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(57) ABSTRACT

Disclosed are a method for color complementation on a
white organic light emitting diode (WOLED) display
device, and a display device. The method comprises: (a)
acquiring respective first chromaticity coordinates of each of
red (R), green (G), blue (B), and white (W) sub-pixel units
for a brightness outputted by the WOLED display device;
(b) calculating a first complementary color ratio among the
R, G, B, and W sub-pixel units; (¢) determining a desired
brightness of the W sub-pixel unit, and obtaining respective
first complementary color brightnesses of each of the R, G,
B, and W sub-pixel units, and in turn determining respective
second chromaticity coordinates of each of the R, G, B, and
W sub-pixel units corresponding to the respective first
complementary color brightness of each of the R, G, B, W
sub-pixel units; and (d) implementing in iterations steps (a),
(b) and (c), so as to obtain a second complementary color
ratio among the R, G, B, W sub-pixel units corresponding to
the desired brightness of the W sub-pixel unit. Color
complementation of the WOLED display device is carried
out depending on the second complementary color ratio
among the R, G, B, and W sub-pixel units when the
brightness outputted by the WOLED display device reaches
the desired brightness of W sub-pixel unit.
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METHOD FOR COLOR
COMPLEMENTATION ON WOLED DISPLAY
DEVICE, AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of Chi-
nese Patent Application No. 201710589834.4 filed on Jul.
19, 2017 in the State Intellectual Property Office of China,
the whole disclosure of which is incorporated herein by
reference.

BACKGROUND

Technical Field

[0002] Embodiments of the present disclosure relate to the
technical field of display, and especially to a method for a
color complementation on a white organic light emitting
diode (WOLED) display device, and a display device.

Description of the Related Art

[0003] A WOLED display device comprises a plurality of
pixel units, each of which further comprises a red sub-pixel
unit (i.e., R sub-pixel unit), a green sub-pixel unit (i.e., G
sub-pixel unit), a blue sub-pixel unit (i.e., B sub-pixel unit),
and a white sub-pixel unit (i.e., W sub-pixel unit) collec-
tively. A white color may be displayed by a combination of
above sub-pixel units, in practical use. Typically, there may
be a deviation between a practical chromaticity coordinate
of a white light emitted by the WOLED display device and
a desired chromaticity coordinate of white light, such that in
the WOLED display device, some of the R, G, B sub-pixel
units and the W sub-pixel unit in each pixel unit should be
used to cooperate with one another collectively to display
white so as to compensate for the chromaticity coordinate of
white color, i.e., to implement a color complementation on
the WOLED display device.

[0004] A method for the color complementation of the
WOLED display device in the relevant art may be imple-
mented by measuring respective chromaticity coordinates of
the R, G, B, W sub-pixel units in each one of the plurality
of pixel units within an active area (AA) across a panel of
the whole WOLED display device, and the respective chro-
maticity coordinates of the R, G, B, W sub-pixel units
essentially refer to R chromaticity coordinate, G chromatic-
ity coordinate, B chromaticity coordinate, and W chroma-
ticity coordinate, respectively, i.e., respective chromaticity
coordinates of the four sub-pixel units in each pixel unit; it
is apparent that same or similar expressions as set forth
hereinafter are all representative of such a meaning. Based
on color-mixing equations in colorimetry, a complementary
color ratio among the R, G, B, W sub-pixel units in each
pixel unit may be calculated.

[0005] Then, a desired brightness of W sub-pixel unit may
further be determined (the desired brightness of W sub-pixel
unit is defined as a brightness outputted by any W sub-pixel
unit which brightness has a value considered to be already
determined and achievable by the display device; and it
should be noticed that said ‘desired brightness of W sub-
pixel unit” as set forth hereinafter may all be representative
of such a meaning). Next, the desired brightness of W
sub-pixel unit is multiplied by a complementary color ratio
among the R, G, B, W sub-pixel units so as to obtain
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respective complementary color brightnesses of the R, G, B,
W sub-pixel units, such that the color complementation of
the WOLED display device is implemented. It should be
noticed that, in above relevant method, when respective
complementary color brightnesses of the R, G, B, W sub-
pixel units are being determined, respective chromaticity
coordinates of the four sub-pixel units R, G, B, W are
essentially not chromaticity coordinates which are displayed
in practice.

SUMMARY

[0006] The embodiments of the present disclosure have
been made to overcome or alleviate at least one aspect of the
above mentioned disadvantages and/or shortcomings in the
prior art, by providing a method for a color complementation
on a WOLED display device, and a display device.

[0007] Following technical solutions are adopted in exem-
plary embodiments of the disclosure for achieving the above
desired technical purposes.

[0008] According to an aspect of the exemplary embodi-
ment of the present disclosure, there is provided method for
color complementation on a WOLED display device, com-
prising:

[0009] (a) acquiring respective first chromaticity coordi-
nates of each of R, G, B, and W sub-pixel units for a
brightness outputted by the WOLED display device;
[0010] (b) calculating a first complementary color ratio
among the R, G, B, and W sub-pixel units depending on the
respective first chromaticity coordinate of each of the R, G,
B, and W sub-pixel units;

[0011] (c) determining a desired brightness of the W
sub-pixel unit, and obtaining respective first complementary
color brightnesses of each of the R, G, B, and W sub-pixel
units by multiplying the desired brightness of the W sub-
pixel unit by the first complementary color ratio among the
R, G, B, and W sub-pixel units, and in turn determining
respective second chromaticity coordinates of each of the R,
G, B, and W sub-pixel units corresponding to the respective
first complementary color brightnesses of each of the R, G,
B, and W sub-pixel units; and

[0012] (d) implementing in iterations steps (a), (b) and (c)
at least once, so as to obtain a second complementary color
ratio among the R, G, B, and W sub-pixel units correspond-
ing to the desired brightness of W sub-pixel unit;

[0013] wherein a complementary color ratio is defined as
a ratio among proportion values each of which is calculated
by dividing respective desired brightness variations of each
of the R, G, B, and W sub-pixel units to achieve by the
desired brightness of white light respectively, i.e., as a ratio
among a respective desired variance ratio of brightness of
each single sub-pixel unit in a pixel; and during each
iteration of steps (a), (b) and (c), the respective second
chromaticity coordinates of each of the R, G, B, and W
sub-pixel units acquired in a most recent iteration is used
alternatively to function as the respective first chromaticity
coordinate of each of the R, G, B, and W sub-pixel units in
acurrent iteration, and the second complementary color ratio
among the R, G, B, and W sub-pixel units is defined as the
first complementary color ratio among the R, G, B, W
sub-pixel units acquired in a most recent iteration; and a
color complementation step is carried out, i.e., implementing
the color complementation of the WOLED display device
depending on the second complementary color ratio among
the R, G, B, and W sub-pixel units when the brightness
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outputted by the WOLED display device reaches the desired
brightness of W sub-pixel unit.

[0014] In an embodiment of the disclosure, implementing
the color complementation of the WOLED display device
depending on the second complementary color ratio among
the R, G, B, W sub-pixel units when the brightness outputted
by the WOLED display device reaches the desired bright-
ness of W sub-pixel unit comprises:

[0015] obtaining respective second complementary color
brightnesses of each of the R, G, B, W sub-pixel units by
multiplying the desired brightness of the W sub-pixel unit by
the second complementary color ratio among the R, G, B, W
sub-pixel units when the brightness outputted by the
WOLED display device reaches the desired brightness of W
sub-pixel unit; and

[0016] adjusting respective brightnesses practically out-
putted by the R, G, B, W sub-pixel units to respective second
complementary color brightnesses of the R, G, B, W sub-
pixel units.

[0017] In an embodiment of the disclosure, following
implementing in iterations steps (a), (b) and (c) at least once,
so as to obtain the second complementary color ratio among
the R, G, B, W sub-pixel units corresponding to the desired
brightness of the W sub-pixel unit, the method further
comptrises:

[0018] obtaining a plurality of second complementary
color ratios among the R, G, B, W sub-pixel units in
one-to-one correspondence with a plurality of different
desired brightnesses of the W sub-pixel unit respectively;
[0019] generating a set of successive association relations
between the brightness outputted by the WOLED display
device and a third complementary color ratio among the R,
G, B, W sub-pixel units by interpolation, based on the
plurality of second complementary color ratios among the R,
G, B, W sub-pixel units in one-to-one correspondence with
the plurality of different desired brightnesses of W sub-pixel
unit respectively; and

[0020] implementing the color complementation of the
WOLED display device depending on the set of successive
association relations.

[0021] In an embodiment of the disclosure, implementing
the color complementation of the WOLED display device
depending on the set of successive association relations
comprises:

[0022] determining the third complementary color ratio
among the R, G, B, W sub-pixel units corresponding to the
brightness outputted by the WOLED display device,
depending on the set of successive association relations, and
obtaining respective third complementary color brightnesses
of each of the R, G, B, W sub-pixel units by multiplying the
brightness outputted by the WOLED display device by the
third complementary color ratio among the R, G, B, W
sub-pixel units; and adjusting respective brightnesses prac-
tically outputted by the R, G, B, W sub-pixel units to
respective third complementary color brightnesses of the R,
G, B, W sub-pixel units.

[0023] In an embodiment of the disclosure, obtaining a
plurality of second complementary color ratios among the R,
G, B, W sub-pixel units in one-to-one correspondence with
a plurality of different desired brightnesses of W sub-pixel
unit respectively comprises:

[0024] obtaining a plurality of different desired bright-
nesses of W sub-pixel unit at an interval to function as the
plurality of desired brightnesses of W sub-pixel unit.
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[0025] In an embodiment of the disclosure, the interval
ranges between 1 nit and 10 nits.

[0026] In an embodiment of the disclosure, the interval is
5 nits.
[0027] In an embodiment of the disclosure, acquiring

respective first chromaticity coordinates of each of R, G, B,
W sub-pixel units for a brightness outputted by the WOLED
display device comprises:

[0028] increasing the brightness outputted by the WOLED
display device persistently;

[0029] and

[0030] recording respective chromaticity coordinates of

each of the R, G, B, W sub-pixel units as the respective first
chromaticity coordinates of each of the R, G, B, W sub-pixel
units, once the respective chromaticity coordinate of each of
the R, G, B, W sub-pixel units stop changing with the
increase in the brightness outputted by the WOLED display
device.

[0031] According to another aspect of the exemplary
embodiment of the present disclosure, there is provided a
display device which implements the color complementa-
tion by applying the method as above, the display device
comprising:

[0032] a display panel comprising a plurality of pixels,
each of which comprises a R sub-pixel unit, a G sub-pixel
unit, a B sub-pixel unit, and a W sub-pixel unit; and
[0033] a driving circuit, the driving circuit configured to
implement the color complementation of the WOLED dis-
play device depending on the second complementary color
ratio among the R, G, B, W sub-pixel units in a condition
that the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

[0034] In an embodiment of the disclosure, the driving
circuit is further configured to implement the color comple-
mentation of the WOLED display device depending on the
association relations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other features and advantages of the
present disclosure will become more apparent and a more
comprehensive understanding of the present disclosure can
be obtained, by describing in detail exemplary embodiments
thereof with reference to the accompanying drawings, in
which:

[0036] FIG. 1 illustrates a flow chart of a method for a
color complementation on a WOLED display device accord-
ing to an exemplary embodiment of the disclosure; and
[0037] FIG. 2 illustrates a flow chart of steps in application
concerning association relations between the brightness out-
putted by the WOLED display device and a third comple-
mentary color ratio among the R, G, B, W sub-pixel units
according to an exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

[0038] Exemplary embodiments of the present disclosure
will be described hereinafter in detail with reference to the
attached drawings, wherein the like reference numerals refer
to the like elements. The present disclosure may, however,
be embodied in many different forms, and thus the detailed
description of the embodiment of the disclosure in view of
attached drawings should not be construed as being limited
to the embodiment set forth herein; rather, these embodi-
ments are provided so that the present disclosure will be
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thorough and complete, and will fully convey the general
concept of the disclosure to those skilled in the art.

[0039] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

[0040] According to a general technical concept of
embodiments of the present disclosure, as illustrated in FIG.
1, there is provided a method for a color complementation
on a WOLED display device. Referring to FIG. 1, FIG. 1
illustrates a flow chart of a method for a color complemen-
tation on a WOLED display device according to an exem-
plary embodiment of the disclosure.

[0041] The method for a color complementation on a
WOLED display device comprises following steps:

[0042] Step 101: acquiring respective first chromaticity
coordinate of each of R, G, B, W sub-pixel units for a certain
brightness outputted by the WOLED display device.
[0043] In this step, the WOLED display device is powered
on, i.e., energized for implementing a normal display pro-
cess, in which the WOLED display device is adjusted to the
certain brightness outputted thereby, and then respective
brightness outputted by the R, G, B, W sub-pixel units at that
time is recorded to function as the respective first chroma-
ticity coordinate of each of the R, G, B, W sub-pixel units.
Therefore, it may be seen that, the respective first chroma-
ticity coordinate of each of the R, G, B, W sub-pixel units
is defined as respective brightness outputted by the R, G, B,
W sub-pixel units as recorded in practical measurement.
[0044] In a further embodiment of the disclosure, in the
process of acquiring the respective first chromaticity coor-
dinate of each of the R, G, B, W sub-pixel units, specific
implementations are carried out as below: powering on the
WOLED display device for implementing the normal dis-
play process, and increasing persistently respective bright-
ness practically outputted by the WOLED display device. In
such a process, as the brightness outputted by the WOLED
display device increases persistently, the chromaticity coor-
dinate of each of the R, G, B, W sub-pixel units is changed
significantly therewith (i.e., corresponding thereto). Due to
specific manufacturing processes of the WOLED display
device, once the brightness outputted by the WOLED dis-
play device increases to a certain value, the respective
brightness outputted by each of the R, G, B, W sub-pixel
units may not change or may not change significantly as the
brightness outputted by the WOLED display device
increases; and the respective chromaticity coordinate of each
of the R, G, B, W sub-pixel units on that occasion is
essentially brought more closer to practical respective chro-
maticity coordinate of each of the R, G, B, W sub-pixel units
at work, and therefore the chromaticity coordinate of each of
the R, G, B, W sub-pixel units on that occasion is recorded
as the respective first chromaticity coordinate of each of the
R, G, B, W sub-pixel units, which may further enhance
accuracy of the method for the color complementation
according to embodiments of the disclosure.

[0045] Step 102: calculating a first complementary color
ratio among the R, G, B, W sub-pixel units depending on the
respective first chromaticity coordinate of each of the R, G,
B, W sub-pixel units.
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[0046] 1In this step, based on the respective first chroma-
ticity coordinate of each of the R, G, B, W sub-pixel units
acquired in above step, the first complementary color ratio
among the R, G, B, W sub-pixel units is obtained by
calculation based on the color-mixing equations in colorim-
etry. By way of example, in a condition that each pixel is
required to emit a white light in per light intensity unit (e.g.,
with a value of 1), then

[0047] a complementary color ratio is defined as a ratio
among proportion values each of which is calculated by
dividing respective desired brightness variation of each of
the four sub-pixel units (i.e., R, G, B, W sub-pixel units in
each pixel) to achieve by the desired brightness of white
light (i.e., light intensity unit being equal to 1) respectively,
i.e., as a ratio among a respective desired variance ratio of
brightness of each single sub-pixel unit in a pixel. By way
of example, only intending for exemplification rather than
applying any limitation, provided that the desired W bright-
ness 1s for example L =1, and e.g., in a condition that a pixel
exhibits a color shift towards green (i.e., the pixel shows a
greenish color), then the color complementation process
may typically be concluded to be: preserving the brightness
of the G sub-pixel unit to be unchanged, and adjusting both
the brightness of the R sub-pixel unit and the brightness of
the B sub-pixel unit simultaneously. For example, the R
sub-pixel unit is required to increase its brightness by AL,
the B sub-pixel unit is required to increase its brightness by
AL, and the G sub-pixel unit is required to increase its
brightness by AL;=0, then, in order to preserve an overall
brightness of the single pixel (in which these sub-pixel units
are located) to be unchanged during the color complemen-
tation process, then the W sub-pixel unit is required to
change its brightness accordingly by AL, =L ;~AL,-AL -
AL s=1-AL4z-AL . Then in such a condition, the comple-
mentary color ratio among the R, G, B, W sub-pixel units in
each pixel unit may correspondingly be represented as
below, i.e.,

Mg AL; ALy t AL

Tw  Iv  Lw
ALR. 0 .ALB (1 ALg 0 ALB]

Ly Ly Ly Ly Lw Lw
Alg o ALy, ( Alg ALB)
Ly o Ly ’ Ly Ly

[0048] and the process of calculating the first complemen-
tary color ratio among the R, G, B, W sub-pixel units in such
a step is already a known relevant technology, whose
specific calculation processes, principles and equations will
not be set forth herein in detail.

[0049] Step 103: determining a desired brightness of W
sub-pixel unit, and obtaining respective first complementary
color brightness of each of the R, G, B, W sub-pixel units by
multiplying the desired brightness of W sub-pixel unit by the
first complementary color ratio among the R, G, B, W
sub-pixel units, and in turn determining respective second
chromaticity coordinate of each of the R, G, B, W sub-pixel
units corresponding to the respective first complementary
color brightness of each of the R, G, B, W sub-pixel units

[0050] In this step, the desired brightness of W sub-pixel
unit is determined above all, and then the desired brightness
of W sub-pixel unit is multiplied by the first complementary
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color ratio among the R, G, B, W sub-pixel units so as to
obtain the respective first complementary color brightness of
the R, G, B, W sub-pixel units. The steps of the method as
above are identical to corresponding steps in relevant art,
and the respective first complementary color brightness of
each of the R, G, B, W sub-pixel units as obtained on this
occasion may only be used to acquire respective second
chromaticity coordinate of each of the R, G, B, W sub-pixel
units corresponding to the respective first complementary
color brightness of each of the R, G, B, W sub-pixel units,
rather than being used for practical color complementation.
Therefore it may be seen that, the respective second chro-
maticity coordinate of each of the R, G, B, W sub-pixel units
may be defined as respective chromaticity coordinate of
each of the R, G, B, W sub-pixel units corresponding to the
respective first complementary color brightness of each of
the R, G, B, W sub-pixel units as obtained by above
calculation, which respective chromaticity coordinate differs
from the respective first chromaticity coordinate of each of
the R, G, B, W sub-pixel units which functions as actual data
measured in practice.

[0051] Step 104: implementing in iterations above three
steps at least once, so as to obtain a second complementary
color ratio among the R, G, B, W sub-pixel units corre-
sponding to the desired brightness of W sub-pixel unit. In
implementation of each iteration, the respective second
chromaticity coordinate of each of the R, G, B, W sub-pixel
units obtained in the implementation of previous (i.e., most
recent) iteration may be used to function alternatively as
updated respective first chromaticity coordinate of each of
the R, G, B, W sub-pixel units in the present iteration; and
the second complementary color ratio among the R, G, B, W
sub-pixel units is defined as updated first complementary
color ratio among the R, G, B, W sub-pixel units obtained in
the implementation of previous (i.e., most recent) iteration.

[0052] In this step, above steps 101 to 103 are carried out
iteratively. To be specific, in the implementation of each
iteration, in implementation of each iteration, the respective
second chromaticity coordinate of each of the R, G, B, W
sub-pixel units obtained in the implementation of previous
(i.e., most recent) iteration may be used to function alter-
natively as updated respective first chromaticity coordinate
of each of the R, G, B, W sub-pixel units in the present
iteration, so as to implement a calculation in a subsequent
iteration(s). Therefore it may be seen that, in this step 104,
a calculation process in iterations is implemented. Since the
respective first complementary color brightness of each of
the R, G, B, W sub-pixel units obtained in the third step 103
in each iteration may be obtained depending on the first
complementary color ratio obtained in previous second step
102 in the same iteration, based on the desired brightness of
W sub-pixel unit, such that the respective first complemen-
tary color brightness of each of the R, G, B, W sub-pixel
units obtained in each iteration may converge by keep
approaching continuously towards the desired brightness of
W sub-pixel unit; correspondingly, the respective second
chromaticity coordinate of each of the R, G, B, W sub-pixel
units obtained in each iteration may become even more
accurate by converging gradually (i.e., which may also
function as the respective first chromaticity coordinate of
each of the R, G, B, W sub-pixel units in the first step 101
of next iteration). Therefore, the more times the iterations
are implemented, the result of the implementation of the last
iteration may become more accurate. Correspondingly, then
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the first complementary color ratio among the R, G, B, W
sub-pixel units obtained in the last iteration may be used as
the second complementary color ratio among the R, G, B, W
sub-pixel units. The second complementary color ratio
among the R, G, B, W sub-pixel units may correspond to the
desired brightness of W sub-pixel unit, and thus function as
an accurate complementary color ratio corresponding to the
desired brightness of W sub-pixel unit; and such second
complementary color ratio among the R, G, B, W sub-pixel
units then may be used as a practical complementary color
ratio in subsequent practical operations of the WOLED
display device for practical color complementation thereon.
[0053] Then it may be seen that, in above steps, the first
complementary color ratio among the R, G, B, W sub-pixel
units is essentially the complementary color ratio which is
obtained in implementation of the previous (i.e., most
recent) iteration and used in repeated iteration as an inter-
mediate quantity only intending for calculation; while the
second complementary color ratio among the R, G, B, W
sub-pixel units is essentially a final result of above imple-
mentation of iteration(s) and functions as the complemen-
tary color ratio finally used in practice.

[0054] Step 105: implementing a color complementation
step, 1.e., implementing the color complementation of the
WOLED display device depending on the second comple-
mentary color ratio among the R, G, B, W sub-pixel units,
once the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

[0055] In this step, the desired brightness of W sub-pixel
unit and the second complementary color ratio among the R,
G, B, W sub-pixel units corresponding to the desired bright-
ness of W sub-pixel unit both obtained in above steps are
applied in practical display process of the WOLED display
device. To be specific, in a condition that once a threshold
condition that the brightness outputted by the WOLED
display device reaches the desired brightness of W sub-pixel
is met, the desired brightness of W sub-pixel unit is multi-
plied by the second complementary color ratio among the R,
G, B, W sub-pixel units so as to calculate the respective
second complementary color brightness of each of the R, G,
B, W sub-pixel units; and respective brightness practically
outputted by the R, G, B, W sub-pixel units may in turn be
adjusted to respective second complementary color bright-
ness of each of the R, G, B, W sub-pixel units.

[0056] As seen from above embodiments, the WOLED
display device is tested in practical use according to embodi-
ments of the disclosure, and then calculations as above are
implemented iteratively based on actual data measured in
practice so as to obtain the accurate complementary color
ratio corresponding to the desired brightness of W sub-pixel
unit; and then the complementary color ratio calculated
iteratively is applied practically to the operation of the
WOLED display device so as to implement a real-time color
complementation effect, and to obtain a more accurate color
complementation effect as compared with a method for color
complementation on a WOLED display device in relevant
art, such that the accuracy in the color complementation on
the WOLED display device may be enhanced effectively
and the display effect may be improved accordingly.
[0057] In an exemplary embodiment, after implementing
above step 104, as illustrated in FIG. 2, the method for the
color complementation on the WOLED display device fur-
ther comprises applicable steps based on an association
relation between the brightness outputted by the WOLED



US 2019/0027081 A1

display device and a third complementary color ratio among
the R, G, B, W sub-pixel units:

[0058] step 201: obtaining a plurality of second comple-
mentary color ratios among the R, G, B, W sub-pixel units
in one-to-one correspondence with a plurality of different
desired brightnesses of W sub-pixel unit respectively.
[0059] In this step, the plurality of different desired bright-
nesses of W sub-pixel unit are set; and by the steps 101 to
104 in above embodiments, the plurality of second comple-
mentary color ratios (among the R, G, B, W sub-pixel units)
in one-to-one correspondence with the plurality of different
desired brightnesses of W sub-pixel unit respectively may be
obtained.

[0060] By way of example, when the plurality of different
desired brightnesses of W sub-pixel unit are being selected,
the plurality of different brightnesses of W sub-pixel unit
may be continuously obtained at a predetermined interval
(each interval is for example several times of a unit light
intensity) to function as the plurality of desired brightnesses
of W sub-pixel unit. And for example, a plurality of desired
brightnesses of W sub-pixel unit at a same interval may be
used for data selection conveniently and a sufficient accu-
racy may be provided in a subsequent interpolation calcu-
lation. It is apparent that the smaller interval is selected, the
more accurate the association relation(s) may be obtained in
the subsequent interpolation calculation but the heavier the
processing workload for corresponding data setting and
calculation is. Therefore, in consideration of the processing
workload for the data setting and calculation, in present
embodiment, the predetermined interval ranges between 1
nit and 10 nits, e.g., an exemplary value for the predeter-
mined interval may be 5 nits.

[0061] In other embodiments, when the plurality of dif-
ferent desired brightnesses of W sub-pixel unit are in selec-
tion, different intervals may be used in selecting the plurality
of different desired brightnesses of W sub-pixel unit, as per
practical requirements of implementation.

[0062] Since in above selection of the plurality of different
desired brightnesses of W sub-pixel unit, the plurality of
different desired brightnesses of W sub-pixel unit may be
obtained in a discrete manner; and based thereon, the
process for calculating the second complementary color
ratio may be implemented, which process is essentially a
discrete color complementation process in practice, and thus
may not realize an accurate color complementation for
continuous change of the brightness in practical color
complementation on a display. Therefore, it is taken into
consideration that a set of successive association relations
(for example, the third complementary color ratio below)
which may change successively with a successive change in
the desired brightness of W sub-pixel unit, among the
plurality of different desired brightnesses of W sub-pixel
unit, may be obtained, so as to implement a successive color
complementation in real time, such that a more accurate
color implementation effect may be realized. The specific
steps thereof may be set forth hereinafter:

[0063] Step 202: generating a set of successive association
relations between the brightness outputted by the WOLED
display device and a third complementary color ratio among
the R, G, B, W sub-pixel units by interpolation, based on the
plurality of second complementary color ratios among the R,
G, B, W sub-pixel units in one-to-one correspondence with
the plurality of different desired brightnesses of W sub-pixel
unit respectively.

Jan. 24,2019

[0064] In this step, the plurality of second complementary
color ratios among the R, G, B, W sub-pixel units in
one-to-one correspondence with the plurality of different
desired brightnesses of W sub-pixel unit respectively are
used, which are a set of discontiguous data, and then a set of
suiccessive association relations are generated by interpola-
tion calculation. The set of successive association relations
are essentially a set of association relations between the
brightness outputted by the WOLED display device and the
third complementary color ratio among the R, G, B, W
sub-pixel units. And the third complementary color ratio
among the R, G, B, W sub-pixel units is essentially a
complementary color ratio obtained by calculation based on
the set of successive association relations.

[0065] Step 203: implementing the color complementation
of the WOLED display device depending on the set of
suiccessive association relations.

[0066] In this step, it is set forth in detail that the set of
suiccessive association relations are applied onto the practi-
cal display process of the WOLED display device. Specifi-
cally, depending on the association relations,

[0067] the third complementary color ratio among the R,
G, B, W sub-pixel units corresponding to the brightness
outputted by the WOLED display device is determined,
depending on the set of successive association relations, and
respective third complementary color brightness of each of
the R, G, B, W sub-pixel units is obtained by multiplying the
brightness outputted by the WOLED display device by the
third complementary color ratio among the R, G, B, W
sub-pixel units; and respective brightness practically out-
putted by each of the R, G, B, W sub-pixel units is then
adjusted to respective third complementary color brightness
of cach of the R, G, B, W sub-pixel units.

[0068] It may be seen from above exemplary embodi-
ments that, by generating the association relations between
the brightness outputted by the WOLED display device and
the third complementary color ratio among the R, G, B, W
sub-pixel units and applying such association relations onto
the practical display processing of the WOLED display
device, any brightness outputted by the WOLED display
device may correspond to respective accurate complemen-
tary color ratio, so as to obtain an enhanced accuracy in color
complementation and an improved display effect.

[0069] Based on the same inventive concept, in embodi-
ments of the disclosure, it is further provided a display
device which implements the method for the color comple-
mentation on the WOLED display device according to any
exemplary embodiment a display panel comprising a plu-
rality of pixels, each of which comprises a R sub-pixel unit,
a G sub-pixel unit, a B sub-pixel unit, and a W sub-pixel
unit; and a driving circuit, the driving circuit configured to
obtain the second complementary color ratio among the R,
G, B, W sub-pixel units in real time depending on the
method for the color complementation as above and to
adjust operative conditions of various pixels of the display
panel so as to implement the color implementation on the
WOLED display device, in a condition that the brightness
outputted by the WOLED display device reaches the desired
brightness of W sub-pixel unit.

[0070] Furthermore, when the display device applies
above method for the color complementation on the
WOLED display device according to the exemplary embodi-
ments, the driving circuit is further configured to adjust the
operative conditions of various pixels of the display panel so
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as to implement the color implementation on the WOLED
display device depending on the association relation(s).

[0071] It is apparent that. since the method for the color
complementation on the WOLED display device in above
embodiments is applied, then the display device also pos-
sesses the technical effects of a high accuracy in the color
complementation and a superior display effect.

[0072] As compared with relevant art, exemplary embodi-
ments of the disclosure may provide some beneficial effects
as below:

[0073] Itmay be seen from above that, as to the method for
the color complementation on the WOLED display device
and the display device as provided in embodiments herein,
the WOLED display device is tested in practical use accord-
ing to embodiments of the disclosure, and then calculations
as above are implemented iteratively based on actual data
measured in practice so as to obtain the accurate comple-
mentary color ratio corresponding to the desired brightness
of W sub-pixel unit; and then the complementary color ratio
calculated iteratively is applied practically to the operation
of the WOLED display device so as to implement the color
complementation effect, and to obtain a more accurate color
complementation effect as compared with a method for color
complementation on a WOLED display device in relevant
art, such that the accuracy in the color complementation on
the WOLED display device may be enhanced effectively
and the display effect may be improved accordingly.

[0074] It should be appreciated for those skilled in this art
that the above embodiments are intended to be illustrated,
and not restrictive. For example, many modifications may be
made to the above embodiments by those skilled in this art,
and various features described in different embodiments
may be freely combined with each other without conflicting
in configuration or principle.

[0075] Although the disclosure is described in view of the
attached drawings, the embodiments disclosed in the draw-
ings are only intended to illustrate the preferable embodi-
ment of the present disclosure exemplarily, and should not
be deemed as a restriction thereof.

[0076] Although several exemplary embodiments of the
general concept of the present disclosure have been shown
and described, it would be appreciated by those skilled in the
art that various changes or modifications may be made in
these embodiments without departing from the principles
and spirit of the disclosure and lie within the scope of
present application, which scope is defined in the claims and
their equivalents.

[0077] As used herein, an element recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present disclosure
are not intended to be interpreted as excluding the existence
of additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising” or “having” an element or a
plurality of elements having a particular property may
include additional such elements not having that property.
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What is claimed is:

1. A method for color complementation on a white organic
light emitting diode (WOLED) display device, comprising:

(a) acquiring respective first chromaticity coordinates of
each of red (R), green (G), blue (B), and white (W)
sub-pixel units for a brightness outputted by the
WOLED display device;

(b) calculating a first complementary color ratio among
the R, G, B, and W sub-pixel units depending on the
respective first chromaticity coordinate of each of the
R, G, B, and W sub-pixel units;

(c) determining a desired brightness of the W sub-pixel
unit, and obtaining respective first complementary
color brightnesses of each of the R, G, B, and W
sub-pixel units by multiplying the desired brightness of
the W sub-pixel unit by the first complementary color
ratio among the R, G, B, and W sub-pixel units, and in
turn determining respective second chromaticity coor-
dinates of each of the R, G, B, and W sub-pixel units
corresponding to the respective first complementary
color brightnesses of each of the R, G, B, and W
sub-pixel units; and

(d) implementing in iterations steps (a), (b) and (c) at least
once, so as to obtain a second complementary color
ratio among the R, G, B, and W sub-pixel units corre-
sponding to the desired brightness of the W sub-pixel
unit;

wherein complementary color ratio is defined as a ratio
among proportion values each of which is calculated by
dividing respective desired brightness variations of
each of the R, G, B, and W sub-pixel units to achieve
the desired brightness of white light respectively, as a
ratio among a respective desired variance ratio of
brightness of each single sub-pixel unit in a pixel;

wherein during each iteration of steps (a), (b) and (c), the
respective second chromaticity coordinate of each of
the R, G, B, and W sub-pixel units acquired in a most
recent iteration is used alternatively to function as the
respective first chromaticity coordinate of each of the
R, G, B, and W sub-pixel units in a current iteration,
and the second complementary color ratio among the
R, G, B, and W sub-pixel units is defined as the first
complementary color ratio among the R, G, B, and W
sub-pixel units acquired in the most recent iteration;
and

wherein the color complementation of the WOLED dis-
play device is carried out depending on the second
complementary color ratio among the R, G, B, and W
sub-pixel units when the brightness outputted by the
WOLED display device reaches the desired brightness
of W sub-pixel unit.

2. The method according to claim 1, wherein implement-
ing the color complementation of the WOLED display
device depending on the second complementary color ratio
among the R, G, B, W sub-pixel units when the brightness
outputted by the WOLED display device reaches the desired
brightness of W sub-pixel unit comprises:

obtaining respective second complementary color bright-
nesses of each of the R, G, B, and W sub-pixel units by
multiplying the desired brightness of the W sub-pixel
unit by the second complementary color ratio among
the R, G, B, and W sub-pixel units when the brightness
outputted by the WOLED display device reaches the
desired brightness of W sub-pixel unit; and
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adjusting respective brightnesses practically outputted by
the R, G, B, and W sub-pixel units to respective second
complementary color brightnesses of the R, G, B, W
sub-pixel units.

3. The method according to claim 1, wherein following
implementing in iterations steps (a), (b) and (c) at least once,
so as to obtain the second complementary color ratio among
the R, G, B, and W sub-pixel units corresponding to the
desired brightness of W sub-pixel unit, the method further
comprises:

obtaining a plurality of second complementary color

ratios among the R, G, B, and W sub-pixel units in
one-to-one correspondence with a plurality of different
desired brightnesses of the W sub-pixel unit respec-
tively;

generating a set of successive association relations

between the brightness outputted by the WOLED dis-
play device and a third complementary color ratio
among the R, G, B, and W sub-pixel units by interpo-
lation, based on the plurality of second complementary
color ratios among the R, G, B, W sub-pixel units in
one-to-one correspondence with the plurality of differ-
ent desired brightnesses of W sub-pixel unit respec-
tively; and

implementing the color complementation of the WOLED

display device depending on the set of successive
association relations.

4. The method according to claim 3, wherein implement-
ing the color complementation of the WOLED display
device depending on the set of successive association rela-
tions comprises:

determining the third complementary color ratio among

the R, G, B, and W sub-pixel units corresponding to the
brightness outputted by the WOLED display device,
depending on the set of successive association rela-
tions, and obtaining respective third complementary
color brightnesses of each of the R, G, B, and W
sub-pixel units by multiplying the brightness outputted
by the WOLED display device by the third comple-
mentary color ratio among the R, G, B, and W sub-pixel
units; and

adjusting respective brightnesses practically outputted by

the R, G, B, and W sub-pixel units to respective third
complementary color brightnesses of the R, G, B, and
W sub-pixel units.

5. The method according to claim 3, wherein obtaining a
plurality of second complementary color ratios among the R,
G, B, and W sub-pixel units in one-to-one correspondence
with the plurality of different desired brightnesses of the W
sub-pixel unit respectively comprises:

obtaining different desired brightnesses of the W sub-

pixel unit at an interval to function as the plurality of
desired brightnesses of W sub-pixel unit.

6. The method according to claim 5, wherein the interval
ranges between 1 nit and 10 nits.

7. The method according to claim 6, wherein the interval
is 5 nits.

8. The method according to claim 1, wherein acquiring
respective first chromaticity coordinates of each of R, G, B,
and W sub-pixel units for the brightness outputted by the
WOLED display device comprises:

increasing the brightness outputted by the WOLED dis-

play device persistently; and
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recording respective chromaticity coordinates of each of
the R, G, B, and W sub-pixel units as the respective first
chromaticity coordinates of each of the R, G, B, and W
sub-pixel units, once the respective chromaticity coor-
dinate of each of the R, G, B, and W sub-pixel units
stops changing with increases in the brightness output-
ted by the WOLED display device.

9. The method according to claim 3, wherein acquiring
respective first chromaticity coordinates of each of R, G, B,
and W sub-pixel units for the brightness outputted by the
WOLED display device comprises:

increasing the brightness outputted by the WOLED dis-
play device persistently; and

recording respective chromaticity coordinates of each of
the R, G, B, and W sub-pixel units as the respective first
chromaticity coordinates of each of the R, G, B, and W
sub-pixel units, once the respective chromaticity coor-
dinates of each of the R, G, B, and W sub-pixel units
stops changing with increases in the brightness output-
ted by the WOLED display device.

10. A display device which implements color comple-
mentation by applying the method according to claim 1, the
display device comprising:

a display panel comprising a plurality of pixels, each of
which comprises a red (R) sub-pixel unit, a green (G)
sub-pixel unit, a blue (B) sub-pixel unit, and a white
(W) sub-pixel unit; and

a driving circuit, the driving circuit configured to imple-
ment color complementation of the WOLED display
device depending on the second complementary color
ratio among the R, G, B, and W sub-pixel units when
the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

11. A display device which implements color complemen-
tation by applying the method according to claim 3, the
display device comprising:

a display panel comprising a plurality of pixels, each of
which comprises a red (R) sub-pixel unit, a green (G)
sub-pixel unit, a blue (B) sub-pixel unit, and a white
(W) sub-pixel unit; and

a driving circuit, the driving circuit configured to imple-
ment color complementation of the WOLED display
device depending on the second complementary color
ratio among the R, G, B, and W sub-pixel units when
the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

12. The display device according to claim 11, wherein the
driving circuit is further configured to implement color
complementation of the WOLED display device depending
on the association relations.

13. A display device which implements color comple-
mentation by applying the method according to claim 4, the
display device comprising:

a display panel comprising a plurality of pixels, each of
which comprises a red (R) sub-pixel unit, a green (G)
sub-pixel unit, a blue (B) sub-pixel unit, and a white
(W) sub-pixel unit; and

a driving circuit, the driving circuit configured to imple-
ment color complementation of the WOLED display
device depending on the second complementary color
ratio among the R, G, B, and W sub-pixel units when
the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.



US 2019/0027081 A1

14. The display device according to claim 13, wherein the
driving circuit is further configured to implement the color
complementation of the WOLED display device depending
on the association relations.

15. A display device which implements color comple-
mentation by applying the method according to claim 5, the
display device comprising:

a display panel comprising a plurality of pixels, each of
which comprises a red (R) sub-pixel unit, a green (G)
sub-pixel unit, a blue (B) sub-pixel unit, and a white
(W) sub-pixel unit; and

a driving circuit, the driving circuit configured to imple-
ment color complementation of the WOLED display
device depending on the second complementary color
ratio among the R, G, B, and W sub-pixel units when
the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

16. The display device according to claim 15, wherein the
driving circuit is further configured to implement the color
complementation of the WOLED display device depending
on the association relations.
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17. A display device which implements color comple-
mentation by applying the method according to claim 9, the
display device comprising:

a display panel comprising a plurality of pixels, each of
which comprises a red (R) sub-pixel unit, a green (G)
sub-pixel unit, a blue (B) sub-pixel unit, and a white
(W) sub-pixel unit; and

a driving circuit, the driving circuit configured to imple-
ment color complementation of the WOLED display
device depending on the second complementary color
ratio among the R, G, B, and W sub-pixel units when
the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit.

18. The display device according to claim 17, wherein the
driving circuit 1s further configured to implement the color
complementation of the WOLED display device depending
on the association relations.
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acquiring respective first chromaticity coordinate of each of R, G, B, W
sub-pixel units for a certain brightness outputted by the WOLED display

device
l

calculating a first complementary color ratio among the R, G, B, W sub-
pixel units depending on the respective first chromaticity coordinate of
h of the R, G. B, W sub-pixel units

a désired bri SEW SIbIpIKeT Uik, wnd
P first v color br of each of the R, G, B, W
sub.pixel units by multiplying the Py brightness of W sub-pixel unit
by the first complementary color ratio among the R, G, B, W sub-pixel
units, and in turn determining respective second chromaticity coordinate
of each of the R, G, B, W sub-pixel units corresponding to the respective
first ary color br of each of the R, G, B, W sub-pixel

!

implementing in iterations above three steps at least once, so as to obtam
a second complementary color ratio among the R, G, B, W s
units corresponding to the desired bnghm-:se oF W stib-pixel unt
of each i ion, the ive second chr
coordlnate of cach of the R, G, B, W sub-pixel units obtained in the
ementation of previous (i.e., most recent) iteration may be used to
ively as respective first chromaticity coordinate
of each of the R, G, B, W sub-pixel units in the present iteration; and the
second complementary color ratio among the R, G, B, W sub-pixel units
is defined as updated first cornplernmtazy color ratio among the R, G, B,
nits in the i ion of previous (i.e.. most

recent) iteration
a color i

step, i.e., ing the
color complementation of the WOLED display device depending on the
second complementary color ratio among the R, G, B, W sub-pixel
units, once the brightness outputted by the WOLED display device
reaches the desired brightness of W sub-pixel unit

102

103

105



