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The disclosure discloses a backlight brightness adjusting
method and device and a liquid crystal display device. In the
backlight brightness adjusting method, grayscale character-
istic values of respective primary colors in an image to be
displayed are obtained, that is, contributions of the respective
primary colors to an overall grayscale are obtained, to thereby
obtain the grayscale contributions of the respective primary
colors in the image to be displayed respectively; a backlight
value is determined by giving different coefficients to the
grayscale characteristic values of the respective primary col-
ors; and finally an output of a backlight driver is adjusted
according to the backlight value to thereby adjust backlight
brightness.

301
/‘"\/
Obtain grayscale characteristic values of respective primary
colors in an image to be displaved, where the grayscale
characteristic values of the respective primary colors characterize
contributions of grayscales of the respective primary colors to a
grayscale of the image to be displayed
302
/\/
Determine a backlight value according to the grayscale
characteristic values of the respective primary colors, and
coefficients corresponding to the respective primary colors
303
/\/

Adjust backlight brightness according to the backlight value




Patent Application Publication Sep. 8,2016 Sheet 1 of 3 US 2016/0260390 A1

R 103

4

Fig.1

201

Fig.2



Patent Application Publication Sep. 8,2016 Sheet 2 of 3

US 2016/0260390 A1

301
~

Obtain grayscale characteristic values of respective primary
colors in an image to be displayed, where the grayscale
characteristic values of the respective primary colors characterize
contributions of grayscales of the respective primary colors to a

grayscale of the image to be displayed

|

3902

Determine a backlight value according to the grayscale
characteristic values of the respective primary colors, and
cocfficients corresponding to the respective primary colors

303
[~

Adjust backlight brightness according to the backlight value

Fig.3

401
[~

First determining unit

402
T~

Second dete

rmining unit

403

Adjusting unit

Fig.4



Patent Application Publication

Remote
controller

Sep. 8,2016 Sheet 3 of 3 US 2016/0260390 A1
Memory
Processor
Fig.5
Liquid crystal display
device 100 RF
Remote
=3} control signal
receiver
Display
. USB Processor panel
interface
HDMI Sound output
mterface module
Memory

Fig.6



US 2016/0260390 A1

BACKLIGHT BRIGHTNESS ADJUSTING
METHOD AND DEVICE, AND LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit and priority of
Chinese Patent Application No. 201510096109.4 filed Mar.
5, 2015. The entire disclosure of the above application is
incorporated herein by reference.

FIELD

[0002] The present disclosure relates to the field of display
technologies and particularly to abacklight brightness adjust-
ing method and device, and a liquid crystal display device.

BACKGROUND

[0003] This section provides background information
related to the present disclosure which is not necessarily prior
art.

[0004] The Liquid Crystal Display (L.LCD) technologies
have been developed for many years. Liquid crystal mol-
ecules do not emit light themselves, so a display area is
typically illuminated by a backlight source capable of emit-
ting light at some grayscale. Currently, LCD backlight
sources generally include Cold Cathode Fluorescent (CCFL)
and Light Emitting Diode (LED) backlight sources, where the
latter has been increasingly widely applied in the field of
liquid crystal displays due to the long lifetime, short response
time and other advantages of the LEDs.

SUMMARY

[0005] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its full
scope or all of its features.

[0006] In an aspect, some embodiments of the disclosure
provide a backlight brightness adjusting method including:
[0007] obtaining grayscale characteristic values of respec-
tive primary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary col-
ors characterize contributions of grayscales of the respective
primary colors to a grayscale of the image to be displayed;
[0008] determining a backlight value according to the gray-
scale characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary col-
ors; and

[0009] adjusting backlight brightness according to the
backlight value.
[0010] In another aspect, some embodiments of the disclo-

sure provide a backlight brightness adjusting device includ-
ing:

[0011] a memory; and

[0012] one or more processors, wherein the memory stores
one or more computer readable program codes, and the one or
more processors are configured to execute the one or more
computer readable program codes to perform:

[0013] obtaining grayscale characteristic values of respec-
tive primary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary col-
ors characterize contributions of grayscales of the respective
primary colors to a grayscale of the image to be displayed,
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[0014] determining a backlight value according to the gray-
scale characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary col-
ors; and

[0015] adjusting backlight brightness according to the
backlight value.
[0016] Moreover some embodiments of the disclosure fur-

ther provide a liquid crystal display device including the
backlight brightness adjusting device above including:
[0017] amemory; and

[0018] one or more processors, wherein the memory stores
one or more computer readable program codes, and the one or
more processors are configured to execute the one or more
computer readable program codes to perform:

[0019] obtaining grayscale characteristic values of respec-
tive primary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary col-
ors characterize contributions of grayscales of the respective
primary colors to a grayscale of the image to be displayed;
[0020] determining a backlight value according to the gray-
scale characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary col-
ors; and

[0021] adjusting backlight brightness according to the
backlight value.
[0022] Further aspects and areas of applicability will

become apparent from the description provided herein. It
should be understood that various aspects of this disclosure
may be implemented individually or in combination with one
or more other aspects. It should also be understood that the
description and specific examples herein are intended for
purposes of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

[0023] The drawings described herein are for illustrative
purposes only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

[0024] FIG.1illustrates a schematic diagram of an image to
be displayed according to some embodiments of the disclo-
sure;

[0025] FIG. 2 illustrates a schematic diagram of another
image to be displayed according to some embodiments of the
disclosure;

[0026] FIG. 3 illustrates a schematic flow chart of a back-
light brightness adjusting method according to some embodi-
ments of the disclosure;

[0027] FIG. 4illustrates a schematic structural diagram ofa
backlight brightness adjusting device according to some
embodiments of the disclosure;

[0028] FIG. 5 illustrates a schematic structural diagram of
another backlight brightness adjusting device according to
some embodiments of the disclosure; and

[0029] FIG. 6illustrates a schematic structural diagram ofa
liquid crystal display device according to some embodiments
of the disclosure.

DETAILED DESCRIPTION

[0030] Example embodiments will now be described more
fully with reference to the accompanying drawings.

[0031] In order to improve contrast on a liquid crystal dis-
play and to reduce power consumption of the liquid crystal



US 2016/0260390 A1

display, light of a backlight thereof is adjusted dynamically in
the conventional art. Dynamic light adjusting of the backlight
can be categorized into global light adjusting and local light
adjusting dependent upon adjusting of brightness of the back-
light.

[0032] In some embodiments, all of different images dis-
played on a display screen can be consisted of three primary
colors including red, green and blue colors. There are two
photosensitive cells in retinas of human eyes, so that the
human eyes are sensitive differently tolight at different wave-
lengths among illuminating white light at some grayscale.
There are different wavelengths of visible light in different
colors. As can be apparent, the wavelength of blue light is the
shortest, so a pure-blue image is perceived by the human eyes
at the darkest grayscale among a pure-red image, a pure-green
image, and the pure-blue image at the same grayscale.
[0033] It is desirable to provide a backlight brightness
adjusting method and device so as to improve backlight
brightness corresponding to a blue image displayed on a
display screen. Some embodiments of the disclosure are
applicable to a liquid crystal display device; and in some
embodiments of the disclosure, an image to be displayed 201
may be an entire frame, and as illustrated in FIG. 2, in some
embodiments of this disclosure, an image to be displayed is
an image to be displayed on a liquid crystal display screen. In
this situation, a backlight area of the liquid crystal display
device will not be divided into a plurality of backlight subar-
eas, that is, the entire backlight is adjusted by obtaining gray-
scales of the image to be displayed. In another situation, the
image to be displayed may be some subarea of a frame 101,
and the format of subareas of the frame may be determined in
a design phase, and at this time, the backlight area of the
liquid crystal display device may be divided into a plurality of
backlight subareas. As illustrated in FIG. 1, the frame may be
divided into four subareas, and the image in each subarea of
the frame may be a separate image to be displayed, so that the
backlight brightness in a backlight subarea of the liquid crys-
tal display device may be adjusted according to grayscale
information of the corresponding image to be displayed.
[0034] Based upon the discussion above, some embodi-
ments of the disclosure may be applicable to a liquid crystal
display device including a backlight area divided into a plu-
rality of backlight subareas or a liquid crystal display device
including a backlight area not divided into a plurality of
backlight subareas, but the embodiments of the disclosure
will not be limited in this regard. In some embodiments, if the
backlight area of the liquid crystal display device is divided
into a plurality of backlight subareas, the backlight source in
each backlight subarea can be controlled separately to emit
light. In the following description of the disclosure, the tech-
nical solutions according to the disclosure will be described
by way of an example where the image to be displayed is
some subarea of a frame, that is, the backlight area of the
liquid crystal display device is divided into a plurality of
backlight subareas, and each subarea of the frame corre-
sponds to one backlight subarea in the backlight area of the
liquid crystal display device.

[0035] Those skilled in the art may appreciate that the
frame in this disclosure may be a frame of video or a frame of
image, and frames including images to be displayed on the
display screen of the liquid crystal display device are dis-
played in sequence on the display screen. By way of an
example referring to FIG. 1, in a frame 101, an image to be
displayed 102 corresponding to a first subarea of the frame
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101 in FIG. 1 is a pure-blue image, an image to be displayed
103 corresponding to a second subarea of the frame 101 is a
pure-green image, and an image to be displayed 104 corre-
sponding to a third subarea of the frame 101 is a pure-red
image. At this time all of backlight sources corresponding to
the backlight subareas corresponding to the image to be dis-
played 102, the image to be displayed 103, and the image to
be displayed 104 may provide the same backlight value,
where the backlight value is calculated from the grayscale of
the image to be displayed to drive the corresponding back-
light source. Since the pure-blue image is perceived by human
eyes as the darkest image among the pure-red image, the
pure-green image, and the pure-blue image at the same gray-
scale given the same backlight brightness, so a part of a
picture corresponding to the image to be displayed 102 dis-
played on the display screen is perceived by the human eyes
as a darker part.

[0036] Forthis reason, some embodiments of the disclosure
provide a backlight adjusting method, where a backlight
value corresponding to a backlight subarea in the liquid crys-
tal display device needs to be determined in the embodiment
illustrated in FIG. 1. In some embodiments of the disclosure,
after the backlight value is determined, a drive circuit of the
liquid crystal display device is further controlled by a con-
troller to adjust backlight brightness in the backlight subarea.
[0037] In the disclosure, backlight brightness in some
backlight subarea may be adjusted according to a backlight
value corresponding to the backlight subarea by converting
the backlight value into a duty ratio of a drive signal and
inputting the drive signal with the duty ratio to a backlight
drive circuit so that the backlight drive circuit drives a back-
light source to output backlight brightness corresponding to
the backlight value. The backlight value ranges from 0to 255,
and if the amplitude of current of the backlight drive circuit is
240 mA, and the duty ratio of current ranges from 0 to 100,
and if the backlight value is determined as 120, then the
determined backlight value may be converted into a duty
ratio, that is, the ratio of the backlight value 120 to the ampli-
tude of current 240 is multiplied by to determine the duty ratio
of 50 as a result of conversion, and the signal with the duty
ratio of 50 is input to the backlight drive circuit so that the
backlight drive circuit drives the backlight source to output
backlight brightness corresponding to the backlight value.
[0038] FIG. 3 illustrates a schematic flow chart of a back-
light brightness adjusting method according to some embodi-
ments of this disclosure.

[0039] Further to the disclosure above, a backlight bright-
ness adjusting method according to some embodiments of the
disclosure, applicable to a liquid crystal display device, may
include the following operations:

[0040] The operation 301 is to obtain grayscale character-
istic values of respective primary colors in an image to be
displayed, where the grayscale characteristic values of the
respective primary colors characterize contributions of gray-
scales of the respective primary colors to a grayscale of the
image to be displayed,

[0041] The operation 302 is to determine a backlight value
according to the grayscale characteristic values of the respec-
tive primary colors, and coefficients corresponding to the
respective primary colors, where the coefficient correspond-
ing to the blue color is the largest among the coefficients
corresponding to the respective primary colors; and

[0042] The operation 303 is to adjust backlight brightness
according to the backlight value.
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[0043] As described above, in some embodiments, a back-
light area of the liquid crystal display device to which the
method according to some embodiments of the disclosure
may be applicable may be divided into M backlight subareas,
where the backlight area of the liquid crystal display device is
notdivided when M is equal to 1; and the backlight area of the
liquid crystal display device is dived into two or more back-
light subareas when M is equal to or more than 2. This
embodiment will be described taking a subarea of a frame as
an example. In an implementation, the backlight subareas of
the liquid crystal display device may be preset, and backlight
brightness in each backlight subarea may be controlled sepa-
rately.

[0044] 1Inthe operation 301 above, the grayscale character-
istic values of the respective primary colors in the image to be
displayed are obtained, where the grayscale characteristic
values of the respective primary colors characterize the con-
tributions of grayscales of the respective primary colors to the
grayscale in the image to be displayed.

[0045] For example, in the situation as illustrated in FIG. 1,
a frame may be divided into four subareas, each of which
corresponds to an image to be displayed, and grayscale char-
acteristic values of respective primary colors in the image to
be displayed, i.e. contributions of the respective primary col-
ors to an overall grayscale, are obtained to thereby obtain the
contributions of the respective primary colors in the image to
be displayed. Since a color image may be consisted of three
primary colors, 1.e., the red, green and blue colors, grayscale
information of the image to be displayed may be consisted of
red grayscale information, green grayscale information, and
blue grayscale information. The contributions refer to that the
red grayscale characteristic value, the green grayscale char-
acteristic value, and the blue grayscale characteristic value in
the image to be displayed are converted into the overall gray-
scale in the image to be displayed so that the sum of the
grayscale characteristic values of the respective primary col-
ors contribute to the corresponding grayscale in the image to
be displayed. For example, if an overall grayscale in an image
to be displayed is 200, and a contribution of the red color to
the overall grayscale is 100, that is, red grayscale information
in the image to be displayed contributes a grayscale in the
image to be displayed, a contribution of the green color to the
overall grayscale is 60, and a contribution of the blue color to
the overall grayscale is 40, then there are a red grayscale
characteristic value of 100, a green grayscale characteristic
value of 60, and a blue grayscale characteristic value of 40.
The red grayscale characteristic value, the green grayscale
characteristic value, and the blue grayscale characteristic
value are obtained in this operation.

[0046] In some embodiments, the grayscale characteristic
values of the respective primary colors in the image to be
obtained may be obtained particularly in the following opera-
tions:

[0047] 1. Grayscales of respective pixels in the image to be
displayed are obtained,

[0048] 2. First grayscales and grayscale proportions of the
respective primary colors in the image to be displayed are
determined according to the grayscales of the respective pix-
els; and

[0049] 3. The grayscale characteristic values of the respec-
tive primary colors are determined according to the products
of the first grayscales and the grayscale proportions of the
respective primary colors.
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[0050] Here the first grayscales of the respective primary
colors may charactetize grayscale information of the respec-
tive primary colors in the image to be displayed.

[0051] In some embodiments, the first grayscales of the
respective primary colors in the image to be displayed may be
determined according to the grayscales of the respective pix-
els in the following two approaches:

[0052] Inafirstapproach,afirst grayscale in the image to be
displayed is determined according to the grayscales of the
respective pixels in the image to be displayed, and further all
of ared first grayscale, a green first grayscale, and a blue first
grayscale in the image to be displayed are set to the deter-
mined first grayscale in the image to be displayed.

[0053] In a second approach, a red first grayscale in the
image to be displayed is determined according to red gray-
scales of the respective pixels in the image to be displayed; a
green first grayscale in the image to be displayed is deter-
mined according to green grayscales of the respective pixels
in the image to be displayed; and a blue first grayscale in the
image to be displayed is determined according to blue gray-
scales of the respective pixels in the image to be displayed.
[0054] Inthe second approach above, the overall grayscale
of each pixel may be consisted of the red grayscale, the green
grayscale, and the blue grayscale. So the red grayscale, the
green grayscale, and the blue grayscale of each pixel in the
image to be displayed are obtained, and the red first grayscale
in the image to be displayed is determined according to the
red grayscales of the respective pixels in the image to be
displayed; the green first grayscale in the image to be dis-
played is determined according to the green grayscales of the
respective pixels in the image to be displayed; and the blue
first grayscale in the image to be displayed is determined
according to the blue grayscales of the respective pixels in the
image to be displayed. In the second approach, the red first
grayscale, the green first grayscale, and the blue first gray-
scale in the image to be displayed, which are calculated from
the red grayscales, the green grayscales, and the blue gray-
scales of the respective pixels may be different from each
other. Since the red first grayscale, the green first grayscale,
and the blue first grayscale in the image to be displayed are
calculated from the red grayscales, the green grayscales, and
the blue grayscales of the respective pixels in the second
approach, particular conditions of the three primary colors in
the image to be displayed may be expressed more precisely to
thereby facilitate a further improvement in precision of the a
backlight value.

[0055] Inthe first approach or the second approach, the red
first grayscale, the green first grayscale, and the blue first
grayscale in the image to be displayed may be determined
according to the grayscales of the respective pixels in the
image to be displayed in a number of algorithms, e.g., by
calculating the average, calculating the weighted sum of the
average and the maximum, calculating a root mean squared
value, etc. Some of the embodiment of the disclosure will
illustrate calculating the average and calculating the weighted
sum of the average and the maximum by way of an example,
and the respective coefficients in the algorithm are normal
values which may be selected for particular scenarios in
which the algorithm is applicable, but the magnitudes of the
coefficients in some of the embodiment of the disclosure will
not be defined.

[0056] In the first approach above, determining the red first
grayscale, the green first grayscale, and the blue first gray-
scale in the image to be displayed by calculating the average
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may be as follows: determining the average of the grayscales
of all the pixels in the image to be displayed, according to the
grayscales of the respective pixels in the image to be dis-
played, where the average of the grayscales of all the pixels in
the image to be displayed is the red first grayscale in the image
to be displayed, the average of the grayscales of all the pixels
in the image to be displayed is the green first grayscale in the
image to be displayed, and the average of the grayscales of all
the pixels in the image to be displayed is the blue first gray-
scale in the image to be displayed.

[0057] Inthe first approach above, determining the red first
grayscale, the green first grayscale, and the blue first gray-
scale in the image to be displayed by calculating the weighted
sum of the average and the maximum may be as follows:
calculating the average ofthe grayscales ofall the pixels in the
image to be displayed, and weighted summing up the maxi-
mum of the grayscales of all the pixels in the image to be
displayed and the average of the grayscales to obtain a second
grayscale corresponding to the image to be displayed; and
further setting all of the red first grayscale, the green gray-
scale, and the blue grayscale corresponding to the image to be
displayed to the determined second grayscale corresponding
to the image to be displayed. the maximum of the grayscales
of all the pixels in the image to be displayed and the average
of the grayscales may be weighted summed up particularly by
multiplying the maximum of the grayscales of all the pixels in
the image to be displayed by a coefficient corresponding to
the maximum of the grayscales of all the pixels in the image
to be displayed, multiplying the average of the grayscales of
all the pixels in the image to be displayed by a coefficient
corresponding to the average of the grayscales of all the pixels
in the image to be displayed, and summing up two resulting
products.

[0058] By way of an example, there are four pixels in total
in the image to be displayed, and grayscales of the respective
pixels are as depicted in Table 1.

TABLE 1

Grayscales of the four pixels in the first example

Grayscales of the

Pixels in the image to be displayed pixels
Grayscale of the first pixel 120
Grayscale of the second pixel 160
Grayscale of the third pixel 124
Grayscale of the fourth pixel 100
The average of the grayscales of all the pixels in the 126
image to be displayed

The maximum of the grayscales of all the pixels in the 160

image to be displayed

The second grayscale of the image to be displayed
The red first grayscale corresponding to the image
to be displayed

The green first grayscale corresponding to the image
to be displayed

The blue first grayscale corresponding to the image
to be displayed

c*160 +d* 126
c*160 +d* 126

c*160+d*126

c*160 +d* 126

[0059] As may be apparent from Table 1, the grayscale of
the first pixel is 120, the grayscale of the second pixel is 160,
the grayscale of the third pixel is 124, and the grayscale of the
fourth pixel is 100. The average of the grayscales of all the
pixels in the image to be displayed is calculated as the average
0f 120, 160, 124 and 100, so that the average of the grayscales
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of all the pixels in the image to be displayed is calculated as
126. The maximum of the grayscales of all the pixels in the
image to be displayed is 160. The maximum of the grayscales
of all the pixels in the image to be displayed and the average
of the grayscales are weighted summed up to obtain the
second grayscale corresponding to the image to be displayed.
If the coefficient corresponding to the maximum of the gray-
scales ofall the pixels in the image to be displayed is ¢, and the
coefficient corresponding to the average of the grayscales of
all the pixels in the image to be displayed is d, then the second
grayscale corresponding to the image to be displayed is equal
to the sum of the product of the coefficient ¢ corresponding to
the maximum of the grayscales of all the pixels in the image
to be displayed and the maximum 160 of the grayscales of all
the pixels in the image to be displayed, and the product of the
coefficient d corresponding to the average of the grayscales of
all the pixels in the image to be displayed and the average 126
of the grayscales of all the pixels in the image to be displayed,
ie., c*160+d*126= the second grayscale corresponding to
the image to be displayed. All of the red first grayscale, the
green first grayscale, and the blue first grayscale correspond-
ing to the image to be displayed are set to the determined
second grayscale corresponding to the image to be displayed.

[0060] In the second approach above, determining the red
first grayscale, the green first grayscale, and the blue first
grayscale corresponding to the image to be displayed by
calculating the average may be as follows: calculating the
average of the red grayscales of all the pixels in the image to
be displayed to obtain the red first grayscale corresponding to
the image to be displayed; calculating the average of the green
grayscales of all the pixels in the image to be displayed to
obtain the green first grayscale corresponding to the image to
be displayed; and calculating the average of the blue gray-
scales of all the pixels in the image to be displayed to obtain
the blue first grayscale corresponding to the image to be
displayed.

[0061] In the second approach above, determining the red
first grayscale, the green first grayscale, and the blue first
grayscale corresponding to the image to be displayed by
calculating the weighted sum of the average and the maxi-
mum may be as follows: calculating the average of the red
grayscales of all the pixel points in the image to be displayed,
and weighted summing up the maximum ofthe red grayscales
of all the pixel points in the image to be displayed and the
average of the red grayscales to obtain the red first grayscale
corresponding to the image to be displayed; calculating the
average of the green grayscales of all the pixel points in the
image to be displayed, and weighted summing up the maxi-
mum of the green grayscales of all the pixel points in the
image to be displayed and the average of the green grayscales
to obtain the green first grayscale corresponding to the image
to be displayed; and calculating the average of the blue gray-
scales of all the pixel points in the image to be displayed, and
weighted summing up the maximum of the blue grayscales of
all the pixel points in the image to be displayed and the
average of the blue grayscales to obtain the blue first gray-
scale corresponding to the image to be displayed.

[0062] In some embodiments, the grayscale of each pixel
may be consisted of a red grayscale, a green grayscale, and a
blue grayscale. By way of an example, there are four pixels in
total in the image to be displayed, and grayscales of the
respective pixels are as depicted in Table 2.
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TABLE 2

Grayscales of the four pixels in the second example

Grayscales of the
Pixels in the image to be displayed pixels
First pixel Red grayscale 100
Green grayscale 50
Blue grayscale 120
Second pixel Red grayscale 90
Green grayscale 60
Blue grayscale 130
Third pixel Red grayscale 85
Green grayscale 24
Blue grayscale 75
Fourth pixel Red grayscale 45
Green grayscale 26
Blue grayscale 55
The average of the red grayscales of all the pixels 80
in the image to be displayed
The maximum of the red grayscales of all the pixels 100

in the image to be displayed

The red first grayscale of all the pixels in the image c*100+d* 80

to be displayed
The average of the green grayscales of all the pixels 40
in the image to be displayed
The maximum of the green grayscales of all the pixels 60

in the image to be displayed

The green first grayscale of all the pixels in the image ¢ * 60 +d * 40
to be displayed
The average of the blue grayscales of all the pixels 95
in the image to be displayed
The maximum of the blue grayscales of all the pixels 130

in the image to be displayed
The blue first grayscale of all the pixels in the image
to be displayed

c*130+d*95

[0063] Table 2 will be described below taking the blue first
grayscale of all the pixels in the image to be displayed as an
example, but the same will apply to the green and red first
grayscales, so a repeated description thereof will be omitted
here. As may be apparent from Table 2, the blue grayscale of
the first pixel is 120, the blue grayscale of the second pixel is
130, the blue grayscale of the third pixel is 75, and the blue
grayscale of the fourth pixel is 55. The average of the blue
grayscales of all the pixels in the image to be displayed is
calculated as the average of 120, 130, 75 and 55 so that the
average of the blue grayscales of all the pixels in the image to
be displayed is 95. The maximum of the blue grayscales of all
the pixels in the image to be displayed is 130. The maximum
of the blue grayscales of all the pixels in the image to be
displayed and the average of the blue grayscales are weighted
summed up to obtain the blue first grayscale corresponding to
the image to be displayed. If the coefficient corresponding to
the maximum of the blue grayscales of all the pixels in the
image to be displayed is ¢, and the coeflicient corresponding
to the average of the blue grayscales of all the pixels in the
image to be displayed is d, then the blue first grayscale cor-
responding to the image to be displayed is equal to the sum of
the product of the coefficient ¢ corresponding to the maxi-
mum of the blue grayscales of all the pixels in the image to be
displayed and the maximum 130 of the blue grayscales of all
the pixels in the image to be displayed, and the product of the
coefficient d corresponding to the average of the blue gray-
scales of all the pixels in the image to be displayed and the
average 95 of the blue grayscales of all the pixels in the image
to be displayed, i.e., c*130+d*95=the blue first grayscale of
all the pixels in the image to be displayed. ¢*100+d*80= the
red first grayscale of all the pixels in the image to be dis-
played, and ¢*60+d*40= the green first grayscale of all the
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pixels in the image to be displayed are calculated similarly.
The values of the coefficients ¢ and d in both the first and
second examples may be customized, and the embodiment of
the disclosure will not be limited in this regard. The coeffi-
cients ¢ and d assumed in the first example are reused in the
second example according to the embodiment of the disclo-
sure for the sake of a convenient description.

[0064] In some embodiments, the grayscale characteristic
values of the respective primary colors need to be obtained by
further determining the grayscale proportions of the respec-
tive primary colors in the image to be displayed, i.e., the red
grayscale proportion, the green grayscale proportion, and the
blue grayscale proportion. This may be performed concur-
rently as obtaining the first grayscales of the respective pri-
mary colors. For example, after the grayscales of the respec-
tive pixels in the image to be displayed are obtained, the first
grayscales and the grayscale proportions of the respective
primary colors may be determined concurrently according to
the obtained grayscales of the respective pixels. “Concur-
rently” refers to two process threads being executed concur-
rently or being executed at the same time in the temporal
sense. In another embodiment, this may be performed serially
with obtaining the first grayscales of the respective primary
colors, that is, the first grayscales of the respective primary
colors, and the grayscale proportions of the respective pri-
mary colors may be obtained sequentially after the grayscales
of the respective pixels in the image to be displayed are
obtained. The embodiment of the disclosure will not be lim-
ited in this respect.

[0065] Insomeembodiments, the red grayscale proportion,
the green grayscale proportion, and the blue grayscale pro-
portion corresponding to the image to be displayed may be
calculated by determining the red grayscale proportion R, the
green grayscale proportion G, and the blue grayscale propor-
tion B corresponding to the image to be displayed respec-
tively in the equations of

R Ry G G d B B
RGBT T RGBT R g B

where R, represents the sum of the red grayscales of all the
pixels in the image to be displayed, G, represents the sum of
the green grayscales of all the pixels in the image to be
displayed, and B, represents the sum of the blue grayscales of
all the pixels in the image to be displayed. For example, firstly
the sum R, of the red grayscales of all the pixels in the image
to be displayed, the sum G, of the green grayscales of all the
pixels in the image to be displayed, and the sum B, of the blue
grayscales of all the pixels in the image to be displayed are
calculated, and then the red grayscale proportion R corre-
sponding to the image to be displayed is calculated as

Ry
R ———
Ri+G +B

the green grayscale proportion G corresponding to the image
to be displayed is calculated as
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Gy
G=—
R +G+5

and the blue grayscale proportion B corresponding to the
image to be displayed is calculated as

By
Bz ———n——.
R +G+5

[0066] Taking the blue grayscale proportion as an example
and referring to the data in Table 2, the sum R, of the red
grayscales of all the pixels in the image to be displayed, the
sum G, of the green grayscales of all the pixels in the image
to be displayed, and the sum B, of the blue grayscales of all
the pixels in the image to be displayed are calculated as 320,
160 and 380 respectively, and the blue grayscale proportion B
corresponding to the image to be displayed is calculated as
approximately 44.2% according to

By
B ——— .
R +Gi+5

Similarly the red grayscale proportion R and the green gray-
scale proportion G are calculated as 37.2% and 18.6% respec-
tively.

[0067] Moreover the grayscale proportions may alterna-
tively be calculated by calculating the numbers of the pixels in
the respective primary colors. For example, the ratios of the
numbers of corresponding pixels in the respective primary
colors with grayscales exceeding a preset threshold to the
total number of pixels exceeding the preset threshold are
determined.

[0068] After the red grayscale proportion, the green gray-
scale proportion, and the blue grayscale proportion corre-
sponding to the image to be displayed are calculated, the
grayscale characteristic values of the respective primary col-
ors in the image to be displayed may be determined in con-
nection with the red first grayscale, the green first grayscale,
and the blue first grayscale described above.

[0069] The grayscale characteristic values of the respective
primary colors are determined according to the first gray-
scales and the grayscale proportions of the respective primary
colors, for example, the red grayscale characteristic value is
generated as the product of the red first grayscale and the red
grayscale proportion; the green grayscale characteristic value
is generated as the product of the green first grayscale and the
green grayscale proportion; and the blue grayscale character-
istic value is generated as the product of the blue first gray-
scale and the blue grayscale proportion.

[0070] The backlight value is determined according to the
grayscale characteristic values of the respective primary col-
ors, and the coefficients corresponding to the respective pri-
mary colors in the operation 302, where the coefficient cor-
responding to the blue color is the largest among the
coefficients corresponding to the respective primary colors.
[0071] Insome embodiments, the backlight value is deter-
mined as the sum of the products of the grayscale character-
istic values of the respective primary colors and the coeffi-
cients corresponding to the respective primary colors. After
the grayscale characteristic values of the respective primary

Sep. §,2016

colors are determined, the different primary colors are given
the different coefficients to thereby adjust the backlight for
the image to be displayed. In some of the embodiment of the
disclosure, the coefficient corresponding to the blue color is
larger than the coefficient corresponding to the red color, and
also larger than the coefficient corresponding to the green
color so that the brightness of the backlight will be higher for
the image with ahigherblue proportion to thereby address the
problem in the prior art that the blue image appears to be
visually dark. Optionally the coefficient corresponding to the
green color is the smallest among the coefficients correspond-
ing to the three primary colors.

[0072] In some embodiments, the first product of the red
grayscale characteristic value and a first coefficient, the sec-
ond product of the green grayscale characteristic value and a
second coefficient, and the third product of the blue grayscale
characteristic value and a third coefficient are determined,
and the sum of the first product, the second product, and the
third product is calculated to obtain the backlight value of the
image to be displayed, where the first coefficient is the coef-
ficient corresponding to the red color, the second coefficient is
the coefficient corresponding to the green color, and the third
coefficient is the coefficient corresponding to the blue color.
The third coefficient is the largest because visual brightness
of the blue image (i.e., brightness perceived by the human
eyes) is the lowest at the same backlight brightness. In an
implementation, the first coefficient may be equal to the sec-
ond coefficient, or the first coefficient may be larger than the
second coefficient, and optionally the first coefficient is larger
than the second coefficient because visual brightness of the
green image is the highest at the same backlight brightness;
and optionally the first coefficient is 1, the second coefficient
is less than 1, and the third coefficient is more than 1.

[0073] Then the following calculation equation may be
obtained:
[0074] (The backlight value of the image to be displayed)

=(the red grayscale characteristic value)*(the first coefli-
cient)+(the green grayscale characteristic value)*(the second
coefficient)+(the blue grayscale characteristic value)*(the
third coefficient), where “*” represents “multiplied by”.
[0075] After the backlight value of the image to be dis-
played is calculated in the equation above, further judgment
needs to be made for that: different coefficients are given thus
the calculated backlight value of the image to be displayed
may be more than the maximum grayscale of 255.

[0076] In view of this, such a process is performed that the
sum of the first product, the second product, and the third
product is calculated; and it is judged whether the sum of the
first product, the second product, and the third product is more
than 255; and if so, then the backlight value of the image to be
displayed is set to 255; otherwise, the backlight value of the
image to be displayed is set to the sum of the first product, the
second product, and the third product.

[0077] In some embodiments, the backlight value of the
image to be displayed is calculated in the flow above where
the grayscale characteristic value of the blue color is multi-
plied by the third coefficient, and the third coefficient corre-
sponding to the blue color is the maximum of the three coef-
ficients, if theblue component is prominent in the scene of the
image to be displayed, that is, there is a high proportion of the
blue grayscale in the scene, the backlight brightness corre-
sponding to the image to be displayed may be improved
effectively in the method according to some of the embodi-
ment of the disclosure.
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[0078] In some embodiments of the disclosure, after the
backlight value of the image to be displayed is determined,
the backlight value is converted into a signal input to a back-
light drive circuit corresponding to the image to be displayed,
and the backlight drive circuit drives a backlight source cor-
responding to the image to be displayed to generate corre-
sponding backlight brightness, so that a user may perceive the
grayscale of the picture displayed in the subarea of the display
screen as the grayscale adjusted in the embodiment of the
disclosure.

[0079] In some embodiments of this disclosure, the gray-
scale characteristic values of the respective primary colors in
the image to be displayed are obtained, that is, the contribu-
tions of the respective primary colors to the overall grayscale
are obtained, to thereby obtain the grayscale contributions of
the respective primary colors in the image to be displayed
respectively; a backlight value is determined by giving dif-
ferent coefficients to the grayscale characteristic values of the
respective primary colors, where the coefficient correspond-
ing to the blue color is the maximum of the coefficients
corresponding to the respective primary colors; and finally
the output of a backlight driver is adjusted according to the
backlight value to thereby adjust the backlight brightness.
The contributions of the respective primary colors in the
image to be displayed to the overall grayscale are determined,
and the grayscale characteristic value of the blue color is
given the higher coefficient, to thereby adjust the backlight
brightness. Since the coefficient corresponding to the blue
color is larger than the coefficients corresponding to the other
two primary colors, the backlight for the blue image may be
provided with higher backlight brightness to thereby satisfy a
visual demand of human beings.

[0080] It should be noted that the backlight brightness
adjusting method described above may be performed by a
processor in a liquid crystal display device.

[0081] FIG. 4illustrates a schematic structural diagram ofa
backlight brightness adjusting device in some embodiments
of this disclosure.

[0082] Based upon the similar idea, an embodiment of the
disclosure provides a backlight brightness adjusting device,
applicable to a liquid crystal display device, to perform the
flow in the embodiment of the method above, and the back-
light brightness adjusting device may include a first determin-
ing unit 401, a second determining unit 402, and an adjusting
unit 403, where:

[0083] The first determining unit 401 is configured to
obtain grayscale characteristic values of respective primary
colors in an image to be displayed, where the grayscale char-
acteristic values of the respective primary colors characterize
contributions of grayscales of the respective primary colors to
a grayscale of the image to be displayed;

[0084] The second determining unit 402 is configured to
determine a backlight value according to the grayscale char-
acteristic values of the respective primary colors, and coeffi-
cients corresponding to the respective primary colors, where
the coefficient corresponding to the blue color is the largest
among the coefficients corresponding to the respective pri-
mary colors; and

[0085] The adjusting unit 403 is configured to adjust back-
light brightness according to the backlight value.

[0086] Insome embodiments, the image to be display may
be a frame or may be a subarea of a frame.

[0087] In some embodiments, for the image to be dis-
played, the first determining unit 401 is configured to obtain
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grayscales of respective pixels in the image to be displayed; to
determine first grayscales and grayscale proportions of the
respective primary colors in the image to be displayed accord-
ing to the grayscales of the respective pixels; and to determine
the grayscale characteristic values of the respective primary
colors according to the products of the first grayscales and the
grayscale proportions of the respective primary colors.
[0088] Insomeembodiments, the first determining unit 401
may be configured to determine a red first grayscale in the
image to be displayed according to red grayscales of the
respective pixels; to determine a green first grayscale in the
image to be displayed according to green grayscales of the
respective pixels; and to determine a blue first grayscale in the
image to be displayed according to blue grayscales of the
respective pixels, particularly by calculating the average of
the red grayscales of all the pixels in the image to be dis-
played, and weighted summing up the maximum of the red
grayscales of all the pixels in the image to be displayed and
the average of the red grayscales of all the pixels in the image
to be displayed to obtain the red first grayscale in the image to
be displayed; calculating the average of the green grayscales
of all the pixels in the image to be displayed, and weighted
summing up the maximum of the green grayscales of all the
pixels in the image to be displayed and the average of the
green grayscales of all the pixels in the image to be displayed
to obtain the green first grayscale in the image to be displayed;
and calculating the average of the blue grayscales of all the
pixels inthe image to be displayed, and weighted summing up
the maximum of the blue grayscales of all the pixels in the
image to be displayed and the average of the blue grayscales
of all the pixels in the image to be displayed to obtain the blue
first grayscale in the image to be displayed.

[0089] Insomeembodiments, thefirst determining unit401
may be further configured to sum up the red grayscales of the
respective pixels in the image to be displayed to obtain the
sum of the red grayscales of all the pixels R,, to sum up the
green grayscales of the respective pixels in the image to be
displayed to obtain the sum of the green grayscales of all the
pixels G,, and to sum up the blue grayscales of the respective
pixels in the image to be displayed to obtain the sum of the
blue grayscales of all the pixels B,; and to determine the red
grayscale proportion R, the green grayscale proportion G, and
the blue grayscale proportion B corresponding to the image to
be displayed respectively in the equations of

Ree - Ot A
TRAG+B T R+G B VTR AG B
[0090] Insomeembodiments, the first determining unit 401

may be configured to determine the grayscale characteristic
values of the respective primary colors in the image to be
displayed according to the products of the first grayscales and
the grayscale proportions of the respective primary colors.

[0091] Insome embodiments, the second determining unit
402 is configured to determine a first product of the red
grayscale characteristic value and a first coefficient, to deter-
mine a second product of the green grayscale characteristic
value and a second coefficient, and to determine a third prod-
uct of the blue grayscale characteristic value and a third
coefficient, where the first coefficient is the coefficient corre-
sponding to the red color, the second coefficient is the coef-
ficient corresponding to the green color, and the third coeffi-
cient is the coefficient corresponding to the blue color; and to
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sum up the first product, the second product, and the third
product to obtain the backlight value.

[0092] Insome embodiments, the second determining unit
1s further configured to calculate the sum of the first product,
the second product, and the third product; and to set the
backlight value to the sum of the first product, the second
product, and the third product when the sum of the first
product, the second product, and the third product is no more
than 255.

[0093] Insome embodiments, the first coefficient is larger
than the second coefficient.

[0094] In some embodiments, the adjusting unit 403 is
configured to adjust backlight brightness according to the
backlight value generated by the second determining unit
402; and in details, the adjusting unit 403 is configured to
receive the backlight value generated by the second determin-
ing unit 402, and to drive a drive circuit of the liquid crystal
display device according to the backlight value to generate
the corresponding backlight brightness for the image to be
displayed.

[0095] Referring to FIG. 5, some embodiments of the dis-
closure further provide a backlight brightness adjusting
device including a memory 501, and a processor 502, where:
[0096] The memory 501 stores one or more program codes
configured to be executed by the one or more processor 502.
The one or more program codes include instructions for per-
forming the method as illustrated in FIG. 1 to FIG. 3, and
reference may be made to FIG. 1 to FIG. 3 and the related
description thereof for the disclosure of the method.

[0097] Inanother aspect, some embodiments of the disclo-
sure further provide a computer readable storage medium
which may be a computer readable storage medium included
in the memory in the embodiment above; or may be a sepa-
rately existing computer readable storage medium which is
not installed into the liquid crystal display device. The com-
puter readable storage medium stores one or more programs
(in some embodiments, the computer readable storage
medium may be one or more magnetic-disk storage devices,
flash memory devices or other nonvolatile solid storage
devices, CD-ROMs, optical memories, etc.), and the one or
more programs may be executed by the one or more proces-
sors to perform the backlight brightness adjusting method
according to the embodiment of the disclosure. For opera-
tions included in the method, reference may be made to the
relevant description of the embodiments illustrated in FIG. 1
to FIG. 3, so a repeated description thereof will be omitted
here.

[0098] Additionally some embodiments of the disclosure
further provide a liquid crystal display device which may
include the backlight brightness adjusting device according
to the embodiment above, including a memory 501, and a
processor 502, where:

[0099] The memory 501 stores one or more program codes
configured to be executed by the one or more processor 502.
The one or more program codes include instructions for per-
forming the method as illustrated in FIG. 1 to FIG. 3, and
reference may be made to FIG. 1 to FIG. 3 and the related
description thereof for the disclosure of the method.

[0100] Some embodiments of the disclosure further pro-
vide a liquid crystal display device including the backlight
brightness adjusting device above.

[0101] FIG. 6illustrates a schematic structural diagram ofa
liquid crystal display device according to some embodiments
of the disclosure, which may include a memory, an input unit,
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an output unit, one or more processors and other components.
Those skilled in the art may appreciate that the structure of the
liquid crystal display device illustrated in FIG. 6 will not be
intended to be limiting on the liquid crystal display device,
but more or less components than those as illustrated may be
included or some of the components may be combined or the
components may be arranged differently, where:

[0102] The memory may be configured to store software
programs and modules, and the processor or processors may
run the software programs and the modules stored in the
memory to thereby perform various function applications and
data processing. The memory may include a high-speed ran-
dom access memory and may further include a nonvolatile
memory, e.g., at least one magnetic-disk memory device, a
flash memory device or another volatile solid memory device.
Correspondingly the memory may further include a memory
controller configured to provide an access of the processor or
the processors and the input device to the memory; and
[0103] Theprocessor orprocessors is or are a control center
of the liquid crystal display device 100, has the respective
components throughout the liquid crystal display device con-
nected by various interfaces and lines, and runs or executes
the software programs and/or the modules stored in the
memory and invokes the data stored in the memory to perform
the various functions of the liquid crystal display device 100
and to process the data to thereby manage and control the
liquid crystal display device as a whole. Optionally the pro-
cessor or processors may include one or more processing
cores; and optionally the processor or processors may be
integrated with an application processor and a modem pro-
cessor, where the application processor generally handles the
operating system, the user interfaces, the applications, etc.,
and the modem processor generally handles wireless commu-
nication. As may be appreciated, the modem processor above
may not be integrated into the processor or processors.
[0104] The liquid crystal display device 100 may further
include a TV and radio receiver, a high-definition multimedia
interface, a USB interface, an audio and video input structure
and other input units, and the input unit may further include a
remote control receiver to receive a signal transmitted by a
remote controller. Moreover the input unit may further
include a touch sensitive surface and other input devices,
where the touch sensitive surface may be embodied in various
types of resistive, capacitive, infrared, surface sound wave
and other types, and the other input device may include but
will not be limited to one or more of a physical keyboard,
functional keys (e.g., volume control press keys, a power-on
or-off press key, etc.), a track ball, a mouse, a joystick, etc.
[0105] The output unit is configured to output an audio
signal, a video signal, an alert signal, a vibration signal, etc.
The output unit may include a display panel, a sound output
module, etc. The display panel may be configured to display
information input by the user or information provided to the
user and various graphic user interfaces of the liquid crystal
display device 100, where these graphic user interfaces may
be composed of graphics, texts, icons, videos and any com-
bination thereof. For example, the display panel may be
embodied as a Liquid Crystal Display (LCD), an Organic
Light-Emitting Diode (OLED), a flexible display, a 3D dis-
play, a CRT, a plasmas display panel, etc.

[0106] The liquid crystal display device 100 may further
include at least one sensor (not illustrated), e.g., an optical
sensor, a motion sensor and other sensors. Particularly the
optical sensor may include an ambient optical sensor and a
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proximity sensor, where the ambient optical sensor may
adjust the brightness of the display panel according to the
luminosity of ambient light rays, and the proximity sensor
may power off the display panel and/or a backlight when the
liquid crystal display device 100 moves to some position. The
liquid crystal display device may be further configured with a
gyroscope, a barometer, a hygrometer, a thermometer, an
infrared sensor and other sensors.

[0107] The liquid crystal display device may further
include an audio circuit (not illustrated), and a speaker and a
transducer may provide an audio interface between the user
and the liquid crystal display device 100. The audio circuit
may convert received audio data into an electric signal and
transmit the electric signal to the speaker, which is converted
by the speaker into an audio signal for output; and on the other
hand, the transducer converts a collected audio signal into an
electric signal which is received by the audio circuit and then
converted into audio data, and the audio data 1s further output
to the processor or processors for processing and then trans-
mitted to another liquid crystal display device, for example,
or the audio data is output to the memory for further process-
ing. The audio circuit may further include an earphone jack
for communication between a peripheral earphone and the
liquid crystal display device 100.

[0108] Moreover the liquid crystal display device may fur-
ther include a Radio Frequency (RF) circuit. The RF circuit
may be configured to receive and transmit a signal. Typically
the RF circuit includes but will not be limited to an antenna,
at least one amplifier, a tuner, one or more oscillators, a
Subscriber Identifier Module (SIM) card, a transceiver, a
coupler, a Low Noise Amplifier (LNA), a duplexer, etc. More-
over the liquid crystal display device may further include a
web cam, a Bluetooth module, etc.

[0109] Moreover the liquid crystal display device may fur-
ther include a Wireless Fidelity (WiFi) module (not illus-
trated). The WiFi falls into the category of short-range wire-
less transmission technologies, and the liquid crystal display
device may assist the user in receiving and transmitting an
e-mail, browsing a webpage, accessing streaming media, etc.,
through the WiFi module by which the user is provided with
a wireless access to the broadband Internet. Although the
WiFi module is illustrated in FIG. 6, it may be appreciated
that it may not be necessarily required for the liquid crystal
display device but may be omitted as desired without depart-
ing from the scope of the disclosure.

[0110] In the embodiments above, firstly the grayscale
characteristic values of the respective primary colors in the
image to be displayed are obtained, that is, the contributions
of the respective primary colors to the overall grayscale are
obtained, to thereby obtain the grayscale contributions of the
respective primary colors in the image to be displayed respec-
tively; the backlight value is determined by giving the differ-
ent coefficients to the grayscale characteristic values of the
respective primary colors, where the coefficient correspond-
ing to the blue color is the maximum of the coefficients
corresponding to the respective primary colors; and finally
the output of the backlight driver is adjusted according to the
backlight value to thereby adjust the backlight brightness.
The contributions of the respective primary colors in the
image to be displayed to the overall grayscale are determined,
and the grayscale characteristic value of the blue color is
given the higher coefficient, to thereby adjust the backlight
brightness. Since the coefficient corresponding to the blue
color is larger than the coefficients corresponding to the other
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two primary colors, the backlight for the blue image may be
provided with higher backlight brightness to thereby improve
the display performance of the liquid crystal display device.
[0111] As may be apparent from the disclosure above, the
grayscale characteristic values of the respective primary col-
ors in the image to be displayed are obtained, that is, the
contributions of the respective primary colors to the overall
grayscale are obtained, to thereby obtain the grayscale con-
tributions of the respective primary colors in the image to be
displayed respectively; the backlight value is determined by
giving different coefficients to the grayscale characteristic
values of the respective primary colors, where the coefficient
corresponding to the blue color is the maximum of the coef-
ficients corresponding to the respective primary colors; and
finally the output of the backlight driver is adjusted according
to the backlight value to thereby adjust the backlight bright-
ness. In this solution, the contributions of the primary colors
in the image to be displayed to the overall grayscale are
determined, and the grayscale characteristic value of the blue
color is given the higher coefficient, to thereby adjust the
backlight brightness. Since the coefficient corresponding to
the blue color is larger than the coefficients corresponding to
the other two primary colors, the backlight for the blue image
may be provided with higher backlight brightness to thereby
satisfy a visual demand of human beings.

[0112] Insome embodiments above, technical solutions of
this disclosure are described taking the primary colors includ-
ing red, green and blue colors as an example. It should be
noted that the technical solutions in some embodiments above
may also be applicable to a circumstance that the primary
colors include red, green, blue and white colors, and appli-
cable to another circumstance that the primary colors include
other colors. Those skilled in the art shall appreciate that the
embodiments of the disclosure may be embodied as a method,
a system or a computer program product. Therefore the dis-
closure may be embodied in the form of an all-hardware
embodiment, an all-software embodiment or an embodiment
of software and hardware in combination. Furthermore the
disclosure may be embodied in the form of a computer pro-
gram product embodied in one or more computer useable
storage mediums (including but notlimited to a disk memory,
a CD-ROM, an optical memory, etc.) in which computer
useable program codes are contained.

[0113] The disclosure has been described in a flow chart
and/or ablock diagram of the method, the device (system) and
the computer program product according to the embodiments
of the disclosure. It shall be appreciated that respective flows
and/or blocks in the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram may be embodied in computer
program instructions. These computer program instructions
may be loaded onto a general-purpose computer, a specific-
purpose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified in
the flow(s) of the flow chart and/or the block(s) of the block
diagram.

[0114] These computer program instructions may also be
stored into a computer readable memory capable of directing
the computer or the other programmable data processing
device to operate in a specific manner so that the instructions
stored in the computer readable memory create an article of
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manufacture including instruction means which perform the
functions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

[0115] These computer program instructions may also be
loaded onto the computer or the other programmable data
processing device so that a series of operational operations
are performed on the computer or the other programmable
data processing device to create a computer implemented
process so that the instructions executed on the computer or
the other programmable device provide operations for per-
forming the functions specified in the flow(s) of the flow chart
and/or the block(s) of the block diagram.

[0116] The foregoing description of the embodiments has
been provided for purposes of illustration and description. It
is not intended to be exhaustive or to limit the disclosure.
Individual elements or features of a particular embodiment
are generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

1. A backlight brightness adjusting method, applicable to a
liquid crystal display device, the method comprising:

obtaining grayscale characteristic values of respective pri-

mary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary
colors characterize contributions of grayscales of the
respective primary colors to a grayscale of the image to
be displayed;

determining a backlight value according to the grayscale

characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary
colors; and

adjusting backlight brightness according to the backlight

value.

2. The method according to claim 1, wherein determining
the backlight value according to the grayscale characteristic
values of the respective primary colors, and the coefficients
corresponding to the respective primary colors comprises:

determining a first product of the red grayscale character-

istic value and a first coefficient, determining a second
product of the green grayscale characteristic value and a
second coefficient, and determining a third product of
the blue grayscale characteristic value and a third coef-
ficient, wherein the first coefficient is the coefficient
corresponding to the red color, the second coefficient is
the coeflicient corresponding to the green color, and the
third coefficient is the coefficient corresponding to the
blue color; and

summing up the first product, the second product, and the

third product to obtain the backlight value.

3. The method according to claim 2, wherein summing up
the first product, the second product, and the third product to
obtain the backlight value comprises:

calculating the sum of the first product, the second product,

and the third product; and

setting the backlight value to the sum of the first product,

the second product, and the third product when the sum
of the first product, the second product, and the third
product is no more than 255.

4. The method according to claim 3, wherein the first

coefficient is larger than the second coefficient.
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5. The method according to claim 1, wherein obtaining the
grayscale characteristic values of the respective primary col-
ors in the image to be displayed comprises:

obtaining the grayscales of respective pixels in the image to

be displayed;

determining first grayscales and grayscale proportions of

the respective primary colors in the image to be dis-
played according to the grayscales of the respective pix-
els; and

determining the grayscale characteristic values of the

respective primary colors according to the products of
the first grayscales and the grayscale proportions of the
respective primary colors.

6. The method according to claim 5, wherein determining
the first grayscales of the respective primary colors in the
image to be displayed according to the grayscales of the
respective pixels comprises:

determining a red first grayscale in the image to be dis-

played according to red grayscales of the respective
pixels;

determining a green first grayscale in the image to be

displayed according to green grayscales of the respec-
tive pixels; and

determining a blue first grayscale in the image to be dis-

played according to blue grayscales of the respective
pixels.

7. The method according to claim 6, wherein determining
the red first grayscale in the image to be displayed according
to the red grayscales of the respective pixels comprises:

calculating the average of the red grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the red grayscales of all the
pixels in the image to be displayed and the average of the
red grayscales of all the pixels in the image to be dis-
played to obtain the red first grayscale in the image to be
displayed;

determining the green first grayscale in the image to be

displayed according to the green grayscales of the
respective pixels comprises:

calculating the average of the green grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the green grayscales of all the
pixels in the image to be displayed and the average of the
green grayscales of all the pixels in the image to be
displayed to obtain the green first grayscale in the image
to be displayed; and

determining the blue first grayscale in the image to be

displayed according to the blue grayscales of the respec-
tive pixels comprises:

calculating the average of the blue grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the blue grayscales of all the
pixels in the image to be displayed and the average of the
blue grayscales of all the pixels in the image to be dis-
played to obtain the blue first grayscale in the image to
be displayed.

8. The method according to claim 5, wherein determining
the grayscale proportions of the respective primary colors in
the image to be displayed according to the grayscales of the
respective pixels comprises:

summing up the red grayscales of the respective pixels in

the image to be displayed to obtain the sum of the red
grayscales of all the pixels R,, summing up the green
grayscales of the respective pixels in the image to be
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displayed to obtain the sum of the green grayscales of all
the pixels G|, and summing up the blue grayscales of the
respective pixels in the image to be displayed to obtain
the sum of the blue grayscales of all the pixels B,; and

determining thered grayscale proportion R, the green gray-
scale proportion G, and the blue grayscale proportion B
corresponding to the image to be displayed respectively
in the equations of

Ry Gy By
R= ,G= and B = .
R +G+ B R +G +B; R +G+B

9. A backlight brightness adjusting device, applicable to a
liquid crystal display device, the backlight brightness adjust-
ing device comprising:
amemory; and
one or more processors, wherein the memory stores one or
more computer readable program codes, and the one or
more processors are configured to execute the one or
more computer readable program codes to perform:

obtaining grayscale characteristic values of respective pri-
mary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary
colors characterize contributions of grayscales of the
respective primary colors to a grayscale of the image to
be displayed,

determining a backlight value according to the grayscale

characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary
colors; and

adjusting backlight brightness according to the backlight

value.

10. The backlight brightness adjusting device according to
claim 9, wherein determining the backlight value according
to the grayscale characteristic values of the respective pri-
mary colors, and the coefficients corresponding to the respec-
tive primary colors comprises:

determining a first product of the red grayscale charactet-

istic value and a first coefficient, determining a second
product of the green grayscale characteristic value and a
second coefficient, and determining a third product of
the blue grayscale characteristic value and a third coef-
ficient, wherein the first coefficient is the coefficient
corresponding to the red color, the second coefficient is
the coeflicient corresponding to the green color, and the
third coefficient is the coefficient corresponding to the
blue color; and

summing up the first product, the second product, and the

third product to obtain the backlight value.

11. The backlight brightness adjusting device according to
claim 10, wherein summing up the first product, the second
product, and the third product to obtain the backlight value
comprises:

calculating the sum of the first product, the second product,

and the third product; and

setting the backlight value to the sum of the first product,

the second product, and the third product when the sum
of the first product, the second product, and the third
product is no more than 255.

12. The backlight brightness adjusting device according to
claim 11, wherein the first coefficient is larger than the second
coefficient.
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13. The backlight brightness adjusting device according to
claim 9, wherein obtaining the grayscale characteristic values
of the respective primary colors in the image to be displayed
comprises:

obtaining the grayscales of respective pixels in the image to

be displayed;

determining first grayscales and grayscale proportions of

the respective primary colors in the image to be dis-
played according to the grayscales of the respective pix-
els; and

determining the grayscale characteristic values of the

respective primary colors according to the products of
the first grayscales and the grayscale proportions of the
respective primary colors.

14. The backlight brightness adjusting device according to
claim 13, wherein determining the first grayscales of the
respective primary colors in the image to be displayed accord-
ing to the grayscales of the respective pixels comprises:

determining a red first grayscale in the image to be dis-

played according to red grayscales of the respective
pixels;

determining a green first grayscale in the image to be

displayed according to green grayscales of the respec-
tive pixels; and

determining a blue first grayscale in the image to be dis-

played according to blue grayscales of the respective
pixels.

15. The backlight brightness adjusting device according to
claim 14, wherein determining the red first grayscale in the
image to be displayed according to the red grayscales of the
respective pixels comprises:

calculating the average of the red grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the red grayscales of all the
pixels in the image to be displayed and the average of the
red grayscales of all the pixels in the image to be dis-
played to obtain the red first grayscale in the image to be
displayed;

determining the green first grayscale in the image to be

displayed according to the green grayscales of the
respective pixels comprises:

calculating the average of the green grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the green grayscales of all the
pixels in the image to be displayed and the average of the
green grayscales of all the pixels in the image to be
displayed to obtain the green first grayscale in the image
to be displayed; and

determining the blue first grayscale in the image to be

displayed according to the blue grayscales of the respec-
tive pixels comprises:

calculating the average of the blue grayscales of all the

pixels in the image to be displayed, and weighted sum-
ming up the maximum of the blue grayscales of all the
pixels in the image to be displayed and the average of the
blue grayscales of all the pixels in the image to be dis-
played to obtain the blue first grayscale in the image to
be displayed.

16. The backlight brightness adjusting device according to
claim 13, wherein determining the grayscale proportions of
the respective primary colors in the image to be displayed
according to the grayscales of the respective pixels com-
prises:
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summing up the red grayscales of the respective pixels in
the image to be displayed to obtain the sum of the red
grayscales of all the pixels R, summing up the green
grayscales of the respective pixels in the image to be
displayed to obtain the sum of the green grayscales of all
the pixels G, and summing up the blue grayscales of the
respective pixels in the image to be displayed to obtain
the sum of the blue grayscales of all the pixels B,; and

determining the red grayscale proportion R, the green gray-
scale proportion G, and the blue grayscale proportion B
corresponding to the image to be displayed respectively
in the

R Gy B,
R= ,G= and B = .
R +Gi+ By Ri+G +B; Ri+Gi+By

equations of
17. A liquid crystal display device, comprising a backlight
brightness adjusting device comprising:
amemory; and
one or more processors, wherein the memory stores one or
more computer readable program codes, and the one or
more processors are configured to execute the one or
more computer readable program codes to perform:
obtaining grayscale characteristic values of respective pri-
mary colors in an image to be displayed, wherein the
grayscale characteristic values of the respective primary
colors characterize contributions of grayscales of the
respective primary colors to a grayscale of the image to
be displayed;
determining a backlight value according to the grayscale
characteristic values of the respective primary colors,
and coefficients corresponding to the respective primary
colors; and
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adjusting backlight brightness according to the backlight
value.

18. The liquid crystal display device according to claim 17,
wherein determining the backlight value according to the
grayscale characteristic values of the respective primary col-
ors, and the coefficients corresponding to the respective pri-
mary colors comprises:

determining a first product of the red grayscale character-
istic value and a first coefficient, determining a second
product of the green grayscale characteristic value and a
second coefficient, and determining a third product of
the blue grayscale characteristic value and a third coef-
ficient, wherein the first coefficient is the coefficient
corresponding to the red color, the second coefficient is
the coefficient corresponding to the green color, and the
third coefficient is the coefficient corresponding to the
blue color; and

summing up the first product, the second product, and the
third product to obtain the backlight value.

19. The liquid crystal display device according to claim 18,
wherein summing up the first product, the second product,
and the third product to obtain the backlight value comprises:

calculating the sum of the first product, the second product,
and the third product; and

setting the backlight value to the sum of the first product,
the second product, and the third product when the sum
of the first product, the second product, and the third
product is no more than 255.

20. The liquid crystal display device according to claim 19,
wherein the first coefficient is larger than the second coeffi-
cient.
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Obtain grayscale characteristic values of respective primary
colors in an image to be displayed, where the grayscale
characteristic values of the respective primary colors characterize
contributions of grayscales of the respective primary colors to a
grayscale of the image to be displayed
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Determine a backlight value according to the grayscale
characteristic values of the respective primary colors, and
coefficients corresponding to the respective primary colors
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Adjust backlight brightness according to the backlight value
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