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(57) The present disclosure provides a method and
an apparatus for controlling image display of a WOLED
display apparatus and a WOLED display apparatus. The
method includes: converting gray scale data of respec-
tive lights with various colors inputted by a signal source
into brightness data of the respective lights with various
colors; acquiring brightness adjustment data of white
sub-pixel lights and brightness adjustment data of the
respective lights with various colors on the basis of the
brightness data of the respective lights with various
colors and proportions of the respective lights with vari-
ous colors in the white sub-pixel lights; converting the
brightness adjustment data of white sub-pixel lights and
brightness adjustment data of the respective lights with
various colors into gray scale data and outputting and
displaying the gray scale data. The above method and
apparatus provides a simple calculating method when
adjusting the display data and may eliminate color cast.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of Chinese Ap-
plication No. 201410573406.9, filed with SIPO on Octo-
ber 23, 2014, incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure generally relates to the
field of image display, and in particular, to a method and
an apparatus for controlling image display of a WOLED
display apparatus and a display apparatus.

Description of the Related Art

[0003] Active Matrix Organic Light Emitting Diodes
(AMOLED) have been greatly interested as next gener-
ation display devices due to their advantages of high re-
sponse speed, high luminous efficiency, high brightness
and wide field of view. The organic light emitting diode
devices achieve image display by controlling current
flowing in the organic light emitting diodes (OLED) using
thin film transistors (TFT).
[0004] A typical OLED device includes a plurality of
pixels, each of which includes a R(red) sub-pixel, a
G(green) sub-pixel and a B(blue) sub-pixel for full-colors
display. An R light emitting layer for producing a red light
is formed on the R sub-pixel. A G light emitting layer for
producing a green light is formed on the G sub-pixel. A
B light emitting layer for producing a blue light is formed
on the B sub-pixel. The light emitting layers are deposited
individually for the respective sub-pixels by such as fine
metal mask (FMM) method using a metal mask. Howev-
er, the larger the size of the substrate is, the larger the
curvature of the mask becomes. Thus, the conventional
FMM deposition method will reduce the yield as it is dif-
ficult to pattern the light emitting layers accurately. As a
result, the method is very difficult to be used to produce
display with large area and high precision.
[0005] As such, in recent years, a technology for using
a white OLED (WOLED) device to achieve colored dis-
play apparatus was developed. It does not need the fine
metal mask (FMM) during forming the light emitting layers
of the OLED device. The white OLED has an arrange-
ment in which such as the R light emitting layer, the G
light emitting layer, the B light emitting layer and the like
are laminated optionally between a cathode and an an-
ode to form the white OLED for the respective sub-pixels.
The white OLED display has a plurality of pixels, each of
which includes a R sub-pixel, a G sub-pixel, a B sub-pixel
and a W(white) sub-pixel for colored display. The R sub-
pixel includes an R color filter configured to transmit a
red light in a white light from the white OLED. The G sub-

pixel includes a G color filter configured to transmit a
green light in a white light from the white OLED. The B
sub-pixel includes a B color filter configured to transmit
a blue light in a white light from the white OLED. The W
sub-pixel may not be provided with color filters and may
transmit all of white light from the white OLED to com-
pensate for the degradation of brightness of image
caused by the color filters.
[0006] Such white OLED display generates W data
from R data, G data and B data inputted from the external
and modulates the R data, G data and B data outputted
subsequently using the generated W data. The W data,
the modulated R data, the modulated G data and the
modulated B data are displayed in the W sub-pixels, the
R sub-pixels, the G sub-pixels and the B sub-pixels re-
spectively.

SUMMARY

[0007] An embodiment of the present invention pro-
vides a method for controlling image display of a WOLED
display apparatus, including:

converting gray scale data of respective lights with
various colors inputted by a signal source into bright-
ness data of the respective lights with various colors;
acquiring brightness adjustment data of white sub-
pixel lights and brightness adjustment data of the
respective lights with various colors on the basis of
the brightness data of the respective lights with var-
ious colors and proportions of the respective lights
with various colors in the white sub-pixel lights;
converting the brightness adjustment data of white
sub-pixel lights and brightness adjustment data of
the respective lights with various colors into gray
scale data and outputting and displaying the gray
scale data;
wherein the acquired brightness adjustment data of
the white sub-pixel lights meet the following two con-
ditions:

the brightness data of a light with one color in
the lights with various colors are product of the
brightness adjustment data of the white sub-pix-
el lights and a proportion of the light with one
color in the white sub-pixel lights; and
the brightness data of each one of the lights with
other colors in the lights with various colors are
greater than product of the brightness adjust-
ment data of the white sub-pixel lights and the
proportion of the one of the lights with other
colors in the white sub-pixel lights.

[0008] In an embodiment, the brightness data of the
light with one color are zero and the brightness adjust-
ment data of each one of the lights with other colors are
differences between.
[0009] In an embodiment, acquiring brightness adjust-
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ment data of white sub-pixel lights and brightness adjust-
ment data of the respective lights with various colors on
the basis of the brightness data of the respective lights
with various colors and proportions of the respective
lights with various colors in the white sub-pixel lights in-
cludes:

selecting one of the respective lights with various
colors as a present color light and calculating the
brightness adjustment data of the white sub-pixel
light when the brightness data of the present color
light are product of the brightness adjustment data
of the white sub-pixel lights and the proportion of the
present color light in the white sub-pixel lights;
subtracting the calculated product of the brightness
adjustment data of the white sub-pixel lights and the
proportion of each one of the lights with various
colors other than the present color light in the white
sub-pixel lights from the brightness data of the one
of the lights with various colors other than the present
color light, to calculate the brightness adjustment val-
ue of each one of the lights with various colors other
than the present color light;
determining whether the calculated brightness ad-
justment value of each one of the lights with various
colors other than the present color light is greater
than zero;
outputting the brightness adjustment data of the
white sub-pixel light and the brightness adjustment
data of each one of the lights with various colors
other than the present color light and outputting the
brightness adjustment data of the present color light
in the respective lights with various colors as zero if
the calculated brightness adjustment value of each
one of the lights with various colors other than the
present color light is greater than zero, otherwise,
selecting another one of the respective lights with
various colors as the present color light and repeat-
ing the above steps to recalculate the brightness ad-
justment data of the white sub-pixel light and the
brightness adjustment data of the respective lights
with various colors.

[0010] In an embodiment, the proportions of the re-
spective lights with various colors in the white sub-pixel
light are obtained by measuring color coordinates of light
emitted by white sub-pixels and color coordinates of
lights emitted by respective sub-pixels with various
colors.
[0011] In an embodiment, converting gray scale data
of respective lights with various colors inputted by a signal
source into brightness data of the respective lights with
various colors and converting the brightness adjustment
data of white sub-pixel lights and brightness adjustment
data of the respective lights with various colors into gray
scale data are achieved by conversion based on gamma
curves of the respective lights with various colors and
the white sub-pixel lights.

[0012] In an embodiment, the method further include:
adjusting the gamma curves of the respective lights with
various colors and the white sub-pixel lights in advance
before conversion based on gamma curves of the re-
spective lights with various colors and the white sub-pixel
lights is done.
[0013] In an embodiment, adjusting the gamma curves
of the respective lights with various colors and the white
sub-pixel lights in advance includes:

measuring color coordinates of the respective lights
with various colors in a test picture displayed on a
display;
calculating the proportion of each one of the respec-
tive lights with various colors in a target white light
using color coordinates of the target white light and
the measured color coordinates of the respective
lights with various colors;
determining the maximum gray scale brightness da-
ta of the respective lights with various colors using
the maximum gray scale brightness data of the target
white light and the proportions of the respective lights
with various colors in the target white light; and
adjusting gamma curves of the respective lights with
various colors respectively using the maximum gray
scale brightness data of the respective lights with
various colors.

[0014] In an embodiment, adjusting the gamma curves
of the respective lights with various colors and the white
sub-pixel lights in advance includes:

measuring color coordinates of the respective lights
with various colors and color coordinates of the white
sub-pixel lights in a test picture displayed on a dis-
play, and calculating the proportion of each one of
the respective lights with various colors in the white
sub-pixel lights using color coordinates of the re-
spective lights with various colors and color coordi-
nates of the white sub-pixel lights;
determining the maximum gray scale brightness da-
ta of the white sub-pixel lights on the basis of the
maximum gray scale brightness values of the re-
spective lights with various colors and the proportion
of each one of the respective lights with various
colors in the white sub-pixel light; and
adjusting gamma curves of the white sub-pixel lights
using the maximum gray scale brightness data of
the white sub-pixel lights.

[0015] In an embodiment, the maximum gray scale
brightness data of the white sub-pixel lights meets the
following two conditions:

the maximum gray scale brightness value of a light
with one color in the lights with various colors are
product of the maximum gray scale brightness value
of the white sub-pixel lights and the proportion of the
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light with one color in the white sub-pixel lights; and
the maximum gray scale brightness value of each
one of the lights with other colors in the lights with
various colors is greater than product of the maxi-
mum gray scale brightness value of the white sub-
pixel lights and the proportion of the one of the lights
with other colors in the white sub-pixel lights.

[0016] In an embodiment, the maximum gray scale val-
ues of the respective lights with various colors are ob-
tained by the adjusted gamma curves of the respective
lights with various colors.
[0017] In an embodiment, the various colors include
three colors of red, green and blue.
[0018] An embodiment of the present disclosure pro-
vides an apparatus for controlling image display of a
WOLED display apparatus, including:

a converting unit configured to convert gray scale
data of respective lights with various colors inputted
by a signal source into brightness data of the respec-
tive lights with various colors;
an adjusting unit configured to acquire brightness
adjustment data of white sub-pixel lights and bright-
ness adjustment data of the respective lights with
various colors on the basis of the brightness data of
the respective lights with various colors and propor-
tions of the respective lights with various colors in
the white sub-pixel lights;
an inverse converting unit configured to convert the
brightness adjustment data of white sub-pixel lights
and brightness adjustment data of the respective
lights with various colors into gray scale data and
outputting and displaying the gray scale data;
wherein the brightness adjustment data of the white
sub-pixel lights acquired by the adjusting unit meet
the following two conditions:

the brightness data of a light with one color in
the lights with various colors are product of the
brightness adjustment data of the white sub-pix-
el lights and a proportion of the light with one
color in the white sub-pixel lights; and
the brightness data of each one of the lights with
other colors in the lights with various colors are
greater than product of the brightness adjust-
ment data of the white sub-pixel lights and the
proportion of the one of the lights with other
colors in the white sub-pixel lights.

[0019] In an embodiment, the adjusting unit is config-
ured to:

select one of the respective lights with various colors
as a present color light and to calculate the bright-
ness adjustment data of the white sub-pixel lights
when the brightness data of the present color light
are equal to product of the brightness adjustment

data of the white sub-pixel lights and the proportion
of the present color light in the white sub-pixel lights;
subtract the calculated product of the brightness ad-
justment data of the white sub-pixel lights and the
proportion of each one of the lights with various
colors other than the present color light in the white
sub-pixel lights from the brightness data of the one
of the lights with various colors other than the present
color light, to calculate the brightness adjustment val-
ue of each one of the lights with various colors other
than the present color light;
determine whether the calculated brightness adjust-
ment value of each one of the lights with various
colors other than the present color light is greater
than zero;
output the brightness adjustment data of the white
sub-pixel light and the brightness adjustment data
of each one of the lights with various colors other
than the present color light and output the brightness
adjustment data of the present color light in the re-
spective lights with various colors as zero if the cal-
culated brightness adjustment value of each one of
the lights with various colors other than the present
color light is greater than zero, otherwise, select an-
other one of the respective lights with various colors
as the present color light and repeat the above steps
to recalculate the brightness adjustment data of the
white sub-pixel light and the brightness adjustment
data of the respective lights with various colors.

[0020] In an embodiment, the apparatus further in-
cludes:

a gamma curve adjusting unit configured to adjust
gamma curves of the respective lights with various
colors and the white sub-pixel lights before control-
ling image display.

[0021] In an embodiment, the gamma curve adjusting
unit is configured to:

measure color coordinates of the respective lights
with various colors and color coordinates of the white
sub-pixel lights in a test picture displayed on a dis-
play, and calculate the proportion of each one of the
respective lights with various colors in the white sub-
pixel lights using color coordinates of the respective
lights with various colors and color coordinates of
the white sub-pixel lights;
calculate the proportion of each one of the respective
lights with various colors in a target white light using
color coordinates of the target white light and the
measured color coordinates of the respective lights
with various colors;
determine the maximum gray scale brightness data
of the respective lights with various colors using the
maximum gray scale brightness data of the target
white light and the proportions of the respective lights
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with various colors in the target white light
adjust gamma curves of the respective lights with
various colors respectively using the maximum gray
scale brightness data of the respective lights with
various colors;
determine the maximum gray scale brightness data
of the white sub-pixel lights on the basis of the max-
imum gray scale brightness values of the respective
lights with various colors and the proportion of each
one of the respective lights with various colors in the
white sub-pixel lights; and
adjust gamma curves of the white sub-pixel lights
using the maximum gray scale brightness data of
the white sub-pixel lights.

[0022] An embodiment of the present invention pro-
vides a WOLED display apparatus including the appara-
tus for controlling image display as described in any one
of the above embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a flow chart of a method for controlling image
display in a WOLED display apparatus in the present
disclosure;
Fig. 2 is a flow chart of a method for adjusting gamma
curves of the respective lights with various colors in
the present disclosure;
Fig. 3 is a flow chart of a method for adjusting gamma
curves of the white sub-pixel lights in the present
disclosure;
Fig. 4 is a flow chart of a method for adjusting the
brightness adjustment data of the white sub-pixel
lights and the brightness adjustment data of the re-
spective lights with various colors in the present dis-
closure; and
Fig. 5 is a block schematic view showing an appa-
ratus for controlling image display of a WOLED dis-
play apparatus in the present disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0024] The embodiments of the present invention will
be further explained below with reference to the figures
and examples such that the objects, solutions and ad-
vantages of the present disclosure will become more ap-
parent.
[0025] The present disclosure provides a method for
controlling image display of a WOLED display apparatus.
It generally calculates the brightness adjustment values
of the respective lights with various colors and the bright-
ness adjustment values of the white sub-pixel lights in
accordance with brightness values in the respective light
data with various colors (such as RGB data) in an image
to be displayed inputted from a signal source, such that

part of the sub-pixels in the sub-pixels corresponding to
various colors emit light to compensate for the lights with
the corresponding colors, in case that the white sub-pix-
els emit corresponding white light.
[0026] In addition, for the purpose of explanation, nu-
merous specific details are set forth in the following de-
tailed description to provide a thorough understanding to
the embodiments of the present invention. It is obvious,
however, that one or more embodiments can also be
implemented without these specific details. In other in-
stances, well-known structures and devices are shown
in an illustrative manner so as to simplify the drawings.
[0027] Fig.1 shows a flow chart of a method for con-
trolling image display of a WOLED display apparatus pro-
vided by the present disclosure. The method includes:

Step 101: converting gray scale data of respective
lights with various colors inputted by a signal source
into brightness data of the respective lights with var-
ious colors;
Step 102: acquiring brightness adjustment data of
white sub-pixel lights and brightness adjustment da-
ta of the respective lights with various colors on the
basis of the brightness data of the respective lights
with various colors and proportions of the respective
lights with various colors in the white sub-pixel lights;
Step 103: converting the brightness adjustment data
of white sub-pixel lights and brightness adjustment
data of the respective lights with various colors into
gray scale data and outputting and displaying the
gray scale data;

wherein the acquired brightness adjustment data of the
white sub-pixel lights meet the following two conditions:

the brightness data of a light with one color in the
lights with various colors are product of the bright-
ness adjustment data of the white sub-pixel lights
and a proportion of the light with one color in the
white sub-pixel lights; and
the brightness data of each one of the lights with
other colors in the lights with various colors are great-
er than product of the brightness adjustment data of
the white sub-pixel lights and the proportion of the
one of the lights with other colors in the white sub-
pixel lights.

[0028] The details of these steps in the above method
according to the present disclosure will be explained fur-
ther below with reference to embodiments.
[0029] Before the present image frame is displayed on
a display, display data of the present image frame to be
displayed are acquired from the signal source. The dis-
play data are typically RGB data including gray scale
data for respective lights with various colors such RGB.
[0030] In the step 101, the gray scale data in the RGB
data are converted into RGB brightness data. The con-
version is typically achieved using a gamma curve.

7 8 
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[0031] The gamma curve is used to represent display
brightness of the light with corresponding colors in vari-
ous gray scales. At present, gamma curve 2.2 is usually
used. It means that the display brightness value of the
corresponding gray scale is 2.2th power of the gray
scales.
[0032] As an example, in the step 101 in an embodi-
ment, the gamma curve for the respective lights with var-
ious colors used for gray scale conversion are obtained
by adjusting standard gamma curve 2.2 in advance. Cer-
tainly, other gamma curves may also be used in the
present disclosure, for example, gamma curve 1, gamma
curve 2.5, which may be selected as required.
[0033] Optionally, the corresponding gamma curve
may be obtained by testing and adjusting a test picture
of a display before leaving the factory. The specific ad-
justing process is shown in Fig. 2.
[0034] As illustrated in Fig. 2, the specific process for
adjusting the respective lights with various colors in-
cludes:

Step 201: measuring color coordinates of the respec-
tive lights with various colors in a test picture dis-
played on a display. The step may be performed by
displaying a picture for each pure color (such as
RGB) in a display and then measuring the color co-
ordinates of the respective colors on light exit side
of the display using a measuring device when the
test picture is displayed.
Step 202: calculating the proportion of each one of
the respective lights with various colors in a target
white light using color coordinates of the target white
light and the measured color coordinates of the re-
spective lights with various colors. In the step, the
target white light is a white light corresponding to a
target color coordinate under preset white balance.
Thus, the parameters, such as maximum gray scale
brightness values, of the respective lights with vari-
ous colors in ideal condition may be determined by
calculating the proportions in display for the respec-
tive lights with various colors in the target white light.
Step 203: adjusting gamma curves of the respective
lights with various colors using the proportions in dis-
play for the respective lights with various colors in
the target white light and maximum gray scale bright-
ness value of the target white light. In the step, on
the basis of the proportions in display for the respec-
tive lights with various colors in the target white light
under white balance, when the brightness values of
the target white light is the maximum gray scale
brightness value, the maximum gray scale bright-
ness values of the lights with various colors may be
calculated out and then the determined standard
gamma curve is adjusted depending on the maxi-
mum gray scale brightness values of the respective
lights with various colors. The standard gamma
curve is a gamma curve which is determined in ad-
vance as required, such as gamma curve 2.2. The

specific methods for adjusting the gamma curve be-
long to the common knowledge in the art and thus
will be omitted herein.

[0035] Through the above steps, the adjusting of the
gamma curves for the respective lights with various
colors may be done by the target white light. During con-
trolling the specific image display, when the gray scale
data of the respective lights with various colors inputted
by the signal source are received, the gray scale data
may be converted into the brightness data on the basis
of the adjusted gamma curves.
[0036] Since the present disclosure is directed to the
WOLED display apparatus, a gamma curve for the white
sub-pixel lights is also needed in display process. There-
fore, while the gamma curves for the respective lights
with various colors are adjusted, in the present disclo-
sure, the gamma curve for the white sub-pixel lights also
need to be adjusted. The specific adjusting process is
shown in Fig. 3.
[0037] As shown in Fig.3, the specific method for ad-
justing the gamma curve for the white sub-pixel lights
includes:

Step 301: measuring color coordinates of the respec-
tive lights with various colors and color coordinates
of the white sub-pixel lights in a test picture displayed
on a display, and calculating the proportion of each
one of the respective lights with various colors in the
white sub-pixel lights using color coordinates of the
respective lights with various colors and color coor-
dinates of the white sub-pixel lights.

[0038] Like the above step 201, the step also uses the
measuring device to perform the measurement on the
light exit side of the display. The color coordinates of the
light emitted from the white color sub-pixels may be
measured by displaying a white picture separately, that
is, the color coordinates of the white sub-pixel lights may
be obtained. Correspondingly, the color coordinates of
the lights emitted from the sub-pixels with other respec-
tive colors may also be tested by displaying a picture with
other respective colors (such as color, green, blue) sep-
arately, that is, the color coordinates for the respective
lights with various colors may be obtained. Then, the pro-
portions of the respective lights with various colors in the
light emitted from the white sub-pixels are obtained by
using the color coordinates of the respective lights with
various colors and color coordinates of the white sub-
pixel lights. In an embodiment, the proportions of the re-
spective lights with various colors in the white sub-pixel
lights mean the proportions of the respective lights with
various colors to the white sub-pixel lights in the lights
emitted from the white sub-pixels. In principle of optical
spectroscopy, the white light may typically be formed by
mixing the respective lights with various colors such as
red, green, blue at a proper proportion, for example, a
certain grayscale white light may be composed of 0.33

9 10 
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red light, 0.33 green light and 0.34 blue light. In this way,
the proportions of the respective lights with various colors
(red, green, blue) in the white sub-pixels are 0.33, 0.33
and 0.34 respectively. Certainly, the step 301 and the
step 201 may be carried out simultaneously. In a WOLED
display apparatus, the respective lights with various
colors are obtained by filtering the white light emitted by
the white sub-pixels and the white sub-pixel lights are
not filtered.
[0039] Step302: determining the maximum gray scale
brightness data of the white sub-pixel lights on the basis
of the maximum gray scale brightness values of the re-
spective lights with various colors and the proportion of
each one of the respective lights with various colors in
the white sub-pixel light.
[0040] As the gamma curves of the respective lights
with various colors have been obtained by adjustment,
the maximum gray scale brightness values of the respec-
tive lights with various colors may be obtained on the
basis of the gamma curves. The maximum gray scale
brightness data of the white sub-pixel lights to be deter-
mined meet the following two conditions:

the maximum gray scale brightness value of a light
with one color in the lights with various colors are
product of the maximum gray scale brightness value
of the white sub-pixel lights and the proportion of the
light with one color in the white sub-pixel lights; and
the maximum gray scale brightness value of each
one of the lights with other colors in the lights with
various colors is greater than product of the maxi-
mum gray scale brightness value of the white sub-
pixel lights and the proportion of the one of the lights
with other colors in the white sub-pixel lights.

[0041] In the WOLED display apparatus, the respec-
tive lights with various colors are obtained by filtering the
white light by corresponding filters, for example, the red
light is obtained by filtering out the respective lights with
colors other than red by a red filter. Further, the WOLED
display apparatus further includes a white sub-pixel
which outputs the white light directly without needing any
filters to filter it. Thus, when a picture is displayed on the
display finally, in order to ensure the brightness values
of the respective lights with various colors to reach the
required brightness values, in the present disclosure, the
color cast problem can be solved by compensating for
the lights emitted from the sub-pixels corresponding to
the lights with other colors on the basis of the white light
emitted from the white sub-pixels.
[0042] Thus, the maximum gray scale brightness value
of the white sub-pixel lights is obtained by the above two
conditions. In particular, it causes a light with one color
in the respective lights with various colors to coincide
with the brightness value for the proportion of the light
with one color in the white sub-pixel lights. In this way,
when a practical picture is displayed, the proportion of
the light with one color in the white sub-pixel lights just

coincides with the practical data to be displayed, thus,
the sub-pixels corresponding to the light with such color
does not need to emit lights, but the light with such color
is obtained from the lights directly by the white sub-pixels.
Meanwhile, besides the parts of the brightness values of
the respective lights with other colors that are obtained
from the white sub-pixel lights, the brightness values of
the respective lights with other colors further needs the
sub-pixels corresponding to the respective lights with oth-
er colors to emit lights so as to compensate for insufficient
parts of colors, therefore, it needs the proportions of the
respective lights with other colors in the white sub-pixel
lights to be less than the color data to be displayed in
practice.
[0043] As discussed above, taking the lights with three
colors RGB as an example, the maximum gray scale
brightness of the white sub-pixel lights may be derived
by the following formula: 

 where Rmax is maximum gray scale brightness value of
red light, Gmax is maximum gray scale brightness value
of green light, Bmax is maximum gray scale brightness
value of blue light, Lsmax is maximum gray scale bright-
ness value of blue light, Rs, Gs and Bs are proportions of
the red light, the green light and the blue light in the white
sub-pixel lights and may be calculated by the step 301.
[0044] In order to obtain the maximum gray scale
brightness value Lsmax of the white sub-pixel lights, it is
necessary to assume one formula of the above set of
formula is equal to zero and other two formula are greater
than zero. For example, at first, the value of Rmax-
RsLsmax is assumed to be equal to zero to solve Lsmax.
The solved value of Lsmax ensures the value of Gmax-
GsLsmax and the value of Bmax- BsLsmax are both greater
than zero. Then, Lsmax may be determined as the
maximum gray scale brightness value of the white sub-
pixel lights.
[0045] Step303: adjusting gamma curves of the white
sub-pixel lights using the maximum gray scale brightness
data of the white sub-pixel lights.
[0046] After the maximum gray scale brightness value
of the white sub-pixel lights is obtained, the standard
gamma curve to be determined in advance may be ad-
justed on the basis of the conventional adjusting mode
of gamma curve.
[0047] In the step 101, the gray scale data of the re-
spective lights with various colors to be displayed in prac-
tice are converted into brightness data. In the step 102,
the brightness data of the respective lights with various
colors to be displayed in practice are needed to adjust.
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[0048] Thus, in the embodiment, the brightness values
of the respective lights with various colors to be displayed
may obtained by gamma conversion for the inputted gray
scale data of the respective lights with various colors,
then the brightness of the light to be emitted by the white
sub-pixels is calculated using the proportions, calculated
in advance, of the respective lights with various colors in
the white sub-pixels and the brightness values of the re-
spective sub-pixels with other colors to be compensated
are calculated out while ensuring the sub-pixels with one
of the various colors to not emit lights and finally, an in-
version gamma conversion is performed to obtain the
adjusted compensation data for other colors and the
compensation data for white. In the above method, a light
with one color in the lights emitted by the white sub-pixels
has brightness just in coincidence with the practical re-
quirements of the brightness value to be displayed, thus
the sub-pixels corresponding to such color do not need
to emit lights. Meanwhile, since the lights with other two
colors in the lights emitted by the white sub-pixels have
the brightness less than the brightness value to be dis-
played in practice, in the present disclosure, the insuffi-
cient part for the light with the two colors may be calcu-
lated to compensate for the insufficient part by the lights
emitted by the sub-pixels corresponding to the lights with
the other two colors.
[0049] In an example, the acquired brightness adjust-
ment data of the white sub-pixel lights meet the following
two conditions:

the brightness data of a light with one color in the
lights with various colors are product of the bright-
ness adjustment data of the white sub-pixel lights
and a proportion of the light with one color in the
white sub-pixel lights; and
the brightness data of each one of the lights with
other colors in the lights with various colors are great-
er than product of the brightness adjustment data of
the white sub-pixel lights and the proportion of the
one of the lights with other colors in the white sub-
pixel lights.

[0050] The proportions of the respective lights with var-
ious colors in the white sub-pixel lights are obtained by
practical measurements. That is, as discussed in the step
301, they are calculated out by the color coordinates of
the respective lights with various colors and the white
sub-pixel lights measured when a test picture is displayed
in practice on the display device.
[0051] In an example, in the step 102, the brightness
adjustment data of white sub-pixel lights and brightness
adjustment data of the respective lights with various
colors are acquired by the following means, as shown in
Fig. 4, including:

Step 1021: selecting one of the respective lights with
various colors as a present color light;
Step 1022: calculating the brightness adjustment da-

ta of the white sub-pixel light when the brightness
data of the present color light are product of the
brightness adjustment data of the white sub-pixel
lights and the proportion of the present color light in
the white sub-pixel lights;
Step 1023: subtracting the calculated product of the
brightness adjustment data of the white sub-pixel
lights and the proportion of each one of the lights
with various colors other than the present color light
in the white sub-pixel lights from the brightness data
of the one of the lights with various colors other than
the present color light, to calculate the brightness
adjustment value of each one of the lights with var-
ious colors other than the present color light;
Step 1024: determining whether the calculated
brightness adjustment value of each one of the lights
with various colors other than the present color light
is greater than zero; if yes, turn to the step 1025,
otherwise, turn to the step 1026;
Step 1025: ending the adjusting process and output-
ting the brightness adjustment data of the white sub-
pixel lights and the brightness adjustment data of
each one of the lights with various colors other than
the present color light and outputting the brightness
adjustment data of the present color light in the re-
spective lights with various colors as zero;
Step 1026: selecting another one of the respective
lights with various colors as the present color light
and turn to the step 1022 to recalculate the bright-
ness adjustment data of the white sub-pixel light and
the brightness adjustment data of the respective
lights with various colors.

[0052] As discussed above, taking the lights with three
colors RGB as an example, the brightness adjustment
data of the white sub-pixel lights may be derived by the
following formula: 

where Ri is an brightness value of red light, Gi is an bright-
ness value of green light, Bi is an brightness value of blue
light, these brightness values are obtained by the con-
version based on the gray scale data to be displayed in
practice; Ls is brightness adjustment value of the white
sub-pixel lights, i.e., the values that need to be solved by
the above set of formula; Rs, Gs and Bs are proportions
of the red light, the green light and the blue light in the
white sub-pixel lights and may be measured in practice
and calculated.
[0053] In order to obtain the brightness adjustment val-
ue Ls of the white sub-pixel lights, it is necessary to as-
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sume one formula of the above set of formula (2) is equal
to zero and other two formula are greater than zero. For
example, at first, the red light is selected as the present
color light and the value of Ri- RsLs is assumed to be
equal to zero to solve Ls. The solved value of Ls ensures
the value of Gi- GsLs and the value of Bi- BsLs are both
greater than zero. Then, Ls may be determined as the
brightness adjustment value of the white sub-pixel lights.
Gi- GsLs and Bi- BsLs are brightness adjustment values
of the green light and the blue light, certainly the bright-
ness adjustment value of the red light is zero. Otherwise,
the green light and the blue light are selected as the
present color light and the brightness adjustment value
of the white sub-pixel lights are recalculated.
[0054] By the above means, the brightness adjustment
values of the respective lights with various colors and the
white sub-pixel lights may be obtained. In the example,
the brightness adjustment value of the light with one color
is zero and the brightness adjustment values of the lights
with other two colors are differences between their cor-
responding brightness values and products of the bright-
ness adjustment value of the white sub-pixel lights and
the proportions of the respective lights with the corre-
sponding colors in the white sub-pixel lights respectively.
In practical display, the respective sub-pixels and the
white sub-pixels are driven by the brightness adjustment
values of the calculated respective lights with various
colors and the white sub-pixel lights. Such adjustment
may reduce power consumption to maximum extent as
one of the sub-pixels does not emit light. Meanwhile,
since the gamma curves used in conversion of the prac-
tical brightness values of the respective lights with vari-
ous colors are obtained by measuring the proportions of
the respective lights with various colors in the white sub-
pixel lights and adjusting the gamma curve when the
mixed lights of the respective lights with various colors
and the white sub-pixel lights are in white balance, the
light with one color is obtained directly by the light emitted
from the white sub-pixels and only insufficient parts of
the lights with the other two colors in the lights emitted
from the white sub-pixels are emitted from other two sub-
pixels. In this way, the color cast may be avoided.
[0055] In the step 103, the brightness adjustment data
of white sub-pixel lights and brightness adjustment data
of the respective lights with various colors are converted
into gray scale data and the gray scale data are outputted
and displayed.
[0056] After the above method in the present disclo-
sure has been adjusted, for the WOLED display appara-
tus, the respective lights with various colors are obtained
mainly from the white lights emitted by the white sub-
pixels. In the sub-pixels corresponding to the respective
lights with various colors, one sub-pixel is not needed to
emit lights. The lights with the corresponding colors are
obtained completely by the white light emitted by the
white sub-pixel lights. The contents of the lights with other
colors in the white light will not meet the practical require-
ments for display brightness, thus the lights emitted by

the corresponding other sub-pixels may need to be com-
pensated.
[0057] In the method for controlling image display pro-
posed by the present disclosure, on the basis of the lights
emitted by the white sub-pixels in practice, the sub-pixel
corresponding to the light with one color does not emit
light while the sub-pixels corresponding to other colors
emit lights to calibrate the color coordinates. The above
method proposed by the present disclosure may provide
a simple calculation method which may be used to adjust
the display data and may eliminate color cast.
[0058] Fig. 5 is a block schematic view showing an
apparatus for controlling image display of a WOLED dis-
play apparatus in the present disclosure. As illustrated
in Fig. 5, the apparatus includes:

a converting unit 501 configured to convert gray
scale data of respective lights with various colors
inputted by a signal source into brightness data of
the respective lights with various colors;
an adjusting unit 502 configured to acquire bright-
ness adjustment data of white sub-pixel lights and
brightness adjustment data of the respective lights
with various colors on the basis of the brightness
data of the respective lights with various colors and
proportions of the respective lights with various
colors in the white sub-pixel lights;
an inverse converting unit 503 configured to convert
the brightness adjustment data of white sub-pixel
lights and brightness adjustment data of the respec-
tive lights with various colors into gray scale data
and outputting and displaying the gray scale data;
wherein the brightness adjustment data of the white
sub-pixel lights acquired by the adjusting unit meet
the following two conditions:

the brightness data of a light with one color in
the lights with various colors are product of the
brightness adjustment data of the white sub-pix-
el lights and a proportion of the light with one
color in the white sub-pixel lights; and
the brightness data of each one of the lights with
other colors in the lights with various colors are
greater than product of the brightness adjust-
ment data of the white sub-pixel lights and the
proportion of the one of the lights with other
colors in the white sub-pixel lights.

[0059] In order to acquire the brightness adjustment
data of the white sub-pixel lights and the brightness ad-
justment data of the respective lights with various colors,
as an example, the adjusting unit 502 may be configured
to:

select one of the respective lights with various colors
as a present color light and to calculate the bright-
ness adjustment data of the white sub-pixel lights
when the brightness data of the present color light
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are equal to product of the brightness adjustment
data of the white sub-pixel lights and the proportion
of the present color light in the white sub-pixel lights;
subtract the calculated product of the brightness ad-
justment data of the white sub-pixel lights and the
proportion of each one of the lights with various
colors other than the present color light in the white
sub-pixel lights from the brightness data of the one
of the lights with various colors other than the present
color light, to calculate the brightness adjustment val-
ue of each one of the lights with various colors other
than the present color light;
determine whether the calculated brightness adjust-
ment value of each one of the lights with various
colors other than the present color light is greater
than zero;
output the brightness adjustment data of the white
sub-pixel light and the brightness adjustment data
of each one of the lights with various colors other
than the present color light and output the brightness
adjustment data of the present color light in the re-
spective lights with various colors as zero if the cal-
culated brightness adjustment value of each one of
the lights with various colors other than the present
color light is greater than zero, otherwise, select an-
other one of the respective lights with various colors
as the present color light and repeat the above steps
to recalculate the brightness adjustment data of the
white sub-pixel light and the brightness adjustment
data of the respective lights with various colors.

[0060] The above apparatus for controlling image dis-
play in embodiments may be implemented by logic cir-
cuits, such as FPGA or other programmable circuits.
[0061] As an example, the apparatus for controlling im-
age display further includes:

a gamma curve adjusting unit configured to adjust
gamma curves of the respective lights with various
colors and the white sub-pixel lights before control-
ling image display.

[0062] As an example, in order to adjust the gamma
curves of the respective lights with various colors and
the white sub-pixel lights, the gamma curve adjusting unit
may be configured to:

measure color coordinates of the respective lights
with various colors and color coordinates of the white
sub-pixel lights in a test picture displayed on a dis-
play, and calculate the proportion of each one of the
respective lights with various colors in the white sub-
pixel lights using color coordinates of the respective
lights with various colors and color coordinates of
the white sub-pixel lights;
calculate the proportion of each one of the respective
lights with various colors in a target white light using
color coordinates of the target white light and the

measured color coordinates of the respective lights
with various colors;
determine the maximum gray scale brightness data
of the respective lights with various colors using the
maximum gray scale brightness data of the target
white light and the proportions of the respective lights
with various colors in the target white light;
adjust gamma curves of the respective lights with
various colors respectively using the maximum gray
scale brightness data of the respective lights with
various colors;
determine the maximum gray scale brightness of the
white sub-pixel lights on the basis of the maximum
gray scale brightness values of the respective lights
with various colors and the proportion of each one
of the respective lights with various colors in the white
sub-pixel lights; and
adjust gamma curves of the white sub-pixel lights
using the maximum gray scale brightness data of
the white sub-pixel lights.

[0063] An embodiment in the present disclosure pro-
vides a WOLED display apparatus including the appara-
tus for controlling image display as described in any one
of the above embodiments.
[0064] The above apparatus for controlling image dis-
play and WOLED display apparatus provided by the em-
bodiment can make the brightness of the light with one
color in the lights emitted from the white sub-pixels just
coincide with the requirements for the brightness values
of practical display. Thus, the sub-pixels corresponding
to the color do not need to emit lights and may reduce
power consumption to maximum extent. Meanwhile, as
the brightness of the respective lights with various colors
in the lights emitted by the white sub-pixels, the insuffi-
cient parts of the lights with other colors are calculated
and compensated by the lights emitted by the sub-pixels
corresponding to the other colors, so as to avoid the color
cast.
[0065] Therefore, the above method and apparatus
provided by embodiments in the present disclosure may
provide a simple calculation method when adjusting the
display data, reduce power consumption and eliminate
color cast.
[0066] Although the above embodiments are given
with reference to RGB three sub-pixels, the present dis-
closure is not limited to this. For example, the embodi-
ments in the present disclosure may also be used in the
display apparatus with the sub-pixels for other colors
such as red, green, blue or yellow.
[0067] The specific functions of the respective units in
the apparatus for controlling image display in the present
disclosure substantially coincide with those described in
the above method for controlling image display. Thus,
the details may be found in the description for the method
and will be omitted below.
[0068] The present disclosure provides a display ap-
paratus including an apparatus for controlling image dis-
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play of a WOLED display apparatus.
[0069] The above embodiments are only intended to
further explain the object, solution and advantages in the
present disclosure by way of examples, instead of limiting
the present invention. It would be appreciated by those
skilled in the art that various changes, modifications or
equivalents will also fall within the scope of the present
invention, without departing from the principles and spirit
of the disclosure.

Claims

1. A method for controlling image display of a WOLED
display apparatus, comprising:

converting gray scale data of respective lights
with various colors inputted by a signal source
into brightness data of the respective lights with
various colors;
acquiring brightness adjustment data of white
sub-pixel lights and brightness adjustment data
of the respective lights with various colors on
the basis of the brightness data of the respective
lights with various colors and proportions of the
respective lights with various colors in the white
sub-pixel lights;
converting the brightness adjustment data of
white sub-pixel lights and brightness adjustment
data of the respective lights with various colors
into gray scale data and outputting and display-
ing the gray scale data;
wherein the acquired brightness adjustment da-
ta of the white sub-pixel lights meet the following
two conditions:

the brightness data of a light with one color
in the lights with various colors are product
of the brightness adjustment data of the
white sub-pixel lights and a proportion of the
light with one color in the white sub-pixel
lights; and
the brightness data of each one of the lights
with other colors in the lights with various
colors are greater than product of the bright-
ness adjustment data of the white sub-pixel
lights and the proportion of the one of the
lights with other colors in the white sub-pixel
lights.

2. The method according to claim 1, wherein the bright-
ness data of the light with one color are zero and the
brightness adjustment data of each one of the lights
with other colors are differences between.

3. The method according to claim 1, wherein acquiring
brightness adjustment data of white sub-pixel lights
and brightness adjustment data of the respective

lights with various colors on the basis of the bright-
ness data of the respective lights with various colors
and proportions of the respective lights with various
colors in the white sub-pixel lights comprises:

selecting one of the respective lights with vari-
ous colors as a present color light and calculat-
ing the brightness adjustment data of the white
sub-pixel light when the brightness data of the
present color light are product of the brightness
adjustment data of the white sub-pixel lights and
the proportion of the present color light in the
white sub-pixel lights;
subtracting the calculated product of the bright-
ness adjustment data of the white sub-pixel
lights and the proportion of each one of the lights
with various colors other than the present color
light in the white sub-pixel lights from the bright-
ness data of the one of the lights with various
colors other than the present color light, to cal-
culate the brightness adjustment value of each
one of the lights with various colors other than
the present color light;
determining whether the calculated brightness
adjustment value of each one of the lights with
various colors other than the present color light
is greater than zero;
outputting the brightness adjustment data of the
white sub-pixel light and the brightness adjust-
ment data of each one of the lights with various
colors other than the present color light and out-
putting the brightness adjustment data of the
present color light in the respective lights with
various colors as zero if the calculated bright-
ness adjustment value of each one of the lights
with various colors other than the present color
light is greater than zero, otherwise, selecting
another one of the respective lights with various
colors as the present color light and repeating
the above steps to recalculate the brightness
adjustment data of the white sub-pixel light and
the brightness adjustment data of the respective
lights with various colors.

4. The method according to any one of claims 1 to 3,
wherein the proportions of the respective lights with
various colors in the white sub-pixel light are ob-
tained by measuring color coordinates of light emit-
ted by white sub-pixels and color coordinates of
lights emitted by respective sub-pixels with various
colors.

5. The method according to claim 1, wherein converting
gray scale data of respective lights with various
colors inputted by a signal source into brightness
data of the respective lights with various colors and
converting the brightness adjustment data of white
sub-pixel lights and brightness adjustment data of
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the respective lights with various colors into gray
scale data are achieved by conversion based on
gamma curves of the respective lights with various
colors and the white sub-pixel lights.

6. The method according to claim 5, further comprising:
adjusting the gamma curves of the respective lights
with various colors and the white sub-pixel lights in
advance before conversion based on gamma curves
of the respective lights with various colors and the
white sub-pixel lights is done.

7. The method according to claim 6, wherein adjusting
the gamma curves of the respective lights with var-
ious colors and the white sub-pixel lights in advance
comprises:

measuring color coordinates of the respective
lights with various colors in a test picture dis-
played on a display;
calculating the proportion of each one of the re-
spective lights with various colors in a target
white light using color coordinates of the target
white light and the measured color coordinates
of the respective lights with various colors;
determining the maximum gray scale brightness
data of the respective lights with various colors
using the maximum gray scale brightness data
of the target white light and the proportions of
the respective lights with various colors in the
target white light; and
adjusting gamma curves of the respective lights
with various colors respectively using the max-
imum gray scale brightness data of the respec-
tive lights with various colors.

8. The method according to claim 6, wherein adjusting
the gamma curves of the respective lights with var-
ious colors and the white sub-pixel lights in advance
comprises:

measuring color coordinates of the respective
lights with various colors and color coordinates
of the white sub-pixel lights in a test picture dis-
played on a display, and calculating the propor-
tion of each one of the respective lights with var-
ious colors in the white sub-pixel lights using
color coordinates of the respective lights with
various colors and color coordinates of the white
sub-pixel lights;
determining the maximum gray scale brightness
data of the white sub-pixel lights on the basis of
the maximum gray scale brightness values of
the respective lights with various colors and the
proportion of each one of the respective lights
with various colors in the white sub-pixel light;
and
adjusting gamma curves of the white sub-pixel

lights using the maximum gray scale brightness
data of the white sub-pixel lights.

9. The method according to claim 8, wherein the max-
imum gray scale brightness data of the white sub-
pixel lights meets the following two conditions:

the maximum gray scale brightness value of a
light with one color in the lights with various
colors are product of the maximum gray scale
brightness value of the white sub-pixel lights and
the proportion of the light with one color in the
white sub-pixel lights; and
the maximum gray scale brightness value of
each one of the lights with other colors in the
lights with various colors is greater than product
of the maximum gray scale brightness value of
the white sub-pixel lights and the proportion of
the one of the lights with other colors in the white
sub-pixel lights.

10. The method according to claim 9, wherein the max-
imum gray scale values of the respective lights with
various colors are obtained by the adjusted gamma
curves of the respective lights with various colors.

11. The method according to any one of claims 1 to 3
and 5 to 10, wherein the various colors comprise
three colors of red, green and blue.

12. An apparatus for controlling image display of a
WOLED display apparatus, comprising:

a converting unit configured to convert gray
scale data of respective lights with various colors
inputted by a signal source into brightness data
of the respective lights with various colors;
an adjusting unit configured to acquire bright-
ness adjustment data of white sub-pixel lights
and brightness adjustment data of the respec-
tive lights with various colors on the basis of the
brightness data of the respective lights with var-
ious colors and proportions of the respective
lights with various colors in the white sub-pixel
lights;
an inverse converting unit configured to convert
the brightness adjustment data of white sub-pix-
el lights and brightness adjustment data of the
respective lights with various colors into gray
scale data and outputting and displaying the
gray scale data;
wherein the brightness adjustment data of the
white sub-pixel lights acquired by the adjusting
unit meet the following two conditions:

the brightness data of a light with one color
in the lights with various colors are product
of the brightness adjustment data of the
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white sub-pixel lights and a proportion of the
light with one color in the white sub-pixel
lights; and
the brightness data of each one of the lights
with other colors in the lights with various
colors are greater than product of the bright-
ness adjustment data of the white sub-pixel
lights and the proportion of the one of the
lights with other colors in the white sub-pixel
lights.

13. The apparatus according to claim 12, wherein the
adjusting unit is configured to:

select one of the respective lights with various
colors as a present color light and to calculate
the brightness adjustment data of the white sub-
pixel lights when the brightness data of the
present color light are equal to product of the
brightness adjustment data of the white sub-pix-
el lights and the proportion of the present color
light in the white sub-pixel lights;
subtract the calculated product of the brightness
adjustment data of the white sub-pixel lights and
the proportion of each one of the lights with var-
ious colors other than the present color light in
the white sub-pixel lights from the brightness da-
ta of the one of the lights with various colors
other than the present color light, to calculate
the brightness adjustment value of each one of
the lights with various colors other than the
present color light;
determine whether the calculated brightness ad-
justment value of each one of the lights with var-
ious colors other than the present color light is
greater than zero;
output the brightness adjustment data of the
white sub-pixel light and the brightness adjust-
ment data of each one of the lights with various
colors other than the present color light and out-
put the brightness adjustment data of the
present color light in the respective lights with
various colors as zero if the calculated bright-
ness adjustment value of each one of the lights
with various colors other than the present color
light is greater than zero, otherwise, select an-
other one of the respective lights with various
colors as the present color light and repeat the
above steps to recalculate the brightness ad-
justment data of the white sub-pixel light and the
brightness adjustment data of the respective
lights with various colors.

14. The apparatus according to claim 12, further com-
prising:

a gamma curve adjusting unit configured to ad-
just gamma curves of the respective lights with

various colors and the white sub-pixel lights be-
fore controlling image display.

15. The apparatus according to claim 14, wherein the
gamma curve adjusting unit is configured to:

measure color coordinates of the respective
lights with various colors and color coordinates
of the white sub-pixel lights in a test picture dis-
played on a display, and calculate the proportion
of each one of the respective lights with various
colors in the white sub-pixel lights using color
coordinates of the respective lights with various
colors and color coordinates of the white sub-
pixel lights;
calculate the proportion of each one of the re-
spective lights with various colors in a target
white light using color coordinates of the target
white light and the measured color coordinates
of the respective lights with various colors;
determine the maximum gray scale brightness
data of the respective lights with various colors
using the maximum gray scale brightness data
of the target white light and the proportions of
the respective lights with various colors in the
target white light
adjust gamma curves of the respective lights
with various colors respectively using the max-
imum gray scale brightness data of the respec-
tive lights with various colors;
determine the maximum gray scale brightness
data of the white sub-pixel lights on the basis of
the maximum gray scale brightness values of
the respective lights with various colors and the
proportion of each one of the respective lights
with various colors in the white sub-pixel lights;
and
adjust gamma curves of the white sub-pixel
lights using the maximum gray scale brightness
data of the white sub-pixel lights.

16. A WOLED display apparatus comprising the appa-
ratus for controlling image display according to any
one of claims 12 to 15.
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个灯的灰度数据转换为具有各种颜色的各个灯的亮度数据;基于各种颜色
的各个灯的亮度数据和白色子像素中各种颜色的各种颜色的比例，获取
白色子像素光的亮度调节数据和各种颜色的各个灯的亮度调节数据灯;将
白色子像素光的亮度调节数据和各种颜色的各个光的亮度调节数据转换
成灰度数据，并输出和显示灰度数据。上述方法和装置在调整显示数据
时提供了简单的计算方法，并且可以消除偏色。
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