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subpixel that is not emitting light during the period of
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(57) Abstract: A method for driving a display panel for displaying images. The method includes determining multiple subpixels in a
bright area of an image to be displayed by the display panel. The bright area is an image display area (A) having a luminance value
maintained greater than a threshold luminance value for a duration longer than a threshold duration. Additionally, the method includes
driving the multiple subpixels to emit light alternatingly in a period of alternate light-emission for displaying the image. Furthermore,
the method includes driving all adjacent subpixels surrounding any one subpixel that is not emitting light during the period of alternate
light-emission to provide luminance rendering to the one subpixel such that the luminance value of the bright area is greater than the
threshold luminance value.
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METHOD FOR DRIVING A DISPLAY PANEL TO DISPLAY IMAGE,
DISPLAY APPARATUS THEREOF, AND DRIVER ENABLED TO
PERFORM THE METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201710425265.X,

filed June 7, 2017, the contents of which are incorporated by reference in the entirety.
TECHNICAL FIELD

[0002] The present invention relates to display technology, more particularly, to a method
for driving a display panel to display image, a display apparatus thereof, and a driver enabled

to perform the method for driving the display panel to display images.
BACKGROUND

[0003] Active Matrix Organic Light Emitting Diode (AMOLED) display is a typical OLED
display apparatus having many advantages in ultra-thin panel thickness, ultra-high contrast
ratio, ultra-wide range color gamut, ultra-fast response rate, ultra-wide viewing angle, and
ultra-large curvature deflection and has been widely applied in the field. AMOLED display
includes a display panel. The display panel includes a base substrate and gate lines, data lines,
and arrays of subpixels arranged on the base substrate. Each subpixel includes thin-film
transistors (TFT), an anode, an organic light-emitting cell, a cathode, a connection between
the gate of TFT to the gate line, a connection between the source of TFT to the data line, a
connection between the drain of TFT to the cathode. The display panel is operated to use a
control signal to turn TFT on through the gate line and apply voltage signals sequentially
through the source, the drain and the anode to the organic light-emitting cell to drive light-
emission thereof for image display per subpixel. In other words, the subpixel is displaying a
subpixel image by converting an electrical signal to an optical signal. By increasing the
electrical signal applied to one subpixel, a luminance value of the subpixel can be raised to

enhance image contrast ratio of the subpixel image relative to neighboring subpixel images.

[0004] Yet, maintaining a high luminance value of a subpixel for a long time will result in
degradation of electro-optical conversion efficiency of the subpixel. If so, when a displayed

image changes from one frame to another, the subpixel may fail to effectively convert the
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electrical signal to corresponding optical signal, causing a decrease of luminance value of the

subpixel and the display panel to display a residual image distorted from an original one.
SUMMARY

[0005] In an aspect, the present disclosure provides a method for driving a display panel to
display image. The method includes determining multiple subpixels in a bright area of an
image to be displayed by the display panel. The bright area is an image display area having a
luminance value maintained greater than a threshold luminance value for a duration longer
than a threshold duration. The method further includes driving the multiple subpixels to emit
light alternatingly in a period of alternate light-emission for displaying the image.
Additionally, the method includes driving at least one adjacent subpixel surrounding a first
subpixel that is not emitting light during the period of alternate light-emission to provide
luminance rendering to the first subpixel such that the luminance value of the bright area is

greater than the threshold luminance value.

[0006] Optionally, the method of driving the multiple subpixels to emit light alternatingly
in the period of alternate light-emission includes determining the first subpixel and second
subpixels among the multiple subpixels in the bright area corresponding to each period of
alternate light-emission. The second subpixels are adjacent subpixels surrounding the first
subpixel. The method of driving the multiple subpixels further includes controlling the first
subpixel to not emit light and the second subpixels to emit light with luminance values being
increased for providing the luminance rendering to the first subpixel during each period of

alternate light-emission.

[0007] Optionally, the method of providing the luminance rendering to the first subpixel
includes determining an original luminance value of the first subpixel. The original
luminance value of the first subpixel is a luminance value when the first subpixel is
controlled to emit light according to an original image display data. The method of providing
the luminance rendering to the first subpixel further includes controlling the second subpixel
to emit light and adjusting luminance values of the second subpixels based on the original
luminance value of the first subpixel, wherein the luminance values of the second subpixels
are increased to provide the luminance rendering to the first subpixel when the first subpixel
is not emitting light. A luminance value of the first subpixel after the luminance rendering

substantially equals to the original luminance value.
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[0008] Optionally, the method of adjusting the luminance values of the second subpixels
based on the original luminance value of the first subpixel includes calculating a target

luminance value of each second subpixel using a subpixel rendering algorithm based on the
original luminance value of the first subpixel and adjusting the luminance value of the each

second subpixel based on the target luminance value.

[0009] Optionally, in any one period of alternate light-emission, at least two second
subpixels are driven to emit light and two subsequent periods of alternate light-emission are

not associated with any second subpixel in common.

[0010] Optionally, the multiple subpixels constitute an array of repeating units. Each of the
repeating units includes at least two of the multiple subpixels. Each of the repeating units is
associated with at least one period of alternate light-emission. At least two periods of
alternate light-emission are associated with different subpixels of the multiple subpixels in

one of the repeating units.

[0011] Optionally, the first subpixels in the bright area in at least two periods of alternate

light-emission are capable of emitting light of a same color.

[0012] Optionally, at least two first subpixels in the bright area are controlled not to emit

light in each period of alternate light-emission.

[0013] Optionally, the display panel includes a plurality of subpixels being arranged in SPR

form.

[0014] Optionally, the plurality of subpixels is arranged in an order based on color of
emitted light thereof. The order includes a repeating unit of four sequential subpixels capable
of emitting red-color, green-color, blue-color, and green-color in a row adapted to a subpixel

rendering operation.

[0015] In another aspect, the present disclosure provides a driver for controlling image
display operation of a display panel comprising at least a processor including a computer
readable storage media. The computer readable storage media is configured to store
computer-executable instructions. The processor is configured to execute the computer-
executable instructions for controlling a display panel for displaying images. The computer-
executable instructions include a first set of instructions for determining multiple subpixels in
a bright area of an image to be displayed by the display panel. The bright area is an image

display area having a luminance value maintained greater than a threshold luminance value
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for a duration longer than a threshold duration. The computer-executable instructions also
include a second set of instructions for driving the multiple subpixels to emit light

alternatingly in a period of alternate light-emission for displaying the image and driving at
least one adjacent subpixel surrounding a first subpixel that is not emitting light during the
period of alternate light-emission to provide luminance rendering to the first subpixel such

that the luminance value of the bright area is greater than the threshold luminance value.

[0016] Optionally, the second set of instructions includes a first subset of instructions for
determining the first subpixel and second subpixels among the multiple subpixels in the
bright area corresponding to each period of alternate light-emission. The second subpixels are
several adjacent subpixels surrounding the first subpixel. The second set of instructions also
includes a second subset of instructions for controlling the first subpixel to not emit light and
the second subpixels to emit light in each period of alternate light-emission so that luminance
values of the second subpixels are increased to provide the luminance rendering to the first

subpixel without emitting light.

[0017] Optionally, the second subset of instructions includes a first sub-subset of
instructions for determining an original luminance value of the first subpixel. The original
luminance value of the first subpixel is a luminance value when the first subpixel is
controlled to emit light according to an original image display data. The second subset of
instructions further includes a second sub-subset of instructions for controlling the second
subpixels to emit light. The second subset of instructions additionally includes a third sub-
subset of instructions for adjusting luminance values of the second subpixels based on the
original luminance value of the first subpixel. The luminance values of the second subpixels
are increased to provide the luminance rendering to the first subpixel when the first subpixel
is not emitting light. A luminance value of the first subpixel after the luminance rendering

substantially equals to the original luminance value.

[0018] Optionally, the third sub-subset of instructions includes an instruction for
calculating a target luminance value of each second subpixel using a subpixel rendering
algorithm based on the original luminance value of the first subpixel and adjusting the

luminance value of the each second subpixel based on the target luminance value.

[0019] Optionally, in any one period of alternate light-emission, at least two second
subpixels are driven to emit light alternatingly and two adjacent periods of alternate light-

emission are not associated with any second subpixel in common.
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[0020] Optionally, the multiple subpixels constitute an array of pixels. Each of which the
array of pixels includes at least two of the multiple subpixels. Each of the array of pixels
corresponds to at least one period of alternate light-emission. At least two periods of
alternate light-emission correspond to different subpixels of the multiple subpixels in the each

of the array of pixels.

[0021] Optionally, the first subpixels in the bright area in at least two periods of alternate

light-emission are capable of emitting light of a same color.

[0022] Optionally, at least two first subpixels in the bright area are controlled not to emit

light in each period of alternate light-emission.

[0023] Optionally, the display panel includes a plurality of subpixels being arranged in an
order based on color of emitted light thereof. The order including a repeating unit of four
sequential subpixels capable of emitting red-color, green-color, blue-color, and green-color in

a row adapted to a subpixel rendering operation.

[0024] In another aspect, the present disclosure provides a display apparatus comprising a
display panel and a driver described herein including a processor having a computer readable
storage media to store computer-executable instructions and to execute the computer-

executable instructions for driving the display panel to display images.

BRIEF DESCRIPTION OF THE FIGURES

[0025] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0026] FIG. 1 is a schematic diagram of a display panel according to some embodiments of

the present disclosure.

[0027] FIG. 2A is a flow chart showing a method of driving a display panel to display

image according to an embodiment of the present disclosure.

[0028] FIG. 2B is a flow chart showing a method of driving multiple subpixels to emit light

alternatingly according to the embodiment of the present disclosure.



WO 2018/223643 PCT/CN2017/115442

[0029] FIG. 3 is a schematic diagram showing a first subpixel and several second subpixels
associated with each period of alternate light-emission according to the embodiment of the

present disclosure.

[0030] FIG. 4 is a flow chart showing a method of controlling the second subpixels to
perform luminance rendering to the first subpixel according to the embodiment of the present

disclosure.

[0031] FIG. 5 is a schematic diagram showing a first subpixel being shut off according to

the embodiment of the present disclosure.

[0032] FIG. 6 is a schematic diagram showing second subpixels being controlled to
perform luminance rendering to the first subpixel according to the embodiment of the present

disclosure.

[0033] FIG. 7 is a schematic diagram showing multiple subpixels being driven to emit light

alternatingly according to the embodiment of the present disclosure.

[0034] FIG. 8 is a block diagram showing a driver constructed to control operation of a

display panel according to some embodiments of the present disclosure.
DETAILED DESCRIPTION

[0035] The disclosure will now be described more specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some
embodiments are presented herein for purpose of illustration and description only. It is not

intended to be exhaustive or to be limited to the precise form disclosed.

[0036] TV based on AMOLED display has been gradually implemented and has huge
potential for future market success. Due to limitation of AMOLED device function, however,
after displaying a static image with respective subpixels being maintained to a certain
luminance values for a long time when the display panel changes to a next frame of image,

the display panel is susceptible to displaying a residual image of the previous static image.

[0037] To solve the issue of residual image of the AMOLED display panel, an image
processing technique using Subpixel Rendering (SPR) treatment is used in the present
disclosure, in which an algorithm of performing the subpixel rendering based on array of
subpixels arranged on the display panel in a special SPR arrangement is disclosed.

Accordingly, the present disclosure provides, infer alia, a method of controlling image
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display of a display panel, a driver for implementing the method, and a display apparatus
having the same that substantially obviate one or more of the problems due to limitations and

disadvantages of the related art.

[0038] In one aspect, the present disclosure provides a display panel having a plurality of
subpixels arranged in a special arrangement adapted to subpixel rendering operation. FIG. 1
is a schematic diagram of a display panel according to some embodiments of the present
disclosure. Referring to FIG. 1, the display panel includes a base substrate 01 and a plurality
of subpixels formed on the base substrate. The plurality of subpixels includes red subpixel
(R), green subpixel (G), and blue subpixel (B). In particular, the plurality of subpixels is
arranged in a SPR arrangement with an order of RGBG as a repeating unit in each row of the

different colored subpixels.

[0039] In an embodiment, multiple subpixels arranged in a SPR arrangement with an order
of RGBG form multiple repeating units 02. Referring to FIG. 1, each repeating unit 02 of the
embodiment includes four pixels, each of which includes two subpixels with different colors.
The four pixels are in two adjacent rows of subpixels and any two adjacent pixels are not in
common. For example, one pixel 021 includes a blue subpixel B and a green subpixel G. An
adjacent pixel 022 in the same row includes a red subpixel R and a green subpixel G. An
adjacent pixel in the same column of the pixel 021 and adjacent to the pixel 021 is another
pixel 022. An adjacent pixel in the same column of the pixel 022 and adjacent to the pixel
022 is another pixel 021. Each of all adjacent pixels of the pixel 021 is a pixel 022. Each of
all adjacent pixels of the pixel 022 is a pixel 021.

[0040] Optionally, the array of subpixels can be arranged in other SPR arrangement with
different orders. Different arrangement orders of R, G, B colored subpixels should not alter

the nature of claims of the present disclosure.

[0041] In an aspect, the present disclosure provides a method for driving a display panel
having a plurality of subpixels arranged with a certain SPR arrangement to display image.
FIG. 2A shows a flow chart of the method of driving the display panel of FIG. 1 to display an
image. The method includes determining multiple subpixels in a bright area of an image to
be displayed by the display panel. The bright area is an image display area having a
luminance value maintained greater than a threshold luminance value for a duration longer

than a threshold duration.
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[0042] Optionally, the threshold luminance value can be set according to particular display
panel at particular situation of image display. For example, the threshold luminance value
can be set based on a luminance value of the whole image to be displayed. The threshold
luminance value usually is greater than the luminance value of the whole image to be
displayed. Then the bright area can be a portion of the whole image to be displayed that has a

high luminance value.

[0043] Optionally, the threshold duration can be set according to specific situation of image
display and used to determine if an image to be displayed is a static image. For example,
when a duration of maintaining a luminance value for an image to be displayed is longer than
the threshold duration, the image to be displayed is considered as a static image. When the
duration of maintaining luminance value for an image to be displayed is shorter than or equal

to the threshold duration, the image to be displayed is considered to be a dynamic image.

[0044] In the embodiment, the image to be displayed is going to be displayed through the
subpixels arranged in SPR arrangement on the display panel. In particular, the image is
displayed by using a driver associated with the display panel to drive subpixels to emit light.
The driver includes a driving circuit controlled and operated by a controller using a plurality
of sets of computer-executable instructions stored in a memory device. Each subpixel
includes a thin-film transistor (TFT), an anode, an organic light-emitting cell, a cathode, a
connection between the gate of TFT to the gate line, the source of TFT being electrically
connected to the data line, the drain of TFT being electrically connected to the cathode. The
driving circuit of the driver is connected to the gate line and the data line associated with each
subpixel. In particular, the driver is configured to control on or off of the TFT through the
gate line and gate electrode of the TFT to turn the subpixel on or off. When the subpixel is
turned on, the driver is configured to apply a driving voltage through the data line to the
subpixel to drive organic light-emitting cell to emit light for displaying a subpixel image. A
value of the driving voltage is used to determine a luminance value of the subpixel. In a
condition without considering electro-optical conversion efficiency of the subpixel, the

driving voltage is proportional to the luminance value of the subpixel.

[0045] Optionally, the driver is configured to determine a respective value of the driving
voltage to be applied to each subpixel before driving the display panel to display an image.
Based on the value of the driving voltage, the driver determines the corresponding luminance

value of each subpixel. Additionally, the driver is configured to determine a respective
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length of duration of applying the driving voltage to each subpixel. The driver then is able to
determine an image display area to be a bright area if all subpixels in the display area have
luminance values greater than a threshold luminance value and the duration for applying the
driving voltage to the corresponding subpixels longer than a threshold duration. Or, the driver
is configured to determine a value of each driving voltage to be applied to each subpixel
before the to-be-displayed image is displayed by the display panel, based on which the driver
calculates different luminance values that need to maintain at different image display areas
and determines a target display area where the luminance values to be maintained are larger
than the threshold luminance. Further, the driver is configured to determine different
durations of maintaining certain luminance values in the different target display areas based
on different durations of applying respective driving voltages to respective subpixels in the
different target display areas. Furthermore, the driver is able to determine an image display
area to be a bright area if a duration of maintaining a luminance value greater than a threshold
luminance value in the image display area among the different target display areas is longer
than a threshold duration. Optionally, the bright area of an image displayed on the display

panel can be determined alternatively using different methods.

[0046] In the embodiment, after determining the bright area, multiple subpixels associated
with the bright area can be determined. Referring to FIG. 1, an image display area A is

marked, including four repeating units 02, each of which includes four pixels and each pixel
includes two subpixels. Thus, the image display area A includes 4x4 pixels, e.g., four pixels

in a row and four pixels in a column, corresponding to multiple subpixels as shown.

[0047] Referring to FIG. 2A, the method of driving the display panel to display an image
further includes controlling multiple subpixels in the bright area to alternatingly emit light
and drive several subpixels that are emitting light surrounded a subpixel that is not emitting
light to perform a luminance rendering operation such that the luminance value of the bright
area is greater than the threshold luminance. The luminance value of each subpixel after
rendering operation is the brightness of the subpixel on the display panel viewed in viewer’s
eyes. By controlling subpixels to alternatingly emit light, the degradation of electro-optical
conversion efficiency of each individual subpixel due to long-time emission can be
substantially avoided. The luminance rendering operation applied to a subpixel that is turned
off by several adjacent subpixels surrounded it imposes a blurring effect to the subpixel not
emitting light, substantially maintaining quality of the image displayed without being affected
by this dark subpixel.
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[0048] FIG. 2B is a flow chart showing a method of driving multiple subpixels to emit light
alternatingly according to the embodiment of the present disclosure. Referring to FIG. 2B,
the method includes determining a first subpixel and second subpixels among multiple
subpixels in the bright area in association with each period of alternate light-emission. The

second subpixels include several adjacent subpixels surrounding the first subpixel.

[0049] In the embodiment, the driver associated with the display panel is configured to
drive multiple subpixels in the bright area to alternatingly emit light. Optionally, the driver
drives the multiple subpixels associated with the bright area to emit light periodically. In
other words, a duration of one or more first subpixels of the multiple subpixels being driven
to not emit light is a period of alternate light-emission. In each period of alternate light-
emission, at least one subpixel is controlled to not emit light while other subpixels in the
bright area are controlled to emit light. Optionally, in each period of alternate light-emission,
at least two first subpixels are controlled to not emit light while other subpixels in the bright
area are controlled to emit light. The length of the period of alternate light-emission is
determined based on pixel electro-optical conversion function. Optionally, the period of

alternate light-emission is set to 1 second or others.

[0050] In the embodiment, the driver is configured to randomly determine a first subpixel
to not emit light among the multiple subpixels in each period of alternate light-emission.
Optionally, the driver can be configured to determine the first subpixel based on a particular
selection rule but not limited thereof. For each period of alternate light-emission, all second
subpixels as the adjacent subpixels surrounding the first subpixel can be determined once the

first subpixel is determined.

[0051] Optionally, the multiple subpixels associated with the bright area are arranged to an
array of multiple repeating units, each of which includes at least two subpixels. For two
consecutive periods of alternate light-emission, the two respective first subpixels may or may
not be in respective two adjacent repeating units. Yet, each repeating unit is associated with
at least one period of alternate light-emission. When a repeating unit is associated with two
periods of alternate light-emission, one earlier and one later, the two periods of alternate
light-emission are associated with different subpixels in the repeating unit. In the
embodiment, each period of alternate light-emission is associated with at least two second
subpixels. Any two subsequent periods of alternate light-emission are not associated with a

second subpixel in common. Any two periods of alternate light-emission are associated with

10
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respective two first subpixels with either a same color or different color. In any period of
alternate light-emission, the bright area includes at least two first subpixels being controlled

to not emit light.

[0052] Referring to FIG. 1, in an example, the bright area includes an image display area A
which contains multiple subpixels arranged in four repeating units. Each repeating unit
includes 4 pixels. Each pixel includes two subpixels, one of them is a red pixel R and a green
subpixel G and another is a blue subpixel B and a green subpixel G. FIG. 3 is a schematic
diagram showing a first subpixel and several second subpixels associated with each period of
alternate light-emission according to the embodiment of the present disclosure. Referring to
FIG. 3, four consecutive periods of alternating light-emission are used to illustrate the
selection of a first subpixel and corresponding several second subpixels in each period. For
example, in the first period of alternate light-emission, a first subpixel is subpixel G34 and
the second subpixels include subpixel G24, subpixel B33, subpixel R35, and subpixel G44.
In the second period of alternate light-emission, subpixel G16 is selected to be the first
subpixel. Accordingly, the second subpixels include subpixel R15, subpixel B17, and
subpixel G26. In the third period of alternate light-emission, subpixel G38 is selected to be
the first subpixel. Accordingly, the second subpixels surrounding the first subpixel include
subpixel G28, subpixel B37, and subpixel G48. In the fourth period of alternate light-
emission, subpixel G22 is the first subpixel. Accordingly, the second subpixels include
subpixel G12, subpixel B21, subpixel R23, and subpixel G32. Here, an arbitrary subpixel is
denoted as Pab. P is one of R, G, and B, respectively for denoting red subpixel, green
subpixel, and blue subpixel. a represents a row coordinate of the subpixel P and b represents
a column coordinate of the subpixel P. For example, subpixel G34 is a green subpixel G in
third row and fourth column. Subpixel R35 is a red subpixel R in third row and fifth column.

Subpixel B21 is a blue subpixel B in second row and first column.

[0053] Optionally, in two consecutive periods of alternate light-emission, the first subpixel
can be located in two adjacent repeating units (of subpixels) or non-adjacent repeating units.
Optionally, each repeating unit in the bright area is associated with at least one period of
alternate light-emission. Optionally, each repeating unit in the bright area is associated with
at least two periods of alternate light-emission and the two periods of alternate light-emission
are associated with different subpixels in the each repeating unit. For example, referring to
FIG. 3, each repeating unit is associated with one period of alternate light-emission.

Optionally, each period of alternate light-emission is associated with at least two second

11
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subpixels. Any two subsequent periods of alternate light-emission are associated with several
second subpixels not in common. For example, in the first period of alternate light-emission,
four second subpixels associated with the first period are subpixel G24, subpixel B33,
subpixel R35, and subpixel G44. Then, in the second period of alternate light-emission that is
occurred subsequent to the first period of alternate light-emission, three second subpixels are
subpixel R15, subpixel B17, and subpixel G26, none of them is in common with any one of

four second subpixels in the first period.

[0054] Optionally, any two periods of alternate light-emission are respectively associated
with two first subpixels capable of emitting a same color or different colors. Optionally, each
period of alternate light-emission is associated with at least two first subpixels in the bright

area.

[0055] Referring back to FIG. 2B, the method of driving multiple subpixels to emit light
alternatingly also includes controlling the first subpixel to not emit light and the second
subpixels to emit light with a luminance value being increased to provide the luminance

rendering to the first subpixel during each period of alternate light-emission.

[0056] In the embodiment, the driver is configured, in every period of alternate light-
emission after determining at least a corresponding first subpixel and several second
subpixels, to control turning off the corresponding first subpixel to not emit light and turning
on the corresponding second subpixels to emit light and to control increasing luminance
values of the second subpixels to provide luminance rendering to the first subpixel to make

the luminance value of the bright area to be greater than a threshold luminance.

[0057] FIG. 4 is a flow chart showing a method of controlling the second subpixels to
perform luminance rendering to the first subpixel according to the embodiment of the present
disclosure. In particular, the method includes determining an original luminance value of the
first subpixel which is a luminance value when the first subpixel is controlled to emit light
according to an original image display data. The original luminance value is just a luminance
value of emitted light by the first subpixel based on a normal driving voltage applied thereof
from the driver of the display panel before the driver to decide to turn off the first subpixel.
Optionally, the original luminance value is stored in a memory device of the driver associated

with the display panel and can be retrieved for using in luminance rendering operation.

[0058] FIG. 5 is a schematic diagram showing a first subpixel being shut off according to

the embodiment of the present disclosure. Referring to FIG. 5, the driver associated with the
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display panel is configured to control the first subpixel G34 to be turned off in a period. The
subpixel G34, in the period, no longer emits light and appears dark shown as a black color.
Optionally, the driver is configured to operate a driving circuit connected to the gate
electrode of the thin-film transistor (TFT) in the first subpixel G34 through at least the gate
line to send a control voltage signal to shut off the TFT (or send no voltage to automatically

turn off the TFT) to make it not to emit light in the period.

[0059] Referring to FIG. 4, the method further includes controlling the second subpixels to
emit light. Optionally, the driver is configured to operate the driving circuit connected to the
gate electrode of the TFT in each corresponding second subpixel to send a voltage signal to
turn of the TFT to allow light to emit thereof. Referring to FIG. 5, the driver controls to turn
on the second subpixels surrounding the first subpixel G34 including the nearest neighboring
subpixels G24, B33, R35, and G44. Optionally, the second subpixels being turned on in the
method for rendering operation also include the second nearest neighboring subpixels of the

first subpixel G34 including R23, B25, R43, and B45.

[0060] Further, the method includes adjusting luminance values of the second subpixels
based on the original luminance value of the first subpixel. In particular the luminance values
of the second subpixels are increased to provide the luminance rendering to the first subpixel
when the first subpixel is not emitting light such that a luminance value of the first subpixel
after the luminance rendering substantially equals to the original luminance value. In other
words, a viewer simply cannot tell difference of the luminance value of the first subpixel in

the displayed image before and after the luminance rendering.

[0061] In the embodiment, the multiple subpixels in the bright area are arranged in one of
SPR orders. The driver associated with the display panel is configured to adjust luminance
values of the second subpixels based on the original luminance value of the first subpixel
stored in the memory device. In particular, the driver uses a Subpixel Rendering algorithm
depended on the subpixel arrangement in one of SPR orders to calculate a luminance value of
each second subpixel, based on which the luminance value of each second subpixel is
adjusted. Optionally, after a luminance value is calculated for a second subpixel, the driver is
able to determine a driving voltage corresponding to the calculated luminance value and to
operate the driving circuit to apply the driving voltage through a data line connected to the
second subpixel so that the second subpixel is able to emit light with the corresponding

luminance value to achieve adjusting a luminance value of a second subpixel. The same
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method is applicable to adjusting luminance value of each other second subpixel. Each
second subpixel may have different adjusted luminance value. FIG. 6 shows an example that
the second subpixels are controlled to adjust luminance values to provide luminance
rendering to the first subpixel according to the embodiment of the present disclosure. In FIG.
6, the first subpixel G34 has an original luminance value L34 and now is shut off. The driver
uses the SPR algorithm to calculate luminance values of the second subpixels including the
nearest neighboring subpixels G24, B33, R35, and G44 respectively to be L24, 133, L35, and
L44 based on the original luminance value L34 of the first subpixel G34. Based on these
calculated luminance values, the driver then determines respective driving voltages of V24,
V23, V35, and V44 corresponding to the second subpixels G24, B33, R35, and G44.
Optionally, the SPR algorithm used by the driver also is configured to calculate luminance
values of the second nearest neighboring subpixels including R23, B25, R43, and B45 to
obtain their respective adjust luminance value L23, L.25, 143, and L45 based on the original
luminance value L34 of the first subpixel G34. By operating the driving circuit to apply the
driving voltages through respective data lines to TFTs in those second subpixels, the

corresponding luminance values thereof are adjusted.

[0062] Optionally, in each period of alternate light-emission a corresponding first subpixel
is controller to shut off, and all second subpixels are controlled to emit light with increasing
luminance values to provide luminance rendering to the first subpixel. FIG. 7 is a schematic
diagram showing multiple subpixels being driven to emit light alternatingly according to the
embodiment of the present disclosure. Referring to FIG. 7, in the first period of alternate
light-emission, the driver controls the first subpixel G34 to be off and controls the second
subpixels G24, B33, R35, G44 to emit light respectively with an increased luminance value.
For simplifying description, only the nearest neighboring subpixels are considered to be
included in the second subpixels. More fine controls can be achieved by including those
second nearest neighboring subixels as the second subpixels in the operation. Optionally, a
number of second subpixels that are included in the luminance rendering operation can be
one. Optionally, a number of second subpixels that are included in the luminance rendering
operation can be multiple including nearest neighbors or next nearest neighbors of the first
subpixel. In the second period of alternate light-emission, the driver controls the first
subpixel G16 to be off and controls the second subpixels R15, B17, and G26 to emit light
respectively with an increased luminance value. In the third period of alternate light-

emission, the driver controls the first subpixel G38 to be off and the second subpixels G28,
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B37, and G48 to emit light respectively with an increased luminance value. In the fourth
period of alternate light-emission, the driver controls the first subpixel G22 to be off and the
second subpixels G12, B21, R23, and G32 to emit light respectively with an increased
luminance value. Of course, after the fourth period of alternate light-emission, the driver is
able to drive multiple other subpixels in the bright area to emit (or not emit) light
alternatingly in similar manner shown above. All these periods of alternate light-emission are
a duration of displaying a static image. This method of driving the display panel to display
image is able to avoid to keep a single subpixel to emit light for a long time (in the duration
of displaying the static image) so as to prevent the residue image effect when the current
frame of image is changed to a new frame of different image. Additionally, the luminance
rendering operation provided in the method ensures that the luminance value in the bright
area remains to be substantially the same to maintain good quality of the image displayed.
Note: in the description above, although green subpixel G of FIG. 7 is selected as the first
subpixel to be shut off before performing luminance rendering, other supixels like blue
subpixel B or red subpixel R can be similarly selected to be the first subpixel to be shut off
and corresponding luminance values of adjacent second subpixels are controlled to be

increased to provide luminance rendering to the first subpixel.

[0063] In another aspect, the present disclosure provides a driver for controlling image
display operation of a display panel. Referring to FIG. 8, in some embodiments the driver 30
includes at least a processor 301 which includes a computer readable storage media 302. The
computer readable storage media 302 is configured to store computer-executable instructions.
The processor 301 is configured to execute the computer-executable instructions for
controlling a display panel for displaying images. Optionally, the driver 30 is coupled to a
driving circuit (not shown) and the processor 301 is configured to provide one or more
control signals based on the computer-executable instructions to the driving circuit to perform
one or more circuit operations. Optionally, the one or more circuit operations include sending
a control voltage through a gate line for controlling on or off of a TFT in a subpixel or send a
driving voltage through a data line to the subpixel to allow light emission at a certain

luminance value.

[0064] Referring to FIG. 8 again, the computer-executable instructions stored in the
computer readable storage media 302 include a first set of instructions 31 for determining
multiple subpixels in a bright area of an image to be displayed by the display panel. Here the

bright area is an image display area having a luminance value maintained greater than a
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threshold luminance value for a duration longer than a threshold duration. Additionally, the
computer readable storage media 302 include a second set of instructions 32 for driving the
multiple subpixels to emit light alternatingly in a period of alternate light-emission for
displaying the image and driving all adjacent subpixels surrounding any one subpixel that is
not emitting light during the period of alternate light-emission to provide luminance
rendering to the one subpixel such that the luminance value of the bright area is greater than

the threshold luminance value.

[0065] Further, referring to FIG, 8, the second set of instructions 32 includes a first sub-
subset of instructions 321 for determining a first subpixel and second subpixels among the
multiple subpixels in the bright area corresponding to each period of alternate light-emission.
The second subpixels are several adjacent subpixels surrounding the first subpixel. The
second set of instructions 32 further includes a second subset of instructions 322 for
controlling the first subpixel to not emit light and the second subpixels to emit light in each
period of alternate light-emission so that luminance values of the second subpixels are

increased to provide the luminance rendering to the first subpixel without emitting light.

[0066] Additionally, referring to FIG. 8, the second subset of instructions 322 includes a
first sub-subset of instructions 3221 for determining an original luminance value of the first
subpixel. Here the original luminance value of the first subpixel is a luminance value when
the first subpixel is controlled to emit light according to an original image display data.
Additionally, the second subset of instructions 322 includes a second sub-subset of
instructions 3222 for controlling the second subpixels to emit light. Moreover, the second
subset of instructions 322 includes a third sub-subset of instructions 3223 for adjusting
luminance values of the second subpixels based on the original luminance value of the first
subpixel. In particularly, the luminance values of the second subpixels are increased to
provide the luminance rendering to the first subpixel when the first subpixel is not emitting
light such that a luminance value of the first subpixel after the luminance rendering

substantially equals to the original luminance value.

[0067] Optionally, the multiple subpixels in the bright area are arranged in a certain SPR
order adapted for subpixel rendering operation. The processor 301, in order to execute the
third sub-subset of instructions 3223 for adjusting luminance values of the second subpixels
based on the original luminance value of the first subpixel, is to execute a first instruction for

calculating a luminance value of each second subpixel using a SPR algorithm depended on
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the SPR order arrangement of the multiple subpixels. Then the processor 301 sends a control
signal for controlling adjustment of the luminance value of the second subpixel based on the
calculated luminance value. Optionally, any period of alternate light-emission is associated
with at least two second subpixels for providing luminance rendering to the first subpixel.
Optionally, any two consecutive periods of alternate light-emission are not associated with
any second subpixel in common. Optionally, the multiple subpixels are arranged with
multiple repeating units, each of which includes at least two subpixels. Optionally, any two
consecutive periods of alternate light-emission are associated with respective two first
subpixels located in two repeating units that are either adjacent to each other or not.
Optionally, each repeating unit of the multiple subpixels is associated with at least one period
of alternate light-emission. Optionally, each repeating unit of the multiple subpixels is
associated with at least two periods of alternate light-emission, one earlier than another. The
two periods of alternate light-emission are associated with different subpixels in each
repeating unit. Optionally, any two periods of alternate light-emission are associated with
respective two first subpixels capable of emitting a same color. Optionally, in each period of
alternate light-emission at least two first subpixels are selected to not emit light in the bright

area.

[0068] In another aspect, the present disclosure provides a display apparatus including a
display panel and a driver described herein including a processor having a computer readable
storage media to store computer-executable instructions and to execute the computer-
executable instructions for driving the display panel to display images. The display panel is

an OLED display panel. Optionally, the OLED display panel is an AMOLED display panel.

[0069] In an alternative aspect, the present disclosure provides a control terminal including
a processor, a memory configured to store instructions executable by the processor. The
processor is configured to determine multiple subpixels in a bright area of an image to be
displayed by the display panel. Here the bright area is an image display area having a
luminance value maintained greater than a threshold luminance value for a duration longer
than a threshold duration. Additionally, the processor is configured to drive the multiple
subpixels to emit light alternatingly in a period of alternate light-emission for displaying the
image and drive all adjacent subpixels surrounding any one subpixel that is not emitting light
during the period of alternate light-emission to provide luminance rendering to the one
subpixel such that the luminance value of the bright area is greater than the threshold

luminance value. Optionally, the control terminal can be one selected from a smart phone, a
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tablet computer, a smart TV, a laptop computer, a desktop computer. The processor disposed

therein can be a chip containing integrated circuit.

[0070] In another alternative aspect, the present disclosure provides a computer executable
storage media. The computer executable storage media stores commands and instructions.
When the computer executable storage media is in operation within a computer associated
with a display panel, the commands are executed and control signals are generated to drive

the display panel to display image according to the instructions described herein.

[0071] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand
the invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents in which all terms are meant
in their broadest reasonable sense unless otherwise indicated. Therefore, the term “the

2

invention”, “the present invention” or the like does not necessarily limit the claim scope to a
specific embodiment, and the reference to exemplary embodiments of the invention does not
imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may

2%

refer to use “first”, “second”, etc. following with noun or element. Such terms should be
understood as a nomenclature and should not be construed as giving the limitation on the
number of the elements modified by such nomenclature unless specific number has been
given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing from the scope of the present
invention as defined by the following claims. Moreover, no element and component in the

present disclosure is intended to be dedicated to the public regardless of whether the element

or component is explicitly recited in the following claims.
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WHAT IS CLAIMED IS:

1. A method for driving a display panel to display image, comprising:

determining multiple subpixels in a bright area of an image to be displayed by
the display panel, wherein the bright area is an image display area having a luminance value
maintained greater than a threshold luminance value for a duration longer than a threshold
duration;

driving the multiple subpixels to emit light alternatingly in a period of
alternate light-emission for displaying the image; and

driving at least one adjacent subpixel surrounding a first subpixel that is not
emitting light during the period of alternate light-emission to provide luminance rendering to
the first subpixel such that the luminance value of the bright area is greater than the threshold

luminance value.

2. The method of claim 1, wherein the driving the multiple subpixels to
emit light alternatingly in the period of alternate light-emission comprises determining the
first subpixel and second subpixels among the multiple subpixels in the bright area
corresponding to each period of alternate light-emission, wherein the second subpixels are
adjacent subpixels surrounding the first subpixel; and controlling the first subpixel to not emit
light and the second subpixels to emit light with luminance values being increased for
providing the luminance rendering to the first subpixel during each period of alternate light-

emission.

3. The method of claim 2, wherein the providing the luminance rendering
to the first subpixel comprises:

determining an original luminance value of the first subpixel, wherein the
original luminance value of the first subpixel is a luminance value when the first subpixel is
controlled to emit light according to an original image display data;

controlling the second subpixel to emit light;

adjusting luminance values of the second subpixels based on the original
luminance value of the first subpixel, wherein the luminance values of the second subpixels
are increased to provide the luminance rendering to the first subpixel when the first subpixel
is not emitting light;

wherein a luminance value of the first subpixel after the luminance rendering

substantially equals to the original luminance value.
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4. The method of claim 3, wherein the adjusting the luminance values of
the second subpixels based on the original luminance value of the first subpixel comprises
calculating a target luminance value of each second subpixel using a subpixel rendering
algorithm based on the original luminance value of the first subpixel and adjusting the

luminance value of the each second subpixel based on the target luminance value.

5. The method of claim 2, wherein in any one period of alternate light-
emission at least two second subpixels are driven to emit light; and
two subsequent periods of alternate light-emission are not associated with any

second subpixel in common.

6. The method of claim 5, wherein the multiple subpixels constitute an
array of repeating units, each of the repeating units comprises at least two of the multiple
subpixels;

each of the repeating units is associated with at least one period of alternate
light-emission; and

at least two periods of alternate light-emission are associated with different

subpixels of the multiple subpixels in one of the repeating units.

7. The method of claim 2, wherein the first subpixels in the bright area in

at least two periods of alternate light-emission are capable of emitting light of a same color.

8. The method of claim 2, wherein at least two first subpixels in the

bright area are controlled not to emit light in each period of alternate light-emission.

9. The method of claim 1, wherein the display panel includes a plurality

of subpixels being arranged in SPR form.

10. The method of claim 9, wherein the plurality of subpixels is arranged
in an order based on color of emitted light thereof, the order including a repeating unit of four
sequential subpixels capable of emitting red-color, green-color, blue-color, and green-color in

a row adapted to a subpixel rendering operation.

11. A driver for controlling image display operation of a display panel
comprising at least a processor including a computer readable storage media, the computer

readable storage media being configured to store computer-executable instructions, the
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processor being configured to execute the computer-executable instructions for controlling a
display panel for displaying images, the computer-executable instructions comprising:

a first set of instructions for determining multiple subpixels in a bright area of
an image to be displayed by the display panel, wherein the bright area is an image display
area having a luminance value maintained greater than a threshold luminance value for a
duration longer than a threshold duration; and

a second set of instructions for driving the multiple subpixels to emit light
alternatingly in a period of alternate light-emission for displaying the image and driving at
least one adjacent subpixel surrounding a first subpixel that is not emitting light during the
period of alternate light-emission to provide luminance rendering to the first subpixel such

that the luminance value of the bright area is greater than the threshold luminance value.

12. The driver of claim 11, wherein the second set of instructions
comprises a first subset of instructions for determining the first subpixel and second subpixels
among the multiple subpixels in the bright area corresponding to each period of alternate
light-emission, wherein the second subpixels are several adjacent subpixels surrounding the
first subpixel; and

a second subset of instructions for controlling the first subpixel to not emit
light and the second subpixels to emit light in each period of alternate light-emission so that
luminance values of the second subpixels are increased to provide the luminance rendering to

the first subpixel without emitting light.

13. The driver of claim 12, wherein the second subset of instructions
comprising:

a first sub-subset of instructions for determining an original luminance value
of the first subpixel, wherein the original luminance value of the first subpixel is a luminance
value when the first subpixel is controlled to emit light according to an original image display
data;

a second sub-subset of instructions for controlling the second subpixels to emit
light; and

a third sub-subset of instructions for adjusting luminance values of the second
subpixels based on the original luminance value of the first subpixel, wherein the luminance
values of the second subpixels are increased to provide the luminance rendering to the first

subpixel when the first subpixel is not emitting light;
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wherein a luminance value of the first subpixel after the luminance rendering

substantially equals to the original luminance value.

14. The driver of claim 13, wherein the third sub-subset of instructions
comprises an instruction for calculating a target luminance value of each second subpixel
using a subpixel rendering algorithm based on the original luminance value of the first
subpixel and adjusting the luminance value of the each second subpixel based on the target

luminance value.

15. The driver of claim 12, wherein in any one period of alternate light-
emission at least two second subpixels are driven to emit light alternatingly; and
two adjacent periods of alternate light-emission are not associated with any

second subpixel in common.

16. The driver of claim 15, wherein the multiple subpixels constitute an
array of pixels, each of the array of pixels comprises at least two of the multiple subpixels;

each of the array of pixels corresponds to at least one period of alternate light-
emission; and

at least two periods of alternate light-emission correspond to different

subpixels of the multiple subpixels in the each of the array of pixels.

17.  The driver of claim 12, wherein the first subpixels in the bright area in

at least two periods of alternate light-emission are capable of emitting light of a same color.

18.  The driver of claim 12, wherein at least two first subpixels in the bright

area are controlled not to emit light in each period of alternate light-emission.

19. The driver of claim 12, wherein the display panel includes a plurality
of subpixels being arranged in an order based on color of emitted light thereof, the order
including a repeating unit of four sequential subpixels capable of emitting red-color, green-

color, blue-color, and green-color in a row adapted to a subpixel rendering operation.

20. A display apparatus comprising a display panel and a driver of any one
of claims 11 to 19 including a processor having a computer readable storage media to store
computer-executable instructions and to execute the computer-executable instructions for

driving the display panel to display images.
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FIG.2B
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FI1G. 4
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