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S410
Image data of an umage to be displayed is acquired
S420
Intital dimming pixel data of each dimming pixel is determined according to
the umage data
S430
A dimming pixel to be filtered in the dimming screen is determined according
to the initial dimming pixel data of each dimming pixel
S440

A first filtering region is determined sccording to the deteroined dimming
pixel to be filtered

P S450

The filtering parameter of each dimming pixel in the first filfering region is
deterntined according to the relationship between each dimming pixel in the
first filtering region and the witial dimming pixel data of each dimming pixel
in the first filtering region

S460

The dimming pixel data of the dimming pixel to be filtered is updated
according to the filtering parameter of each dimming pixel in the first filtering
region, s0 as to obtain updated dimming pixel data

FIG. 4
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DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Section 371 National Stage
Application of International Application No. PCT/CN2022/
070067, filed on Jan. 4, 2022, entitled “DISPLAY PANEL
AND DISPLAY DEVICE”, the content of which is hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a field of display
technology, and in particular, to a display panel and a display
device.

BACKGROUND

[0003] A local dimming technology may change a back-
light brightness in real time according to a displayed image,
s0 as to save a backlight power consumption and improve a
picture contrast. A liquid crystal display panel may include
two overlapping liquid crystal screens, one for displaying
images, and the other for local dimming. Such a liquid
crystal display panel may significantly improve a contrast,
and a display effect is comparable to that of an organic
light-emitting diode (OLED) display panel. The liquid crys-
tal display panel including two liquid crystal screens may be
called a double-cell liquid crystal display panel. Through a
dual-screen control, the double-cell liquid crystal display
panel may achieve a contrast of more than 100,000 levels
and a high-precision dynamic dimming of million level
partitions, and is favored by customers.

[0004] The above information disclosed in this section is
merely for the understanding of the background of a tech-
nical concept of the present disclosure. Therefore, the above
information may contain information that does not constitute
a related art.

SUMMARY

[0005] In an aspect, a dimming method for a display panel
is provided, wherein the display panel includes a dimming
screen and a display screen, the dimming screen is arranged
on a backlight side of the display screen and is configured to
perform a backlight modulation on the display screen, the
dimming screen includes a plurality of dimming pixels, and
the display screen includes a plurality of display pixels. The
dimming method includes: acquiring image data of an image
to be displayed; determining initial dimming pixel data of
each of the dimming pixels according to the image data;
determining a dimming pixel to be filtered in the dimming
screen according to the initial dimming pixel data of each of
the dimming pixels, so as to obtain a determined dimming
pixel to be filtered; determining a first filtering region
according to the determined dimming pixel to be filtered,
wherein the first filtering region is centered on the deter-
mined dimming pixel to be filtered, the first filtering region
comprises a first predetermined number of dimming pixels
in a first direction and a second direction intersecting the first
direction; determining a filtering parameter of each of the
dimming pixels in the first filtering region according to a
relationship between each of the dimming pixels in the first
filtering region and the initial dimming pixel data of each of
the dimming pixels in the first filtering region; and updating
dimming pixel data of the dimming pixel to be filtered
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according to the filtering parameter of each of the dimming
pixels in the first filtering region, so as to obtain updated
dimming pixel data.

[0006] According to some exemplary embodiments, the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region includes: deter-
mining a first filtering coefficient K1 of each of the dimming
pixels in the first filtering region according to the initial
dimming pixel data of each of the dimming pixels in the first
filtering region, wherein the first filtering coefficient of each
of'the dimming pixels in the first filtering region is positively
correlated with the initial dimming pixel data of each of the
dimming pixels in the first filtering region.

[0007] According to some exemplary embodiments, the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region includes: deter-
mining a second filtering coefficient K2 of each of the
dimming pixels in the first filtering region according to a first
contrast curve, wherein a first contrast is a ratio of the initial
dimming pixel data of the dimming pixel to be filtered in the
first filtering region to the initial dimming pixel data of each
of'the dimming pixels in the first filtering region, and the first
contrast curve indicates a relationship between the second
filtering coefficient and the first contrast.

[0008] According to some exemplary embodiments, the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region includes: deter-
mining a third filtering coefficient K3 of each of the dim-
ming pixels in a second filtering region according to a
second contrast curve, wherein the second filtering region is
centered on the determined dimming pixel to be filtered, the
second filtering region comprises a second predetermined
number of dimming pixels in the first direction and the
second direction, and the second predetermined number is
less than the first predetermined number, a second contrast
is a ratio of a maximum value of the initial dimming pixel
data of each of the dimming pixels in the second filtering
region to the initial dimming pixel data of each of the
dimming pixels in the second filtering region, and the second
contrast curve indicates a relationship between the third
filtering coefficient and the second contrast.

[0009] According to some exemplary embodiments, the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region includes: deter-
mining a fourth filtering coefficient K4 of each of the
dimming pixels in the first filtering region according to a
distance between each of the dimming pixels in the first
filtering region and the dimming pixel to be filtered, wherein
the fourth filtering coefficient of each of the dimming pixels
in the first filtering region is negatively correlated with the
distance between each of the dimming pixels in the first
filtering region and the dimming pixel to be filtered.
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[0010] According to some exemplary embodiments, the
determining a first filtering coefficient of each of the dim-
ming pixels in the first filtering region according to the initial
dimming pixel data of each of the dimming pixels in the first
filtering region includes: determining, by using a first filter-
ing coefficient formula, the first filtering coefficient of each
of the dimming pixels in the first filtering region according
to the initial dimming pixel data of each of the dimming
pixels in the first filtering region, wherein the first filtering
coefficient formula is expressed as:

1 . 2
Vet —xV

Kl=———x
2552 255

[0011] where V represents the initial dimming pixel
data of each of the dimming pixels.

[0012] According to some exemplary embodiments, in the
first contrast curve, for the first contrast in an interval of
[0.1], the second filtering coefficient K2 is negatively cor-
related with the first contrast; and for the first contrast
greater than or equal to 1, the second filtering coefficient K2
is equal to 1.
[0013] According to some exemplary embodiments, in the
second contrast curve, the third filtering coefficient K3 is
negatively correlated with the second contrast.
[0014] According to some exemplary embodiments, the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region includes: deter-
mining a filtering coefficient K of each of the dimming
pixels in the first filtering region according to the first
filtering coefficient K1, the second filtering coefficient K2,
the third filtering coefficient K3 and the fourth filtering
coefficient K4; normalizing the filtering coefficient K of each
of the dimming pixels in the first filtering region to obtain a
normalized filtering coefficient KA of each of the dimming
pixels in the first filtering region; calculating a sum KAS of
the normalized filtering coefficients KA of each of the
dimming pixels in the first filtering region; and dividing the
normalized filtering coefficient KA of each of the dimming
pixels in the first filtering region by the sum KAS to obtain
the filtering parameter of each of the dimming pixels in the
first filtering region.
[0015] According to some exemplary embodiments, the
first predetermined number is 5, and the second predeter-
mined number is 3.
[0016] According to some exemplary embodiments, the
display panel further includes a backlight source arranged on
a side of the dimming screen away from the display screen
and configured to provide a backlight, the display screen
includes a plurality of display partitions, the backlight
source includes a plurality of backlight partitions, the plu-
rality of display partitions correspond to the plurality of
backlight partitions respectively, and the display partition
includes a plurality of display pixels. The dimming method
further includes: determining a display partition requiring
dimming and a backlight partition corresponding to the
display partition requiring dimming according to a display
pixel to be dimmed; determining a plurality of dimming
pixels corresponding to the display partition requiring dim-
ming; and determining a backlight value of the backlight
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partition corresponding to the display partition requiring
dimming according to updated dimming pixel data of the
plurality of dimming pixels corresponding to the display
partition requiring dimming.

[0017] According to some exemplary embodiments, the
plurality of dimming pixels corresponding to the display
partition requiring dimming include a first dimming pixel, a
second dimming pixel and a third dimming pixel, an ortho-
graphic projection of the first dimming pixel on the display
screen at least partially overlaps with at least one of the
plurality of display pixels in the display partition requiring
dimming, the second dimming pixel and the third dimming
pixel are adjacent to the first dimming pixel in the second
direction respectively, and the second dimming pixel and the
third dimming pixel are located on opposite sides of the first
dimming pixel in the second direction.

[0018] According to some exemplary embodiments, the
determining a backlight value of the backlight partition
corresponding to the display partition requiring dimming
according to updated dimming pixel data of the plurality of
dimming pixels corresponding to the display partition
requiring dimming includes: determining the backlight
value of the backlight partition corresponding to the display
partition requiring dimming according to the updated dim-
ming pixel data of the plurality of dimming pixels corre-
sponding to the display partition requiring dimming by using
a weighted summation method.

[0019] According to some exemplary embodiments, the
dimming method further includes: determining initial dis-
play pixel data of a display pixel to be dimmed according to
the image data; and determmining a compensation coeffi-
cient of the display pixel to be dimmed according to the
initial display pixel data of the display pixel to be dimmed
and the backlight value of the backlight partition corre-
sponding to the display pixel to be dimmed.

[0020] According to some exemplary embodiments, the
compensation coefficient of the display pixel to be dimmed
is determined according to the initial display pixel data of
the display pixel to be dimmed and the backlight value of the
backlight partition corresponding to the display pixel to be
dimmed by using a compensation coefficient formula, the
compensation coefficient formula is expressed as:

W oyro 1
0 (E) x 216 % T 121
(%z) =/

1023 ol

[0021] where ¢ represents the compensation coeffi-
cient. W represents the initial display pixel data, SBL
represents the backlight value, f represents rounding,
and Y0, y1 and Y2 are preset values.

[0022] According to some exemplary embodiments, the
dimming method further includes: adjusting display pixel
data of the display pixel to be dimmed according to the
determined compensation coefficient of the display pixel to
be dimmed.

[0023] According to some exemplary embodiments, an
orthographic projection of one dimming pixel on the display
screen at least partially overlaps with a plurality of display
pixels arranged in m rows and in columns, where m is a
positive integer greater than 1. The determining initial
dimming pixel data of each of the dimming pixels according
to the image data includes: determining initial display pixel
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data of each of the display pixels according to the image
data; and determining, according to the initial display pixel
data of the plurality of display pixels arranged in m rows and
m columns, the initial dimming pixel data of the dimming
pixel overlapping with the plurality of display pixels
arranged in m rows and m columns.

[0024] According to some exemplary embodiments, the
determining, according to the initial display pixel data of the
plurality of display pixels arranged in m rows and in
columns, the initial dimming pixel data of the dimming pixel
overlapping with the plurality of display pixels arranged in
m rows and m columns includes: progressively sampling the
plurality of display pixels arranged in m rows and m
columns to obtain sampling data of each row, wherein the
sampling data of each row is a weighted sum of a maximum
value and a mean value of the initial display pixel data of a
plurality of display pixels in the row; and determining the
maximum value in the sampling data of m rows as the initial
dimming pixel data of the dimming pixel.

[0025] In another aspect, a dimming device for a display
panel is provided, wherein the display panel includes a
dimming screen and a display screen, the dimming screen is
arranged on a backlight side of the display screen and is
configured to perform a backlight modulation on the display
screen, the dimming screen includes a plurality of dimming
pixels, the display screen includes a plurality of display
pixels. The dimming device includes: an image data acqui-
sition module configured to acquire image data of an image
to be displayed, an initial dimming pixel data determination
module configured to determine initial dimming pixel data
of each of the dimming pixels according to the image data;
a dimming-pixel-to-be-filtered determination module con-
figured to determine a dimming pixel to be filtered in the
dimming screen according to the initial dimming pixel data
of each of the dimming pixels, so as to obtain a determined
dimming pixel to be filtered; a first filtering region deter-
mination module configured to determine a first filtering
region according to the determined dimming pixel to be
filtered, wherein the first filtering region is centered on the
determined dimming pixel to be filtered, the first filtering
region comprises a first predetermined number of dimming
pixels in a first direction and a second direction intersecting
the first direction; a filtering parameter determination mod-
ule configured to determine a filtering parameter of each of
the dimming pixels in the first filtering region according to
a relationship between each of the dimming pixels in the first
filtering region and the initial dimming pixel data of each of
the dimming pixels in the first filtering region; and a
dimming pixel data update module configured to update
dimming pixel data of the dimming pixel to be filtered
according to the filtering parameter of each of the dimming
pixels in the first filtering region, so as to obtain updated
dimming pixel data.

[0026] In another aspect, a display device is provided,
including: one or more processors; a storage device config-
ured to store one or more programs, wherein the one or more
programs, when executed by the one or more processors,
cause the one or more processors to implement the method
described above.

[0027] In another aspect, a computer-readable storage
medium having an executable instruction stored thereon is
provided, and the instruction, when executed by a processor,
causes the processor to implement the method described
above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] By describing in detail exemplary embodiments of
the present disclosure with reference to the drawings, fea-
tures and advantages of the present disclosure will become
more apparent.

[0029] FIG. 1 shows a schematic structural diagram of a
display panel provided by at least one embodiment of the
present disclosure.

[0030] FIG. 2A to FIG. 2C respectively show schematic
diagrams of a pixel distribution (pixel array) of a display
screen and a pixel distribution of a dimming screen in the
display panel shown in FIG. 1, in which different alignment
states are schematically shown in FIG. 2A to FIG. 2C.
[0031] FIG. 3 shows a general flowchart of a dimming
method for a display panel according to embodiments of the
present disclosure.

[0032] FIG. 4 shows a flowchart of a dimming method for
a display panel according to some exemplary embodiments
of the present disclosure, which mainly corresponds to steps
performed in a dimming pixel data processing module
shown in FIG. 3.

[0033] FIG. 5 shows a schematic diagram of a filtering
region used in a dimming method for a display panel
according to embodiments of the present disclosure.
[0034] FIG. 6 schematically shows a relationship curve
between a first filtering coefficient and dimming pixel data.
[0035] FIG. 7 schematically shows a first contrast curve
used in a dimming method for a display panel according to
embodiments of the present disclosure.

[0036] FIG. 8 schematically shows a second contrast
curve used in a dinning method for a display panel according
to embodiments of the present disclosure.

[0037] FIG. 9A shows a display effect diagram corre-
sponding to a state shown in FIG. 2C.

[0038] FIG. 9B schematically shows a display effect dia-
gram according to updated dimming pixel data.

[0039] FIG. 10 schematically shows a schematic diagram
for a backlight correction.

[0040] FIG. 11 schematically shows a structural block
diagram of a dimming device of a display panel according
to embodiments of the present disclosure.

[0041] FIG. 12 shows a schematic diagram of a display
device according to some exemplary embodiments of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Inorderto make objectives, technical solutions and
advantages of the present disclosure clearer, the technical
solutions of embodiments of the present disclosure will be
clearly and completely described below with reference to the
accompanying drawings. Obviously, the described embodi-
ments are merely some embodiments of the present disclo-
sure, rather than all embodiments. Based on the described
embodiments of the present disclosure, all additional
embodiments obtained by those ordinary skilled in the art
without carrying out inventive effort fall within the scope of
protection of the present disclosure.

[0043] It should be noted that, in the accompanying draw-
ings, for clarity and/or description purposes, a size and
relative size of an element may be enlarged. Accordingly, the
size and relative size of each element need not to be limited
to those shown in the figures. In the specification and the
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accompanying drawings, the same or similar reference
numerals indicate the same or similar components.

[0044] When an element is described as being “on”,
“connected to” or “coupled to” another element, the element
may be directly on the other element, directly connected to
the other element, or directly coupled to the other element,
or an intermediate element may be provided. However,
when an element is described as being “directly on”,
“directly connected to” or “directly coupled to” another
element, no intermediate element is provided. Other terms
and/or expressions used to describe a relationship between

2 <

elements, such as “between” and “directly between”, “adja-
cent” and “directly adjacent”, “on” and “directly on”, and so
on, should be interpreted in a similar manner. In addition, the
term “connection” may refer to a physical connection, an
electrical connection, a communication connection, and/or a
fluid connection. In addition, X-axis, Y-axis and Z-axis are
not limited to three axes of a rectangular coordinate system,
and may be interpreted in a broader meaning. For example,
the X-axis, the Y-axis and the Z-axis may be perpendicular
to each other, or may represent different directions that are
not perpendicular to each other. For objectives of the present
disclosure. “at least one of X, Y and Z” and ““at least one
selected from a group consisting of X, Y and Z” may be
interpreted as only X, only Y, only Z, or any combination of
two or more of X, Y and Z, such as XYZ, XYY, YZ and ZZ.
As used herein, the term “and/or” includes any and all
combinations of one or more of the listed related items.
[0045] It should be noted that although the terms “first”,
“second”, and so on may be used herein to describe various
components, members, elements, regions, layers and/or
parts, these components, members, elements, regions, layers
and/or parts should not be limited by these terms. Rather,
these terms are used to distinguish one component, member,
element, region, layer and/or part from another. Thus, for
example, a first component, a first member, a first element,
a first region, a first layer and/or a first part discussed below
may be referred to as a second component, a second mem-
ber, a second element, a second region, a second layer and/or
a second part without departing from teachings of the
present disclosure.

[0046] For ease of description, spatial relationship terms,
such as “upper”, “lower”, “left”, “right”, “middle”, “both
sides”. “inside” and “outside” may be used herein to
describe a relationship between one element or feature and
another element or feature as shown in the figures. It should
be understood that the spatial relationship terms are intended
to cover other different orientations of a device in use or
operation in addition to the orientation described in the
figures. For example, if the device in the figures is turned
upside down, an element or feature described as “below” or
“under” another element or feature will be oriented “above”
or “on” the other element or feature.

[0047] Embodiments of the present disclosure provide a
dimming method for a display panel. The display panel
includes a dimming screen and a display screen. The dim-
ming screen is arranged on a backlight side of the display
screen and is used to perform a backlight modulation on the
display screen. The dimming screen includes a plurality of
dimming pixels, and the display screen includes a plurality
of display pixels. The dimming method includes: acquiring
image data of an image to be displayed; determining initial
dimming pixel data of each of the dimming pixels according
to the image data; determining dimming pixel to be filtered
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in the dimming screen according to the initial dimming pixel
data of each of the dimming pixels; determining a first
filtering region according to the determined dimming pixel
to be filtered, wherein the first filtering region is centered on
the determined dimming pixel to be filtered, and the first
filtering region includes a first predetermined number of
dimming pixels in a first direction and includes the first
predetermined number of dimming pixels in a second direc-
tion intersecting the first direction; determining a filtering
parameter of each of the dimming pixels in the first filtering
region according to a relationship between each of the
dimming pixels in the first filtering region and the initial
dinning pixel data of each of the dimming pixels in the first
filtering region; and updating dimming pixel data of the
dimming pixel to be filtered according to the filtering
parameter of each of the dimming pixels in the first filtering
region, so as to obtain updated dimming pixel data. In
embodiments of the present disclosure, a dimming method
for a display panel suitable for a dislocation of dual screens
in any precision range is proposed, which may be imple-
mented to perform a dimming using a dynamic filtering
algorithm when an alignment deviation between the dim-
ming screen and the display screen is unknown, so that a
good display image quality may be obtained without
increasing an amount of FPGA resources.

[0048] FIG. 1 shows a schematic structural diagram of a
display panel provided by at least one embodiment of the
present disclosure. As shown in FIG. 1, a display panel 10
includes a display screen 110, a dimming screen 120, and a
backlight module 130. The dimming screen 120 is arranged
between the backlight module 130 and the display screen
110. The backlight module 130 is arranged on a backlight
side of the dimming screen 120 (that is, a side of the
dimming screen 120 away from the display screen 110) and
is configured to provide a backlight to the dimming screen
120. The display screen 110 and the dimming screen 120 are
stacked. The dimming screen 120 is arranged on a backlight
side of the display screen 110 (that is, a side of the display
screen 110 close to the backlight module 130) and is
configured to perform a backlight modulation on the display
screen 110. The display screen 110 is configured to display
an image. For example, a display region (active region) of
the display screen 110 and a dimming region (active region)
of the dimming screen 120 may overlap with each other, for
example, may have a same size in both a length direction and
a width direction.

[0049] For example, in embodiments of the present dis-
closure, the display panel 10 is a liquid crystal display panel,
and the display screen 110 and the dimming screen 120 are
both liquid crystal screens. Embodiments of the present
disclosure have no limitations on a type, a structure, etc. of
the liquid crystal screen used to implement the display
screen 110 and the dimming screen 120. For example, the
liquid crystal screen may be of a vertical electric field type
or a horizontal electric field type. For example, in a case of
the horizontal electric field type, the liquid crystal screen
may be of an in-plane switching (IPS) type, a fringe field
switching (FFS) type, an advanced super dimension switch-
ing (ADS) type, and so on.

[0050] Similarly, embodiments of the present disclosure
have no limitations on a type, a structure, etc. of the
backlight module 130. For example, the backlight module
130 may be of an edge lighting type or a direct illumination
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type, and a light source used may be cold cathode fluores-
cence or a light emitting diode (LED).

[0051] FIG. 2A to FIG. 2C respectively show schematic
diagrams of a pixel distribution (pixel array) of a display
screen and a pixel distribution of a dimming screen in the
display panel shown in FIG. 1, in which different alignment
states are schematically shown in FIG. 2A to FIG. 2C.

[0052] As shown in FIG. 2A to FIG. 2C, the dimming
region of the dimming screen 120 may include a plurality of
dimming pixels A, which may be arranged in M rows and N
columns, where M and N are positive integers, 3=M, 3<N.
For simplicity, a plurality of gate lines and a plurality of data
lines used for the dimming pixels A and pixel electrodes
respectively included in the dimming pixels A are omitted
from the figures. These gate lines and data lines intersect
each other to define a plurality of pixel regions for the
dimming pixels A, and shapes of these gate lines and/or data
lines define shapes of these pixel regions. In each of the
dimming pixels A, a shape of the pixel electrode may be
substantially the same as that of the pixel region. For
example, as shown in FIG. 2A, each of the dimming pixels
A of the dimming screen 120 may have a “V” shape.
Corresponding to the “V” shape, the gate line for the
dimming pixel A is zigzag and the data line is linear. For
example, in some embodiments, the dimming screen 120 is
a Full High-Definition (FHD) liquid crystal display screen
with a 2K resolution. The dimming screen 120 may include
1080*1920 dimming pixels. In this case, M=1080, N=1920.
For example, the dimming screen 120 may include 964*363
dimming pixels. In this case, M=964, N=363.

[0053] The display region of the display screen 110 may
include a plurality of display pixels B, which may be
arranged in oM rows and aN columns, where a is a positive
integer. For simplicity, a plurality of gate lines and a
plurality of data lines used for the display pixels B and pixel
electrodes respectively included in the display pixels B are
omitted from the figures. These gate lines and data lines
intersect each other to define a plurality of pixel regions for
the display pixels B, and shapes of these gate lines and/or
data lines define shapes of these pixel regions. In each
display pixel B, a shape of the pixel electrode may be
substantially the same as that of the pixel region. For
example, as shown in FIG. 2A, each display pixel B of the
display screen 110 may be a rectangle. Corresponding to the
rectangle, the gate line for the display pixel B is linear and
the data line is also linear. For example, in some embodi-
ments, the display screen 110 is an Ultra High-Definition
liquid crystal display screen with a 4K resolution. The
display screen 110 may include 2160%*384 display pixels. In
this case. M=1080, N=1920, a=2. For example, the display
screen 110 may include 1920%720 display pixels. In this
case, M=1920, N=720, « is approximately equal to 2.

[0054] In some embodiments, when =2, one row of
dimming pixels of the dimming screen 120 may correspond
to two rows of display pixels of the display screen 110. For
example, a m” row of dimming pixels of the dimming
screen 120 may correspond to a (2m-1)* row of display
pixels and a 2m” row of display pixels of the display screen
110, where 1=m=M.

[0055] When a=2, one column of dimming pixels of the
dimming screen 120 may correspond to two columns of
display pixels of the display screen 110. For example, a n”
column of dimming pixels of the dimming screen 120 may
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correspond to a (2n—1)” column of display pixels and a 2n™
column of display pixels of the display screen 110, where
1=n=N.

[0056] That is to say, one dimming pixel of the dimming
screen 120 located in the m™ row and the n” column may
correspond to four display pixels of the display screen 110,
which are respectively located in the (2m-1)” row and the
(2n-1)" column, the (2m-1)” row and the 2n” column, the
2m” row and the (2n-1)” column, and the 2m” row and the
2n™ column.

[0057] Itshould be noted that since the dinning pixel of the
dimming screen 120 has a “V” shape and the display pixel
of the display screen 110 is a square, in a column direction
of the plurality of dimming pixels of the dimming screen 120
(shown as direction Y), one row of dimming pixels of the
dimming screen 120 actually spans four rows of display
pixels of the display screen 110 in a physical position, that
is, an orthographic projection of one row of dimming pixels
of the dimming screen 120 on the display screen 110
overlaps partially with corresponding four rows of display
pixels on the display screen 110.

[0058] For example, the m row of dimming pixels of the
dimming screen 120 may span from the (2m-2)* row of
display pixels to the (2m+1)” row of display pixels of the
display screen 110, that is, the orthographic projection of the
m row of dimming pixels of the dimming screen 120 on the
display screen 110 overlap partially with the (2m-2)* row of
display pixels to the (2m+1)” row of display pixels of the
display screen 110. However, it is specified here that the m*”
row of dimming pixels of the dimming screen 120 corre-
spond to the (2m—-1)” row of display pixels and the 2m” row
of display pixels of the display screen 110.

[0059] In addition, it should be noted that although it is
shown in FIG. 2A to FIG. 2C that the shape of the dimming
pixel in the dimming screen is a “V” shape, embodiments of
the present disclosure are obviously not limited to this, and
the shape of the dimming pixel in the dimming screen may
be other appropriate shapes different from the “V” shape.
Similarly, although it is shown in FIG. 2A to FIG. 2C that
the shape of the display pixel in the display screen is a
rectangle, embodiments of the present disclosure are obvi-
ously not limited to this, and the shape of the display pixel
in the display screen may be other appropriate shapes
different from the rectangle, such as a hexagon. In embodi-
ments of the present disclosure, the shape of the dimming
pixel is a “V” shape, and the shape of the display pixel is a
rectangle, which may avoid a Newton ring caused by a
superposition of dual screens.

[0060] In addition, it should be noted that although FIG.
2A to FIG. 2C merely show a corresponding case of the
dimming pixels of the dimming screen and the display pixels
of the display screen when a=2, a case when « is equal to
other values is similar to the above. For example, when a=1,
one row of dimming pixels of the dimming screen may
correspond to one row of display pixels of the display
screen, and one column of dimming pixels of the dimming
screen may correspond to one column of display pixels of
the display screen. For example, when a=4, one row of
dimming pixels of the dimming screen may correspond to
four rows of display pixels of the display screen, and one
column of dimming pixels of the dimming screen may
correspond to four columns of display pixels of the display
screen. Embodiments of the present disclosure do not limit
the specific correspondence between the display pixel and
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the dimming pixel. However, for simplicity, o=2 is illus-
trated by way of example in describing embodiments of the
present disclosure, and the cases for other values of a may
refer to the descriptions of embodiments of the present
disclosure when o=2.

[0061] FIG. 3 shows a general flowchart of a dimming
method for a display panel according to embodiments of the
present disclosure. FIG. 4 shows a flowchart of a dimming
method for a display panel according to some exemplary
embodiments of the present disclosure, which mainly cor-
responds to steps performed in a dimming pixel data pro-
cessing module shown in FIG. 3.

[0062] Referring to FIG. 3 and FIG. 4, in embodiments of
the present disclosure, the dimming method for the display
panel may mainly include a preprocessing step performed in
a preprocessing module, a dimming pixel data processing
step performed in a dimming pixel data processing module,
and a display pixel data processing step performed in a
display pixel data processing module. [t should be noted that
the dimming method for the display panel provided by
embodiments of the present disclosure may further include
some other steps, such as a dither step performed in a dither
module.

[0063] In embodiments of the present disclosure, a reso-
Iution conversion and a RGB to HSV color space conversion
may be performed in the preprocessing step performed in the
preprocessing module. For example, in some exemplary
embodiments, valid display pixels of the dimming screen are
964#%363, valid display pixels of the display screen are
1920#720, and a ratio of a pixel size of the dimming screen
to a pixel size of the display screen (for example, sizes in the
first direction and the second direction) is 2:1. For example,
a resolution of an input image (for example, an image to be
displayed) is 1920%720. In this case, to make each pixel of
the dimming screen have a sampling value, the resolution of
the input image needs to be dilated to 1928%726. For
example, a start line/column may be duplicated according to
a case of no-dislocation of dual screens, and a specific
method is as follows.

Padding(1:2, :) = ¥(1, :); Padding(723:726, :) = (720, 1);

Padding(:, 1:4) = ¥(;, 1); Padding(;, 1925:1928) = ¥(:, 1920);

[0064] Where Padding represents dilation, that is, a first
row of image data of the input image with a resolution of
1920#720 is padded by two rows upward, and a 720th row
of image data of the input image is padded by four lines
downward, a first column of image data of the input image
is padded by four columns to the left, and a 1920th column
of image data of the input image is padded by four columns
to the right.

[0065] After the resolution conversion is completed, the
image data of the input image may be converted from RGB
space to HSV space for use by the dimming screen.
[0066] In embodiments of the present disclosure, a down
sampling of dimming pixel data, a special pattern detection,
a spatial filtering and other operations may be performed in
the dimming pixel data processing step performed in the
dimming pixel data processing module.

[0067] With reference to FIG. 1 to FIG. 4, the dimming
method for the display panel may include operation S410 to
operation S460.
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[0068] In operation S410, image data of an image to be
displayed is acquired. For example, the image to be dis-
played may be an input image with a resolution of
1920#720, and the image data may be the image data that
has been padded and converted into HSV space as described
above.

[0069] In operation S420, initial dimming pixel data of
each of the dimming pixels is determined according to the
image data.

[0070] For example, the dimming pixel data may include
a brightness in the HSV space, that is, a V value.

[0071] In embodiments of the present disclosure, the
orthographic projection of one dimming pixel on the display
screen at least partially overlaps with a plurality of display
pixels arranged in m rows and m columns respectively,
where m is a positive integer greater than 1, for example,
m=2.

[0072] Inoperation S420, determining the initial dimming
pixel data of each of the dimming pixels according to the
image data specifically includes: determining initial display
pixel data of each of the display pixels according to the
image data; and determining the initial dimming pixel data
of the dimming pixel overlapping with the plurality of
display pixels arranged in m rows and in columns according
to the initial display pixel data of the plurality of display
pixels arranged in m rows and m columns.

[0073] Specifically, determining the initial dinning pixel
data of the dimming pixel overlapping with the plurality of
display pixels arranged in m rows and m columns according
to the initial display pixel data of the plurality of display
pixels arranged in m rows and m columns specifically
includes: progressively sampling the plurality of display
pixels arranged in m rows and in columns to obtain sampling
data of each row, wherein the sampling data of each row is
a weighted sum result of a maximum value and a mean value
of the initial display pixel data of a plurality of display pixels
of the row; and determining a maximum value in the
sampling data of m rows as the initial dimming pixel data of
the dimming pixel.

[0074] FIG. 5 shows a schematic diagram of a filtering
region used in a dimming method for a display panel
according to embodiments of the present disclosure. With
reference to FIG. 1 to FIG. 5, taking each of the dimming
pixels corresponding to four display pixels (2 rows*2 col-
umns) of the display screen as an example, the sampling
process may include the following.

[0075] (1) In a calculation for two pixels in a first row, the
first row of data is read, and a maximum value and a value
are calculated and recorded Vmax and Vmean respectively.
An intermediate calculation process includes:

nmax = NVmax « V'max;

nmean = NVmean x Vmean;

[0076] A sampling result of the first row is a weighted
result of the maximum value and the mean value as follows,
where KVmax is a weight coefficient, and K_I.1 is a
sampling weight of the first row.
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VL1 = K_L1 % (K¥Vmax xnmax + (1 — KVmax) x nmean);

[0077] (2) In a calculation for a second row, IP reads the
data in the second row, and a calculation method is the same
as that for the first row. A sampling result of the second row
is as follows.

VE2 = K_L2 % (KVmax x nmax + (1 — KVmax) x nmean);

[0078] Where K_1.2 is a sampling weight of the second
row.

[0079] A maximum value of VL2 and VL1 may be deter-
mined as a sampling result of the dimming pixel.

[0080] In operation S430, a dimming pixel to be filtered in
the dimming screen is determined according to the initial
dimming pixel data of each of the dimming pixels.

[0081] FIG. 2C schematically shows a state in which the
display screen is shifted by one pixel to the upper left
relative to the dimming screen. FIG. 9A shows a display
effect diagram corresponding to the state shown in FIG. 2C.
With reference to FIG. 2C and FIG. 9A, when the display
screen is shifted by one pixel to the upper left relative to the
dimming screen, a dark shadow appears at an edge of a
bright content (as shown by the dotted line boxes on the
upper and left sides) because the backlight for the bright
content is not large sufficiently after the shift, while a bright
shadow appears on a dark content (as shown by the dotted
line boxes on the lower and right sides) because the back-
light for the dark content is larger than that in a case of
non-dislocation. In embodiments of the present disclosure,
in order to solve a dark shadow problem around the bright
content at a bright-dark border in a case of dislocation, the
backlight around the bright content may be increased. At the
same time, in order to make the bright shadow on the dark
content smooth and have a small contrast with a background
gray scale, the backlight at the bright-dark border may be
transited as smoothly as possible.

[0082] In embodiments of the present disclosure, filtering
is performed according to the image data of the image to be
displayed, so that the brightness (V value) of the dimming
pixel at the bright-dark border is increased, and the bright-
ness (V value) of the dimming pixel is smoothly transited
from bright to dark. For example, during filtering, a filtering
parameter may be adaptively adjusted according to a gray
scale value of pixels covered by a 5*5 filtering template, a
distance between each pixel and a filtering center, and a gray
scale contrast between each pixel and a center pixel, so that
the brightness (V value) of the dimming pixel at the bright-
dark border may be increased, and the brightness (V value)
of the filtered dimming pixel may be smooth.

[0083] That is, in embodiments of the present disclosure,
the dimming pixel to be filtered in the dimming screen may
be determined according to the initial dimming pixel data of
each of the dimming pixels, for example, at least one
dimming pixel at the bright-dark border may be determined
as the dimming pixel to be filtered in the dimming screen.
[0084] Optionally, in embodiments of the present disclo-
sure, before determining the dimming pixel to be filtered in
the dimming screen, the dinning method may further include
a special pattern detection, for example, a bright line detec-
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tion, as shown in FIG. 2B. It may be understood that the
bright line detection may be performed using various known
bright line detection methods, and then a bright line may be
compensated using a data dilation method. A specific
method may refer to existing bright line compensation
methods, which will not be described in detail here.
[0085] Optionally, in embodiments of the present disclo-
sure, before determining the dimming pixel to be filtered in
the dimming screen, the dimming pixel data of a pixel may
be determined. For example, the pixel may be used as a
center of the filtering region, and when the dimming pixel
data (such as gray scale value) of the central dimming pixel
is the maximum value of the dimming pixel data (such as
gray scale value) of each of the dimming pixels in the
filtering region, the following filtering steps may not be
performed.

[0086] In operation S440, a first filtering region is deter-
mined according to the determined dimming pixel to be
filtered. The first filtering region is centered on the deter-
mined dimming pixel to be filtered, the first filtering region
includes a first predetermined number of dimming pixels in
a first direction and a second direction intersecting the first
direction. For example, the first direction may be an X
direction or a row direction shown in FIG. 2A, and the
second direction may be a Y direction or a column direction
shown in FIG. 2A. FIG. 5 schematically shows a first
filtering region 50, as shown by a rounded rectangle box in
FIG. 5.

[0087] In embodiments of the present disclosure, deter-
mining the filtering parameter of each of the dimming pixels
in the first filtering region according to the relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region may specifically
include: determining a first filtering coefficient K1 of each of
the dimming pixels in the fast filtering region according to
the initial dimming pixel data of each of the dimming pixels
in the first filtering region, wherein the first filtering coef-
ficient of each of the dimming pixels in the first filtering
region is positively correlated with the initial dimming pixel
data of each of the dimming pixels in the first filtering
region.

[0088] For example, determining the first filtering coeffi-
cient of each of the dimming pixels in the first filtering
region according to the initial dimming pixel data of each of
the dimming pixels in the first filtering region may specifi-
cally include: determining the first filtering coefficient of
each of the dimming pixels in the first filtering region
according to the initial dimming pixel data of each of the
dimming pixels in the first filtering region by using a first
filtering coefficient formula as follows:

1 , 2
Kl=—-——=XV"+—xV
2552 255

[0089] Where V represents the initial dimming pixel data
of each of the dimming pixels.

[0090] FIG. 6 schematically shows a relationship curve
between a first filtering coefficient and dimming pixel data.
Referring to FIG. 6, in embodiments of the present disclo-
sure, the larger the dimming pixel data (e.g.. the brightness
of the dimming pixel, that is, the V value), the greater an
influence of the dimming pixel data on the filtering value,
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that is, the first filtering coefficient is proportional to the
dimming pixel data, and it is desired that a contribution of
the dimming pixel data to the filtering value may be approxi-
mately 1 when the dimming pixel data is close to 255. In this
way, the dimming pixels around a bright dimming pixel may
be as bright as possible, so that the brightness may be
sufficiently large when the bright content is dislocated.
[0091] In embodiments of the present disclosure, deter-
mining the filtering parameter of each of the dimming pixels
in the first filtering region according to the relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region may specifically
include: determining a second filtering coefficient K2 of
each of the dimming pixels in the fast filtering region
according to a first contrast curve. The first contrast is a ratio
of the initial dimming pixel data of the dimming pixel to be
filtered in the first filtering region to the initial dimming
pixel data of each of the dimming pixels in the first filtering
region. The first contrast curve indicates a relationship
between the second filtering coefficient and the first contrast.
[0092] FIG. 7 schematically shows a first contrast curve
used in a dimming method for a display panel according to
embodiments of the present disclosure. Referring to FIG. 7,
in the first contrast curve, when the first contrast is in an
interval of [0,1], the second filtering coefficient K2 is
negatively correlated with the first contrast; when the first
contrast is greater than or equal to 1, the second filtering
coefficient K2 is equal to 1.

[0093] Since a brightness increase degree of the dimming
pixel at the bright-dark border is related to the gray scale
value of the bright content, a relationship between the
filtering center and a pixel at a neighborhood position needs
to be considered during the filtering. In embodiments of the
present disclosure, that relationship is indicated by the first
contrast. For example, with reference to FIG. 5, the first
contrast may be defined as a ratio of the gray scale value of
a central dimming pixel of a 5*5 template (that is, each of
the dimming pixels in the first filtering region) to the gray
scale value of each of the dimming pixels at a position
covered by the 5*5 template. The smaller the first contrast is,
the smaller the gray scale value of the central dimming pixel
is than the gray scale value of each of the dimming pixels at
the position covered by the 5*5 template, and the greater the
filtering weight of each of the dimming pixels at the position
covered by the 5*5 template needs to be, so that the gray
scale value of the central dimming pixel may be closer to the
bright content.

[0094] In embodiments of the present disclosure, deter-
mining the filtering parameter of each of the dimming pixels
in the first filtering region according to the relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region may specifically
include: determining a third filtering coefficient K3 of each
of the dimming pixels in a second filtering region according
to a second contrast curve. The second filtering region is
centered on the determined dimming pixel to be filtered. The
second filtering region includes a second predetermined
number of dimming pixels in the first direction and the
second direction. The second predetermined number is less
than the first predetermined number. A second contrast is a
ratio of a maximum value of the initial dimming pixel data
of each of the dimming pixels in the second filtering region
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to the initial dimming pixel data of each of the dimming
pixels in the second filtering region. The second contrast
curve indicates a relationship between the third filtering
coefficient and the second contrast.

[0095] FIG. 8 schematically shows a second contrast
curve used in a dimming method for a display panel accord-
ing to embodiments of the present disclosure. Referring to
FIG. 8, in the second contrast curve, the third filtering
coefficient K3 is negatively correlated with the second
contrast.

[0096] By setting the first filtering coefficient K1 and the
second filtering coefficient K2 as described above, the
dimming pixel having a gray scale value smaller than the
gray scale value of the central dimming pixel still has a
weight, so that the gray scale value or brightness increase
degree of the dimming pixel at the bright-dark border may
be not large sufficiently. In that step, it is possible to further
reduce the weight of the dimming pixel having a gray scale
value smaller than that of the center dimming pixel, so as to
further reduce the influence of the dimming pixel having a
gray scale value smaller than that of the center dinning pixel
on a filtering result. On this basis, the third filtering coeffi-
cient K3 may be determined according to the second con-
trast. For example, the second contrast may be defined as a
ratio of a maximum value of gray scale values of a 3*3
region centered on the center of the first filtering region to
a gray scale value of each position of the 3*3 region. The
larger the second contrast is, the smaller the dimming pixel
at the corresponding position is than the center dimming
pixel, and the smaller the filtering coefficient may be set.

[0097] In embodiments of the present disclosure, deter-
mining the filtering parameter of each of the dimming pixels
in the first filtering region according to the relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region may specifically
include: determining a fourth filtering coefficient K4 of each
of the dimming pixels in the first filtering region according
to a distance between each of the dimming pixels in the first
filtering region and the dimming pixel to be filtered. The
fourth filtering coefficient of each of the dimming pixels in
the first filtering region is negatively correlated with the
distance between each of the dimming pixels in the first
filtering region and the dimming pixel to be filtered.

[0098] Table 1 show the fourth filtering coefficients of the
dimming pixels at various positions covered by the 5%5
template. As shown in Table 1, the fourth filtering coefficient
of each of the dimming pixels in the first filtering region is
negatively correlated to the distance between each of the
dimming pixels in the first filtering region and the dimming
pixel to be filtered. For example, the fourth filtering coef-
ficient K4 of a central dimming pixel is 52, the fourth
filtering coeflicient K4 of four dimming pixels adjacent to
the central dimming pixel in the first direction or the second
direction is 25, the fourth filtering coeflicient K4 of six
dimming pixels far from the central dimming pixel is 10, the
fourth filtering coefficient K4 of ten dimming pixels farther
from the central dimming pixel is 3, and the fourth filtering
coefficient K4 of four dimming pixels farthest from the
central dimming pixel (i.e., the dimming pixels at four
corners) is 1.
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TABLE 1

Fourth Filtering Coefficients of Dimming Pixels
at Positions Covered by 5*5 Template

1 3 10 3 1
3 10 25 10 3
3 25 52 25 3
3 10 25 10 3
1 3 10 3 1

[0099] In operation S450, the filtering parameter of each
of the dimming pixels in the first filtering region is deter-
mined according to the relationship between each of the
dimming pixels in the first filtering region and the initial
dimming pixel data of each of the dinning pixels in the first
filtering region.

[0100] In embodiments of the present disclosure, deter-
mining the filtering parameter of each of the dimming pixels
in the first filtering region according to the relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region may specifically
include: determining a filtering coefficient K of each of the
dimming pixels in the first filtering region according to the
first filtering coeflicient K1, the second filtering coeflicient
K2, the third filtering coefficient K3 and the fourth filtering
coeflicient K4; normalizing the filtering coefficient K of each
of the dimming pixels in the first filtering region to obtain a
normalized filtering coeflicient KA of each of the dimming
pixels in the first filtering region; calculating a sum KAS of
the normalized filtering coefficient KA of each of the dim-
ming pixels in the first filtering region; and dividing the
normalized filtering coeflicient KA of each of the dimming
pixels in the first filtering region by the sum KAS to obtain
the filtering parameter of each of the dimming pixels in the
first filtering region.

[0101] In operation S460, the dimming pixel data of the
dimming pixel to be filtered is updated according to the
filtering parameter of each of the dimming pixels in the first
filtering region, so as to obtain updated dimming pixel data.

[0102] For example, a weighted mean may be performed
on the initial dimming pixel data of each of the dimming
pixels at the 5*5 template position by using the filtering
parameter of each of the dimming pixels at the 5*5 template
position as a weight coefficient, and a result of the weighted
mean may be determined as the dimming pixel data of the
dimming pixel to be filtered.

[0103] Through such updating, the dimming pixel data
(such as gray scale value or brightness) of each of the
dimming pixels at the bright-dark border may be improved,
and the updated dimming pixel data (such as gray scale
value or brightness) may be smooth. FIG. 9B schematically
shows a display effect diagram according to updated dim-
ming pixel data. Comparing FIG. 9A and FIG. 9B, the dark
shadow around the bright content disappears, and the bright
shadow on the dark content is almost invisible.

[0104] It should be noted that in the aforementioned
embodiments, the first predetermined number is 5, and the
second predetermined number is 3, that is, the first filtering
region is a 5*5 region, and the second filtering region is a
3*3 region. However, embodiments of the present disclosure
are not limited to this. In other embodiments, filtering
regions of other sizes may be selected.
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[0105] Referring to FIG. 3, in embodiments of the present
disclosure, a backlight calculation of the display screen, a
data compensation of display pixels and other operations
may be performed in the display pixel data processing step
performed in the display pixel data processing module.

[0106] Referring to FIG. 1, the display panel further
includes a backlight source. The backlight source is arranged
on a side of the dimming screen away from the display
screen and is configured to provide a backlight. The display
screen includes a plurality of display partitions, and the
backlight source includes a plurality of backlight partitions.
The plurality of display partitions correspond to the plurality
of backlight partitions respectively, and the display partition
includes a plurality of display pixels.

[0107] In embodiments of the present disclosure, the dim-
ming method further includes: determining a display parti-
tion requiring dimming and a backlight partition correspond-
ing to the display partition requiring dimming according to
a display pixel to be dimmed; determining a plurality of
dimming pixels corresponding to the display partition
requiring dimming; and determining a backlight value of the
backlight partition corresponding to the display partition
requiring dimming according to the updated dimming pixel
data of a plurality of dimming pixels corresponding to the
display partition requiring dimming.

[0108] In embodiments of the present disclosure, the plu-
rality of dimming pixels corresponding to the display par-
tition requiring dimming include a first dimming pixel, a
second dimming pixel, and a third dinning pixel. An ortho-
graphic projection of the first dimming pixel on the display
screen at least partially overlaps with at least one of the
plurality of display pixels in the display partition requiring
dimming. The second dimming pixel and the third dimming
pixel are adjacent to the first dimming pixel in the second
direction respectively, and the second dimming pixel and the
third dimming pixel are located on opposite sides of the first
dimming pixel in the second direction.

[0109] For example, determining the backlight value of
the backlight partition corresponding to the display partition
requiring dimming according to the updated dimming pixel
data of the plurality of dimming pixels corresponding to the
display partition requiring dimming may specifically
include: determining the backlight value of the backlight
partition corresponding to the display partition requiring
dimming according to the updated dimming pixel data of the
plurality of dimming pixels corresponding to the display
partition requiring dimming by using a weighted summation
method.

[0110] FIG. 10 schematically shows a schematic diagram
for a backlight correction. With reference to FIG. 1, FIG. 2C
and FIG. 10, the backlight value corresponding to each
display pixel in the display screen may be obtained by
weighting six adjacent dimming pixels. For example, in
FIG. 10, the backlight values corresponding to four display
pixels a, b, ¢ and d may be obtained by weighting the
dimming pixel data (e.g., gray scale value or brightness) of
six dimming pixels S22, S23, S24, S32, S33 and S34. For
example, the backlight values corresponding to the display
pixels a and ¢ may be obtained by weighting the dimming
pixel data (e.g., gray scale value or brightness) of the
dimming pixels S23, S33, S22 and S32. The backlight
values corresponding to the display pixels b and d may be
obtained by weighting the dimming pixel data (e.g., gray
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scale value or brightness) of the dimming pixels S23, 524,
S33 and S34. A specific calculation formula may be as
follows.

SBL(@) = al « VS22 + a2 « VS23 + a3 + VS32 + a4 « V33,
SBL(c) = cl « VS22 + ¢2  VS23 + ¢3  VS32 + c4x VS33,
SBL(B) = b1 « VS23 + b2 « VS24 + b3 % VS33 + bd  VS34,

SBL(d) = d1 % VS23 + d2 x VS24 + d3 %« VS33 + d4x VS34,

[0111] Where SBL (a), SBL (c), SBL (b) and SBL (d)
represent the backlight values corresponding to the display
pixels a, ¢, b and d respectively; VS22, V823, VS24, VS32,
V833 and VS34 represent the dimming pixel data (e.g., gray
scale value or brightness) of the dimming pixels S22, S23,
S24, S32, S33 and S34 respectively, and it should be
understood that they are the values updated by using the
above-mentioned methods; al to a4, cl to c4, bl to b4 and
dl to d4 represent the corresponding weight coefficients,
which are preset values.

[0112] Faurther, in embodiments of the present disclosure,
the dimming method further includes: determining initial
display pixel data of the display pixel to be dimmed accord-
ing to the image data; and determining a compensation
coefficient of the display pixel to be dimmed according to
the initial display pixel data of the display pixel to be
dimmed and the backlight value of the backlight partition
corresponding to the display pixel to be dimmed.

[0113] For example, the compensation coefficient of the
display pixel to be dimmed may be determined according to
the initial display pixel data of the display pixel to be
dimmed and the backlight value of the backlight partition
corresponding to the display pixel to be dimmed by using a
compensation coefficient formula as follows.

w oy 1
16 19
o Yy _ (255) X g <
1023) ~ o1

[0114] Where Q represents the compensation coefficient,
W represents the initial display pixel data, SBL represents
the backlight value, f represents rounding, and y0, y1 and Y2
are preset values.

[0115] In embodiments of the present disclosure, the dim-
ming method further includes adjusting display pixel data of
the display pixel to be dimmed according to the determined
compensation coefficient of the display pixel to be dimmed.
[0116] For example, the display pixel data of the display
pixel to be dimmed may be adjusted according to the
determined compensation coefficient of the display pixel to
be dimmed according to the following formula.

1 Input(R, G, B)
OR, G, B) = QX(W ><218)>< D

[0117] Where Q(R, G, B) represents the display pixel data
after adjustment in the RGB space, and Input (R, G, B)
represents the display pixel data before adjustment in the
RGB space.
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[0118] Based on the above-mentioned dimming method,
embodiments of the present disclosure further provide a
dimming device for a display panel. The apparatus will be
described in detail below with reference to FIG. 11.
[0119] FIG. 11 schematically shows a structural block
diagram of a dimming device of a display panel according
to embodiments of the present disclosure.

[0120] As shown in FIG. 11, a dimming device 800 for a
display panel of such embodiments includes an image data
acquisition module 810, an initial dimming pixel data deter-
mination module 820, a dimming-pixel-to-be-filtered deter-
mination module 830, a first filtering region determination
module 840, a filtering parameter determination module
850, and a dimming pixel data update module 860.

[0121] The image data acquisition module 810 is used to
acquire image data of an image to be displayed. In some
embodiments, the image data acquisition module 810 may
be used to perform the operation S410 described above,
which will not be repeated here.

[0122] The initial dimming pixel data determination mod-
ule 820 is used to determine initial dimming pixel data of
each of the dimming pixels according to the image data. In
some embodiments, the initial dimming pixel data determi-
nation module 820 may be used to perform the operation
S420 described above, which will not be repeated here.
[0123] The dimming-pixel-to-be-filtered determination
module 830 is used to determine a dimming pixel to be
filtered in the dimming screen according to the initial
dimming pixel data of each of the dimming pixels. [n some
embodiments, the dimming-pixel-to-be-filtered determina-
tion module 830 may be used to perform the operation S430
described above, which will not be repeated here.

[0124] The first filtering region determination module 840
is used to determine a first filtering region according to the
determined dimming pixel to be filtered. The first filtering
region is centered on the determined dimming pixel to be
filtered. The first filtering region includes a first predeter-
mined number of dimming pixels in a first direction and a
second direction intersecting the first direction. In some
embodiments, the first filtering region determination module
840 may be used to perform the operation S440 described
above, which will not be repeated here.

[0125] The filter parameter determination module 850 is
used to determine a filtering parameter of each of the
dimming pixels in the first filtering region according to a
relationship between each of the dimming pixels in the first
filtering region and the initial dimming pixel data of each of
the dimming pixels in the first filtering region. In some
embodiments, the filtering parameter determination module
850 may be used to perform the operation S450 described
above, which will not be repeated here.

[0126] The dimming pixel data update module 860 is used
to update the dimming pixel data of the dimming pixel to be
filtered according to the filtering parameter of each of the
dimming pixels in the first filtering region, so as to obtain
updated dimming pixel data. In some embodiments, the
dimming pixel data update module 860 may be used to
perform the operation S460 described above, which will not
be repeated here.

[0127] According to embodiments of the present disclo-
sure, any plurality of modules in the image data acquisition
module 810, the initial dimming pixel data determination
module 820, the dimming-pixel-to-be-filtered determination
module 830, the first filtering region determination module
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840, the filtering parameter determination module 850 and
the dimming pixel data update module 860 may be inte-
grated into one module for implementation, or any one
module in these modules may be split into a plurality of
modules. Alternatively, at least partial functions of one or
more of these modules may be combined with at least partial
functions of other modules and implemented in one module.
According to embodiments of the present disclosure, at least
one of the image data acquisition module 810, the initial
dimming pixel data determination module 820, the dim-
ming-pixel-to-be-filtered determination module 830, the
first filtering region determination module 840, the filtering
parameter determination module 850 and the dimming pixel
data update module 860 may be implemented at least
partially as a hardware circuit, such as a field programmable
gate array (FPGA), a programmable logic array (PLA), a
system on a chip, a system on substrate, a system on
package, an Application Specific Integrated Circuit (ASIC),
or may be implemented by hardware or firmware in any
other reasonable manner of integrating or encapsulating the
circuit, or may be implemented by any one of the three
implementation manners of software, hardware and firm-
ware or an appropriate combination thereof. Alternatively, at
least one of the image data acquisition module 810, the
initial dimming pixel data determination module 820, the
dimming-pixel-to-be-filtered determination module 830, the
first filtering region determination module 840, the filtering
parameter determination module 850 and the dimming pixel
data update module 860 may be at least partially imple-
mented as a computer program module that, when executed,
may perform the corresponding functions.

[0128] FIG. 12 shows a schematic diagram of a display
device according to some exemplary embodiments of the
present disclosure.

[0129] As shown in FIG. 12, a display device 900 accord-
ing to embodiments of the present disclosure may include
the display panel shown in FIG. 1, a processor 901, and a
storage device 902 that may perform various appropriate
actions and processes according to programs stored in the
storage device 902. The processor 901 may include, for
example, a general-purpose microprocessor (for example,
CPU), an instruction set processor and/or a related chipset
and/or a special-purpose microprocessor (for example, an
application specific integrated circuit (ASIC)), and the like.
The processor 901 may further include an on-board memory
for caching purposes. The processor 901 may include a
single processing unit or a plurality of processing units for
executing different actions of the method flow according to
embodiments of the present disclosure.

[0130] The display device may include any apparatus or
product with a display function. For example, the display
device may be a smart phone, a mobile phone, an e-book
reader, a personal computer (PC), a laptop PC, a netbook
PC, a personal digital assistant (PDA), a portable multime-
dia player (PMP), a digital audio player, a mobile medical
apparatus, a camera, a wearable device (such as a head-
mounted device, electronic clothing, electronic bracelet,
electronic necklace, electronic accessory, electronic tattoo,
or smart watch), a television, etc.

[0131] It should be understood that the display device
according to embodiments of the present disclosure has all
features and advantages of the display panel described
above. The details may be referred to the above description.
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[0132] The present disclosure further provides a com-
puter-readable storage medium, which may be contained in
the apparatus/device/system described in the above embodi-
ments; or exists alone without being assembled into the
apparatus/device/system. The above-mentioned computer-
readable storage medium may carry one or more programs
that when executed, implement the methods according to
embodiments of the present disclosure.

[0133] According to embodiments of the present disclo-
sure, the computer-readable storage medium may be a
non-transitory computer-readable storage medium that, for
example, may include but not be limited to: a portable
computer disk, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or flash memory), a
portable compact disk read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the above. In the present disclosure,
the computer-readable storage medium may be any tangible
medium that contains or stores programs that may be used
by or in combination with an instruction execution system,
apparatus or device.

[0134] Embodiments of the present disclosure further
include a computer program product including a computer
program. The computer program contains a program code
for an execution of the method shown in the flowchart.
When the computer program product is executed in a
computer system, the program code may be used to cause
the computer system to implement the dimming method
provided by embodiments of the present disclosure.

[0135] When the computer program is executed by the
processor 901, the above-mentioned functions defined in the
system/device of embodiments of the present disclosure are
performed. According to embodiments of the present dis-
closure, the systems, devices, modules, units, etc. described
above may be implemented by computer program modules.
[0136] Inan embodiment, the computer program may rely
on a tangible storage medium such as an optical storage
device and a magnetic storage device. In another embodi-
ment, the computer program may also be transmitted and
distributed in a form of a signal on a network medium,
downloaded and installed through a communication part,
and/or installed from a removable medium. The program
code contained in the computer program may be transmitted
by any suitable network medium, including but not limited
to a wireless one, a wired one, or any suitable combination
of the above.

[0137] In such embodiments, the computer program may
be downloaded and installed from the network through the
communication part, and/or installed from the removable
medium. When the computer program is executed by the
processor 901, the above-mentioned functions defined in the
systems of embodiments of the present disclosure may be
performed. According to embodiments of the present dis-
closure, the systems, apparatuses, devices, modules, units,
etc. described above may be implemented by computer
program modules.

[0138] According to embodiments of the present disclo-
sure, the program code for executing the computer programs
provided by embodiments of the present disclosure may be
written in any combination of one or more programming
languages. Specifically, these computing programs may be
implemented using high-level processes and/or object-ori-
ented programming languages, and/or assembly/machine
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languages. Programming languages include but are not
limited to Java, C++, python, “C” language or similar
programming languages. The computer program code may
be executed entirely on a user’s computing apparatus, par-
tially on the user’s computing apparatus, partially on a
remote computing apparatus, or entirely executed on the
remote computing apparatus or a server. In a case of
involving the remote computing apparatus, the remote com-
puting apparatus may be connected to the user’s computing
apparatus through any type of network, including a local
area network (LAN) or a wide area network (WAN), or it
may be connected to an external computing apparatus (for
example, via the Internet through an Internet service pro-
vider).

[0139] The flowcharts and block diagrams in the accom-
panying drawings illustrate the possible architecture, func-
tions and operations of the systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the flow-
charts or block diagrams may represent a part of a module,
a program segment or a code, which part contains one or
more executable instructions for implementing the specified
logical function. It should be further noted that, in some
alternative implementations, the functions noted in the
blocks may also occur in an order different from that noted
in the accompanying drawings. For example, two blocks
shown in succession may actually be executed substantially
in parallel, or they may sometimes be executed in a reverse
order, depending on the functions involved. It should be
further noted that each block in the block diagrams or
flowcharts and the combination of blocks in the block
diagrams or flowcharts may be implemented by a dedicated
hardware-based system that performs the specified functions
or operations, or may be implemented by a combination of
dedicated hardware and computer instructions.

[0140] Although some embodiments of a general technical
concept of the present disclosure have been illustrated and
described, it should be understood by those ordinary skilled
in the art that these embodiments may be changed without
departing from a principle and spirit of the general technical
concept of the present disclosure. The scope of the present
disclosure is defined by the claims and their equivalents.

1. A dimming method for a display panel, the display
panel comprising a dimming screen and a display screen, the
dimming screen being arranged on a backlight side of the
display screen and being configured to perform a backlight
modulation on the display screen, the dimming screen
comprising a plurality of dimming pixels, and the display
screen comprising a plurality of display pixels; the dimming
method comprising:
acquiring image data of an image to be displayed;
determining initial dimming pixel data of each of the
dimming pixels according to the image data;

determining a dimming pixel to be filtered in the dimming
screen according to the initial dimming pixel data of
each of the dimming pixels;

determining a first filtering region according to the deter-

mined dimming pixel to be filtered, wherein the first
filtering region is centered on the determined dimming
pixel to be filtered, the first filtering region comprises
a first predetermined number of dimming pixels in a
first direction and a second direction intersecting the
first direction;
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determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a rela-
tionship between each of the dimming pixels in the first
filtering region and initial dimming pixel data of each
of the dimming pixels in the first filtering region; and

updating dimming pixel data of the dimming pixel to be
filtered according to the filtering parameter of each of
the dimming pixels in the first filtering region, so as to
obtain updated dimming pixel data.

2. The dimming method according to claim 1, wherein the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and initial dimming pixel data of each of the dimming
pixels in the first filtering region comprises:

determining a first filtering coefficient K1 of each of the
dimming pixels in the first filtering region according to
the initial dimming pixel data of each of the dimming
pixels in the first filtering region,

wherein the first filtering coefficient of each of the dim-
ming pixels in the first filtering region is positively
correlated with the initial dimming pixel data of each of
the dimming pixels in the first filtering region.

3. The dimming method according to claim 1, wherein the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and initial dimming pixel data of each of the dimming
pixels in the first filtering region comprises:

determining a second filtering coefficient K2 of each of
the dimming pixels in the first filtering region accord-
ing to a first contrast curve,

wherein a first contrast is a ratio of the initial dimming
pixel data of the dimming pixel to be filtered in the first
filtering region to the initial dimming pixel data of each
of the dimming pixels in the first filtering region, and
the first contrast curve indicates a relationship between
the second filtering coefficient and the first contrast.

4. The dimming method according to claim 1, wherein the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and initial dimming pixel data of each of the dimming
pixels in the first filtering region comprises:

determining a third filtering coefficient K3 of each of the
dimming pixels in a second filtering region according
to a second contrast curve,

wherein the second filtering region is centered on the
determined dimming pixel to be filtered, the second
filtering region comprises a second predetermined
number of dimming pixels in the first direction and the
second direction, and the second predetermined num-
ber is less than the first predetermined number,

a second contrast is a ratio of a maximum value of the
initial dimming pixel data of each of the dimming
pixels in the second filtering region to the initial
dimming pixel data of each of the dimming pixels in the
second filtering region, and the second contrast curve
indicates a relationship between the third filtering coef-
ficient and the second contrast.

5. The dimming method according to claim 1, wherein the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
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region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region comprises:
determining a fourth filtering coefficient K4 of each of the
dimming pixels in the first filtering region according to
a distance between each of the dimming pixels in the
first filtering region and the dimming pixel to be
filtered,

wherein the fourth filtering coefficient of each of the

dimming pixels in the first filtering region is negatively
correlated with the distance between each of the dim-
ming pixels in the first filtering region and the dimming
pixel to be filtered.

6. The dimming method according to claim 2, wherein the
determining a first filtering coefficient of each of the dim-
ming pixels in the first filtering region according to the initial
dimming pixel data of each of the dimming pixels in the first
filtering region comprises:

determining, by using a first filtering coefficient formula,

the first filtering coefficient of each of the dimming
pixels in the first filtering region according to the initial
dimming pixel data of each of the dimming pixels in the
first filtering region,

wherein the first filtering coefficient formula is expressed

as:

2
=———= XV —xV
2552 255

where V represents the initial dimming pixel data of each
of the dimming pixels.

7. The dimming method according to claim 3, wherein in
the first contrast curve, for the first contrast in an interval of
[0.1], the second filtering coefficient K2 is negatively cor-
related with the first contrast; and for the first contrast
greater than or equal to 1, the second filtering coefficient K2
is equal to 1.
8. The dimming method according to claim 4, wherein in
the second contrast curve, the third filtering coefficient K3 is
negatively correlated with the second contrast.
9. The dimming method according to claim 5, wherein the
determining a filtering parameter of each of the dimming
pixels in the first filtering region according to a relationship
between each of the dimming pixels in the first filtering
region and the initial dimming pixel data of each of the
dimming pixels in the first filtering region comprises:
determining a filtering coefficient K of each of the dim-
ming pixels in the first filtering region according to a
first filtering coefficient K1, a second filtering coeffi-
cient K2, a third filtering coefficient K3 and a fourth
filtering coefficient K4;
normalizing the filtering coefficient K of each of the
dimming pixels in the first filtering region to obtain a
normalized filtering coefficient KA of each of the
dimming pixels in the first filtering region;

calculating a sum KAS of the normalized filtering coef-
ficients KA of each of the dimming pixels in the first
filtering region; and

dividing the normalized filtering coefficient KA of each of

the dimming pixels in the first filtering region by the
sum KAS to obtain the filtering parameter of each of
the dimming pixels in the first filtering region.
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10. The dimming method according to claim 4, wherein
the first predetermined number is 5, and the second prede-
termined number is 3.

11. The dimming method according to claim 1, wherein
the display panel further comprises a backlight source
arranged on a side of the dimming screen away from the
display screen and configured to provide a backlight, the
display screen comprises a plurality of display partitions, the
backlight source comprises a plurality of backlight parti-
tions, the plurality of display partitions correspond to the
plurality of backlight partitions respectively, and the display
partition comprises a plurality of display pixels; the dim-
ming method further comprises:

determining a display partition requiring dimming and a

backlight partition corresponding to the display parti-
tion requiring dimming according to a display pixel to
be dimmed;
determining a plurality of dimming pixels corresponding
to the display partition requiring dimming; and

determining a backlight value of the backlight partition
corresponding to the display partition requiring dim-
ming according to updated dimming pixel data of the
plurality of dimming pixels corresponding to the dis-
play partition requiring dimming.
12. The dimming method according to claim 11, wherein
the plurality of dimming pixels corresponding to the display
partition requiring dimming comprise a first dimming pixel,
a second dimming pixel and a third dimming pixel, an
orthographic projection of the first dimming pixel on the
display screen at least partially overlaps with at least one of
the plurality of display pixels in the display partition requir-
ing dimming, the second dimming pixel and the third
dimming pixel are adjacent to the first dimming pixel in the
second direction respectively, and the second dimming pixel
and the third dimming pixel are located on opposite sides of
the first dimming pixel in the second direction.
13. The dimming method according to claim 12, wherein
the determining a backlight value of the backlight partition
corresponding to the display partition requiring dimming
according to updated dimming pixel data of the plurality of
dimming pixels corresponding to the display partition
requiring dimming comprises:
determining the backlight value of the backlight partition
corresponding to the display partition requiring dim-
ming according to the updated dimming pixel data of
the plurality of dimming pixels corresponding to the
display partition requiring dimming by using a
weighted summation method.
14. The dimming method according to claim 13, wherein
the dimming method further comprises:
determining initial display pixel data of a display pixel to
be dimmed according to the image data; and

determining a compensation coefficient of the display
pixel to be dimmed according to the initial display pixel
data of the display pixel to be dimmed and the backlight
value of the backlight partition corresponding to the
display pixel to be dimmed.

15. The dimming method according to claim 14, wherein
the compensation coefficient of the display pixel to be
dimmed is determined according to the initial display pixel
data of the display pixel to be dimmed and the backlight
value of the backlight partition corresponding to the display
pixel to be dimmed by using a compensation coefficient
formula,
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the compensation coefficient formula is expressed as:
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where © represents the compensation coefficient, W rep-
resents the initial display pixel data, SBL represents the
backlight value, f represents rounding, and Y0, y1 and
Y2 are preset values.
16. The dimming method according to claim 15, wherein
the dimming method further comprises: adjusting display
pixel data of the display pixel to be dimmed according to the
determined compensation coefficient of the display pixel to
be dimmed.
17. The dimming method according to claim 1, wherein
an orthographic projection of one dimming pixel on the
display screen at least partially overlaps with a plurality of
display pixels arranged in m rows and m columns, where m
is a positive integer greater than 1;
the determining initial dimming pixel data of each of the
dimming pixels according to the image data comprises:

determining initial display pixel data of each of the
display pixels according to the image data; and

determining, according to the initial display pixel data of
the plurality of display pixels arranged in m rows and
in columns, the initial dimming pixel data of the
dimming pixel overlapping with the plurality of display
pixels arranged in m rows and in columns.

Jul. 25, 2024

18. The dimming method according to claim 17, wherein
the determining, according to the initial display pixel data of
the plurality of display pixels arranged in m rows and in
columns, the initial dimming pixel data of the dimming pixel
overlapping with the plurality of display pixels arranged in
m rows and in columns comprises:

progressively sampling the plurality of display pixels

arranged in m rows and m columns to obtain sampling
data of each row, wherein the sampling data of each
row is a weighted sum of a maximum value and a mean
value of the initial display pixel data of a plurality of
display pixels in the row; and

determining the maximum value in the sampling data of

m rows as the initial dimming pixel data of the dim-
ming pixel.

19. (canceled)

20. A display device, comprising:

one or more processors;

a storage device configured to store one or more pro-
grams,

wherein the one or more programs, when executed by the
one or more processors, cause the one or more proces-
sors to implement the method according to claim 1.
21. A computer-readable storage medium having an
executable instruction stored thereon, wherein the instruc-
tion, when executed by a processor, causes the processor to
implement the method according to claim 1.

* * * * *



