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(57) ABSTRACT

Embodiments of the present disclosure disclose a display
apparatus, an electroluminescent display panel and a method
of acquiring and displaying an image by the display appa-
ratus. The display apparatus includes an electroluminescent
display panel; and a camera. The electroluminescent display
panel includes: a substrate; and a plurality of pixel units
disposed in a display area on the substrate and each includ-
ing at least two sub-pixels. The display area has an image
acquiring region including the sub-pixels, at least one of the
sub-pixels in the image acquiring region has an opaque
display zone and a transparent zone, and the camera is
disposed on a side, facing away from the pixel units, of the
substrate of the electroluminescent display panel.
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Acquiring, by the camera, an image having a first resolution while /
no picture is displayed through the sub-pixels in the image acquiring
region of the electroluminescent display panel

. . . _ . S902
Displaying the acquired image at a second resolution, wherein /
the first resolution is a multiple of the second resolution
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DISPLAY APPARATUS,
ELECTROLUMINESCENT DISPLAY PANEL
AND METHOD OF ACQUIRING AND
DISPLAYING IMAGE BY DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Chinese
Patent Application No. 201710602326.5, filed with the State
Intellectual Property Office of China on Jul. 21, 2017, the
whole disclosure of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, and particularly to a display apparatus, an
electroluminescent display panel and a method of acquiring
and displaying an image by the display apparatus.

BACKGROUND

[0003] At present, a demand of the market for a screen
ratio of display products is increasingly high. It is hoped that
a display has a screen ratio of more than 90% or even 100%.
However, in existing display products, such as mobile
phones, a non-display area is needed in order to provide a
front camera module, so that a large-screen design or a
full-screen design cannot be achieved. On the other hand,
even if in the display products, the front camera module can
be placed in a display area, a region where a display cannot
be carried out is formed in the display area to adversely
affect continuity of the display, which is unfavorable to a
display effect. Thus, it is a technical problem to be solved
urgently in the art how to achieve the full-screen design with
no influence on the display.

SUMMARY

[0004] Embodiments of the present disclosure provide a
display apparatus comprises: an electroluminescent display
panel; and a camera disposed in an image acquiring region
of the electroluminescent display panel, wherein the elec-
troluminescent display panel comprises: a substrate; and a
plurality of pixel units disposed in a display area on the
substrate and each comprising at least two sub-pixels,
wherein: the display area has the image acquiring region
comprising the sub-pixels, at least one of the sub-pixels in
the image acquiring region has an opaque display zone and
a transparent zone, and each of the sub-pixels comprises an
organic light-emitting structure and a control circuit con-
nected with the organic light-emitting structure; the control
circuit is disposed only in the opaque display zone and the
organic light-emitting structure is disposed at least in the
opaque display zone; and the camera is disposed on a side,
facing away from the pixel units, of the substrate of the
electroluminescent display panel.

[0005] In an embodiment, the organic light-emitting struc-
ture comprises: an anode, an electroluminescent material
and a cathode, which are stacked in sequence on the sub-
strate; and a portion of the anode in the opaque display zone
is areflecting electrode and is electrically connected with the
control circuit, and the cathode is a transparent electrode.
[0006] In an embodiment, the display apparatus further
comprises: a processor configured to process an image
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acquired by the camera and displayed at a first resolution, to
display the processed image at a second resolution, wherein
the first resolution is a multiple of the second resolution.

[0007] Embodiments of the present disclosure further pro-
vide an electroluminescent display panel comprising: a
substrate; and a plurality of pixel units disposed in a display
area on the substrate and each comprising at least two
sub-pixels, wherein: the display area has an image acquiring
region comprising the sub-pixels, at least one of the sub-
pixels in the image acquiring region has an opaque display
zone and a transparent zone, and each of the sub-pixels
comprises an organic light-emitting structure and a control
circuit connected with the organic light-emitting structure;
and the control circuit is disposed only in the opaque display
zone and the organic light-emitting structure is disposed at
least in the opaque display zone.

[0008] In an embodiment, the organic light-emitting struc-
ture comprises: an anode, an electroluminescent material
and a cathode, which are stacked in sequence on the sub-
strate; and a portion of the anode in the opaque display zone
is areflecting electrode and is electrically connected with the
control circuit, and the cathode is a transparent electrode.

[0009] In an embodiment, the electroluminescent materi-
als of the sub-pixels in each of the pixel units are configured
to emit lights of different colors.

[0010] In an embodiment, the electroluminescent materi-
als of the sub-pixels in each of the pixel units are configured
to emit white lights; the organic light-emitting structure
further comprises: a color filter on a side of the cathode
facing away from the electroluminescent material; and the
color resistances of the sub-pixels in each of the pixel units
have different colors.

[0011] In an embodiment, the plurality of pixel units are
arranged in an array.

[0012] In an embodiment, in the image acquiring region,
the opaque display zone and the transparent zone of each of
the sub-pixels are arranged in a column direction, the opaque
display zones in each row of sub-pixels are arranged in a
same position, and the transparent display zones in each row
of sub-pixels are arranged in a same position; the opaque
display zones in each odd-numbered row of sub-pixels and
the opaque display zones in each even-numbered row of
sub-pixels are arranged in different positions, and the trans-
parent zones in each odd-numbered row of sub-pixels and
the transparent zones in each even-numbered row of sub-
pixels are arranged in different positions; and the opaque
display zones or the transparent zones in every two adjacent
rows of sub-pixels are disposed adjacent to each other.
[0013] In an embodiment, in the image acquiring region,
the opaque display zone and the transparent zone of each of
the sub-pixels are arranged in a row direction, the opaque
display zones in each column of sub-pixels are arranged in
a same position, and the transparent zones in each column of
sub-pixels are arranged in a same position; the opaque
display zones in each odd-numbered column of sub-pixels
and the opaque display zones in each even-numbered col-
umn of sub-pixels are arranged in different positions, and the
transparent zones in each odd-numbered column of sub-
pixels and the transparent zones in each even-numbered
column of sub-pixels are arranged in different positions; and
the opaque display zones or the transparent zones in every
two adjacent columns of sub-pixels are disposed adjacent to
each other.
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[0014] In an embodiment, the organic light-emitting struc-
ture is disposed in both the opaque display zone and the
transparent zone.

[0015] In an embodiment, the organic light-emitting struc-
ture is disposed only in the opaque display zone.

[0016] In an embodiment, the organic light-emitting struc-
ture further comprises: a pixel defining layer which sepa-
rates both the portion of the anode and a portion of the
electroluminescent material in the opaque display zone from
both a portion of the anode and a portion of the electrolu-
minescent material in the transparent zone.

[0017] In an embodiment, the transparent zone occupies
30%-70% of an area of the sub-pixel.

[0018] Embodiments of the present disclosure further pro-
vide a method of acquiring and displaying an image by the
above display apparatus, comprising: acquiring, by the cam-
era, an image having a first resolution while no picture is
displayed through the sub-pixels in the image acquiring
region of the electroluminescent display panel; and display-
ing the acquired image at a second resolution, wherein the
first resolution is a multiple of the second resolution.
[0019] In an embodiment, displaying the acquired image
at the second resolution comprises: by assuming that at least
every two adjacent pixels in the image having the first
resolution are a set of pixels, displaying sub-pixels of each
color in each set of pixels, at an average of the sub-pixels of
the each color.

[0020] In an embodiment, displaying the acquired image
at the second resolution comprises: displaying ones, having
a luminance greater than a preset luminance threshold value,
of pixels in the image having the first resolution.

[0021] In an embodiment, displaying the acquired image
at the second resolution comprises: obtaining a transition
image by removing ones, having a luminance less than a
preset luminance threshold value, of the pixels in the image
having the first resolution; and by assuming that at least
every two adjacent pixels in the transition image are a set of
pixels, displaying sub-pixels of each color in each set of
pixels, at an average of the sub-pixels of the each color.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIGS. 1 and 2 are schematic views showing a
structure of a display product in the prior art, respectively;
[0023] FIG. 3 is a schematic view showing a structure of
an electroluminescent display panel according to an embodi-
ment of the present disclosure;

[0024] FIGS. 44, 4b and 4¢ are schematic section views
taken along the line aa in FIG. 3, respectively;

[0025] FIGS. 5a and 56 are schematic views showing
structures of an image acquiring region in the electrolumi-
nescent display panel according to an embodiment of the
present disclosure, respectively;

[0026] FIG. 6 is a schematic view showing a structure of
a display apparatus according to an embodiment of the
present disclosure;

[0027] FIG. 7 shows images acquired by cameras, for
comparison;
[0028] FIG. 8 is a flow diagram of a method of acquiring

and displaying an image by the display apparatus according
to the embodiment of the present disclosure;

[0029] FIG. 9 is a simulated schematic diagram showing
an image displayed by the method of acquiring and display-
ing an image by the display apparatus according to the
embodiment of the present invention; and
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[0030] FIG. 10 is a schematic diagram showing a resolu-
tion reducing manner in the method of acquiring and dis-
playing an image by the display apparatus according to the
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0031] Embodiments of a display apparatus, an electrolu-
minescent display panel and a method of acquiring and
displaying an image by the display apparatus according to
embodiments of the present disclosure will be described
hereinafter in detail in conjunction with the accompanying
drawings.

[0032] Shapes and sizes of these films shown in the
accompanying drawings do not reflect real proportion of the
electroluminescent display panel, but are intended only to
illustrate the contents of this disclosure.

[0033] In a mobile phone as shown in FIG. 1, a non-
display area 02 is needed in order to provide a front camera
module 03, so that a large-screen design or a full-screen
design cannot be achieved. A corresponding island-shaped
perforated region 04 is disposed in a display area 01 of a
display product as shown in FIG. 2, to provide the front
camera module 03 in the display area 01. Although the front
camera module 03 can be placed in the display area 01 to
avoid a non-display area design, the island-shaped perfo-
rated region 04 where a display cannot be carried out is
formed in the display area 01 to adversely affect continuity
of the display, which is unfavourable to a display effect.
[0034] Embodiments of the present disclosure provide a
display apparatus as shown in FIG. 6. The display apparatus
includes: an electroluminescent display panel 10 as shown in
FIGS. 3 and 4b; and a camera 20 disposed in an image
acquiring region of the electroluminescent display panel.
The electroluminescent display panel includes: a substrate
100; and a plurality of pixel units 200 disposed in a display
area A on the substrate and each including at least two
sub-pixels 210. The display area A has an image acquiring
region B including the sub-pixels, at least one of the
sub-pixels in the image acquiring region B has an opaque
display zone C and a transparent zone D, and each of the
sub-pixels 210 includes an organic light-emitting structure
211 and a control circuit 212 connected with the organic
light-emitting structure 211. The control circuit 212 is dis-
posed only in the opaque display zone C and the organic
light-emitting structure is disposed at least in the opaque
display zone C. The camera 20 is disposed on a side, facing
away from the pixel units 200, of the substrate 100 of the
electroluminescent display panel.

[0035] In an embodiment, the organic light-emitting struc-
ture 211 includes: an anode 2111, an electroluminescent
material 2112 and a cathode 2113, which are stacked in
sequence on the substrate 100; and a portion of the anode
2111 in the opaque display zone C is a reflecting electrode
and is electrically connected with the control circuit 212, and
the cathode 2113 is a transparent electrode.

[0036] In an embodiment, the display apparatus further
includes a processor 300 configured to process an image
acquired by the camera 20 and displayed at a first resolution,
to display the processed image at a second resolution. The
first resolution is a multiple of the second resolution.
[0037] As shown in FIGS. 3 and 44, an electroluminescent
display panel according to the embodiments of the present
disclosure includes: a substrate 100; and a plurality of pixel
units 200 disposed in a display area A on the substrate 100,
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arranged in an array, and each including at least two sub-
pixels 210. The display area A has an image acquiring region
B including the sub-pixels 210. A camera 20 is disposed
under the image acquiring region B (the phase “under the
image acquiring region B” as used herein means that the
camera 20 is on a side of the substrate 100 facing away from
the pixel units 200. The camera acquires an image through
the image acquiring region B.

[0038] Each of the sub-pixels 210 in the image acquiring
region B has an opaque display zone C and a transparent
zone D, and each of the sub-pixels 210 includes an organic
light-emitting structure 211 and a control circuit 212 con-
nected with the organic light-emitting structure 211. The
control circuit 212 is disposed only in the opaque display
zone C and the organic light-emitting structure 211 is
disposed at least in the opaque display zone C.

[0039] Specifically, in the electroluminescent display
panel according to the embodiments of the present disclo-
sure, each of the sub-pixels 210 in the image acquiring
region B is divided into the opaque display zone C and the
transparent zone D. Thereby, the camera placed under the
image acquiring region B can acquire an image through the
transparent zone D, so that a camera function is achieved in
the display area A, which is favorable to an achievement of
a full-screen display design. Further, the control circuit 212
of each of the sub-pixels 210 in the image acquiring region
B is disposed only in the opaque display zone C, and the
organic light-emitting structure 211 electrically connected
with the control circuit 212 is disposed in both the trans-
parent zone D and the opaque display zone C. Therefore, a
display function is achieved in both the transparent zone D
and the opaque display zone C while it is ensure that the
transparent zone D is light-transmissible, with no adverse
influence on a normal display of the display panel, thereby
guaranteeing continuity of the display.

[0040] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, a size of the image acquiring region B in
the display area A may be set according to the required
number of cameras, to determine the number of the sub-
pixels 210 included in the image acquiring region B. Fur-
thermore, the number of the image acquiring regions B is not
limited herein, and may be one, ot else may also be two or
more.

[0041] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, generally the transparent zone D occu-
pies 30%-70% of a total area of the sub-pixel 210. A specific
value needs to be set according to actual requirements.
[0042] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, as shown in FIG. 4a, the organic light-
emitting structure 211 specifically includes: an anode 2111,
an electroluminescent material 2112 and a cathode 2113,
which are stacked in sequence on the substrate 100; and a
portion of the anode 2111 in the opaque display zone C is a
reflecting electrode and is electrically connected with the
control circuit 212, and the cathode 2113 is a transparent
electrode.

[0043] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, the organic light-emitting structure 211
may be disposed only in the opaque display zone C. In other
words, the organic light-emitting structure 211 is not dis-
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posed in the transparent zone D. In this way, when a display
is performed, no light is emitted in the transparent area D.
When this structure is manufactured, a separate patterning is
needed to be performed on each of the anode 2111, the
electroluminescent material 2112, and the cathode 2113.
[0044] Or, in the electroluminescent display panel accord-
ing to the embodiments of the present disclosure, as shown
in FIGS. 4a and 4c, the organic light-emitting structure 211
may also be disposed in both the opaque display zone C and
the transparent zone D. In this way, when a display is
performed, light is emitted in both the opaque display zone
C and the transparent area D. When this structure is manu-
factured, no separate patterning is needed to be performed
on each of the electroluminescent material 2112 and the
cathode 2113.

[0045] Or, in the electroluminescent display panel accord-
ing to the embodiments of the present disclosure, as shown
in FIG. 45, the organic light-emitting structure 211 may be
disposed in both the opaque display zone C and the trans-
parent zone D, and a pixel defining layer F is used to
separate both the portion of the anode 2111 and a portion of
the electroluminescent material 2112 in the opaque display
zone C from a portion of the anode 2111 and a portion of the
electroluminescent material 2112 in the transparent zone D.
In other words, it is ensured that no light is emitted in the
transparent area D when a display is performed. When this
structure is manufactured, no separate patterning is needed
to be performed on each of the anode 2111, the electrolu-
minescent material 2112, and the cathode 2113.

[0046] It is to be noted that in the electroluminescent
display panel according to the embodiments of the present
disclosure, all types of organic light-emitting structures 211
or only one or two types of organic light-emitting structures
211, of the above three types of organic light-emitting
structures 211 may be included, and there is no limitation on
specifics about the included types of organic light-emitting
structures herein.

[0047] Specifically, the anode 2111 may be disposed in a
multiple-film structure. For example, as shown in FIG. 4a,
the anode 2111 may include a reflection film disposed in the
opaque display zone C, and a transparent electrode film
disposed in both the opaque display zone C and the trans-
parent zZone D.

[0048] Furthermore, in addition to the anode 2111, the
electroluminescent material 2112 and the cathode 2113, the
organic light-emitting structure 211 may include other func-
tional films. For example, the organic light-emitting struc-
ture 211 may further include a hole transport layer, an
electronic barrier layer, and the like between the anode 2111
and the electroluminescent material 2112, which will not be
described in detail.

[0049] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, the electroluminescent materials 2112 of
the sub-pixels 210 in each of the pixel units 200 are
configured to emit lights of different colors. In other words,
the electroluminescent materials 2112 of the sub-pixels 210
in each of the pixel units 200 are different and need to be
manufactured separately. For example, the electrolumines-
cent materials 2112 of the sub-pixels 210 in each of the pixel
units 200 may be configured to emit ared light, a green light,
a blue light, and the like.

[0050] Alternatively, in a specific implementation, in the
electroluminescent display panel according to the embodi-
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ments of the present disclosure, the electroluminescent
materials 2112 of the sub-pixels 210 in each of the pixel
units 200 are configured to emit white lights. In other words,
the electroluminescent materials 2112 of the sub-pixels 210
are the same and may be manufactured simultaneously. In
this case, in order to achieve different colors of the sub-
pixels 210, as shown in FIG. dc, the organic light-emitting
structure 211 may further include: a color filter 2114 on a
side of the cathode 2113 facing away from the electrolumi-
nescent material 2112; and the color filters 2114 of the
sub-pixels 210 in each of the pixel units 200 have different
colors, and for example may include red, blue and green
filter 2114.

[0051] In a specific implementation, in the electrolumi-
nescent display panel according to the embodiments of the
present disclosure, an existence of the opaque display zone
C in the image acquiring region B will obstruct and interfere
with an acquisition of an image by the camera under the
image acquiring region B. In order to reduce an adverse
influence on the acquisition of the image by the camera
under the image acquiring region, positions of the opaque
display zones C and the transparent display zones D may be
adjusted so that the opaque display zones C and the trans-
parent display zones D are combined into a continuous
large-area light-intransmissible section and a continuous
large-area light-transmissible section as far as possible,
thereby facilitating a subsequent image processing.

[0052] Based on this concept, in a specific implementa-
tion, in the electroluminescent display panel according to the
embodiments of the present disclosure, as shown in FIG. 5a,
in the image acquiring region B, when the opaque display
zone C and the transparent zone D of each of the sub-pixels
210 are arranged in a column direction, the opaque display
zones C in each odd-numbered row of sub-pixels 210 may
be arranged in a same position, and the transparent zones D
in each odd-numbered row of sub-pixels 210 are arranged in
a same position; and the opaque display zones C in each
even-numbered row of sub-pixels 210 may be arranged in a
same position, and the transparent zones D in each even-
numbered row of sub-pixels 210 are arranged in a same
position, so that the opaque display zones C or the trans-
parent zones D in every two adjacent rows of sub-pixels 210
may be disposed adjacent to each other, forming substan-
tially continuous large-area light-intransmissible and light-
transmissible sections in rows. For example, in FIG. 5a,
three light-intransmissible sections and two light-transmis-
sible sections are formed, thereby facilitating a subsequent
processing of an image.

[0053] Alternatively, in a specific implementation, in the
electroluminescent display panel according to the embodi-
ments of the present disclosure, as shown in FIG. 5, in the
image acquiring region B, when the opaque display zone C
and the transparent zone D of each of the sub-pixels 210 are
arranged in a row direction, the opaque display zones C in
each odd-numbered column of sub-pixels 210 may be
arranged in a same position, and the transparent zones D in
each odd-numbered column of sub-pixels 210 are arranged
in a same position; and the opaque display zones C in each
even-numbered column of sub-pixels 210 may be arranged
in a same position, and the transparent zones D in each
even-numbered column of sub-pixels 210 are arranged in a
same position, so that the opaque display zones C or the
transparent zones D in every two adjacent columns of
sub-pixels 210 may be continuously arranged, forming
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continuous large-area light-intransmissible and light-trans-
missible sections. For example, in FIG. 55, three light-
intransmissible sections and two light-transmissible sections
are formed, thereby facilitating a subsequent processing of
an image.

[0054] Embodiments of the present disclosure provide a
display apparatus. The display apparatus may include any
products or parts having a displaying function, such as a
mobile phone, a tablet computer, a TV, a display, a notebook
computer, a digital frame. and a navigator. The embodiments
of the electroluminescent display panel may be referred to
for implementations of the display apparatus and repeated
contents are no longer described for the sake of brevity.
[0055] Specifically, as shown in FIG. 6, a display appa-
ratus according to embodiments of the present disclosure
includes: the electroluminescent display panel 10 according
to the embodiments of the present disclosure; and a camera
20 disposed in an image acquiring region B of the electrolu-
minescent display panel 10.

[0056] The camera 20 is disposed on a side, facing away
from the pixel units 200, of the substrate 100 of the
electroluminescent display panel 10.

[0057] Specifically, in the display apparatus according to
the embodiments of the present disclosure, the number of the
camera(s) 20 may be one or more and is specifically set
according to actual requirements, and one or more cameras
20 may be disposed in the same image acquiring region B.
The number of the camera(s) 20 and the number of the
camera(s) 20 disposed in the same image acquiring region B
are not limited herein.

[0058] Specifically, in the display apparatus according to
the embodiments of the present disclosure, the camera
placed under the image acquiring region B acquires an
image through the transparent zone D, so that a camera
function is achieved in the display area A, which is favorable
to an achievement of a full-screen display design.

[0059] However, due to an obstruction of the opaque
display zone C in the image acquiring region B, as shown in
FIG. 7, an image acquired by the camera 20 through the
electroluminescent display panel 10 are blurred as shown in
the right figure in FIG. 7, while the left figure in FIG. 7 is
an image taken by the same camera without an obstruction
of the electroluminescent display panel 10.

[0060] In view of this, the image acquired by the display
apparatus according to the embodiment of the present dis-
closure cannot be directly displayed, and needs to be sub-
jected to a processing to ensure that a clear image can be
displayed. Therefore, embodiments of the present disclosure
further provide a method of acquiring and displaying an
image by the above display apparatus. As shown in FIG. 8,
the method includes the following steps.

[0061] Inastep S901, an image having a first resolution is
acquired by the camera while no picture is displayed through
the sub-pixels in the image acquiring region of the elec-
troluminescent display panel. In other words, when a shoot
needs to be performed by the camera, a displaying of a
picture in the image acquiring region is stopped. After the
shoot is completed, the display of the picture in the image
acquiring region is resumed. In this way, an adverse influ-
ence of the displaying of the picture on the acquisition of the
image by the camera can be reduced.

[0062] In a step S902, the acquired image is displayed at
a second resolution. The first resolution is a multiple of the
second resolution.
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[0063] Specifically, in the method according to the
embodiments of the present disclosure, as schematically
shown in FIG. 9, the left figure is an original image taken by
the camera, and the middle figure is an image taken by the
camera placed under the image acquiring region. When the
image acquired by the camera placed under the image
acquiring region is displayed, it is displayed by reducing a
resolution of the image, so that the high-resolution blurred
image is converted into the low-resolution clear image as the
resolution-reduced image shown in the right figure in FIG.
9. In this way, a clarity of the image can be improved.

[0064] Ina specific implementation, in the method accord-
ing to the embodiments of the present disclosure, there are
many processing manners to reduce the resolution of the
image having the first resolution.

[0065] Specifically, in the method according to the
embodiments of the present disclosure, a specific implemen-
tation manner of displaying the acquired image at the second
resolution in the step S902 may specifically include:

[0066] by assuming that at least every two adjacent pixels
in the image having the first resolution are a set of pixels,
displaying sub-pixels of each color in each set of pixels, at
an average of the sub-pixels of the each color. For example,
as shown in FIG. 10, 2*2 pixels are combined into a set of
pixels. The left figure is the image having the first resolution,
while the right figure is the image having the second
resolution. The red sub-pixels is displayed at a gray scale
value of the red sub-pixels which is an average of the red
sub-pixels, namely,

Ri+Ry+R3+ Ry

R=
4

the blue sub-pixels is displayed at a gray scale value of the
blue sub-pixels which is an average of the blue sub-pixels,
namely,

Bi+B, +Bs+ B

B=
7 >

and the green sub-pixels is displayed at a gray scale value of
the green sub-pixels which is an average of the green
sub-pixels, namely,

G +G+G3+ Gy

G=
4

[0067] Specifically, in the method according to the
embodiments of the present disclosure, another specific
implementation manner of displaying the acquired image at
the second resolution in the step S902 may specifically
include:

[0068] displaying ones, having a luminance greater than a
preset luminance threshold value, of pixels in the image
having the first resolution. In this way, ones, having a low
luminance value and located at positions obstructed by the
opaque display zones, of the pixels in the image having the
first resolution may be removed so that the others of the
pixels are displayed for the image.
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[0069] Specifically, in the method according to the
embodiments of the present disclosure, a further specific
implementation manner of displaying the acquired image at
the second resolution in the step S902 may specifically
include:
[0070] obtaining a transition image by removing ones,
having a luminance less than a preset luminance threshold
value, of the pixels in the image having the first resolution;
and
[0071] by assuming that at least every two adjacent pixels
in the transition image are a set of pixels, displaying
sub-pixels of each color in each set of pixels, at an average
of the sub-pixels of the each color.
[0072] In this way, ones, having a low luminance value
and located at positions obstructed by the opaque display
zones, of the pixels in the image having the first resolution
may be first removed, and then in combination with the
above first specific implementation manner, the rest of the
pixels are divided into sets of pixels, so that each set of
pixels are displayed at averages of the each set of pixels for
the image.
[0073] It is to be noted that the above three resolution
reducing manners according to the embodiments of the
present disclosure are only illustrative, and there may also be
other resolution reducing manners which are not described
herein for the sake of brevity.
[0074] With the electroluminescent display panel, the dis-
play apparatus, and the method of acquiring and displaying
an image by the display apparatus, the image acquiring
region is disposed in the display area, and each of the
sub-pixels in the image acquiring region is divided into the
opaque display zone and the transparent zone. Thereby, the
camera placed under the image acquiring region can acquire
an image through the transparent zone, so that a camera
function is achieved in the display area, which is favorable
to an achievement of a full-screen display design. Further,
the control circuit of each of the sub-pixels in the image
acquiring region is disposed only in the opaque display zone,
and the organic light-emitting structure electrically con-
nected with the control circuit is disposed at least in the
opaque display zone. Therefore, a display function is
achieved in both the transparent zone and the opaque display
zone while it is ensured that the transparent zone is light-
transmissible, with no adverse influence on a normal display
of the display panel, thereby guaranteeing continuity of the
display. Furthermore, when the image acquired by the
camera placed under the image acquiring region is dis-
played, it may be displayed by reducing a resolution of the
image, to improve a clarity of the image.
[0075] Apparently, various changes and modifications to
the present disclosure may be made by those skilled in the
art without departing from the spirit and scope of the
disclosure. Therefore, if these amendments and modifica-
tions to the present disclosure belong to the scope defined in
the appended claims of the present disclosure and their
equivalents, the present disclosure is intended to include the
changes and modifications.

1-18. (canceled)

19. A display apparatus comprising:

an electroluminescent display panel;, and a camera,

wherein:

the electroluminescent display panel comprises:

a substrate comprising a display area; and

a plurality of sub-pixels disposed in the display area,
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the display area has at least one image acquiring region
comprising continuous ones of the plurality of sub-
pixels, and at least one of the sub-pixels in the image
acquiring region has an opaque display zone and a
transparent zone which is configured to enable the
camera to acquire an image;

the camera is disposed on a side, facing away from the
plurality of sub-pixels, of the substrate of the electrolu-
minescent display panel; and

an orthogonal projection of the camera on the substrate at
least partly overlaps an orthogonal projection of the
transparent zones in the image acquiring region on the
substrate.

20. The display apparatus of claim 19, wherein:

each of the sub-pixels in the image acquiring region
comprises an organic light-emitting structure and a
control circuit connected with the organic light-emit-
ting structure.

21. The display apparatus of claim 20, wherein:

the control circuit is disposed only in the opaque display
zone and the organic light-emitting structure is dis-
posed at least in the opaque display zone.

22. The display apparatus of claim 20, wherein:

the organic light-emitting structure comprises: an anode,
an electroluminescent material and a cathode, which
are stacked in sequence on the substrate; and

a portion of the anode in the opaque display zone is a
reflecting electrode and is electrically connected with
the control circuit, and the cathode is a transparent
electrode.

23. The display apparatus of claim 19, further comprising:

a processor configured to process an image acquired by
the camera and having a first resolution, to display the
processed image at a second resolution, wherein the
first resolution is a multiple of the second resolution.

24. The display apparatus of claim 21, wherein:

the organic light-emitting structure is disposed in both the
opaque display zone and the transparent zone, or the
organic light-emitting structure is disposed only in the
opaque display zone.

25. The display apparatus of claim 19, wherein:

the orthogonal projection of the camera on the substrate
overlaps an orthogonal projection of the image acquir-
ing region on the substrate.

26. An electroluminescent display panel comprising:

a substrate comprising a display area; and

a plurality of sub-pixels disposed in the display area,
wherein:

the display area has at least one image acquiring region
comprising continuous ones of the plurality of sub-
pixels, and at least one of the sub-pixels in the image
acquiring region has an opaque display zone and a
transparent zone which is configured to enable a cam-
era to acquire an inmage.

27. The electroluminescent display panel of claim 26,

wherein:

each of the sub-pixels in the image acquiring region
comprises an organic light-emitting structure and a
control circuit connected with the organic light-emit-
ting structure.

28. The electroluminescent display panel of claim 27,

wherein:
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the control circuit is disposed only in the opaque display
zone and the organic light-emitting structure is dis-
posed at least in the opaque display zone.
29. The electroluminescent display panel of claim 27,
wherein:
the organic light-emitting structure comprises: an anode,
an electroluminescent material and a cathode, which
are stacked in sequence on the substrate; and
a portion of the anode in the opaque display zone is a
reflecting electrode and is electrically connected with
the control circuit, and the cathode is a transparent
electrode.
30. The electroluminescent display panel of claim 26,
wherein:
in the image acquiring region,
the sub-pixels are arranged in an array, the opaque display
zone and the transparent zone of each of the sub-pixels
are arranged in a column direction, and the opaque
display zones and the transparent zones of each row of
sub-pixels are arranged in an array comprising a first
sub-row and a second sub-row;
in each odd-numbered row of sub-pixels, the opaque
display zones are arranged in one of the first sub-row
and the second sub-row, and the transparent zones are
arranged in the other of the first sub-row and the second
sub-row;
in each even-numbered row of sub-pixels, the transparent
zones are arranged in the one of the first sub-row and
the second sub-row, and the opaque display zones are
arranged in the other of the first sub-row and the second
sub-row; and
the first or second sub-row of transparent zones in one row
of sub-pixels of at least two adjacent rows of sub-pixels
are disposed to be adjacent to the second or first
sub-row of transparent zones in the other row of
sub-pixels of the at least two adjacent rows of sub-
pixels.
31. The electroluminescent display panel of claim 26,
wherein:
in the image acquiring region,
the sub-pixels are arranged in an array, the opaque display
zone and the transparent zone of each of the sub-pixels
are arranged in a row direction, and the opaque display
zones and the transparent zones of each column of
sub-pixels are arranged in an array comprising a first
sub-column and a second sub-column;
in each odd-numbered column of sub-pixels, the opaque
display zones are arranged in one of the first sub-
column and the second sub-column, and the transparent
zones are arranged in the other of the first sub-column
and the second sub-column;
in each even-numbered column of sub-pixels, the trans-
parent zones are arranged in the one of the first sub-
column and the second sub-column, and the opaque
display zones are arranged in the other of the first
sub-column and the second sub-column; and
the first or second sub-column of transparent zones in one
column of sub-pixels of at least two adjacent columns
of sub-pixels are disposed to be adjacent to the second
or first sub-column of transparent zones in the other
column of sub-pixels of the at least two adjacent
columns of sub-pixels.
32. The electroluminescent display panel of claim 28,
wherein:
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the organic light-emitting structure is disposed in both the
opaque display zone and the transparent zone, or
the organic light-emitting structure is disposed only in the
opaque display zone.
33. The electroluminescent display panel of claim 29,
wherein:
the organic light-emitting structure further comprises: a
pixel defining layer which separates both the portion of
the anode and a portion of the electroluminescent
material in the opaque display zone from both a portion
of the anode and a portion of the electroluminescent
material in the transparent zone.
34. The electroluminescent display panel of claim 26,
wherein:
the transparent zone occupies 30%-70% of an area of the
sub-pixel.
35. Amethod of acquiring and displaying an image by the
display apparatus of claim 19, the method comprising:
acquiring, by the camera, an image having a first resolu-
tion while no picture is displayed through the sub-
pixels in the image acquiring region of the electrolu-
minescent display panel; and
displaying the acquired image at a second resolution,
wherein the first resolution is a multiple of the second
resolution.
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36. The method of claim 35, wherein:

displaying the acquired image at the second resolution
comprises:

by assuming that at least every two adjacent pixels in the
image having the first resolution are a set of pixels,
displaying sub-pixels of each color in each set of pixels,
at an average of gray scale values of the sub-pixels of
the each color.

37. The method of claim 35, wherein:

displaying the acquired image at the second resolution
comprises:

displaying ones, having a luminance greater than a preset
luminance threshold value, of pixels in the image
having the first resolution.

38. The method of claim 35, wherein:

displaying the acquired image at the second resolution
comprises:

obtaining a transition image by removing ones, having a
luminance less than a preset luminance threshold value,
of the pixels in the image having the first resolution;
and

by assuming that at least every two adjacent pixels in the
transition image are a set of pixels, displaying sub-
pixels of each color in each set of pixels, at an average
of gray scale values of the sub-pixels of the each color.

L S S T
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