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7) ABSTRACT

The present invention relates to a processing device and
method for high dynamic contrast of a liquid crystal display
device. The processing device comprises a receiver, an
inverter and a source driving IC connected to a central pro-
cessing module, a gamma voltage controller connecting to the
source driving IC. The process method comprises: perform-
ing histogram statistic processing on a received low voltage
differential signaling data; obtaining a backlight source dim-
ming coefficient of picture of a same frame and an I/O gray
scale mapping table corresponding to the backlight source
dimming coefficient according to result of the histogram sta-

(22) Filed: May 23, 2008 tistic processing; controlling to adjust data output to a source
) Lo L. driving IC according to the I/O gray scale mapping table; and
(30) Foreign Application Priority Data controlling luminance of a backlight source according to the
backlight source dimming coefficient. The present invention
Sep. 10, 2007 (CN) ......................... 2007101215%3.2 adjusts the luminance of the backhght source and the output
L . . data of the LCD device concurrently, therefore improves
Publication Classification dynamic contrast of pictures, mitigates problems of low con-
(51) Int.CL trast and flicker in the LCD, and save the power consumption
G09G 3/36 (2006.01) of the backlight source.
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PROCESSING DEVICE AND PROCESSING
METHOD FOR HIGH DYNAMIC
CONSTRAST OF LIQUID CRYSTAL DISPLAY
DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a digital image pro-
cessing device and processing method of a Liquid Crystal
Display (LCD) device, and particularly to a processing device
and processing method for high dynamic contrast of the LCD
device.

BACKGROUND OF THE INVENTION

[0002] For a Thin Film Transistor (TFT) liquid crystal
panel, gamma curve is a curve that reflects a correspondence
between the transmittance and gray scale of a pixel point on
the TFT liquid crystal panel, and the curve directly reflects a
basic display characteristic of the TFT liquid crystal panel. A
gamma curve is shown in FIG. 1. FIG. 1 is a gamma curve of
aliquid crystal panel in which the abscissa is the gray scale of
the pixel point, the ordinate is the transmittance of the pixel
point on the liquid crystal panel. When a gamma reference
voltage of the LCD device is certain, the gamma curve is
uniquely determined, that is, the relation between the trans-
mittance and the gray scale of the pixel point is uniquely
determined.

[0003] Luminance of the pixel point on the liquid crystal
panel may be represented as:

L=B({p)<I(d) t)

where L represents the luminance of a pixel point on the
liquid crystal panel; B represents the luminance of'a backlight
source, which is a function of a backlight source dimming
coefficient f§; and T represents for the transmittance of this
pixel point on the liquid crystal panel, which is a function of
the gray scale d of the pixel point. A relation between the
luminance L and the gray scale d of the pixel point may be
obtained from the equation (1), which is referred to as L-D
curve, as shown in FIG. 2. FIG. 2 is a graph of an L-D curve
of the luminance and the gray scale of the pixel point on the
liquid crystal panel.

[0004] With development of technique and reduction of
cost, the TFT liquid crystal display and TFT liquid crystal
television have been dominant in the art of display instead of
the conventional CRT. As compared to the CRT displays, the
TFT LCD devices have advantages of low radiation, low
power consumption and small volume. However, one defect
of the TFT LCD devices is in relatively lower luminance and
contrast. Especially in displaying dark pictures, level sense is
reduced due to the presence of the Gamma curve.

[0005] To address this problem, a Dynamic Gamma Con-
trol (DGC) solution is proposed in the prior art. The main
design idea of DGC is to increase luminance differences
between the gray scales which are dominant in a picture by
varying the gamma voltage, so that the contrast of the picture
is increased. In particular, firstly, a histogram statistics is
performed on a Low Voltage Differential Signaling (LVDS)
data received by a receiver, and then a gamma reference
voltage processing is performed according to the result of the
histogram statistics in which the dynamic ranges of gray scale
voltages having more distribution is widened and the
dynamic ranges of gray scale voltages having less distribution
is narrowed, so that the contrast of the gray scales which are
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dominant in the picture is enhanced, thereby increasing the
contrast of the picture. In practice, the DGC solution has the
following technical problems:

[0006] (1) The luminance is increased with increment of
the contrast, and the unnecessary luminance increases the
power consumption of the backlight source and in turn the
power consumption of the product; and

[0007] (2) Human eyes will perceive flicker in the pictures
when continuous pictures shows alternation in brightness and
darkness or a picture becomes brighter or darker sharply.

SUMMARY OF THE INVENTION

[0008] One object of the present invention is to provide a
processing device and processing method for high dynamic
contrast of LCD device based on backlight source control,
improving significantly the dynamic contrast and quality of'a
picture and overcoming efficiently the technical defects of
high power consumption and flickering picture in the prior
art, in the premise of constant luminance of the liquid crystal
panel.

[0009] To achieve the above object, the present invention
provides a processing device for high dynamic contrast of a
liquid crystal display device comprising:

[0010] a receiver for receiving a low voltage differential
signaling data and converting the low voltage differential
signaling data into data in transistor-transistor logic format;
[0011] a central processing module connecting to the
receiver for performing histogram statistic processing on the
data in transistor-transistor logic format, obtaining a back-
light source dimming coefficient of picture of a frame and an
1/O gray scale mapping table corresponding to the dimming
coefficient according to result of the statistic processing, gen-
erating a pulse-width modulation (PWM) dimming control
signal from the backlight source dimming coefficient, obtain-
ing an output data according to the I/O gray scale mapping
table;

[0012] aninverter for receiving the PWM dimming control
signal from the central processing module and driving the
backlight source;

[0013] a gamma voltage controller for providing a gamma
reference voltage for a source driving integrated circuit (IC);
and

[0014] the source driving IC for receiving the output data
and the gamma reference voltage from the central processing
module and the gamma voltage controller, respectively, and
driving a liquid crystal panel.

[0015] The central processing module comprises:

[0016] a statistic module for receiving data from the
receiver and performing the histogram statistic processing on
the data;

[0017] aquery module for receiving result of the histogram
statistic processing from the statistic module and obtaining
the backlight source dimming coefficient of picture of a frame
and the 1/O gray scale mapping table corresponding to the
dimming coefficient according to the result of the statistic
processing;

[0018] asignal controller for receiving the backlight source
dimming coefficient from the query module and generating
the PWM control signal to be sent to the inverter;

[0019] a frame buffer for receiving the data in transistor-
transistor logic format from the receiver and storing the data;
[0020] a data processing module for receiving the I/O gray
scale mapping table and the data in transistor-transistor logic
format from the query module and the frame buffer, respec-
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tively, and mapping the data in transistor-transistor logic for-
mat into the output data according to the /O gray scale
mapping table; and

[0021] a transmitter for reading the output data from the
data processing module and transmitting the output data to
the source driving IC.

[0022] The query module includes a storage unit storing a
lookup table which records correspondence between the
backlight source dimming coefficient and the I/O gray scale
mapping table.

[0023] The data processing module includes:

[0024] a data receiving unit for receiving the data in tran-
sistor-transistor logic format input from the frame buffer and
converting the data in transistor-transistor logic format into a
gray scale;

[0025] atablereceiving unit for receiving the I/O gray scale
mapping table from the query module;

[0026] a data processing unit for mapping the gray scale
input by the data receiving unit into an output gray scale
according to the I/O gray scale mapping table input by the
table receiving unit; and

[0027] a data output unit for converting the output gray
scale received from the data processing unit into the output
data in the transistor-transistor logic format and outputting
the data.

[0028] To achieve the above object, the present invention
further provides a processing method for high dynamic con-
trast of a liquid crystal display device, comprising:

[0029] performing histogram statistic processing on a
received low voltage differential signaling data;

[0030] obtaining a backlight source dimming coefficient of
picture of a same frame and an /O gray scale mapping table
corresponding to the backlight source dimming coefficient
according to result of the histogram statistic processing;
[0031] controlling to adjust data output to a source driving
integrated circuit (IC) according to the 1/O gray scale map-
ping table; and

[0032] controlling luminance of a backlight source accord-
ing to the backlight source dimming coefficient.

[0033] Said performing histogram statistic processing on a
received low voltage differential signaling data comprises:
[0034] obtaining number of pixel points occupied by each
gray scale on picture of a frame; and

[0035] determining the gray scales that have more distribu-
tion in picture of the frame according to a threshold value.
[0036] Said obtaining a backlight source dimming coeffi-
cient of picture of a same frame and an I/O gray scale map-
ping table corresponding to the backlight source dimming
coefficient according to result of the histogram statistic pro-
cessing comprises:

[0037] determining the backlight source dimming coeffi-
cient of picture of the same frame according to the result of
the histogram statistic processing, and then calculating an I/O
gray scale mapping relation corresponding to different dim-
ming coefficients according to a relation between luminance
of pixel points on a liquid crystal panel on one hand, and the
gray scale and the dimming coefficient on the other hand; and
[0038] storing in a query module the I/O gray scale map-
ping relation in a form of the I/O gray scale mapping table.
[0039] Said controlling to adjust data output to a source
driving IC according to the 1/O gray scale mapping table
comprises:

[0040] converting the received input data in the transistor-
transistor logic format into an input gray scale;
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[0041] mapping the input gray scale into an output gray
scale according to the /O gray scale mapping table;

[0042] converting the output gray scale into an output data
in the transistor-transistor logic format and transmitting the
output data to a transmitter; and

[0043] the transmitter reading the output data from a data
processing module and sending the output data to the source
driving IC.

[0044] Said controlling luminance of a backlight source
according to the backlight source dimming coefficient com-
prises:

[0045] generating a pulse-width modulation (PWM) dim-
ming control signal according to the backlight source dim-
ming coefficient; and

[0046] using the PWM dimming control signal to drive the
backlight source.

[0047] The processing device and processing method for
high dynamic contrast of LCD device based on the backlight
source control proposed in the present invention decreases the
luminance of the backlight source to lower that of the picture
while compensating the distortion due to the decrease in the
luminance of the backlight source by adjusting the transmit-
tance of the liquid crystal panel. The present invention adjusts
concurrently the luminance of the backlight source and the
output data of the liquid crystal panel, respectively, according
to the result of the histogram statistic processing, therefore
improves the dynamic contrast of pictures and mitigates the
problems of relatively low contrast of the TFT LCD appara-
tus. This solution maintains the luminance of the liquid crys-
tal panel unchanged after the luminance of the backlight
source varies through the luminance query manner, thus miti-
gating the problems about flicker. Also, since the luminance
of the backlight source is adjusted in a manner of the external
PWM dimming, power consumption of the backlight source
is saved. Especially in the case where the displayed picture is
mostly in the dark state, the effect of the power saving will be
very significant. The power consumption of the backlight
source is over 40% of that in the entire LCD apparatus. Such
solution for adjusting luminance of backlight source in the
present invention saves the power consumption of the back-
light source and reduces that of the final product. Further, the
present invention improves main parameters of the products
greatly so that the value of the TFT LCD apparatus is
enhanced to a great extent.

[0048] Technical solutions of the present invention will be
further described in conjunction with accompanying figures
and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049]

[0050] FIG. 2 is a graph of an L-D curve of the luminance
and the gray scale of a pixel point on the liquid crystal panel.
[0051] FIG. 3 is a structurally schematic diagram of a pro-
cessing device for high dynamic contrast of LCD of the
invention.

[0052] FIG. 4 is a structurally schematic diagram of an
embodiment of the invention.

[0053] FIG. 5 is a structurally schematic diagram of a data
processing module of an embodiment of the present inven-
tion.

FIG. 1 is a gamma curve of a liquid crystal panel.
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[0054] FIG. 6 is a flow chart of a processing method for
high dynamic contrast of LCD device of an embodiment of
the invention.

DESCRIPTION FOR REFERENCE NUMBERS
ARE

[0055] 10—receiver; 20—frame buffer; 30—statistic mod-
ule; 40—query module; 50—signal controller; 60—inverter;
70—transmitter; 80—gamma voltage controller; 90—source
driving integrated circuit; 100—data processing module;
11—data receiving unit; 12—table receiving unit; 13—data
processing unit; 14—data output unit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] FIG. 3 is a structurally schematic diagram of a pro-
cessing device for high dynamic contrast of LCD device of
the invention. The processing device for high dynamic con-
trast of LCD device comprises: a receiver, an inverter and a
source driving IC connected to a central processing module,
respectively; and a gamma voltage controller connecting to
the source driving IC. The receiver receives a low voltage
differential signaling data. The central processing module
performs histogram statistic processing on the received data,
obtains a backlight source dimming coefficient of picture of a
same frame and an I/O gray scale mapping table according to
result of the statistic processing, generates a pulse-width
modulation (PWM) dimming control signal, and the output
data obtained from the 1/O gray scale mapping table. The
inverter and the source driving IC function as an execution
mechanism. The inverter receives the PWM dimming control
signal from the central processing module and drives the
backlight source, controls the luminance thereof. The source
driving IC receives the output data obtained according to the
1/O gray scale mapping table from the central processing
module and the gamma reference voltage output from the
gamma voltage controller, and keeps the luminance of the
liquid crystal panel unchanged after the luminance of the
backlight source varies by changing the transmittance of the
pixel point on the liquid crystal panel. The above solution of
the present invention decreases the luminance of the back-
light source to lower that of the picture while compensating
the distortion due to the decrease in the luminance of the
backlight source by adjusting the transmittance of the panel.
In particular, the present invention performs histogram statis-
tic processing on input low voltage differential signaling data,
adjusts the luminance of the backlight source and the data
input to the liquid crystal panel, respectively, according to the
result of the histogram statistic processing, therefore
improves the dynamic contrast of pictures, and mitigates the
problems of relatively low contrast in the TFT LCD devices.
This solution mitigates the problems about flicker by main-
taining the luminance of the liquid crystal panel unchanged
after the luminance of the backlight source varies. Meantime,
since the luminance of the backlight source is adjusted in a
manner of the external PWM dimming, power consumption
of the backlight source is saved.

[0057] FIG. 4 is a structurally schematic diagram of an
embodiment of the invention. This embodiment comprises a
receiver 10, a statistic module 30, a query module 40, a signal
controller 50 and an inverter 60 sequentially connected in
series, and further comprises a frame buffer 20, a transmitter
70, a gamma voltage controller 80, a source driving IC 90 and

Mar. 12, 2009

a data processing module 100. The input of the frame buffer
20 is connected to the receiver 10. The output of the frame
buffer 20 is connected to the data processing module 100. The
data processing module 100 is connected to the output of the
query module 40 and the input of the transmitter 70. The
output of the transmitter 70 and the output of the gamma
voltage controller 80 are connected to the source driving IC
90. The receiver 10 receives an input low voltage differential
signaling data and converts the received low voltage differ-
ential signaling data into data in a Transistor-Transistor Logic
(TTL) format. The statistic module 30 receives the format-
converted data from the receiver 10, converts the data into
gray scale, and then performs the histogram statistic process-
ing on the gray scale. The query module 40 receives the result
of the histogram statistic processing from the statistic module
30 and obtains a backlight dimming coefficient and an I/O
gray scale mapping table of picture of'a same frame according
to the result of the statistic processing. The signal controller
50 receives the backlight dimming coefficient from the query
module 40 and generates a PWM dimming control signal.
The inverter 60 receives the PWM dimming control signal
from the signal controller 50 and drives the backlight source
according to the PWM dimming control signal to vary the
luminance of the backlight source. At the same time, the
framebuffer 20 receives the input datain TTL format from the
receiver 10 and input the data to the data processing module
100. The data processing module 100 reads the I/O gray scale
mapping table from the query module 40, converts the data
input from the frame buffer 20 into gray scale, and then maps
it into an output gray scale according to the /O gray scale
mapping table, and then converts the output gray scale into an
output data in TTL format. The transmitter 70 receives the
output data from the data processing module 100 and trans-
mits it to the source driving IC 90. The transmittance of each
pixel point of the liquid crystal panel is changed according to
the processed data, so that the luminance of the pixel points
whose gray scales are dominantly distributed on the liquid
crystal panel is kept unchanged after the luminance of the
backlight source varies.

[0058] The receiver 10 receives the input low voltage dif-
ferential signaling data and converts it into the data in TTL
format to facilitate the data statistics by the statistic module
30.

[0059] The histogram statistics is to perform statistics on
the luminance of each point on picture of a frame in a manner
of gray scale, and distribution of each gray scale can be
obtained from the result of statistics. For example, when
resolution of a display is XGA (1024x768), that is, a picture
of an entire frame has 1024x768=786432 pixel points each of
which is composed of three sub-pixels of red (R), green (G)
and blue (B). The histogram statistic module 30 combines the
R, G, B data in TTL format that are input by the receiver 10
into a gray scale corresponding to the pixel point according to
the following gray scale combination equation (2), which is
shown as

¥=0.299R+0.587G+0.114B (3]

Thus the statistics may be performed on all the pixel points by
using the gray scales as a standard, the result of the statistics
is the number of pixel points occupied by each gray scale in
picture of this frame. The histogram statistics performed by
the statistic module 30 of the embodiment on the input data
comprises that: a threshold value is set on the histogram; if a
statistical number of a certain gray scale is over this threshold
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value, then this gray scale has a more distribution in picture of
this frame and the processing performed on its details should
be enhanced, or at least, its details should be ensured to be not
lost; likewise, if a statistical number of a certain gray scale is
below this threshold value, then this gray scale has a less
distribution in picture of the frame and the processing pet-
formed on its details should be weakened.

[0060] The query module 40 determines the dimming coef-
ficient § of the backlight source based on the statistical result
of the statistic module 30. For example, if in the statistical
result, the number of high gray scale is less, that is, the whole
picture of the frame is relative dark picture, then the dimming
coefficient § may be reduced, the standard of which is to
ensure that at least the details of middle and low gray scales
with more distributions will not be lost.

[0061] FIG. 1 is a gamma curve of a liquid crystal panel.
When a gamma reference voltage of the LCD device is cer-
tain, the gamma curve is uniquely determined, that is, the
correspondence between the transmittance and the gray scale
of the pixel point is uniquely determined. The transmittance
of each pixel point on the liquid crystal panel may be changed
by changing the gray scale.

[0062] According to the above equation (1) of pixel point
luminance on the liquid crystal panel, a relationship between
the luminance I and the gray scale d ofthe liquid crystal panel
may be obtained, which is referred to as L-D curve, as shown
in FIG. 2. FIG. 2 is a graph of an L-D curve of the luminance
and the gray scale of a pixel point on the liquid crystal panel.
The luminance B of the backlight source is proportionalto the
dimming coefficient . When the dimming coefficient
[=100%, the luminance of the backlight source is the highest.
The luminance of the backlight source will reduce as the
dimming coefficient f§ decreases. Thus, different L-D curves
may be plotted with different dimming coefficients [} accord-
ing to the equation (1) (as shown in FIG. 2). When the dim-
ming coefficient f=100%, the greatest luminance of the lig-
uid crystal panel is 500 nit, and when p=70%, the greatest
luminance of the liquid crystal panel is 350 nit. For a point
with the luminance of the liquid crystal panel being 320 nit,
corresponding points may be found in two curves of f=100%
and p=70% with the different corresponding gray scales. For
different dimming coefficients 3, and {5, if the luminance of
this pixel point on the liquid crystal panel is required to be
identical, only proper gray scales should be given, that is

BT )=BP2xT(d>) &)

where d, represents the corresponding gray scale under the
dimming coefficient f,; T(d,) is the transmittance of this
pixel point on the liquid crystal panel corresponding to the
gray scale d,; d, represents the corresponding gray scale
under the dimming coefficient §,, and T(d,) is the transmit-
tance of this pixel point on the liquid crystal panel corre-
sponding to the gray scale d,. Thus, the dimming coefficient
[ may be decreased in a certain range. By adjusting the
transmittance T of the pixel point on the liquid crystal panel,
thus the final luminance output from this pixel point on the
liquid crystal panel is kept unchanged.

[0063] The setting up of the correspondence between the
backlight source dimming coefficient and the gray level com-
prises: adjusting the equation as B(f,)xT(d,)=B(p,)xT(d,),
where d, represents the corresponding gray scale under the
dimming coefficient f,, and d, is the corresponding gray
scale under the dimming coefficient f3,. Assuming the dim-
ming coefficient 3, is always equal to the maximum of the
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backlight dimming coefficient, (§,=100%). When the histo-
gram statistics on picture of a frame is completed, the dim-
ming coefficient {3, can be obtained from the result of the
histogram statistics. In the case that 3, and {3, are determined,
an output gray scale d, can be calculated from the equation (3)
given an arbitrary input gray scale d,. All the output gray
scales corresponding to the condition of the dimming coeffi-
cient f§, can be calculated according to the input gray scales
and the equation (3). Thus, mapping relation between all of
the input gray scales and the output gray scales under the
condition of the dimming coefficient 3, can be obtained. With
the same procedure, mapping relations between all of the
input gray scales and output gray scales with different dim-
ming coefficients can be obtained, and the mapping relations
between the input gray scales and output gray scales are
stored in a lookup table as a form of table. In operation of the
system, when it is detected that a certain dimming coefficient
is output, the I/O gray scale mapping table corresponding to
this dimming coefficient is read from the lookup table and the
process of lookup is completed.

[0064] From the above analysis, the query module 40 of the
present embodiment is actually a table structure which
reflects the correspondence between the backlight source
luminance and the I/0 gray scale mapping table. Specifically,
body structure of the query module 40 is a storage unit with
the lookup table stored therein and cooperating with a corre-
sponding addresser. The statistic module 30 performs the
histogram statistic processing on the input data and then
obtains a gray scale distribution result of picture of a frame.
The query module 40 queries the relation table between the
backlight source dimming coefficient and the I/O gray scale
mapping table stored in the lookup table according to the
obtained result of the histogram statistic processing.

[0065] The data processing module 100 converts the data in
TTL format input by the frame buffer 20 into a gray scale (i.e.
the input gray scale) according to the equation (2), and then
maps the input gray scale into an output gray scale according
to the T/O gray scale mapping table read from the query
module 40. Then the data processing module 100 restores
linearly the output gray scale into an output data in TTL
format according to the input gray scale and the equation (2).
The transmitter 70 reads the output data from the query mod-
ule and input it to the source driving IC 90.

[0066] FIG. 5 shows a structurally schematic diagram of a
data processing module of an embodiment of the present
invention. The data processing module 100 comprises a data
receiving unit 11, a table receiving unit 12, a data receiving
unit 13, a data output unit 14. The data receiving unit 11
transmits the data in TTL format received from the frame
buffer 20 to the data processing unit 13. The table receiving
unit 12 transmits the I/O gray scale mapping table received
from the query module 40 to the data processing unit 13. The
data processing unit 13 converts the received data in TTL
format into a gray scale (i.e. the input gray scale) according to
the equation (2), and maps the input gray scale into the output
gray scale according to the 1/O gray scale mapping table. The
data output unit 14 receives the output gray scale of the data
processing unit 13 and restores linearly it into the output data
in TTL format according to the input gray scale and the
equation (2).

[0067] The query module 40 inputs the dimming coeffi-
cient to the signal controller 50 which in the above embodi-
ment of this invention is actually a PWM dimming signal
controller and controls the luminance of the backlight source
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by adjusting the duty cycle of the output PWM dimming
control signal, wherein the duty cycle of the PWM dimming
control signal is the dimming coefficient f of the backlight
source. The luminance of the cold cathode fluorescent lamp
(CCFL) backlight source depends directly on the lamp cur-
rent in the CCFL lamp. The driving of the lamp current is
performed by a DC to AC inverter. Digital mode for lumi-
nance adjusting by the inverter is also referred to as pulse
width modulation (PWM) mode. The luminance of the back-
light source is controlled by adjusting the duty cycle of a
PWM dimming signal. The duty cycle of the PWM dimming
signal is larger, the time period in which the backlight source
is in ON state within a dimming cycle is longer, and therefore
the luminance of the backlight source is higher. Since the
backlight source is continuously in an alternative state of ON
and OFF under this adjusting manner, a PWM Dimming
signal with higher frequency than that of a refresh rate (typi-
cally between 120 Hz-240 Hz) is used to control the ON and
OFF of the backlight source, and thus the human eyes will not
perceives the flicker of the backlight source.

[0068] In the embodiment of the present invention, the
signal controller 50 inputs the PWM dimming signal to the
inverter 60 and controls the luminance of the backlight source
by adjusting the duty cycle of the PWM dimming signal.
[0069] Inthe work process of the processing device forhigh
dynamic contrast of the LCD device of the present invention,
firstly. the receiver 10 receives the input low voltage differ-
ential signaling data and converts the format of the low volt-
age differential signaling data format into TTL signal format,
and then the statistic module 30 performs the histogram sta-
tistic processing. At the same time, the frame buffer 20
receives the data in TTL format from the receiver 10 and
inputs the data to the data processing module 100. The query
module 40 obtains the backlight source dimming coefficient
according to the result of the statistic processing by the sta-
tistic module 30 and finds the I/0O gray scale mapping table
corresponding to the dimming coefficient through the lookup
table. The data processing module 100 maps the data input by
the frame buffer 20 into the output data according to the /O
gray scale mapping table input by the query module 40. The
transmitter 70 reads the output data from the data processing
module 100 and inputs it to the source driving IC 90. The
signal controller 50 generates the PWM dimming control
signal according to the dimming coefficient output by the
query module 40 and transmits the control signal to the
inverter 60 driving the backlight source. The source driving
1C 90 drives the liquid crystal panel by receiving the gamma
reference voltage of the gamma voltage controller 80 and the
data output by the transmitter 70.

[0070] Therefore, since the backlight source is controlled
continuously by the PWM dimming signal output from the
signal controller 50 and is in a successively alternative state
between ON and OFF, a part of power is saved. Especially in
the case where the displayed picture is mostly in the dark
state, more power can be saved. The power consumption of
the backlight source is over 40% of that in the entire LCD.
Such adjusting solution for backlight source luminance of the
present invention saves the power consumption of the back-
light source and reduces that of the final product.

[0071] FIG. 6 is a flow chart of a processing method for
high dynamic contrast of LCD device of an embodiment of
the invention, which includes in particular:

[0072] step 10 of performing histogram statistic processing
on a received low voltage differential signaling data;
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[0073] step 20 of obtaining a backlight source dimming
coeflicient of picture of a same frame and an [/O gray scale
mapping table corresponding to the backlight source dim-
ming coefficient according to result of the histogram statistic
processing;

[0074] step 30 of controlling to adjust data output to a
source driving integrated circuit (IC) according to the I/O
gray scale mapping table; and

[0075] step 40 of controlling luminance of a backlight
source according to the backlight source dimming coefficient.

[0076] The above solution of the present invention
decreases the luminance of the backlight source to lower that
of the picture while compensating the distortion due to the
decrease in the luminance of the backlight source by adjust-
ing the transmittance. In particular, the present invention
adjusts the luminance of the backlight source and the data
output to the source driving IC, respectively, according to the
result of the histogram statistic processing, therefore
improves the dynamic contrast of pictures and mitigates the
problems of relatively low contrast in the TFT LCD devices.
This solution mitigates the problems about flicker by making
the luminance of the liquid crystal panel unchanged after the
luminance of the backlight source varies through the lumi-
nance query mode. Also, since the luminance of the backlight
source is controlled by the external PWM dimming signal,
power consumption of the backlight source is saved.

[0077]

[0078] step 11 of obtaining number of pixel points occu-
pied by each gray scale on picture of a frame; and

[0079] step 12 of determining the gray scales that have
more distribution in picture of the frame according to a
threshold value.

[0080] The present invention firstly performs statistics on
all the pixel points using the histogram statistics based on the
gray scales, obtains the number of pixel points occupied by
each gray scale in picture of the frame, and obtains the dis-
tribution condition of each gray scale in picture of the frame
by comparison with the threshold value.

[0081] Thestep 20includes in particular calculating the /O
gray scale mapping relation corresponding to the dimming
coefficient according to the relation between the luminance of
the pixel point on the liquid crystal panel, and the gray scale
and the dimming coefficient, and storing in the query module
the I/O gray scale mapping relation in the form of the I/O gray
scale mapping table.

[0082] Once the dimming coefficient is determined, the /O
gray scale mapping table corresponding to the dimming coef-
ficient is read out from the lookup table and the process of
lookup is completed.

[0083]

[0084] step 31 of converting the received input data in TTL
format into an input gray scale;

[0085] step 32 of mapping the input gray scale into an
output gray scale according to the I/O gray scale mapping
table;

[0086] step 33 of converting the output gray scale into an
output data in TTL format and transmitting the output data to
a transmitter; and

[0087] step 34, that the transmitter reading the output data
from a data processing module and sending the output data to
the source driving IC.

The step 10 includes in particular

The step 30 includes in particular
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[0088] The step 40 includes in particular

[0089] step 41 of generating a pulse-width modulation
(PWM) dimming control signal according to the backlight
source dimming coefficient; and

[0090] step 42 of using the PWM dimming control signal to
drive the backlight source.

[0091] After the PWM dimming control signal is generated
based on the backlight source dimming coefficient, the back-
light source is driven to change its luminance.

[0092] The above solution of the present invention
improves significantly the dynamic contrast and quality of a
picture in the premise of constant luminance of the liquid
crystal panel by decreasing the luminance of the backlight
source to lower that of the picture while compensating the
distortion due to the decrease in the luminance of the back-
light source by the transmittance. In particular, the present
invention performs histogram statistic processing on input
data, adjusts the luminance of the backlight source and the
output data of the liquid crystal panel concurrently, according
to the result of the processing, therefore improves the
dynamic contrast of pictures and mitigates the problems of
relatively low contrast in the TFT display apparatus. The
solution of the processing method for high dynamic contrast
of LCD device of the present invention mitigates the prob-
lems about flicker by making the luminance of the liquid
crystal panel unchanged after the luminance of the backlight
source varies. Also, since the luminance of the backlight
source is controlled by the external PWM dimming signal,
power consumption of the backlight source is saved.

[0093] At last, it should be noted that the above embodi-
ments are only for purpose of explaining solutions of the
present invention but not limiting the same. Although the
present invention is described in detail with reference to the
above embodiments, it should by understood by those skilled
in this art that modifications or equivalent substitutions may
be made to the technical solutions of the present invention
without depart from the spirit and scope of the technical
solutions of the present invention.

What is claimed is:
1. A processing device forhigh dynamic contrast ofaliquid
crystal display device characterized in comprising:

areceiver for receiving a low voltage differential signaling
data and converting the low voltage differential signal-
ing data into data in transistor-transistor logic format;

a central processing module connecting to the receiver for
performing histogram statistic processing on the data in
transistor-transistor logic format, obtaining a backlight
source dimming coefficient of picture of a frame and an
1/O gray scale mapping table corresponding to the dim-
ming coefficient according to result of the statistic pro-
cessing, generating a PWM dimming control signal
from the backlight source dimming coefficient, and
obtaining an output data according to the I/O gray scale
mapping table;

an inverter for receiving the PWM dimming control signal
from the central processing module and driving the
backlight source;

a gamma voltage controller for providing a gamma refer-
ence voltage for a source driving IC; and

the source driving IC for receiving the output data and the
gamma reference voltage from the central processing
module and the gamma voltage controller, respectively,
and driving a liquid crystal panel.
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2. The processing device for high dynamic contrast of a
liquid crystal display device of claim 1, characterized in that
the central processing module comprises:

a statistic module for receiving data from the receiver and
performing the histogram statistic processing on the
data;

a query module for receiving result of the histogram sta-
tistic processing from the statistic module and obtaining
the backlight source dimming coefficient of picture of a
frame and the /O gray scale mapping table correspond-
ing to the dimming coefficient according to the result of
the statistic processing;

a signal controller for receiving the backlight source dim-
ming coefficient from the query module, generating the
PWM control signal to be sent to the inverter;

a frame buffer for receiving the data in transistor-transistor
logic format from the receiver and storing the data;

a data processing module for receiving the I/O gray scale
mapping table and the data in transistor-transistor logic
format from the query module and the frame buffer,
respectively, and mapping the data in transistor-transis-
tor logic format into the output data according to the /O
gray scale mapping table; and

a transmitter for reading the output data from the data
processing module and transmitting the output data to
the source driving IC.

3. The processing device for high dynamic contrast of a
liquid crystal display device of claim 2, characterized in that
the query module includes a storage unit storing a lookup
table which records correspondence between the backlight
source dimming coefficient and the I/O gray scale mapping
table.

4. The processing device for high dynamic contrast of a
liquid crystal display device of claim 2, characterized in that
the data processing module includes:

a data receiving unit for receiving the data in transistor-
transistor logic format input from the frame buffer and
converting the data in transistor-transistor logic format
into a gray scale;

a table receiving unit for receiving the I/0 gray scale map-
ping table from the query module;

a data processing unit for mapping the gray scale input by
the data receiving unit into an output gray scale accord-
ing to the I/O gray scale mapping table input by the table
receiving unit; and

a data output unit for converting the output gray scale
received from the data processing unit into the output
data in the transistor-transistor logic format and output-
ting the data.

5. A processing method for high dynamic contrast of a

liquid crystal display device, characterized in comprising:
performing histogram statistic processing on a received
low voltage differential signaling data;

obtaining a backlight source dimming coefficient of pic-
ture of a same frame and an 1/0 gray scale mapping table
corresponding to the backlight source dimming coeffi-
cient according to result of the histogram statistic pro-
cessing;

controlling to adjust data output to a source driving IC
according to the I/O gray scale mapping table; and

controlling luminance of a backlight source according to
the backlight source dimming coefficient.

6. The processing method for high dynamic contrast of a

liquid crystal display device of claim 5, characterized in that
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said performing histogram statistic processing on a received
low voltage differential signaling data comprises:

obtaining number of pixel points occupied by each gray
scale on picture of a frame; and

determining the gray scales that have more distribution in
picture of the frame according to a threshold value.

7. The processing method for high dynamic contrast of a
liquid crystal display device of claim 5, characterized in that
said obtaining a backlight source dimming coefficient of pic-
ture of a same frame and an I/O gray scale mapping table
corresponding to the backlight source dimming coefficient
according to result of the histogram statistic processing com-
prises:

determining the backlight source dimming coefficient of

picture of the same frame according to the result of the
histogram statistic processing, and then calculating an
/O gray scale mapping relation corresponding to differ-
ent dimming coefficients according to a relation
between luminance of pixel points on a liquid crystal
panel, and the gray scale, the dimming coefficient; and

storing in a query module the I/O gray scale mapping
relation in a form of the /O gray scale mapping table.
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8. The processing method for high dynamic contrast of a
liquid crystal display device of claim 5, characterized in that
said controlling to adjust data output to a source driving IC
according to the I/O gray scale mapping table comprises:

converting the received input data in the transistor-transis-

tor logic format into an input gray scale;
mapping the input gray scale into an output gray scale
according to the I/O gray scale mapping table;

converting the output gray scale into an output data in the
transistor-transistor logic format and transmitting the
output data to a transmitter; and

the transmitter reading the output data from a data process-

ing module and sending the output data to the source
driving IC.

9. The processing method for high dynamic contrast of a
liquid crystal display device of claim 5, characterized in that
said controlling luminance of a backlight source according to
the backlight source dimming coefficient comprises:

generating a PWM dimming control signal according to

the backlight source dimming coefficient; and

using the PWM dimming control signal to drive the back-

light source.
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