source.

[0083] Whilethe presentinvention has been described
through examples, the above-described examples are
merely examples for implementing the present invention,
and the present invention is not limited to these exam-
ples. Diverse variations of the above-described exam-
ples are within the scope of the present invention, and
other various examples are further possible within the
scope of the present invention. For instance, LEDs used
as the backlight need not be LEDs of the three colors of
red (R), green (G) and blue (B), and any backlighting
LED may be used as long as a combination thereof is
capable of producing a white LED through color mixing
(ared (R) series LED, a green (G) series LED and a blue
(B) series LED). Furthermore, a combination of a white
LED and any of the aforementioned LEDs may be used.
[0084] Through the present invention, tone enhance-
ment ofimages displayed on a liquid crystal display panel
may be achieved. As aresult, for instance, a liquid crystal
display panel having a small number of tones may now
be used as a liquid crystal display panel having a large
number of tones.
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Claims mined B bits of data including the most signifi-
cant bit among bit data of the maximum lumi-
nance of each RGB information, wherein
the third step comprises: a first substep for de-

1. Abacklight control method for a liquid crystal display
device comprising:

be associated with the luminance of a backlight
comprising of a red series LED, a green series
LED and a blue series LED based on predeter-

5 termining whether the maximum luminances of
a first step for decoding RGB information of re- RGB are within a luminance control range of the
spectively K bits of RGB based on encoded im- red series LED, the green series LED and the
age information corresponding to a single blue series LED based on the B bits of data and
screen; when determined that the maximum luminances
a second step for extracting color information of 70 are within the luminance control range of the red
maximum luminance from the RGB information; series LED, the green series LED and the blue
and series LED, controls the luminance of the LED
a third step for determining a backlight signal to of the corresponding color based on the B bits
be associated with the luminance of a backlight of data; and a second substep for generating a
comprising of LEDs based on predetermined B 15 backlight signal that sets the LED of the corre-
bits of data including the most significant bit sponding color to minimum luminance when it
among bit data of color information with maxi- is determined that the maximum luminance is
mum luminance, wherein lower than the luminance control range.
the third step comprises: a first substep for de-
termining whether the maximum luminance is 20 4. The backlight control method for a liquid crystal dis-
within a luminance control range of the backlight play device according to claim 3, comprising:
based on the B bits of data, and when deter-
mined that the maximum luminance is within the a fourth step for determining an RGB signal,
luminance control range, controls the luminance wherein
of the backlight based on the B bits of data; and 256 when the first substep is executed, L bits of data
a second substep for generating a backlight sig- including at least 1 bit of the B bits of data is
nal that sets the backlight to minimum luminance generated as the RGB signal of a corresponding
when it is determined that the maximum lumi- color, while on the other hand, L bits of data from
nance is lower than the luminance control range. the most significant bit to a bit in the range of
30 the (B+1)st order bit to the (B+L)st order bit of
2. The backlight control method for a liquid crystal dis- RGB information of K bits of each of RGB is gen-
play device according to claim 1, comprising: erated as the RGB signal of the corresponding
color following the execution of the second sub-
a fourth step for determining an RGB signal, step.
wherein 35
when the first substep is executed, L bits of data 5. A backlight control system for a liquid crystal display
including at least 1 bit of the B bits of data is device, comprising:
generated as the RGB signal, while on the other
hand, L bits of data from the most significant bit an image information decoding unit that de-
to a bit in the range of the (B+1)st order bit to 40 codes RGB information of respectively K bits of
the (B+L)st order bit of RGB information of K bits RGB based on encoded image information cor-
of each of RGB is generated as the RGB signal responding to a single screen;
following the execution of the second substep. an image luminance peak detecting unit that ex-
tracts color information of maximum luminance
3. Abacklight control method for a liquid crystal display 45 from the RGB information; and
device comprising: an image signal extraction unit that determines
a backlight signal to be associated with the lu-
a first step for decoding RGB information of re- minance of a backlight comprising of LEDs
spectively K bits of RGB based on encoded im- based on predetermined B bits of data including
age information corresponding to a single 50 the most significant bit among bit data of color
screen,; information with maximum luminance, wherein
a second step for extracting color information of the image signal extraction unit comprises: com-
maximum luminance from each of the RGB in- puting means that determines whether the max-
formation; and imum luminance is within a luminance control
a third step for determining a backlight signalto 55 range of the backlight based on the B bits of

data, and when it is determined that the maxi-
mum luminance is within the luminance control
range, controls the luminance of the backlight
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based on the B bits of data, while, on the other
hand, generates a backlight signal that sets the
backlight to minimum luminance when it is de-
termined that the maximum luminance is lower

the computing means provided in the image sig-
nal extraction unit generates L bits of data in-
cluding at least 1 bit of the B bits of data as the
RGB signal of the corresponding color when it

than the luminance control range. 5 is determined that the maximum luminance is
within the luminance control range of the back-
6. The backlight control system for a liquid crystal dis- light, while on the other hand, the computing
play device according to claim 5, wherein: means generates L bits of data from the most
significant bit to a bit in the range of the (B+1)st
the computing means provided in the image sig- 10 order bit to the (B+L)st order bit of RGB infor-
nal extraction unit generates L bits of data in- mation of K bits of each of RGB as the RGB
cluding at least 1 bit of the B bits of data as the signal of the corresponding color when it is de-
RGB signal when it is determined that the max- termined that the maximum luminance is lower
imum luminance is within the luminance control than the luminance control range.
range of the backlight, while on the other hand, 15
the computing means generates L bits of data 9. The backlight control system for a liquid crystal dis-
from the most significant bit to a bit in the range play device according to any one of the claims 5 to
of the (B+1)st order bit to the (B+L)st order bit 8, comprising:
of RGB information of K bits of each of RGB as
the RGB signal when it is determined that the 20 a backlight signal processing unit to which a
maximum luminance is lower than the lumi- backlight signal from the image signal extraction
nance control range. unit is inputted, wherein
the backlight signal processing unit has an ex-
7. Abacklight control system for a liquid crystal display ternal interface for backlight luminance adjust-
device, comprising: 25 ment from the outside.
an image information decoding unit that de- 10. Aliquid crystal display device comprising a backlight
codes decoding RGB information of respectively consisting of LEDs and the backlight control system
K bits of RGB based on encoded image infor- according to any one of the claims 5 to 9, wherein
mation corresponding to a single screen; 30 the lighting states of the LEDs are controlled by the
an image luminance peak detecting unit that re- backlight control system.
spectively extracts maximum luminance from
each of the RGB information; and
an image signal extraction unit that determines
a backlight signal to be associated with the lu- 35
minance of a backlight comprising of ared series
LED, a green series LED and a blue series LED
based on predetermined B bits of data including
the most significant bit among bit data of respec-
tive maximum luminances of RGB information, 40
wherein
the image signal extraction unit comprises com-
puting means that determines whether the re-
spective RGB maximum luminances are within
aluminance control range of thered series LED, 45
the green series LED and the blue series LED
based on the B bits of data, and when deter-
mined that the maximum luminance is within the
luminance control range, controls the luminance
of the LED of the corresponding color based on 50
the B bits of data, while when it is determined
that the maximum luminance is lower than the
luminance control range, generates a backlight
signal that sets the LED with the corresponding
color to minimum luminance. 55

8. The backlight control system for a liquid crystal dis-
play device according to claim 7, wherein:

10
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