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LIQUID CRYSTAL DISPLAY METHOD AND
THE APPRATUS THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display method
and the corresponding display apparatuses, especially to a
liquid crystal display method and the corresponding liquid
crystal display apparatuses.

[0003] 2. Description of the Related Art

[0004] The liquid crystal display (LCD) of a liquid crystal
display device (such as liquid crystal television) can not radi-
ate by itself, however it belongs to backlight display device.
Thereis backlight in the back of the LCD, and the LCD device
displays or recovers the image by the fine particles, which is
uniformly arranged in the screen, “interdicting” and “turning
on” the light emitted by the backlight. In the preliminary
stage, the backlight works as long as the LCD is switched on,
even if the displayed image is completely black. That is, the
backlight of a LCD television radiates all the time. Since
transmittance of liquid crystal is very low, the lightness of the
backlight should be strong enough to make the lightness of
liquid crystal TV high enough to perfectly display the image,
which not only shorten the lifetime of the backlight of the
LCD device, but also easily cause asthenopia of the watcher;
Yet the contrast and color saturation of the displayed image
will be decreased if the lightness of the backlight decreases.
[0005] U.S. prior application U.S. Pat. No. 7,113,164 dis-
closed a technology scheme for adjusting the lightness of the
LED backlight area. Although this technology scheme solves
the problem of contrast and saturation of LCD to some extent,
but it also has some deficiencies: since the division of the
backlight is fixed and don’t change, only the lightness of the
pixels in fixed segments can be adjusted, and adjustment can
not be done according to changes in different displayed
image, therefore it can not meet the display requirement of
image which constantly changes.

SUMMARY OF THE INVENTION

[0006] In order to solve the problems existing in the prior
art, the present invention provides a LCD method, which can
adjust the backlight segments according to the difference of
the displaying images to satisfy the display requirement of the
image which constantly changes.

[0007] Especially, the present invention provides a liquid
crystal display method, which includes:

[0008] receiving a image signal;
[0009] analyzing the image signal;
[0010] dividing the image into at least two image segments

according to the analysis result of the image signal;

[0011] dividing the backlight into at least two backlight
segments according to the division result of the image;

[0012] adjusting the brightness of each backlight segment;
[0013] adjusting the image signal in each image segment.
[0014] Furthermore, the present invention also provides a

LCD apparatuses, which includes a image input interface, a
image processing device, a liquid crystal display screen and a
backlight;

[0015] said image processing device includes a image
analysis unit, a division unit, a liquid crystal interface unit, a
backlight driver and a CPU:;

[0016] said image input interface receives image signal;
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[0017] said image analysis unit analyzes the received
image;
[0018] saiddivision unit divides said imageinto at least two

image segments according to the analysis result of the image
analysis unit; meanwhile divides said backlight into at least
two backlight segments according to the image division
result;

[0019] said backlight driver adjusts the brightness in each
backlight segment;

[0020] said liquid crystal interface unit adjusts the bright-
ness of image signal in each segment and sends the adjusted
image signal to the said LCD screen to display.

[0021] LCD method of the present invention divides the
image and backlight according to the image signal, and
adjusts the brightness of the divided image segment and back-
light segment to not only decrease the power consumption of
LCD, but also increase the contrast of the image signal,
thereby improving the display effect of LCD.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic diagram in accordance with
the first embodiment of the present invention;

[0023] FIG. 2 is a schematic diagram of image process of
image processing device in FIG. 1;

[0024] FIG. 3 is a schematic diagram in accordance with
the second embodiment of the present invention;

[0025] FIG. 4 is a schematic diagram in accordance with
the third embodiment of the present invention;

[0026] FIG. 5 is a schematic diagram in accordance with
the fourth embodiment of the present invention; and

[0027] FIG. 6 is a schematic diagram in accordance with
the fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] In order to make one skilled in the relevant art
readily understand the present invention and make the
objects, features and advantages of the present invention
more apparent, the present invention will be described in
further detail with reference to embodiments and the accom-
panying drawings.

[0029] Asshown in FIG. 1, the LCD apparatuses according
to the first embodiment of the present invention includes a
image input interface 110, a image processing device 120, a
LCD screen 130 and a backlight 140, and the image process-
ing device 120 includes a image analysis unit 121, a division
unit 122, a liquid crystal interface unit 123, a backlight driver
124 and a CPU 125. Wherein the image processing device
120 may consist of several separated components or they are
integrated into a single chip to become one-body architecture.
The LCD apparatuses can be LCD TV, LCD, palmtop com-
puter or cell phone and so on.

[0030] The working process of the apparatuses is as fol-
lows:
[0031] Theimage inputinterface 110 receives image signal

and sends it to the image processing device 120. Wherein, the
image signal can be either a digital signal or an analog signal,
such as RGB, CVSB or S-video signal. If it is an analog
signal, it will firstly be A/D converted by the image input
interface 110 to become a digital signal, and then be sent to
the image processing device 120. Hereinafter ROB signal
analysis will be described as an example of image processing
device 120.
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[0032] One channel of RGB signal received by the image
processing device 120 will be sent to the image analysis unit
121 for analyzing. The analysis of image signal can be done in
many ways; it can analyze the image signal directly in spatial
domain or in frequency domain. For example, directly calcu-
late the brightness of the image signal via methods such as
Fourier transform, Laplace transform, etc., or analyze the
spectrum of the image signal via other methods.

[0033] Hereinafter brightness analysis will be described as
an example of working process of the image analysis umt 121.
[0034] Firstly, the image analysis unit 121 transforms the
received a single frame of RGB signal to YUV formatted
digital signal to extract the brightness signal in the RGB
signal; therefore, this procedure can be replaced by extracting
the brightness information of the RGB signal. YUV signal is
usually used as image signal format wherein “Y” represents
brightness, while “U” and “V” represent chroma, which
describe the image color and saturation to indicate the color of
the pixel. The brightness is constructed by RGB input signal
by overlapping the specific part of the ROB. Chroma defines
hue and saturation, which are represented respectively by Cr
and Cb.

[0035] Then the image analysis unit 121 divides the whole
image into several segments, wherein the segments can be
rectangle, triangle, hexagon, rhomb, cross or other irregular
graphics, and the shape and size of all segments can be the
same or different. In order to be convenient for calculation, it
is preferred that the image analysis unit 121 divides the image
into M rectangle segments with the same size, wherein M is a
natural number, whose value can be determined by the size of
the image signal. Generally, the value of M is larger, the effect
of the embodiment is better; when the rectangle segments are
small enough until it becomes a pixel dot, the value of M is
maximal, and the maximum value is the number of the pixels
included in the whole image. For illustration, the individual
rectangle segments are indicated as m1, m2, . . . , mM, as
shown in FIG. 2(a).

[0036] Each divided rectangle segments includes several
pixel dots of the image; each pixel has the corresponding
YUV information. If the number of pixel dots included in
each rectangle segment is A, then the number of Y-compo-
nents included in each rectangle segment is A. By analyzing
the Y-component included in each rectangle segment, the
image analysis unit 121 can calculate or statistics the bright-
ness information of each rectangle segment. For illustration,
the brightness information of each rectangle segment is indi-
cated as y1,y2, . . ., yM respectively. Herein the brightness
information can be the maximal brightness, average bright-
ness, the difference between the maximal brightness and the
minimal brightness or other brightness information of each
rectangle segment. The calculation and statistics of the
brightness information can be performed in many ways,
which will not be illustrated in detail here.

[0037] The image analysis unit 121 sends the brightness
analysis result to the division unit 122, which will divides the
image according to the analysis result including the bright-
ness information of each rectangle segment. Herein the image
dividing is actually a procedure of combination, namely com-
bining several rectangle segments according to the brightness
information of each rectangular segment, it includes that sev-
eral rectangle segments, whose brightness information y1,
v2, ..., yM meet a certain condition are combined into a
image segment according to a certain division rule; the rect-
angular segments which meet another condition are com-
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bined into another image segment, and the like. Until all
rectangular segments are combined into their corresponding
image segments. For illustration, the combined image seg-
ments are indicated as P1, P2, .. ., Px, wherein X is the number
of segments, whose maximal value is M. Generally, x is
larger, the effect of the embodiment is better, and the corre-
sponding process will be more complex. If the number of
segments is 4, then the divided image may be shown as FIG.
2(b), the divided image can be continuous or discontinuous.

[0038] There can be various division rules, which can be
predetermined or dynamically determined according to the
image signal. In contrast, the predetermined rule is more
convenient for process, yet the dynamically determined rule
can more clearly embody the feature of the present invention.
In the following, these two rules will be illustrated respec-
tively.

[0039] When the division unit 122 divides the image
according to predetermined rule, supposing the predeter-
mined rule is: dividing the image according to the maximal
brightness, and the maximum brightness is divided into 4
grades of 0-63, 64-127, 128-191 and 192-255, each grade
corresponds to an image segment. The working process of the
division unit 122 is as follows: firstly the division unit 122
receives the brightness information of each rectangular seg-
ment. Then the division unit 122 compares the maximal
brightness of each rectangular segment with the brightness
grade in the division rule: that s, the rectangular segments,
whose maximal brightness is in the range of 0-63, are com-
bined into the first image segment which is indicated as P1;
those rectangular segments, whose maximal brightness is in
the range of 64-127, are combined into the second image
segment, which is indicated as P2; the rectangular segments,
whose maximal brightness is in the range of 128-191, are
combined into the third image segment, which is indicated as
P3; the rectangular segments, whose maximal brightness is in
the range of 192-255, are combined into the fourth image
segment, which is indicated as P4. Finally, the division unit
122 sends the relative information of P1, P2, P3 and P4 to
CPU 125.

[0040] When the division unit 122 divides the image
according to dynamical division rule, it is different from
according to the predetermined division rule, the process
according to the dynamic division rule includes a further step
of determining division rule after the division unit 122
receives the brightness analysis result from the image analy-
sis unit 121. In most cases, the difference between the process
according to the dynamic division rule and the process
according to the predetermined division rule is determining
dividing threshold. For division according to the maximal
brightness; in division rule of the previous example of prede-
termined division rule it uses three constant thresholds 63,
127 and 191 to divide the whole brightness area into 4 seg-
ments with the essential same size, while in dynamic division
rule it will determine similar thresholds according to the
image itself. Take dividing into 4 segments for example, one
method is determining three thresholds by calculating the
weighted average brightness of the brightness histogram, and
the procedure includes as follows: calculating the brightness
histogram of the image; calculating the weighted average
brightness of the histogram and indicating it as Yal; calculat-
ing the weighted average brightness of the image whose
brightness is in the range of 0-Yal and indicating it as Ya2;
calculating the weighted average brightness of the image
whose brightness is in the range of Yal-255 and indicating it



US 2009/0115718 Al

as Ya3. Such three calculated weighted average brightness
can be used to determine three thresholds for the dynamic
division rule, and the division rule can be determined as:
dividing according to the maximal brightness and the range of
maximal brightness is divided into 4 grades as 0-Ya2, Ya2-
Yal, Yal-Ya3 and Ya3-255. Each grade corresponds to an
image segment. Then the division unit 122 compares the
maximal brightness of each rectangular segment with the
brightness grade in the division rule, and then the rectangular
segments, whose maximal brightness is in the ranges of
0-Ya2,Ya2-Yal,Yal-Ya3 and Ya3-255, are respectively com-
bined into four image segments.

[0041] Since histogram represents the statistics relation-
ship between each brightness and its occurring probability,
the size of the segments determined by calculating the
weighted average brightness of the histogram will be close to
each other. For example, For whole image whose picture is
relatively dark, since the occurring probability of the low
brightness is relatively high, for the segment divided accord-
ing to the aforesaid predetermined rule, the number of the
rectangular segments whose maximal brightness in the
ranges of 0-63 and 64-127 will be relatively bigger, the cor-
responding area of P1 and P2 will be larger, while the number
of rectangular segments, whose maximal brightness is in the
ranges of 128-191 and 192-255 will be smaller, the corre-
sponding area of P1 and P2 will relatively smaller. Yet the area
of the four image segments divided according to the aforesaid
dynamic division rule will be close to each other.

[0042] After the image is divided, the division unit 122
divides the backlight according to the image division result.
For illustration, the divided backlight segments are indicated
as B1,B2, ..., Bx (x represents the number of the segments).
Generally, the backlight segments correspond to the image
segments, and the division methods of backlight and image
are totally same. For example, the shape, size, and position of
B1 and P1 are same. It should be noted that terms of division,
dividing mentioned in the present invention should be under-
stood as symbolically dividing of the image or backlight,
while not as dividing in physics or circuit.

[0043] CPU 125 determines the brightness adjustment rule
of each backlight segment according to the division result and
sends the division result and the corresponding adjustment
rule of each backlight segment to the liquid crystal interface
unit 123 and the backlight driver 124. To easily perform this
process, preferably, the CPU 125 of the present invention
calculate the brightness normalized coefficient of each image
segment according to the maximal brightness of each image
segment to determine the adjustment rule of each backlight
segment.

[0044] In the following, the working process of CPU 125
will be illustrated by taking the backlight segment B1 for
example: the corresponding image segment of the backlight
segment Bl is P1, suppose the maximal brightness of the
image in the image segment P1 is Lp1, while the maximal
brightness of the brightness signal is defined as Lmax, then
Lp1 to Lmax ratio can be calculated to determine a numerical
value, which can be used as the brightness normalized coef-
ficient of the backlight segment B1. The coefficient is indi-
cated as ul, that is ul=Lp1/Lmax. It can be seen that ul is
usually less than 1. In order to embody the effect of the
present invention to the utmost extent, the value of Lmax is
generally 255, and the calculation of brightness normalized
coefficient is not limited into this calculation method. After
the brightness normalized coefficient ul of the backlight seg-
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ment B1 is calculated out, CPU 125 calculates the brightness
normalized coefficients of B2, B3, .. ., Bx and indicates them
asu2,u3, .. ., ux. After that, CPU 125 sends the brightness
normalized coefficient of each backlight segment to the back-
light driver 124 and the liquid crystal interface unit 123.
[0045] The backlight driver 124 generates the driving sig-
nal of each backlight segment according to the brightness
adjustment rule determined by CPU 125 for the backlight
140. The common backlight driver, which can not be adjusted
according to the difference of the displaying picture, usually
work with the maximal brightness, and the driving signal of
each backlight from the corresponding backlight driver is the
same. Differently the backlight driver 124 of the present
invention can send different driving signals to different back-
lights according to different backlight segments.

[0046] In the following, the working process of the back-
light driver 124 will be illustrated by taking the brightness
adjustment rule determined by the aforesaid brightness nor-
malized coefficient for example. It includes: after the back-
light driver 124 receives the brightness normalized coefficient
of each backlight segment, the driving signal of each back-
light segment is adjusted according to the brightness normal-
ized coeflicient of each backlight segment.

[0047] Take the backlight segment B11 for example, After
the backlight driver 124 receives the brightness normalized
coefficient ul of the backlight segment B1, it firstly deter-
mines the displaying brightness needed by the backlight seg-
ment B1 according to the brightness normalized coefficient
ul, and the displaying brightness needed by B1 is indicated as
Lb1. Suppose the brightness of the backlight in normal work-
ing condition is Lb, and the normal working current is ib.
Then the backlight driver 124 determines Lb1 by multiplying
Lb by ul, that is Lb1=Lbxul. After the displaying brightness
Lb1 needed by Bl is determined, the backlight driver 124
adjusts the corresponding driving signal. Since the brightness
ofthe backlight is determined by the light flux of the backlight
LED, as the LED light flux is linear with its working current,
according to Lb1=Lbxul, it can be easily seen that the cor-
responding working current of B1 should be ibxul. If the
backlight driver 124 uses PWM (pulse width modulation)
signal to drive the backlight, the duty cycle of the correspond-
ing PWM signal should be adjusted. Suppose the duty cycle
of the corresponding PWM signal of iB is Db, then the back-
light driver 124 adjusts the duty cycle of the driving signal of
the backlight segment B1 to Dbxul. Then the backlight driver
124 adjust the driving signal of each segment B2, B3, ..., Bx
by the same method. Finally, the backlight driver 124 sends
the adjusted driving signal of each segment to the backlight
140 to control the brightness of the backlight 140.

[0048] After the backlight 140 receives the adjusted driving
signal, it transforms the driving signal into the corresponding
driving current and sends it to the backlight LED of the
corresponding backlight segment. Since the driving signals of
the corresponding backlight segments are different, the
brightness of each segment in the backlight 140 will be cor-
respondingly different. Since the value of brightness normal-
ized coefficient is usually less than 1 (the maximal value is 1),
the brightness of the backlight in each segment will less than
the brightness Lb when the backlight work in the normal
condition. Therefore, the LCD device of the present invention
can effectively decrease the power consumption of the back-
light.

[0049] Since the brightness of the backlight is adjusted, in
order to properly display the original image, the image signal
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itself must be correspondingly adjusted. The liquid crystal
interface unit 123 adjusts the image signal itself according to
brightness adjustment rule determined by the CPU 125 and
the division result.

[0050] In the following, the working process of the liquid
crystal interface unit 123 will be illustrated by still taking the
brightness adjustment rule determined by the aforesaid
brightness normalized coefficient for example. Take the
image segment P1 for example, since the brightness of the
corresponding backlight segment B1 of the image segment P1
is adjusted from the original Lb to Lbl, Lb1=Lbxul, the
brightness of B1 becomes ul times of the original one, there-
fore the brightness of the image segment P1 needs to be
divided by ul to properly display the image of the segment.
Based on this, the liquid crystal interface unit 123 adjusts the
image brightness of P1, and dividing the brightness of all
pixels in the image segment P by ul to obtain new brightness
information. Then, image brightness of other each image
segments is similarly adjusted by the liquid crystal interface
unit 123. Finally, the liquid crystal interface unit 123 trans-
forms the adjusted image signal into the signal conforming to
LCD screen interface specification and sends it to LCD screen
130 for displaying.

[0051] Besides adjusting the brightness of the image signal,
the liquid crystal interface unit 123 can refer a configurable
two-dimensional reference table to perform the chroma opti-
mizing process for the image signal in each image segment.
Generally, the values of the parameters in the aforesaid con-
figurable two-dimensional reference table are experimental
values obtained by a lot of subjective evaluating.

[0052] It can be seen from the calculation method of the
aforesaid brightness normalized coefficient that, since
ul=Lp1/Lmax, after dividing the brightness of the image
segment P1 by ul, the maximal brightness changes from the
original Lp1 to Lmax. Suppose the original maximal bright-
ness of the image segment P1 is 50, Lmax is valued as 255,
then the brightness range of the image segment P1 after
adjustment changes from 0-50 to 0-255, and the contrast of
the image signal is largely increased. It can solve the problem
of low contrast and unclear level when the present LCD is in
low brightness. Besides just mathematical operation of the
brightness of the corresponding image, there are many other
methods for adjusting the image signal in the image segment,
such as the image enhancement algorithm of histogram
equalization, to effectively increase the amount of informa-
tion of the image to perfectly display the image signal.

[0053] Itshould be mentioned that sending the driving sig-
nal to the backlight 140 and sending the signal conforming to
the LCD interface screen specification to the LCD screen 130
are performed synchronously. Each functional unit in the
image processing device 120 is only defined according to its
function for illustration. Actually, these units can be com-
bined into a chip or a software program. The backlight 140
can also be a component of LCD screen 130.

[0054] FIG.3isaschematic diagram ofthe second embodi-
ment of the present invention. It is different from FI1G. 1 that
the image processing device 120 of LCD apparatuses of the
second embodiment still includes a memory 126. The
memory 126 is used to store the data process result of each
unit in the image processing device 120; therefore, each unit
of the image processing device 120 can perform the corre-
sponding process through calling the stored data in the
memory 126.
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[0055] As shown in FIG. 4, the schematic diagram of the
third embodiment of the present invention is a schematic
diagram of a LCD method.

[0056] Specifically, in step 410, receives the image signal;
wherein the image signal can be either digital signal or analog
signal. Ifitis a analog signal, it is subjected to A/D convert to
become digital signal.

[0057] In step 420 divides the whole image into several
segments, wherein the several segments can be several rect-
angle, other several kinds of shapes, or even combination of
several kinds of graph. And the sizes of all segments can be
same or different. Preferably, the present invention divides
the image into rectangles with the same size.

[0058] In step 430, analyze the brightness of the image
signal in each segment by various methods, such as calculat-
ing the average brightness of each segment, the difference of
the maximum brightness and the minimum brightness of each
segment, or the maximum brightness of each segment. Take
calculating the average brightness of each segment for
example, aforesaid each rectangular segment corresponds to
a brightness average value, this value can be mathematic
average or weighted average, and the weighted average value
can more accurately represent the brightness information of
each segment.

[0059] Instep 440, several segments are combined accord-
ing to the analysis method and analysis result obtained from
step 430. The aforesaid several brightness values are divided
into several grades, the rectangular segments whose bright-
ness average values are in the same range are combined into
a segments, therefore several image segments are formed, so
the procedure of image division can be finished. The classi-
fication of grades using constant brightness value is easy to
perform, but for most of image signals, this classification is
not the perfect one. Preferably, in order to make the number of
each segment in each grade closes to each other; the method
of the present invention groups all segments according to the
brightness histogram. The advantage of using the brightness
histogram to divide is that more levels can be divided for those
images whose brightness is more concentrated (such as the
whole picture is relatively dark or light).

[0060] In step 450, generally the backlight segments are
same as the image segments for easy handling.

[0061] Instep 460, the adjustment for the brightness of the
backlights in different backlight segments may by performed
in the following steps it includes: calculating the brightness
normalized coefficient of each backlight segment; generating
the driving signal according to the brightness normalized
coefficient. The calculation of the brightness normalized
coefficient is illustrated above, and is omitted here. After the
brightness normalized coefficient has been calculated, a driv-
ing signal is generated for the corresponding backlight seg-
ment. The driving signal can be a driving current or driving
voltage. Take driving current for example, the strength of the
driving current equals to the multiplication of the preliminary
current by the brightness normalized coefficient, and the pre-
liminary current represents the maximum working current of
the backlight segment. The decrease of the backlight driving
current can effectively decrease the power consumption of
LCD apparatuses.

[0062] Step 470 adjusts the image in each image segment.
Since step 460 adjusts the brightness of the backlight seg-
ments, in order to properly display the original image, the
image signal must be adjusted. Since the brightness of the
backlight segment is decreased, the image brightness of the
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corresponding image segment should increase. Suppose the
maximum brightness of an image segment is 50, and the
maximum brightness after adjustment is 255, then the bright-
ness range of the image segment changes from the original
0-50 to 0-255, and the contrast of the image signal is largely
increased. Therefore, the problem of low contrast and unclear
levels of the present LCD in low brightness can be solved.
Besides just mathematical operation for the brightness of the
corresponding image, there are many methods for adjusting
the image signal in the image segment, such as image
enhancement algorithm of histogram equalization, which can
effectively increases the information amount of image and
can perfectly display the image signal.

[0063] As shown in FIG. 5, the schematic diagram of the
fourth embodiment of the present invention is the schematic
diagram of another LCD method.

[0064] Itis different from the embodiment shown in FIG. 4
that the embodiment shown in FIG. 5 includes a further step
520 of transforming the image signal to YUV signal.

[0065] Please refer to the relative steps in FIG. 4 for steps
530, 540, 550, 560 and 570, the difference between them is
that the image signal should be firstly formatively trans-
formed and the transformed YUV signal directly includes the
brightness information of the image signal. During the pro-
cedure relating to brightness analysis and calculation, the
steps in this embodiment are much more easily to be handled
than the relative steps in FIG. 2.

[0066] There is another difference from the embodiment
shown in FIG. 4. Besides the adjustment of the brightness of
the image, the embodiment shown in FIG. 5 includes a further
step 580 of optimizing the chroma of the YUV signal in each
image segment. Step 580 optimizes the chroma signal of the
YUV signal. The chroma of the image signal is optimally
processed by referring a configurable two-dimensional refer-
ence table. Generally, the parameter values in the config-
urable two-dimensional reference table are experimental val-
ues obtained by a lot of subjective evaluating.

[0067] As shown in FIG. 6, the schematic diagram of the
fifth embodiment of the present invention is the schematic
diagram of another LCD method.

[0068] The LCD method of this embodiment uses the edge
detection method to analyze the image and divides the image
according to the edge detection result. Specifically, the LCD
method of the present embodiment includes: step 620 to
process edge detection of the image signal and step 630 to
divide the image into at least two image segments according
to the edge detection result.

[0069] There are many methods for edge detection of the
image, and the typical edge detection is based on the original
image, and each pixel of the image detects its gray jump
change in a certain scopes. The change rule of the first order
or second order directional derivative near the edge is used to
detect the edge. Usually edge detection methods includes:
difference edge detection, gradient edge detection, Roberts
edge detection operator, Sobel edge detection operator, Pre-
witt edge detection operator and Laplace edge detection
operator. Step 620 can be realized by using any one of them.
Take difference edge detection for example, the first order
derivative operator of the image pixel gray can be used to get
the high value where the gray rapidly changes. Its value at a
certain point represents the “edge intensity” of that point;
threshold can be set for these values to definitely detect the
edge element in the image.
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[0070] Step 630 connects each edge element to form a
closed region according to the result of the edge detection,
and the region forms a segment of the image. The area of some
formed image segments maybe too small, in order to easily
handle, step 630 can set a certain rule to combine the image
segment including fewer pixels with certain adjacent image
segment to form a new image segment.

[0071] Following, steps 640, 650 and 660 can be realized
with reference to the aforesaid methods.

[0072] From the above procedure, we can seen that the
image does not need to be divided into several segments in the
present embodiment, while the image is divided directly
according to the edge detection result of the image, and the
implementation of image division is different.

[0073] It should be mentioned that the illustration of the
LCD method in accordance with the embodiment of the
present invention only described the necessary steps, and
steps such as removal of noises in the image which is usually
applied in regular image process, can also be used in the LCD
method in the present invention.

[0074] In the above, the LCD method and apparatuses of
the present invention has been described with reference to the
preferred embodiment, it is evident that various modifications
and changes may be made by those skilled in this filed without
departing from the spirit and scope of the present invention.
Thus, the present invention is intended to embrace all such
modifications and changes.

What is claimed is:

1. A liquid crystal display method characterized compris-
ing:

recelving a image signal;

analyzing the image signal;

dividing the image into at least two image segments

according to the analysis result of the image signal;
dividing the backlight into at least two backlight segments
according to the division result of the image;

adjusting the brightness of each backlight segment;

adjusting the image signal in each image segment.

2. A liquid crystal display method of ¢laim 1, wherein said
analyzing the image signal comprises analyzing the bright-
ness of the image signal, and said dividing the image accord-
ing to the analysis result of the image signal comprises divid-
ing according to the brightness analysis result of the image
signal.

3. A liquid crystal display method of claim 2, wherein said
analyzing the brightness of the image signal comprises divid-
ing the image into several segments and calculating the maxi-
mum brightness of each segment, and said dividing according
to the brightness analysis result of the image signal comprises
combining the segments with comparable maximum bright-
ness into said image segment.

4. A liquid crystal display method of claim 3, wherein said
dividing the image into several segments comprises dividing
the image into several rectangular segments with same size.

5. A liquid crystal display method of claim 2, wherein said
analyzing the brightness of the image signal comprises divid-
ing the image into several segments and calculating the aver-
age brightness of each segment, and said dividing according
to the brightness analysis result of the image signal comprises
combining the segments with comparable average brightness
into said image segment.

6. A liquid crystal display method of claim 1, wherein said
analyzing the image signal includes performing edge detect-
ing of the image, and said dividing according to the analysis
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result of the image signal comprises dividing the image
according to the result of the edge detecting.

7. A liquid crystal display method of claim 1, wherein said
liquid crystal display method further comprises transforming
said image signal into YUV signal.

8. A liquid crystal display method of claim 7, wherein said
liquid crystal display method further comprises optimizing
the chroma of said YUV signal.

9. A liquid crystal display method of claim 1, wherein said
adjustment the brightness of each backlight segment com-
prises calculating the brightness normalized coefficient of
each backlight segment, and generating the driving signal
corresponding to the brightness normalized coefficient.

10. A liquid crystal display method of claim 7, wherein said
adjustment of the brightness of each backlight segment com-
prises calculating the brightness normalized coefficient of
each backlight segment, and generating the driving signal
corresponding to the brightness normalized coefficient.

11. A liquid crystal display apparatus comprising;

an image input interface configured to receive an image

signal,

aliquid crystal display screen;

a backlight; and

an image processing device wherein the image processing

device comprises:

a CPU;

an image analysis unit configured to analyze said image
signal;

a division unit configured to divide said image signal
into at least two image segments and divide said back-
light into at least two backlight segments according to
the image division;

a backlight driver configured to adjust the brightness of
each backlight segment; and

a liquid crystal interface unit configured to adjust the
brightness of'said image signal in each image segment
and send a adjusted image into said liquid crystal
display screen.
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12. A liquid crystal display apparatus of claim 11, wherein
said image analysis unit is configured to analyze the bright-
ness of said image signal, and said division unit is configured
to divide said image according to the brightness analysis
result of said image analysis unit.

13. A liquid crystal display apparatus of claim 12, wherein
said image analysis unit is configured to divide the image into
several segments and calculate the maximum brightness of
each segment, and said division unit is configured to combine
several segments to form said image segment according to a
division rule.

14. A liquid crystal display apparatus of claim 13, wherein
said division rule is determined by image division standards
according to the weighted average brightness of the bright-
ness histogram of said image.

15. A liquid crystal display apparatus of claim 11, wherein
said CPU is configured to determine the brightness adjust-
ment rule of each backlight segment, and said backlight driver
is configured to adjust the brightness of each backlight seg-
ment according to said brightness adjustment rule.

16. A liquid crystal display apparatus of claim 15, wherein
said CPU is configured to calculate the brightness normalized
coefficient of each segment according to the maximum
brightness of each image segment, said backlight driver is
configured to generate the driving signal of each segment
according to said brightness normalized coefficient, and said
liquid crystal interface unit is configured to adjust the image
signal brightness in each segment according to said bright-
ness normalized coefficient.

17. A liquid crystal display apparatus of claim 11, wherein
said image analysis unit is configured to transform said image
signal into YUV signal.

18. A liquid crystal display apparatus of claim 17, wherein
said liquid crystal interface unit is configured to optimize the
chroma of said YUV signal.

* ok ok k¥



patsnap

TRAFROE) RBETRAERERE
NIF(2E)E US20090115718A1 K (2E)R 2009-05-07
HiES US11/935857 HiEA 2007-11-06

FRIFRB(RFR)AGE) BECEER)EEERLF
BEEARRAT

B (T M) A(E) #BfE4LRELECTRIC CO. , LTD.
BIEREBRAF.
BERERRBBRAR.

LR RFEERIAGE) BEILEELECTRIC CO., LTD.
BEERAARAF.
BEHEEROERLT.

[FRIKBA A QIAO MINGSHENG
LIU WEIDONG
CHEN XINGFENG
HUANG GUOPENG

REAA QIAO, MINGSHENG
LIU, WEIDONG
CHEN, XINGFENG
HUANG, GUOPENG

IPCH %S G09G3/36

CPCH¥S G09G3/32 G09G3/3426 G09G3/3611 G09G2320/0261 G09G2360/16 G09G2320/0646 G09G2320
/0666 G09G2340/06 G09G2320/064

H AT 3R US8031166

SAEBEE Espacenet USPTO

BE(F) /‘/2"

ERRATFT—HRBETS R , TRETRNBGABTEEHEN ——
RE. B, AEALF T —HREETAE , A5  BUEGES; e T
AHRGES RERSESNI FEREERUI N EIABES B

itnage analysis s [J

BERGHYNSERIEXIRELHINS L, BRENEHETNY ﬁﬁ

REE ARSI RELRTNRGES. RRBHREEFHFERER b
BESUSBENE X , MRS NKEREGMNEHNRE TR

unit \f\
liquid erystal 1CD
prereer interface unit Soreen

division unit

BART RSERBFNIE  MEAENTRBERFNIE. BRESH /\/
NHE , NS TREERORR. 110

CPU et backlight driver

=1 backlight

“ )

14 1



https://share-analytics.zhihuiya.com/view/7d8f9f8e-09dd-409e-94b4-1a26f085c62a
https://worldwide.espacenet.com/patent/search/family/040587623/publication/US2009115718A1?q=US2009115718A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090115718%22.PGNR.&OS=DN/20090115718&RS=DN/20090115718

