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(7) ABSTRACT

Disclosed are a method and apparatus for controlling back-
light brightness, and a liquid crystal display device. and the
method for controlling backlight brightness includes: deter-
mining a backlight duty ratio of each backlight zone accord-
ing to a backlight value of each backlight zone; determining
a gain backlight current value of a backlight area according
to an average backlight value of the backlight area, and a
preset gain curve, wherein each backlight area corresponds
to at least one backlight driving chip, and the at least one
backlight driving chip controls in parallel more than one
backlight zones in the backlight area corresponding to the at
least one driving chip; generating a pulse modulation signal
of each backlight zone according to the backlight duty ratio
of corresponding backlight zone and the gain backlight
current value; and adjusting a backlight current of the
corresponding backlight zone according to the pulse modu-
lation signal.
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BACKLIGHT BRIGHTNESS CONTROL
METHOD, APPARATUS, AND LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2015/081669 filed Jun. 17, 2015,
which claims the benefit and priority of Chinese Patent
Application No. 201510253365 X filed May 18, 2015. The
entire disclosures of the above applications are incorporated
herein by reference.

FIELD

[0002] The present disclosure relates to the field of liquid
crystal display technologies, and particularly to a method
and apparatus for controlling backlight brightness, 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] At present, liquid crystal display devices are an
important research focus in the field of display technologies.
Since panels of liquid crystal display devices are not self-
illuminating products, the liquid crystal display devices need
to be provided with backlight by arranging their backlight
sources.

[0005] In an existing liquid crystal display device, the
backlight is generally controlled in backlight zones, that is,
the backlight source is divided into a plurality of backlight
zones, backlight values corresponding to the respective
backlight zones are calculated statistically, and duty ratios of
the respective backlight zones are determined according to
their corresponding backlight values; and then the duty
ratios are adjusted on the backlight zones based upon a
backlight reference current value, so that backlight bright-
ness corresponding to the backlight values of the respective
backlight zones are exhibited in the backlight zones, as such
the backlight brightness in the different backlight zones are
controlled.

SUMMARY

[0006] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its full
scope or all of its features.

[0007] Some embodiments of the disclosure provide a
method for controlling backlight brightness, applicable to a
backlight module including a plurality of backlight zones,
each of which includes one or more point light sources,
wherein the method includes:

[0008] determining a gain backlight current value of a
backlight area according to an average backlight value of the
backlight area, and a preset gain curve, wherein each back-
light area corresponds to at least one backlight driving chip,
and the at least one backlight driving chip controls in parallel
more than one backlight zones in the backlight area corre-
sponding to the at least one backlight driving chip;

[0009] generating a pulse modulation signal of each back-
light zone according to the backlight duty ratio of corre-
sponding backlight zone and the gain backlight current
value; and
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[0010] adjusting a backlight current of the corresponding
backlight zone according to the pulse modulation signal.

[0011] Some other embodiments of the disclosure further
provide an apparatus for controlling backlight brightness,
applicable to a backlight module including a plurality of
backlight zones, each of which includes one or more point
light sources, wherein the apparatus includes:

[0012] a backlight processor configured to determine a
backlight duty ratio of each backlight zone according to a
backlight value of each backlight zone, wherein the back-
light value of each backlight zone is determined by bright-
ness data of an image zone corresponding to the backlight
zone; and to determine a gain backlight current value of a
backlight area according to an average backlight value of the
backlight area, and a preset gain curve, wherein each back-
light area corresponds to at least one backlight driving chip,
and the at least one backlight driving chip controls in parallel
more than one backlight zones in the backlight area corre-
sponding to the at least on backlight driving chip;

[0013] the backlight driving chip configured to generate a
pulse modulation signal of each backlight zone according to
the backlight duty ratio of corresponding backlight zone and
the gain backlight current value, and to send the pulse
modulation signal to a backlight driving circuit; and

[0014] the backlight driving circuit configured to adjust a
backlight current of the corresponding backlight zone
according to the pulse modulation signal.

[0015] Some other embodiments of the disclosure further
provide a display device including an apparatus for control-
ling backlight brightness applicable to a backlight module
including a plurality of backlight zones, each of which
includes one or more point light sources, wherein the
apparatus includes:

[0016] a backlight processor configured to determine a
backlight duty ratio of each backlight zone according to a
backlight value of each backlight zone, wherein the back-
light value of each backlight zone is determined by bright-
ness data of an image zone corresponding to the backlight
zone; and to determine a gain backlight current value of a
backlight area according to an average backlight value of the
backlight area, and a preset gain curve, wherein each back-
light area corresponds to at least one backlight riving chip,
and the at least one backlight driving chip controls in parallel
more than one backlight zones in the backlight area corre-
sponding to the at least one backlight driving chip;

[0017] the backlight driving chip configured to generate a
pulse modulation signal of each backlight zone according to
the backlight duty ratio of corresponding backlight zone and
the gain backlight current value, and to send the pulse
modulation signal to a backlight driving circuit; and

[0018] the backlight driving circuit configured to adjust a
backlight current of the corresponding backlight zone
according to the pulse modulation signal.

[0019] 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.
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DRAWINGS

[0020] 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.

[0021] FIG. 1 is a schematic flow chart of a method for
controlling backlight brightness according to some embodi-
ments of the disclosure;

[0022] FIG. 2A shows a schematic diagram of a plurality
of image zones into which a display area is divided by a
according to some embodiments of the disclosure;

[0023] FIG. 2B shows a schematic diagram of a plurality
of identically sized backlight areas into which a backlight
module is divided by a division rule according to some
embodiments of the disclosure;

[0024] FIG. 2C is a schematic diagram of a plurality of
distinctly sized backlight areas into which a backlight mod-
ule is divided by another division rule according to some
embodiments of the disclosure;

[0025] FIG. 2D shows a schematic diagram of three cor-
responding gain curves according to some embodiments of
the disclosure;

[0026] FIG. 2E shows a schematic diagram of a gain
adjustment curve of a backlight value according to some
embodiments of the disclosure;

[0027] FIG. 3 shows a schematic diagram of a power
adjustment curve according to some embodiments of the
disclosure;

[0028] FIG. 4 is a schematic structural diagram of an
apparatus for controlling backlight brightness according to
some embodiments of the disclosure;

[0029] FIG. 5 is a schematic diagram of a pulse driving
circuit in a control unit according to some embodiments of
the disclosure;

[0030] FIG. 6 shows a schematic diagram of a current
waveform in a backlight source LED according to some
embodiments of the disclosure;

[0031] FIG. 7 is a schematic structural diagram of another
apparatus for controlling backlight brightness according to
some embodiments of the disclosure; and

[0032] FIG. 8 is a simplified structural diagram of a liquid
TV set according to some embodiments of the disclosure.
[0033] Corresponding reference numerals indicate corre-
sponding parts or features throughout the several views of
the drawings.

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully with reference to the accompanying drawings.

[0035] In a common backlight control mode in the rel-
evant art, since there is an insignificant difference between
the backlight values calculated for the different backlight
zones (the entire backlight portion in the liquid crystal
display device typically can include a plurality of backlight
zones, each of which corresponds to a plurality of backlight
lamps), so that the backlight brightness exhibited really in
the backlight zones may not well reflect the contrast and the
layering to be exhibited.

[0036] Moreover, in order to improve diffusion of the
backlight and alleviate shadowiness of the light in effect, the
backlight source can be designed by further adding a sec-
ondary lens thereto. Since there is a large light diffusion area
of each backlight lamp, e.g, LED, in the backlight source,
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and there are also complicated light paths intersections
between the backlight lamps, e.g, LEDs. the backlight
brightness throughout the backlight source remains uniform
all the time, to thereby suppress the brightness from varying,
and thus degrading the contrast of the image.

[0037] In some embodiments of the disclosure, on one
hand, a backlight duty ratio of each backlight zone is
determined according to a backlight value of each backlight
zone; and on the other hand, a plurality of backlight areas in
the backlight module is determined, the average backlight
value of each backlight zone is calculated, a corresponding
gain is searched for respectively using the calculated aver-
age backlight value, and the current backlight current value
of the corresponding backlight area is multiplied with the
gain to obtain a gain backlight current value of the backlight
area; and then a driving signal is generated according to the
gain backlight current value of the backlight area and the
backlight duty ratio of each backlight zone in the backlight
area, to control backlight brightness of each backlight zone
in the backlight area. Since the backlight duty ratios are
determined according to the backlight values of the corre-
sponding backlight zones, thus dimming control in different
levels can be performed on the backlight zones of the same
backlight areas, and also the difference in backlight bright-
ness between the different backlight zones of the same
backlight areas can be improved to thereby improve the
contrast between higher and lower brightness of a display
image; and in some embodiments of the disclosure, the
different gains can be further applied to the backlight current
values of the different backlight areas so that there are
different backlight current values of the different backlight
areas, thus improving the contrast and the layering of the
image being displayed more effectively, and avoiding the
problem in the relevant art that there is the same gain
throughout the backlight zones due to that all the backlight
zones are controlled collectively, or there is an insignificant
difference in brightness throughout the image being dis-
played and less pronounced layering thereof due to that the
backlight brightness is adjusted simply by adjusting the
backlight duty ratios. Furthermore in some embodiments of
the disclosure, both the backlight duty ratios and the back-
light current values can be adjusted so that even if the
contrast can not be well improved by adjusting the backlight
duty ratios, or if the backlight brightness can not be further
improved after the backlight duty ratios are adjusted to
100%, then the backlight current may be adjusted so that
there are different gains corresponding to the backlight
current in the respective backlight areas, and in this way, the
different backlight areas can be treated differently to thereby
improve more effectively the contrast between higher and
lower brightness of the different backlight areas so as to
improve the effect of the image display on the liquid crystal
display device.

[0038] As illustrated in FIG. 1, some embodiments of the
disclosure provide a method for controlling backlight bright-
ness, applicable to a backlight module, for which backlight
needs to be controlled, and which includes a plurality of
backlight zones. Each of the plurality of backlight zones
includes one or more point light sources, and the plurality of
backlight zones are controlled in parallel, here the method
for controlling backlight brightness can include the follow-
ing steps:
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[0039] The step 11 is to determine a backlight duty ratio of
each backlight zone according to a backlight value of each
backlight zone.

[0040] Here the backlight value of each backlight zone is
determined by brightness data of an image zone correspond-
ing to the backlight zone.

[0041] In some embodiments of the disclosure, in the step
11, firstly brightness data of a received current image frame
are processed, for example, if there are N preset backlight
zones in a backlight model, then the current image frame
will be divided into N image zones (e.g., 120 image zones
as illustrated in FIG. 2A, and a grayscale histogram of pixels
in each image zone is calculated respectively; and further-
more the brightness data of each image zone (which may
include a plurality of pixels) is calculated, and the brightness
data of the N image zones are converted correspondingly
into the backlight values of the N backlight zones.

[0042] There is the following relationship between back-
light brightness B, and a backlight current value I and a
backlight duty ratio D:

B=I*D (1)

[0043] Please note that, in real implementation, there are
mapping relationship between B and the product of T and D,
which relationship can be obtained by the ordinary skill in
the art with experience, and thus B may or may not be the
product of I and D. If a backlight current value of a backlight
source LED in the current backlight model is a preset
reference value, then the backlight duty ratio of each back-
light zone may be calculated according to the backlight
value and the backlight current value of each backlight zone,
where the preset reference value may be any of the present
backlight current values, e.g., a backlight current reference
value, or other preset backlight current value. In some
embodiments of the disclosure, if the backlight current value
is a fixed value, then the backlight duty ratio corresponding
to the backlight value of the backlight zone will be calcu-
lated according to the backlight current value, so that the
backlight duty ratio of each backlight zone is determined.
[0044] The step 12 is to calculate the average backlight
value of each of a plurality of backlight areas in the
backlight module.

[0045] In some embodiments of the disclosure, in the step
12, still taking the backlight module above as an example,
the N backlight zones can be divided according to any
division rule, for example, in the transverse direction, in the
longitudinal direction, in both the transverse and longitudi-
nal directions, etc., obtaining M backlight areas with the
same size, or M backlight areas with different sizes. For
example, in order to control the backlight zones centrally,
the backlight zones are divided so that the number of
backlight zones may be an integer multiply of the number of
the backlight areas into which they are divided, and there are
the same area and shape of the M backlight areas into which
they are divided, where both M and N are positive integers,
and M is less than N. In some embodiments of the disclo-
sure, the backlight zones can be uniformly divided in the
longitudinal direction according to the division rule as
illustrated in FIG. 2B where 120 backlight zones are divided
into 6 backlight areas, or can be non-uniformly divided in
both the transverse and longitudinal directions according to
the division rule as illustrated in FIG. 2C(c) where 120
backlight zones are divided into distinctly sized 9 backlight
areas. The backlight current values of the respective back-
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light areas into which the backlight zones are divided as
illustrated in FIG. 2C can be adjusted in both the transverse
and longitudinal directions to thereby better present the
layering of the image.

[0046] The average backlight value in each backlight area
is calculated respectively according to the backlight values
of the backlight zones in each backlight area. For example,
there are 20 backlight zones in a backlight area 1, and
backlight values of these 20 backlight zones are summed
and averaged into the average backlight value of the back-
light area 1. This will also apply to the other backlight areas.
[0047] The step 13 is to search for a gain corresponding to
the average backlight value of each backlight area according
to the average backlight value of the backlight area, and a
preset gain curve, and to determine a gain backlight current
value of the backlight area according to the gain.

[0048] In some embodiments of the disclosure, in the step
11 above, the backlight duty ratio of each backlight zone is
determined according to the backlight value of the corre-
sponding backlight zone, so that a register of a correspond-
ing output circuit can be adjusted using the backlight duty
ratio to control the length of time for which the backlight
source LED is switched on or off, so that different backlight
brightness can be displayed in each backlight zone. But for
the backlight sources with quadratic prism, the contrast of
the displayed image can not be well guaranteed in this
differentiated display scheme. In view of this, in some
embodiments of the disclosure, after the corresponding
backlight duty ratios are determined according to the back-
light values of the respective backlight zones, the gain
corresponding to each backlight area can be further searched
for according to the average backlight value of each back-
light area, and the preset gain curve, and the gain backlight
current value of the backlight area can be determined
according to the gain.

[0049] It shall be noted that the embodiments of the
disclosure will not be limited to any particular order in
which the step 11, and the steps 12 and 13 are performed, in
some embodiments of the disclosure, firstly the backlight
duty ratios, and then the average backlight values, and the
gain backlight current values can be determined, or firstly
the average backlight values, and the gain backlight current
values, and then the backlight duty ratios can be determined.
[0050] In some embodiments of the disclosure, the gain
backlight current value of the backlight area can be deter-
mined according to the gain by multiplying the backlight
current value of the backlight area with the found gain to
obtain the gain backlight current value of the backlight area.
[0051] Here the number of the preset gain curves may be
no more than M, and they can be pre-stored in the backlight
module for a subsequent search. For example, if there are 6
backlight areas, then sixth different gain curves may be
preset, where each backlight area corresponds to separate
one of the gain curves for a search therein for a gain, or one
gain curve may be preset, where all of the 6 backlight areas
correspond to the preset one gain curve for a search therein
for a gain; or if there are 6 backlight areas, then 3 different
gain curves may be preset. For example, if the backlight
zones are divided into a backlight area 1 to a backlight area
6, and the determined average values of the backlight values
thereof are 125, 189, 98, 176, 209, and 56 respectively; and
as illustrated in FIG. 2D, the backlight areas 1 and 6
correspond to a gain curve c, the backlight areas 2 and 5
correspond to a gain curve b, and the backlight areas 3 and
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4 correspond to a gain curve a, so that the backlight areas 3
and 4 located in the central area of the backlight module
correspond to the gain curve with a higher gain amplitude,
thus improving the contrast of the image in the central area
as compared with the other areas. Accordingly at least one
preset gain curve can be searched respectively for the gain
corresponding to each backlight area as illustrated in FIG.
2E which is a schematic diagram of a gain curve according
to some embodiments of the disclosure, where the abscissa
represents a backlight value ranging from 0 to 255, and the
ordinate represents a gain ranging from 1 to +o0; however in
some embodiments of the disclosure, the gain can range
from 1 to 2 dependent upon a real demand for power setting,
where the gain will not be limited to an integer, but may also
be not an integer. In fact, each gain curve can be further
divided into a low brightness enhancement interval, a high
brightness enhancement interval, and a power control intet-
val. If there is a low average backlight value in a backlight
area, then there will be a gain in the low brightness enhance-
ment interval; as the content displayed in the backlight area
varies, when the average backlight value in the backlight
area lies in the high brightness enhancement interval, there
will be a gain in the high brightness enhancement interval,
thus well highlighting a high-brightness segment in the
image; and if there is a high average backlight value in the
backlight area, then the brightness of the image throughout
the backlight area will be so high that substantially no
backlight needs to be further enhanced, but the effect of the
backlight gain needs to be lowered due to power consump-
tion. Since the determined average backlight values of the
respective backlight areas are different from each other, the
determined gains are also different from each other. Further-
more the backlight current values of the backlight zones in
the corresponding backlight areas are multiplied respec-
tively with the 6 found gains to obtain the gain backlight
current values.

[0052] In the relevant art, if there is a high brightness
image portion, a low brightness image portion, and an
intermediate brightness image portion in the current image
frame, and when the average brightness data of the current
image frame are calculated, the value of the average bright-
ness data typically lies in the high brightness enhancement
interval of the gain curve to get a gain with a large number,
thus increasing the brightness of all the corresponding
backlight zones throughout the current image frame, and
resulting in an increase in power as needed, which may
hinder the contrast between high and low brightness from
being improved. In some embodiments of the disclosure, the
different gains of the different backlight areas can be
searched for to thereby divide the backlight zones at differ-
ent brightness into the different backlight areas as much as
possible, so that the different gains are found for the different
backlight areas instead of the same gain (which is a large
gain) found for all the backlight zones, thus improving
differently the brightness of the backlight zones correspond-
ing to the entire image frame, consuming less power, and
making it easier to control the gains obtained for the
different backlight areas respectively so as to further
improve the contrast and the layering of the displayed
image.

[0053] The step 14 is to generate a driving signal accord-
ing to the gain backlight current value of the backlight area,
and the backlight duty ratio of each backlight zone in the
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backlight area to control backlight brightness of each back-
light zone in the backlight area.

[0054] In some embodiments of the disclosure, before the
step 14 is performed, it can be determined for any one of
backlight areas whether the difference between the gain
backlight current value and the present backlight current
value is above a first preset threshold; when it is determined
that the difference between the gain backlight current value
and the present backlight current value is above the first
preset threshold, then the gain backlight current value will
be marked as valid so that the magnitude of a peak of a pulse
signal of the backlight area is adjusted using the subse-
quently generated driving signal; when it is determined that
the difference between the gain backlight current value and
the present backlight current value is not above the first
preset threshold, the gain backlight current value will be
marked as invalid so that the magnitude of the peak of the
pulse signal of the backlight area is not adjusted using the
subsequently generated driving signal.

[0055] In some embodiments of the disclosure, the first
preset threshold can be preset dependent upon the complex-
ity of a backlight control circuit, and the gain backlight
current value can be judged to avoid the backlight current
from being adjusted frequently. If there is an insignificant
difference between the gain backlight current value, and the
present backlight current value, then the generation of the
driving signal thereof will not contribute much to an
improvement in brightness of the backlight area, but will
complicate the adjustment and control process, and increase
the difficulty of the control process. In view of this, in some
embodiments of the disclosure, before the driving signal is
generated, the gain backlight current value can be compared
with the present backlight current value, and if their differ-
ence is above the first threshold, then it will indicate that
there is a significant difference between the gain backlight
current value and the present backlight current value, and
some adjustment needs to be made, so the gain backlight
current value will be marked as valid, and the driving signal
corresponding to the backlight area will be generated
according to the valid gain backlight current value, so that
the magnitude of the peak of the pulse signal of the backlight
area is adjusted using the generated driving signal; or if their
difference is not above the first threshold, then it will
indicate that there is an insignificant difference between the
gain backlight current value, and the present backlight
current value, and no adjustment needs to be made, so the
gain backlight current value will be marked as invalid, and
the driving signal corresponding to the backlight area will be
generated according to the invalid gain backlight current
value, so that the magnitude of the peak of the pulse signal
of the backlight area is not adjusted using the generated
driving signal. In this way, the backlight current can be
avoided from being adjusted frequently, and the complexity
of controlling and adjusting the backlight can be lower.

[0056] In some embodiments of the disclosure, after the
step 13 is performed, and before the step 14 is performed, it
can be further determined for any one backlight area
whether the average backlight brightness obtained according
to the currently determined backlight duty ratio and gain
backlight current value is above a second preset threshold;
when it is determined that the average backlight brightness
obtained according to a currently determined backlight duty
ratio of each backlight zone, and the gain backlight current
value of the backlight area is above the second preset
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threshold, then a preset power adjustment curve will be
invoked and searched for a power adjustment coefficient
corresponding to the currently obtained backlight brightness
of the backlight area, and the gain backlight current value
will be multiplied with the power adjustment coeflicient to
obtain a revised backlight current value; and the driving
signal will be generated according to the revised backlight
current value of the backlight area, and the backlight duty
ratio of each backlight zone in the backlight area to control
the backlight brightness of each backlight zone in the
backlight area.

[0057] Insome embodiments of the disclosure, the second
preset threshold is typically approximately 70% of the
highest brightness value 255, and as described above, any
one backlight area is detected, for example, the backlight
brightness is obtained according to the backlight duty ratio
of each backlight zone in the backlight area, and the gain
backlight current value, the backlight brightness is averaged
into the average backlight brightness at the backlight value,
and if the average backlight brightness is above the preset
threshold, then the preset power adjustment curve will be
searched for the power adjustment coeflicient corresponding
to the currently obtained backlight brightness of the back-
light area, and the gain backlight current value is multiplied
with the power adjustment coefficient to obtain the revised
backlight current value, where the power adjustment curve
can be pre-stored in the backlight model. FIG. 3 illustrates
a schematic diagram of a power adjustment curve according
to some embodiments of the disclosure, where the abscissa
represents backlight brightness ranging from 0 to 255, and
the ordinate represents an adjustment coefficient ranging
from 0, exclusive, to 1. Since a power bearing capacity of the
backlight module needs to be taken into account when
improving the backlight current value of the backlight area,
the average backlight brightness corresponding to the gain
backlight current of the backlight area needs to be detected
(pre-calculated) constantly, and if the average backlight
brightness is above the second preset threshold, then it will
indicate that the average backlight brightness of the back-
light area has been saturated at this time, and even if the gain
currently applied to the backlight current is provided to
increase the backlight brightness, then the real backlight
brightness thereof may not be significantly improved, but
high power will be consumed. In view of this, in some
embodiments of the disclosure, the preset power adjustment
curve is searched for the power adjustment coeflicient (typi-
cally less than 1) corresponding to the backlight area with
the backlight brightness above the second preset threshold,
and the gain backlight current value of all the backlight
zones in the backlight area is further multiplied with the
power adjustment coefficient, where although there is a
resulting smaller backlight current gain, the brightness can
also be improved while lowering power consumption of the
backlight module. The power adjustment curve can be
derived empirically, and then pre-stored in the backlight
module.

[0058] In some embodiments of the disclosure, before the
driving signal is generated according to the revised backlight
current value of the backlight area, and the backlight duty
ratio of each backlight zone in the backlight area, it can be
further determined for any one backlight area whether the
difference between the revised backlight current value and
the present backlight current value is above a first preset
threshold; when it is determined that the difference between
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the revised backlight current value and the present backlight
current value is above the first preset threshold, then the
revised backlight current value will be marked as valid so
that the magnitude of a peak of a pulse signal of the
backlight area is adjusted using the subsequently generated
driving signal; when it is determined that the difference
between the revised backlight current value and the present
backlight current value is not above the first preset threshold,
the revised backlight current value will be marked as invalid
so that the magnitude of the peak of the pulse signal of the
backlight area is not adjusted using the subsequently gen-
erated driving signal.

[0059] Furthermore in some embodiments of the disclo-
sure, before the driving signal is generated, in order to reflect
temporal correlation between image frames, and to display
the consecutive image frames more smoothly, the obtained
gain backlight current value, or the revised backlight current
value can be further smoothed and filtered, for example, a
weighted functional relationship between the current image
frame and several preceding image frames can be preset, for
example, a smoothed and filtered backlight current value of
the backlight area 1 is I'y=(B*[+4%¥1n. 1y 4+2% oy oy )/
15.

[0060] In some embodiments of the disclosure, the plu-
rality of backlight areas can correspond to at least two
different preset gain curves, where there is a higher gain
amplitude of a preset gain curve corresponding to a back-
light area located in the central area of the backlight module
than gain amplitudes of preset gain curves corresponding to
the other backlight areas.

[0061] In some embodiments of the disclosure, the gain
backlight current value of the backlight area can be deter-
mined according to the gain by multiplying the backlight
current value of the backlight area with the found gain to
obtain the gain backlight current value of the backlight area.
[0062] In some embodiments of the disclosure, before the
driving signal is generated according to the gain backlight
current value of the backlight area, and the backlight duty
ratio of each backlight zone in the backlight area, the method
further includes: it is determined for any one backlight area
whether the difference between the gain backlight current
value, and the present backlight current value is above a first
preset threshold; when it is determined that the difference
between the gain backlight current value, and the present
backlight current value is above the first preset threshold,
then the gain backlight current value will be marked as valid
so that the magnitude of a peak of a pulse signal of the
backlight area is adjusted using the subsequently generated
driving signal; when it is determined that the difference
between the gain backlight current value, and the present
backlight current value is not above the first preset threshold,
the gain backlight current value will be marked as invalid so
that the magnitude of the peak of the pulse signal of the
backlight area is not adjusted using the subsequently gen-
erated driving signal.

[0063] In some embodiments of the disclosure, after the
backlight duty ratios, and the gain backlight current value of
each backlight area are determined, the method can further
include: it is determined for any one backlight area whether
the average backlight brightness obtained according to the
currently determined backlight duty ratio of each backlight
zone, and the gain backlight current value of the backlight
area is above a second preset threshold; when it is deter-
mined that the average backlight brightness obtained accord-
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ing to the currently determined backlight duty ratio of each
backlight zone, and the gain backlight current value of the
backlight area is above the second preset threshold, then a
preset power adjustment curve will be invoked and searched
for a power adjustment coeflicient corresponding to the
currently obtained backlight brightness of the backlight area,
and the gain backlight current value will be multiplied with
the power adjustment coefficient to obtain a revised back-
light current value.

[0064] The driving signal will be generated according to
the revised backlight current value of the backlight area, and
the backlight duty ratio of each backlight zone in the
backlight area to control the backlight brightness of each
backlight zone in the backlight area.

[0065] Insome embodiments of the disclosure, before the
driving signal is generated according to the revised backlight
current value of the backlight area, and the backlight duty
ratio of each backlight zone in the backlight area, the method
further includes: it is determined for any one backlight area
whether the difference between the revised backlight current
value and the present backlight current value is above a first
preset threshold; when it is determined that the difference
between the revised backlight current value and the present
backlight current value is above the first preset threshold,
then the revised backlight current value will be marked as
valid so that the magnitude of a peak of a pulse signal of the
backlight area is adjusted using the subsequently generated
driving signal; when it is determined that the difference
between the revised backlight current value and the present
backlight current value is not above the first preset threshold,
the revised backlight current value will be marked as invalid
so that the magnitude of the peak of the pulse signal of the
backlight area is not adjusted using the subsequently gen-
erated driving signal.

[0066] Insome embodiments of the disclosure, if there are
N preset backlight zones, the N backlight zones can be
divided according to any division rule to obtain M backlight
areas, and at least one backlight area includes more than one
backlight zones, where each backlight area corresponds to at
least one backlight driving chip, and at least one of the
backlight driving chips control in parallel more than one
backlight zones in the backlight area corresponding to the
backlight driving chip. Furthermore in some embodiments
of the disclosure, the different gains can be further applied
to the backlight current values of the different backlight
areas so that there are different backlight current values of
the different backlight areas, thus improving the contrast and
the layering of the image being displayed. Since there is at
least one backlight areas including more than one backlight
zones, it may lower the complexity to adjust the driving
circuit, and reduce the power consumption to adjust the
backlight brightness.

[0067] In some embodiments of the disclosure, the back-
light value of each backlight zone is determined, and on one
hand, the backlight duty ratio of each backlight zone is
determined according to the backlight value of each back-
light zone; and on the other hand, the plurality of backlight
areas in the backlight module is determined, the average
backlight value of each backlight area is calculated statisti-
cally, the corresponding gain is searched for respectively
using the calculated average backlight value, and the present
backlight current value of the corresponding backlight area
is multiplied with the gain to obtain the gain backlight
current value of the backlight area; and then the driving
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signal is generated according to the gain backlight current
value of the backlight area, and the backlight duty ratio of
each backlight zone in the backlight area to control backlight
brightness of each backlight zone in the backlight area.
Since the backlight duty ratios are determined according to
the backlight values of the corresponding backlight zones,
dimming control in different levels can be performed on the
backlight zones, and also the difference in backlight bright-
ness between the different backlight zones can be improved
to thereby improve the contrast between higher and lower
brightness of the displayed image; and of the most impor-
tance, in some embodiments of the disclosure, the gains can
be further applied to the backlight current values of the
different backlight areas so that there are different backlight
current values of the different backlight areas, thus improv-
ing the contrast and the layering of the image being dis-
played more effectively. In some embodiments of the dis-
closure, both the backlight duty ratios and the backlight
current values may be adjusted so that even if the contrast
between the backlight zones can not be well improved by
adjusting the backlight duty ratios, or if the backlight
brightness can not be further improved after the backlight
duty ratios are adjusted to 100%, then the backlight current
may be adjusted so that there are different gains correspond-
ing to the backlight current in the respective backlight areas,
and in this way, the different backlight areas can be treated
differently to thereby improve the contrast more effectively
between higher and lower brightness of the different back-
light areas so as to improve the effect of the image display
on the liquid crystal display device.

[0068] As illustrated in FIG. 4 which is a schematic
structural diagram of an apparatus for controlling backlight
brightness according to some embodiments of the disclo-
sure, the apparatus for controlling backlight brightness
includes the following units:

[0069] A first determining unit 21 is configured to deter-
mine a backlight duty ratio of each backlight zone according
to a backlight value of each backlight zone, where the
backlight value of each backlight zone is determined by
brightness data of an image zone corresponding to the
backlight zone.

[0070] A calculating unit 22 is configured to calculate the
average backlight value of each of a plurality of backlight
areas in the backlight module.

[0071] A second determining unit 23 is configured to
search for a gain corresponding to the average backlight
value of each backlight area according to the average
backlight value of the backlight area, and a preset gain
curve, and to determine a gain backlight current value of the
backlight area according to the gain, and preferably, the
second determining unit 23 is configured to multiply the
backlight current value of the backlight area with the found
gain to obtain the gain backlight current value of the
backlight area.

[0072] An outputting unit 24 is configured to generate a
driving signal according to the gain backlight current value
of the backlight area, and the backlight duty ratio of each
backlight zone in the backlight area to control backlight
brightness of each backlight zone in the backlight area.
[0073] In some embodiments of the disclosure, the first
determining unit can be a converting unit integrated in a
converting chip, and configured to obtain an image frame, to
calculate brightness data of each image zone of the image
frame, and to convert the calculated brightness data of each
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image zone into a backlight value of the corresponding
backlight zone, i.e., backlight brightness to be displayed by
the backlight module; and in some embodiments of the
disclosure, since the backlight module needs to be controlled
dynamically in zones, the backlight brightness to be dis-
played in the backlight areas into which the backlight zones
are divided may not be the initially determined backlight
values, and since gains are further applied to the backlight
current values as described below, the backlight values of
the backlight zones obtained here are only ideal backlight
values. The calculating unit, the second determining unit,
and the outputting unit can be integrated together in a
backlight processing chip connected with the converting
chip.

[0074] In some embodiments of the disclosure, the plu-
rality of backlight areas in the backlight module correspond
to at least two different preset gain curves, where there is a
higher gain amplitude of a preset gain curve corresponding
to a backlight area located in the central area of the backlight
module than gain amplitudes of preset gain curves corre-
sponding to the other backlight areas.

[0075] In some embodiments of the disclosure, the appa-
ratus for controlling backlight brightness can further include
amarking unit configured to determine for any one backlight
area whether the difference between the gain backlight
current value and the present backlight current value is
above a first preset threshold; when it is determined that the
difference between the gain backlight current value and the
present backlight current value is above the first preset
threshold, to mark the gain backlight current value as valid
so that the magnitude of a peak of a pulse signal of the
backlight area can be adjusted using the subsequently gen-
erated driving signal; when it is determined that the differ-
ence between the gain backlight current value and the
present backlight current value is not above the first preset
threshold, to mark the gain backlight current value as invalid
so that the magnitude of the peak of the pulse signal of the
backlight area is not adjusted using the subsequently gen-
erated driving signal. For example, the generated driving
signal needs to be transmitted to a backlight driving circuit
as illustrated in FIG. § for the purpose of driving control,
where the backlight driving circuit 25 includes a plurality of
driving chips 251, each of which is connected with several
driving output circuits (typically there are 8 or 16 output
circuits connected with a driving chip), each driving output
circuit is connected with and controls one of the backlight
zones, and typically each backlight area is controlled by at
least one driving chip 251, in each of which there is preset
reference voltage Vref, so that each driving chip 251 can be
controlled separately, and there may be different reference
voltage for adjustment control by each driving chip 251, so
there is the same magnitude of a peak of the backlight
current value output by the same driving chip 251, and there
may be different magnitudes of the peaks of the backlight
current values output by the different driving chips 251, so
that LED lamps in the backlight source can be controlled
separately in areas. As illustrated in FIG. 6 which shows a
schematic diagram of a current waveform of a backlight
source LED according to some embodiments of the disclo-
sure, apparently for each backlight area, the duty ratio of the
current in the backlight source LED can be adjusted by
controlling a register using the determined backlight duty
ratio of each backlight zone, and the magnitude of the peak
of the current in the backlight source LED can be adjusted
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by adjusting the reference voltage of each driving chip 251,
but in order to avoid the brightness of the LED from being
changed sharply and flickering due to the current being
adjusted frequently, a hysteretic compare performed by the
marking unit above can be further performed on the gain
backlight current value and the first preset threshold, and
only if the difference between the gain backlight current
value and the present backlight current value is detected to
be above the first preset threshold, then the current in the
backlight driving circuit will be adjusted, and also the
current will be temporally smoothed and filtered.

[0076] In some embodiments of the disclosure, the appa-
ratus for controlling backlight brightness can further include
a detecting unit and a revising unit, where the detecting umt
is configured to determine for any one backlight area
whether the average backlight brightness obtained according
to the currently determined backlight duty ratio of each
backlight zone, and gain backlight current value of the
backlight area is above a second preset threshold; when it is
determined that the average backlight brightness obtained
according to the currently determined backlight duty ratio of
each backlight zone, and gain backlight current value of the
backlight area is above the second preset threshold, then the
revising unit will be configured to invoke and search a preset
power adjustment curve for a power adjustment coefficient
corresponding to the currently obtained backlight brightness
of the backlight area, and to multiply the gain backlight
current value with the power adjustment coeflicient to obtain
a revised backlight current value; and the outputting unit 24
is further configured to generate the driving signal according
to the backlight duty ratio of each backlight zone determined
by the first determining unit 21, and the revised backlight
current value obtained by the revising unit, to control the
backlight brightness of each backlight zone in the backlight
area.

[0077] In some embodiments of the disclosure, the mark-
ing unit can be further configured to determine for any one
backlight area whether the difference between the revised
backlight current value and the present backlight current
value is above a first preset threshold; when it is determined
that the difference between the revised backlight current
value and the present backlight current value is above the
first preset threshold, to mark the revised backlight current
value as valid so that the magnitude of a peak of a pulse
signal of the backlight area is adjusted using the subse-
quently generated driving signal; when the it is determined
that difference between the revised backlight current value
and the present backlight current value is not above the first
preset threshold, to mark the revised backlight current value
as invalid so that the magnitude of the peak of the pulse
signal of the backlight area is not adjusted using the subse-
quently generated driving signal.

[0078] Insome embodiments of the disclosure, the second
determining unit can be configured to multiply the backlight
current value of the backlight area with the found gain to
obtain the gain backlight current value of the backlight area.
[0079] In some embodiments of the disclosure, the appa-
ratus can further include a marking unit configured to
determine for any one backlight area whether the difference
between the gain backlight current value and the present
backlight current value is above a first preset threshold,
when it is determined that the difference between the gain
backlight current value and the present backlight current
value is above the first preset threshold, to mark the gain
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backlight current value as valid so that the magnitude of a
peak of a pulse signal of the backlight area is adjusted using
the subsequently generated driving signal; when it is deter-
mined that the difference between the gain backlight current
value and the present backlight current value is not above the
first preset threshold, to mark the gain backlight current
value as invalid so that the magnitude of the peak of the
pulse signal of the backlight area is not adjusted using the
subsequently generated driving signal.

[0080] In some embodiments of the disclosure, the appa-
ratus can further include: a detecting unit configured to
determine for any one backlight area whether the average
backlight brightness obtained according to the currently
determined backlight duty ratio of each backlight zone, and
gain backlight current value of the backlight area is above a
second preset threshold.

[0081] A revising unit is further included in the apparatus
and the revising unit is configured, when it is determined by
the detecting unit that the average backlight brightness
obtained according to the currently determined backlight
duty ratio of each backlight zone, and gain backlight current
value of the backlight area is above the second preset
threshold, to invoke and search a preset power adjustment
curve for a power adjustment coeflicient corresponding to
the currently obtained backlight brightness of the backlight
area, and to multiply the gain backlight current value with
the power adjustment coeflicient to obtain a revised back-
light current value.

[0082] The outputting unit is further configured to gener-
ate the driving signal according to the backlight duty ratio of
each backlight zone determined by the first determining unit,
and the revised backlight current value obtained by the
revising unit, to control the backlight brightness of each
backlight zone in the backlight area.

[0083] In some embodiments of the disclosure, the mark-
ing unit can be further configured to determine for any one
backlight area whether the difference between the revised
backlight current value and the present backlight current
value is above a first preset threshold; when it is determined
that the difference between the revised backlight current
value and the present backlight current value is above the
first preset threshold, to mark the revised backlight current
value as valid so that the magnitude of a peak of a pulse
signal of the backlight area is adjusted using the subse-
quently generated driving signal; when it is determined that
the difference between the revised backlight current value
and the present backlight current value is not above the first
preset threshold, to mark the revised backlight current value
as invalid so that the magnitude of the peak of the pulse
signal of the backlight area is not adjusted using the subse-
quently generated driving signal.

[0084] As illustrated in FIG. 7 which is a schematic
structural diagram of an apparatus for controlling backlight
brightness according to some embodiments of the disclo-
sure, the apparatus for controlling backlight brightness
includes a backlight processor 71, at least one backlight
driving chip 72, and a backlight driving circuit 73.

[0085] The backlight processor 71 is configured to deter-
mine a backlight duty ratio of each backlight zone according
to a backlight value of each backlight zone, where the
backlight value of each backlight zone is determined by
brightness data of an image zone corresponding to the
backlight zone; and to determine a gain backlight current
value of a backlight area according to an average backlight
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value of the backlight area, and a preset gain curve, where
each backlight area corresponds to at least one backlight
driving chip 72, and the at least one backlight driving chip
controls in parallel more than one backlight zones in the
backlight area corresponding to the backlight driving chip.

[0086] The backlight driving chip 72 is configured to
generate a pulse modulation signal of each backlight zone
according to the backlight duty ratio of the corresponding
backlight zone and the gain backlight current value, and to
send the pulse modulation signal to a backlight driving
circuit 73.

[0087] The backlight driving circuit 73 is configured to
adjust a backlight current of the corresponding backlight
zone according to the pulse modulation signal.

[0088] In some embodiments of the disclosure, before the
backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
backlight duty ratio of the corresponding backlight zone and
the gain backlight current value, the backlight processor 71
is further configured to generate a driving signal including
gain backlight current value information and backlight duty
ratio information, according to the gain backlight current
value of the backlight area and the backlight duty ratio of
each backlight zone in the backlight area; where the gain
backlight current value information corresponds to the infor-
mation of the gain backlight current value, and the backlight
duty ratio information corresponds to the information of the
backlight duty ratio.

[0089] Where the backlight driving chip configured to
generate the pulse modulation signal of each backlight zone
according to the backlight duty ratio of the corresponding
backlight zone and the gain backlight current value is further
configured:

[0090] to determine a magnitude of the peak of the pulse
modulation signal by adjusting a reference voltage accord-
ing to the gain backlight current value information of the
driving signal; and

[0091] to determine a duty ratio of the pulse modulation
signal according to the backlight duty ratio information of
the driving signal.

[0092] In some embodiments of the disclosure, the plu-
rality of backlight areas in the backlight module correspond
to at least two different preset gain curves, where there is a
higher gain amplitude of a preset gain curve corresponding
to a backlight area located in the central area of the backlight
module than gain amplitudes of preset gain curves corre-
sponding to the other backlight areas.

[0093] In some embodiments of the disclosure, the back-
light processor configured to determine the gain backlight
current value of the backlight area according to the average
backlight value of the backlight area, and the preset gain
curve is further configured:

[0094] to search for a gain corresponding to the average
backlight value of each backlight area according to the
average backlight value of the backlight area, and a preset
gain curve; and:

[0095] to multiply a backlight current value of the back-
light area with the found gain to obtain the gain backlight
current value of the backlight area.

[0096] In some embodiments of the disclosure, before the
backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
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backlight duty ratio of the corresponding backlight zone and
the gain backlight current value, the backlight processor 71
is further configured:

[0097] when it is determined that the difference between
the gain backlight current value and the present backlight
current value is above the first preset threshold, to mark the
gain backlight current value as valid so that a magnitude of
a peak of reference voltage in the backlight driving chip
corresponding to the backlight area is adjusted subsequently
with the gain backlight current value; when it is determined
that the difference between the gain backlight current value
and the present backlight current value is not above the first
preset threshold, to mark the gain backlight current value as
invalid so that the magnitude of the peak of reference
voltage in the backlight driving chip corresponding to the
backlight area is not adjusted subsequently.

[0098] In some embodiments of the disclosure, after the
backlight processor is configured to determine the gain
backlight current value of the backlight area, the backlight
processor 71 is further configured: when it is determined that
the average backlight brightness obtained according to the
currently determined backlight duty ratio of each backlight
zone, and the gain backlight current value is above the
second preset threshold, to invoke and search a preset power
adjustment curve for a power adjustment coeflicient corre-
sponding to the currently obtained backlight brightness of
the backlight area, and to multiply the gain backlight current
value with the power adjustment coefficient to obtain a
revised backlight current value.

[0099] The backlight driving chip 72 is further configured
to generate the pulse modulation signal of each backlight
zone according to the backlight duty ratio of the correspond-
ing backlight zone and the revised backlight current value.
[0100] Insome embodiments of the disclosure, before the
pulse modulation signal of each backlight zone is generated
according to the revised backlight current value of the
backlight area, and the backlight duty ratio of the corre-
sponding backlight zone in the backlight area, the backlight
processor 71 is further configured: when it is determined that
the difference between the revised backlight current value
and the present backlight current value is above the first
preset threshold, to mark the revised backlight current value
as valid so that a magnitude of a peak of reference voltage
in the backlight driving chip corresponding to the backlight
area is adjusted subsequently with the revised backlight
current value; when it is determined that the difference
between the revised backlight current value and the present
backlight current value is not above the first preset threshold,
to mark the revised backlight current value as invalid so that
the magnitude of the peak of reference voltage in the
backlight driving chip corresponding to the backlight area is
not adjusted subsequently.

[0101] Furthermore some embodiments of the disclosure
provide a display device, which can be a liquid TV set, and
as illustrated in FIG. 8, the liquid TV set 3 can include an
apparatus 31 for controlling backlight brightness, a display
module 32, a primary control chip 33, etc. An external video
data signal is input to the primary control chip 33, and
decoded and then transmitted to the apparatus 31 for con-
trolling backlight brightness, and the apparatus 31 for con-
trolling backlight brightness, transmits the processed video
data to a timing control chip of the display module 32 to
drive a liquid crystal screen to display, and also transmits a
determined backlight duty ratio of each backlight zone, and
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a gain backlight current value of a backlight area to a
backlight driving circuit in the form of a driving signal for
the purpose of backlight control.

[0102] In some embodiments of the disclosure, the appa-
ratus for controlling backlight brightness in the display
device can be embodied as the apparatus for controlling
backlight brightness according to any one of the embodi-
ments above. For example, the apparatus for controlling
backlight brightness can be applicable to a backlight module
including a plurality of backlight zones, each of which
includes one or more point light sources, and which are
controlled in parallel, and the apparatus for controlling
backlight brightness can include:

[0103] A first determining unit is configured to determine
a backlight duty ratio of each backlight zone according to a
backlight value of each backlight zone, where the backlight
value of each backlight zone is determined by brightness
data of an image zone corresponding to the backlight zone.

[0104] A calculating unit is configured to calculate the
average backlight value of each of a plurality of backlight
areas in the backlight module.

[0105] A second determining unit is configured to search
for a gain corresponding to the average backlight value of
each backlight area according to the average backlight value
of the backlight area, and a preset gain curve, and to
determine a gain backlight current value of the backlight
area according to the gain.

[0106] An outputting unit is configured to generate a
driving signal according to the gain backlight current value
of the backlight area and the backlight duty ratio of each
backlight zone in the backlight area to control backlight
brightness of each backlight zone in the backlight area.

[0107] In some embodiments of the disclosure, the plu-
rality of backlight areas in the backlight module correspond
to at least two different preset gain curves, where there is a
higher gain amplitude of a preset gain curve corresponding
to a backlight area located in the central area of the backlight
module than gain amplitudes of preset gain curves corre-
sponding to the other backlight areas.

[0108] Insome embodiments of the disclosure, the second
determining unit can be configured to multiply the backlight
current value of the backlight area with the found gain to
obtain the gain backlight current value of the backlight area.

[0109] Insome embodiments of the disclosure, the display
device can further include:

[0110] A marking unit is configured to determine for any
one backlight area whether the difference between the gain
backlight current value and the present backlight current
value is above a first preset threshold; when it is determined
that the difference between the gain backlight current value
and the present backlight current value is above the first
preset threshold, to mark the gain backlight current value as
valid so that the magnitude of a peak of a pulse signal of the
backlight area is adjusted using the subsequently generated
driving signal; when it is determined that the difference
between the gain backlight current value and the present
backlight current value is not above the first preset threshold,
to mark the gain backlight current value as invalid so that the
magnitude of the peak of the pulse signal of the backlight
area is not adjusted using the subsequently generated driving
signal.
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[0111] Insome embodiments of the disclosure, the display
device can further include:

[0112] A detecting unit is configured to determine for any
one backlight area whether the average backlight brightness
obtained according to the currently determined backlight
duty ratio of each backlight zone, and gain backlight current
value of the backlight area is above a second preset thresh-
old.

[0113] A-revising unit is configured, when it is determined
by the detecting unit that the average backlight brightness
obtained according to the currently determined backlight
duty ratio of each backlight zone, and gain backlight current
value of the backlight area is above the second preset
threshold, to invoke and search a preset power adjustment
curve for a power adjustment coeflicient corresponding to
the currently obtained backlight brightness of the backlight
area, and to multiply the gain backlight current value with
the power adjustment coeflicient to obtain a revised back-
light current value.

[0114] The outputting unit is further configured to gener-
ate the driving signal according to the backlight duty ratio of
each backlight zone determined by the first determining unit,
and the revised backlight current value obtained by the
revising unit, to control the backlight brightness of each
backlight zone in the backlight area.

[0115] In some embodiments of the disclosure, the mark-
ing unit can be further configured:

[0116] to determine for any one backlight area whether the
difference between the revised backlight current value and
the present backlight current value is above a first preset
threshold; when it is determined that the revised backlight
current value and the present backlight current value is
above the first preset threshold, to mark the revised backlight
current value as valid so that the magnitude of a peak of a
pulse signal of the backlight area is adjusted using the
subsequently generated driving signal; when it is determined
that the revised backlight current value and the present
backlight current value is not above the first preset threshold,
to mark the revised backlight current value as invalid so that
the magnitude of the peak of the pulse signal of the backlight
area is not adjusted using the subsequently generated driving
signal.

[0117] Furthermore some embodiments of the disclosure
provide another display device, which can be a liquid TV
set, the liquid TV set includes an apparatus for controlling
backlight brightness, a display module, a primary control
chip, etc. An external video data signal is input to the
primary control chip, and decoded and then transmitted to
the apparatus for controlling backlight brightness, and the
apparatus for controlling backlight brightness, transmits the
processed video data to a timing control chip of the display
module to drive a liquid crystal screen to display, and also
transmits a determined backlight duty ratio of each backlight
zone, and a gain backlight current value of a backlight area
to a backlight driving circuit in the form of a driving signal
for the purpose of backlight control. Where the apparatus for
controlling backlight brightness can be, for example, appli-
cable to a backlight module including a plurality of back-
light zones, each of which includes one or more point light
sources, and the apparatus for controlling backlight bright-
ness includes a backlight processor, at least one backlight
driving chip, and a backlight driving circuit.

[0118] The backlight processor is configured to determine
a backlight duty ratio of each backlight zone according to a
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backlight value of each backlight zone, where the backlight
value of each backlight zone is determined by brightness
data of an image zone corresponding to the backlight zone;
and to determine a gain backlight current value of a back-
light area according to an average backlight value of the
backlight area, and a preset gain curve, where each backlight
area corresponds to at least one backlight driving chip, and
the at least one of the backlight driving chip controls in
parallel more than one backlight zones in the backlight area
corresponding to the at least one backlight driving chip.
[0119] The backlight driving chip is configured to generate
a pulse modulation signal of each backlight zone according
to the backlight duty ratio of the corresponding backlight
zone and the gain backlight current value, and to send the
pulse modulation signal to a backlight driving circuit.
[0120] The backlight driving circuit is configured to adjust
a backlight current of the corresponding backlight zone
according to the pulse modulation signal.

[0121] In some embodiments of the disclosure, before the
backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
backlight duty ratio of the corresponding backlight zone and
the gain backlight current value, the backlight processor is
further configured to generate a driving signal including gain
backlight current value information and backlight duty ratio
information, according to the gain backlight current value of
the backlight area and the backlight duty ratio of each
backlight zone in the backlight area; where the gain back-
light current value information corresponds to information
of the gain backlight current value, and the backlight duty
ratio information corresponds to information of the back-
light duty ratio.

[0122] Where the backlight driving chip configured to
generate the pulse modulation signal of each backlight zone
according to the backlight duty ratio of the corresponding
backlight zone and the gain backlight current value is further
configured:

[0123] to determine a magnitude of the peak of the pulse
modulation signal by adjusting a reference voltage accord-
ing to the gain backlight current value information of the
driving signal; and to determine a duty ratio of the pulse
modulation signal according to the backlight duty ratio
information of the driving signal.

[0124] In some embodiments of the disclosure, the plu-
rality of backlight areas in the backlight module correspond
to at least two different preset gain curves, where there is a
higher gain amplitude of a preset gain curve corresponding
to a backlight area located in the central area of the backlight
module than gain amplitudes of preset gain curves corre-
sponding to the other backlight areas.

[0125] In some embodiments of the disclosure, the back-
light processor configured to determine the gain backlight
current value of the backlight area according to the average
backlight value of the backlight area, and the preset gain
curve is further configured:

[0126] to search for a gain corresponding to the average
backlight value of each backlight area according to the
average backlight value of the backlight area, and a preset
gain curve; and to multiplying a backlight current value of
the backlight area with the found gain to obtain the gain
backlight current value of the backlight area.

[0127] Insome embodiments of the disclosure, before the
backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
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backlight duty ratio of the corresponding backlight zone and
the gain backlight current value, the backlight processor is
further configured: when it is determined that the difference
between the gain backlight current value and the present
backlight current value is above the first preset threshold, to
mark the gain backlight current value as valid so that a
magnitude of a peak of reference voltage in the backlight
driving chip corresponding to the backlight area is adjusted
subsequently with the gain backlight current value; when it
is determined that the difference between the gain backlight
current value and the present backlight current value is not
above the first preset threshold, to mark the gain backlight
current value as invalid so that the magnitude of the peak of
reference voltage in the backlight driving chip correspond-
ing to the backlight area is not adjusted subsequently.

[0128] In some embodiments of the disclosure, after the
backlight processor is configured to determine the gain
backlight current value of the backlight area, the backlight
processor is further configured: when it is determined that
the average backlight brightness obtained according to the
currently determined backlight duty ratio of each backlight
zone, and the gain backlight current value is above the
second preset threshold, to invoke and search a preset power
adjustment curve for a power adjustment coeflicient corre-
sponding to the currently obtained backlight brightness of
the backlight area, and to multiply the gain backlight current
value with the power adjustment coefficient to obtain a
revised backlight current value.

[0129] The backlight driving chip is further configured to
generate the pulse modulation signal according to the back-
light duty ratio of each backlight zone and the revised
backlight current value.

[0130] Insome embodiments of the disclosure, before the
pulse modulation signal is generated according to the
revised backlight current value of the backlight area, and the
backlight duty ratio of each backlight zone in the backlight
area, the backlight processor is further configured: when it
is determined that the difference between the revised back-
light current value and the present backlight current value is
above the first preset threshold, to mark the revised backlight
current value as valid so that a magnitude of a peak of
reference voltage in the backlight driving chip correspond-
ing to the backlight area is adjusted subsequently with the
revised backlight current value; when it is determined that
the difference between the revised backlight current value
and the present backlight current value is not above the first
preset threshold, to mark the revised backlight current value
as invalid so that the magnitude of the peak of reference
voltage in the backlight driving chip corresponding to the
backlight area is not adjusted subsequently.

[0131] In some embodiments of the disclosure, the gains
can be applied to the backlight current values of the different
backlight areas so that there are different backlight current
values of the different backlight areas, thus improving the
contrast and the layering of the image being displayed more
effectively; and if the contrast can not be well improved by
adjusting the backlight duty ratios, or if the backlight
brightness can not be further improved after the backlight
duty ratios are adjusted to 100%, then the backlight current
may be adjusted so that there are different gains correspond-
ing to the backlight current in the respective backlight areas,
and in this way, the different backlight areas can be treated
differently to thereby improve the contrast between higher
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and lower brightness of the different backlight areas more
effectively so as to improve the effect of the image display
on the display device.

[0132] Furthermore some embodiments of the disclosure
further provide a display device, which can include an
apparatus for controlling backlight brightness, applicable to
a backlight module including a plurality of backlight zones,
each of which includes one or more point light sources, and
which are controlled in parallel; and the apparatus for
controlling backlight brightness can include a memory and
one or more processors, where the memory can store one or
more computer readable program codes, and the one or more
processors can be configured to execute the one or more
computer readable program codes to perform the functions
according to any one of the embodiments above.

[0133] Those skilled in the art shall appreciate that the
embodiments of the disclosure can be embodied as a
method, a system or a computer program product. Therefore
the disclosure can 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 can be embodied in the form of
a computer program product embodied in one or more
computer useable storage mediums (including but not lim-
ited to a disk memory, a CD-ROM, an optical memory, etc.)
in which computer useable program codes are contained.
[0134] The disclosure has been described in a flow chart
and/or a block diagram of the method, the device (system)
and the computer program product according to the embodi-
ments of the disclosure. It shall be appreciated that respec-
tive 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 can be embodied in
computer program instructions. These computer program
instructions can 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.

[0135] These computer program instructions can 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
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.

[0136] These computer program instructions can also be
loaded onto the computer or the other programmable data
processing device so that a series of operational steps 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 steps for performing the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

[0137] 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,
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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 method for controlling backlight brightness, appli-
cable to a backlight module comprising a plurality of
backlight zones, each of which comprises one or more point
light sources, wherein the method comprises:

determining a backlight duty ratio of each backlight zone

according to a backlight value of each backlight zone,
wherein the backlight value of each backlight zone is
determined by brightness data of an image zone cor-
responding to the backlight zone;

determining a gain backlight current value of a backlight

area according to an average backlight value of the
backlight area, and a preset gain curve, wherein each
backlight area corresponds to at least one backlight
driving chip, and the at least one backlight driving chip
controls in parallel more than one backlight zones in
the backlight area corresponding to the at least one
driving chip;

generating a pulse modulation signal of each backlight

zone according to the backlight duty ratio of corre-
sponding backlight zone and the gain backlight current
value; and

adjusting a backlight current of the corresponding back-

light zone according to the pulse modulation signal.

2. The method according to claim 1, wherein before the
generating the pulse modulation signal of each backlight
zone according to the backlight duty ratio of the correspond-
ing backlight zone and the gain backlight current value, the
method further comprises:

generating a driving signal including gain backlight cur-

rent value information and backlight duty ratio infor-
mation, according to the gain backlight current value of
the backlight area and the backlight duty ratio of each
backlight zone in the backlight area; wherein the gain
backlight current value information corresponds to
information of the gain backlight current value, and the
backlight duty ratio information corresponds to infor-
mation of the backlight duty ratio.

3. The method according to claim 2, wherein the gener-
ating the pulse modulation signal of each backlight zone
according to the backlight duty ratio of the corresponding
backlight zone and the gain backlight current value com-
prises:

determining a magnitude of a peak of the pulse modula-

tion signal by adjusting a reference voltage according
to the gain backlight current value information of the
driving signal; and

determining a duty ratio of the pulse modulation signal

according to the backlight duty ratio information of the
driving signal.

4. The method according to claim 1, wherein the plurality
of backlight areas correspond to at least two different preset
gain curves, wherein there is a higher gain amplitude of a
preset gain curve corresponding to a backlight area located
in a central area of the backlight module than gain ampli-
tudes of preset gain curves corresponding to other backlight
areas.

5. The method according to claim 1, wherein the deter-
mining the gain backlight current value of the backlight area
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according to the average backlight value of the backlight
area, and the preset gain curve comprises:

searching for a gain corresponding to the average back-

light value of each backlight area according to the
average backlight value of the backlight area, and a
preset gain curve; and

multiplying a backlight current value of the backlight area

with the found gain to obtain the gain backlight current
value of the backlight area.

6. The method according to claim 1, wherein before the
generating the pulse modulation signal of each backlight
zone according to the backlight duty ratio of corresponding
backlight zone and the gain backlight current value, the
method further comprises:

when it is determined that a difference between the gain

backlight current value and a present backlight current
value is above a first preset threshold, then marking the
gain backlight current value as valid so that a magni-
tude of a peak of reference voltage in the backlight
driving chip corresponding to the backlight area is
adjusted subsequently with the gain backlight current
value; when it is determined that the difference between
the gain backlight current value and the present back-
light current value is not above the first preset thresh-
old, marking the gain backlight current value as invalid
so that the magnitude of the peak of reference voltage
in the backlight backlight driving chip corresponding to
the backlight area is not adjusted subsequently.

7. The method according to claim 1, wherein after the
determining the gain backlight current value of the backlight
area, the method further includes:

when it is determined an the average backlight brightness

obtained according to a currently determined backlight
duty ratio of each backlight zone, and the gain back-
light current value of the backlight area is above a
second preset threshold, then invoking and searching a
preset power adjustment curve for a power adjustment
coefficient corresponding to the currently obtained
backlight brightness of the backlight area, and multi-
plying the gain backlight current value with the power
adjustment coefficient to obtain a revised backlight
current value; and

generating the pulse modulation signal of each backlight

zone according to the revised backlight current value of
the backlight area, and the backlight duty ratios of
corresponding backlight zone in the backlight area.

8. The method according to claim 7, wherein before the
pulse modulation signal of each backlight zone is generated
according to the revised backlight current value of the
backlight area, and the backlight duty ratio of the corre-
sponding backlight zone in the backlight area, the method
further comprises:

when it is determined that a difference between the

revised backlight current value and a present backlight
current value is above a first preset threshold, then
marking the revised backlight current value as valid so
that a magnitude of a peak of reference voltage in the
backlight driving chip corresponding to the backlight
area is adjusted subsequently with the revised backlight
current value; when it is determined that the difference
between the revised backlight current value and the
present backlight current value is not above the first
preset threshold, marking the revised backlight current
value as invalid so that the magnitude of the peak of
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reference voltage in the backlight driving chip corre-
sponding to the backlight area is not adjusted subse-
quently.

9. An apparatus for controlling backlight brightness,
applicable to a backlight module comprising a plurality of
backlight zones, each of which comprises one or more point
light sources, wherein the apparatus comprises:

a backlight processor configured to determine a backlight
duty ratio of each backlight zone according to a back-
light value of each backlight zone, wherein the back-
light value of each backlight zone is determined by
brightness data of an image zone corresponding to the
backlight zone; and to determine a gain backlight
current value of a backlight area according to an
average backlight value of the backlight area, and a
preset gain curve, wherein each backlight area corre-
sponds to at least one backlight driving chip, and the at
least one backlight driving chip controls in parallel
more than one backlight zones in the backlight area
corresponding to the at least one backlight driving chip;

the backlight driving chip configured to generate a pulse
modulation signal of each backlight zone according to
the backlight duty ratio of corresponding backlight
zone and the gain backlight current value, and to send
the pulse modulation signal to a backlight driving
circuit; and

the backlight driving circuit configured to adjust a back-
light current of the corresponding backlight zone
according to the pulse modulation signal.

10. The apparatus according to claim 9, wherein before
the backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
backlight duty ratio of the corresponding backlight zone and
the gain backlight current value, the backlight processor is
further configured to generate a driving signal including gain
backlight current value information and backlight duty ratio
information, according to the gain backlight current value of
the backlight area and the backlight duty ratio of each
backlight zone in the backlight area; wherein the gain
backlight current value information corresponds to informa-
tion of the gain backlight current value, and the backlight
duty ratio information corresponds to information of the
backlight duty ratio.

11. The apparatus according to claim 9, wherein the
backlight driving chip configured to generate the pulse
modulation signal of each backlight zone according to the
backlight duty ratio of the corresponding backlight zone and
the gain backlight current value is further configured:

to determine a magnitude of the peak of the pulse modu-
lation signal by adjusting a reference voltage according
to the gain backlight current value information of the
driving signal; and

to determine a duty ratio of the pulse modulation signal
according to the backlight duty ratio information of the
driving signal.

12. The apparatus according to claim 9, wherein the
plurality of backlight areas in the backlight module corre-
spond to at least two different preset gain curves, wherein
there is a higher gain amplitude of a preset gain curve
corresponding to a backlight area located in a central area of
the backlight module than gain amplitudes of preset gain
curves corresponding to other backlight areas.

13. The apparatus according to claim 9, wherein the
backlight processor configured to determine the gain back-
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light current value of the backlight area according to the
average backlight value of the backlight area, and the preset
gain curve is further configured:

to search for a gain corresponding to the average back-

light value of each backlight area according to the
average backlight value of the backlight area, and a
preset gain curve; and:

to multiply a backlight current value of the backlight area

with the found gain to obtain the gain backlight current
value of the backlight area.

14. The apparatus according to claim 9, wherein before
the backlight processor is configured to generate the pulse
modulation signal of each backlight zone according to the
backlight duty ratio of corresponding backlight zone and the
gain backlight current value, the backlight processor is
further configured:

when it is determined that a difference between the gain

backlight current value and a present backlight current
value is above a first preset threshold, to mark the gain
backlight current value as valid so that a magnitude of
a peak of reference voltage in the backlight driving chip
corresponding to the backlight area is adjusted subse-
quently with the gain backlight current value; when it
is determined that the difference between the gain
backlight current value and the present backlight cur-
rent value is not above the first preset threshold, to
mark the gain backlight current value as invalid so that
the magnitude of the peak of reference voltage in the
backlight driving chip corresponding to the backlight
area is not adjusted subsequently.

15. A liquid crystal display device, comprising an appa-
ratus for controlling backlight brightness applicable to a
backlight module comprising a plurality of backlight zones,
each of which comprises one or more point light sources,
wherein the apparatus comprises:

a backlight processor configured to determine a backlight
duty ratio of each backlight zone according to a back-
light value of each backlight zone, wherein the back-
light value of each backlight zone is determined by
brightness data of an image zone corresponding to the
backlight zone; and to determine a gain backlight
current value of a backlight area according to an
average backlight value of the backlight area, and a
preset gain curve, wherein each backlight area corre-
sponds to at least one backlight driving chip, and the at
least one of the backlight driving chip controls in
parallel more than one backlight zones in the backlight
area corresponding to the at least one backlight driving
chip;

the backlight driving chip configured to generate a pulse
modulation signal of each backlight zone according to
the backlight duty ratio of corresponding backlight
zone and the gain backlight current value, and to send
the pulse modulation signal to a backlight driving
circuit; and

the backlight driving circuit configured to adjust a back-
light current of the corresponding backlight zone
according to the pulse modulation signal.

16. The liquid crystal display device according to claim
15, wherein the plurality of backlight areas in the backlight
module correspond to at least two different preset gain
curves, wherein there is a higher gain amplitude of a preset
gain curve corresponding to a backlight area located in a
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central area of the backlight module than gain amplitudes of
preset gain curves corresponding to other backlight areas.

17. The liquid crystal display device according to claim
15, wherein the backlight processor configured to determine
the gain backlight current value of the backlight area accord-
ing to the average backlight value of the backlight area, and
the preset gain curve is further configured:

to search for a gain corresponding to the average back-

light value of each backlight area according to the
average backlight value of the backlight area, and a
preset gain curve; and

to multiply a backlight current value of the backlight area

with the found gain to obtain the gain backlight current
value of the backlight area.

18. The liquid crystal display device according to claim
15, wherein before the backlight processor is configured to
generate the pulse modulation signal of each backlight zone
according to the backlight duty ratio of the corresponding
backlight zone and the gain backlight current value, the
backlight processor is further configured:

when it is determined that a difference between the gain

backlight current value and a present backlight current
value is above a first preset threshold, to mark the gain
backlight current value as valid so that a magnitude of
a peak of reference voltage in the backlight driving chip
corresponding to the backlight area is adjusted subse-
quently with the gain backlight current value; when it
is determined that the difference between the gain
backlight current value and the present backlight cur-
rent value is not above the first preset threshold, to
mark the gain backlight current value as invalid so that
the magnitude of the peak of reference voltage in the
backlight driving chip corresponding to the backlight
area is not adjusted subsequently.

19. The liquid crystal display device according to claim
15, wherein after the backlight processor is configured to
determine the gain backlight current value of the backlight
area, the backlight processor is further configured:
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when it is determined that an average backlight brightness
obtained according to a currently determined backlight
duty ratio of each backlight zone, and the gain back-
light current value is above a second preset threshold,
to invoke and search a preset power adjustment curve
for a power adjustment coeflicient corresponding to the
currently obtained backlight brightness of the backlight
area, and to multiply the gain backlight current value
with the power adjustment coeflicient to obtain a
revised backlight current value; and

the backlight driving chip is further configured to generate
the pulse modulation signal of each backlight zone
according to the backlight duty ratio of the correspond-
ing backlight zone and the revised backlight current
value.

20. The liquid crystal display device according to claim
19, wherein before the pulse modulation signal of each
backlight zone is generated according to the revised back-
light current value of the backlight area, and the backlight
duty ratio of the corresponding backlight zone in the back-
light area, the backlight processor is further configured:

when it is determined that a difference between the
revised backlight current value and a present backlight
current value is above a first preset threshold, to mark
the revised backlight current value as valid so that a
magnitude of a peak of reference voltage in the back-
light driving chip corresponding to the backlight area is
adjusted subsequently with the revised backlight cur-
rent value, when it is determined that the difference
between the revised backlight current value and the
present backlight current value is not above the first
preset threshold, to mark the revised backlight current
value as invalid so that the magnitude of reference
voltage in the backlight driving chip corresponding to
the pulse signal of the backlight area is not adjusted
subsequently.
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