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IMAGE RECONSTRUCTION METHOD, SYSTEM, DEVICE AND
COMPUTER-READABLE STORAGE MEDIUM

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

This application claims priority to the following Chinese Patent Applications: (1)
CN201910177941.5, filed on 7 March, 2019, entitled “Method, Apparatus, Terminal,
Capturing System, and Device for Setting Capturing Devices”, (2) CN201910172743.X, filed on
7 March, 2019, entitled “Method, Apparatus, Medium, and Device for Generating Multi-Angle
Free-Perspective Image Data”, (3) CN201910172727.0, filed on 7 March, 2019, entitled
“Method, Apparatus, Medium, and Server for Generating Multi-angle Free-perspective Video
Data”, (4) CN201910172742.5, filed on 7 March, 2019, entitled “Method, Apparatus, Medium,
Terminal, and Device for Processing Multi-Angle Free-Perspective Data”, (5)
CN201910172729.X, filed on 7 March, 2019, entitled “Method, Apparatus, Medium, Terminal,
and Device for Multi-Angle Free-Perspective Interaction”, (6) CN201910173415.1, filed on 7
March, 2019, entitled “Method, Apparatus, Medium, Terminal, and Device for Multi-Angle
Free-Perspective Interaction”, (7) CN201910173413.2, filed on 7 March, 2019, entitled
“Method, Apparatus, Medium, and Device for Processing Multi-Angle Free-Perspective Image
Data”, (8) CN201910173414.7, filed on 7 March, 2019, entitled “Method, Apparatus, Medium,
and Device for Processing Multi-Angle Free-Perspective Video Data”, (9) CN201910172761.8,
filed on 7 March, 2019, entitled “Video Generating Method, Apparatus, Medium, and
Terminal”, (10) CN201910172717.7, filed on 7 March, 2019, entitled “Video Reconstruction
Method, System, Device, and Computer Readable Storage Medium”, (11)
CN201910172720.9, filed on 7 March, 2019, entitled “Image Reconstruction Method, System,
Device, and Computer-Readable Storage Medium”, which are all hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

Example embodiments of the present disclosure relate to the field of image processing

technology, and in particular, to an image reconstruction method, system, device, and

computer-readable storage medium.
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BACKGROUND

With the continuous development of interconnection technologies, more and more
video platforms continuously improve visual experience of user by providing videos with
higher definition or viewing smoothness.

However, for videos with a strong sense of live experience, such as the image of a
basketball game, the user often can only watch the game through one viewpoint position
during viewing, and cannot switch the viewpoint position freely to view the game picture or
game process at different perspective positions.

The 6 degrees of freedom (6DoF) technology is a technology for providing a high
degree of freedom of the viewing experience. The user may adjust the perspective of viewing
with interactive measures, so as to view from a desired free viewpoint angle. Thus, the
viewing experience may be significantly enhanced. When the 6DoF image is viewed at any
moment of the process, the user may choose to pause the video, so that the user may stay in
this wonderful moment to have 6DoF free-perspective experience.

In order to realize 6DoF images, there are currently Free-D playback technology and
light field rendering technology. The Free-D playback technology expresses 6DoF images
through the point cloud. The point cloud expresses and stores the three-dimensional
positions and pixel information of all points in space. The light field rendering technology
establishes the light field database of the scenario through a set of pre-shot scenario photos
under the condition that the content does not require depth information or association of the
image. Then, for any given new viewpoint, the view of the viewpoint is obtained through
resampling and bilinear interpolation operations, so as to achieve the roaming of the entire
scenario.

However, both the Free-D playback technology and the light field rendering
technology require a very large amount of data operation. In addition, currently, there is no
good standard or industrial software and hardware supporting the compression of the point
cloud, which is not conducive to be promoted and popularized.

SUMMARY

This Summary is provided to introduce a selection of implementations in a simplified

form that are further described below in Detailed Description. This Summary is not intended

to identify all features of the claimed subject matter, nor is it intended to be used alone as an
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aid in determining the scope of the claimed subject matter. The term “techniques,” for
instance, may refer to device(s), system(s), method(s) and/or processor-readable/computer-
readable instructions as permitted by the context above and throughout the present
disclosure.

In view of the above, example embodiments of the present disclosure provide an
image reconstruction method, system, device, and computer-readable storage medium to
reduce the amount of data operation during the multi-degree-of-freedom image
reconstruction.

In one aspect, example embodiments of the present disclosure provide an image
reconstruction method. The method includes acquiring a multi-angle free-perspective image
combination, parameter data of the image combination, and virtual viewpoint position
information based on user interaction, wherein the image combination includes multiple
groups of texture images and depth maps that are synchronized at multiple angles and have
corresponding relationships; selecting a corresponding group of texture images and depth
maps in the image combination at a user interaction moment based on a preset rule according
to the virtual viewpoint position information and the parameter data of the image
combination; and combining and rendering the selected corresponding group of texture
images and depth maps in the image combination at the user interaction moment based on
the virtual viewpoint position information and parameter data corresponding to the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment, to obtain a reconstructed image corresponding to the virtual viewpoint
position at the user interaction moment.

In an example embodiment, selecting the corresponding group of texture images and
depth maps data in the image combination at the user interaction moment based on the
preset rule according to the virtual viewpoint position information and the parameter data of
the image combination includes: selecting the corresponding group of texture images and the
depth maps in the image combination at the user interaction moment that satisfies a preset
positional relationship and/or a preset quantitative relationship with the virtual viewpoint
position according to the virtual viewpoint position information and the parameter data of

the image combination.
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In an example embodiment, selecting the corresponding group of texture images and
the depth maps in the image combination at the user interaction moment that satisfies the
preset positional relationship and/or the preset quantitative relationship with the virtual
viewpoint position according to the virtual viewpoint position information and the parameter
data of the image combination includes: selecting a preset number of corresponding groups
of texture images and the depth maps that are closest to the virtual viewpoint position in the
image combination at the user interaction moment according to the virtual viewpoint position
information and the parameter data of the image combination.

In an example embodiment, combining and rendering the selected corresponding
group of texture images and depth maps in the image combination at the user interaction
moment based on the virtual viewpoint position information and parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment to obtain the reconstructed image
corresponding to the virtual viewpoint position at the user interaction moment comprises:
respectively projecting the depth maps of the corresponding group in the image combination
at the user interaction moment to the virtual viewpoint position at the user interaction
moment according to a spatial geometric relationship, to form a depth map of the virtual
viewpoint position; and copying from pixel points in the texture images of the corresponding
group to generated virtual texture images corresponding to the virtual viewpoint position
according to the projected depth maps, to form the virtual texture images corresponding to
the corresponding group in the image combination at the user interaction moment; and
fusing the virtual texture images corresponding to the corresponding group in the image
combination at the user interaction moment.

In an example embodiment, fusing the virtual texture images corresponding to the
corresponding group in the image combination at the user interaction moment to obtain the
reconstructed image of the virtual viewpoint position at the user interaction moment
comprises: performing weighting processing on pixels in corresponding positions in the virtual
texture images corresponding to respective corresponding groups in the image combination
at the user interaction moment, to obtain pixel values of the corresponding positions in the
reconstructed image of the virtual viewpoint position at the user interaction moment; and for

a position where a pixel value is zero in the reconstructed image of the virtual viewpoint
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position at the user interaction moment, performing inpainting using pixels around the pixel
in the reconstructed image, to obtain the reconstructed image of the virtual viewpoint
position at the user interaction moment.

In an example embodiment, wherein fusing the virtual texture images corresponding
to the corresponding group in the image combination at the user interaction moment to
obtain the reconstructed image of the virtual viewpoint position at the user interaction
moment comprises: for a position where a pixel value is zero in the virtual texture images
corresponding to respective corresponding groups in the image combination at the user
interaction moment, performing inpainting using around pixel values respectively; and
performing weighting processing on pixel values in corresponding positions in the virtual
texture images corresponding to the respective corresponding groups after the inpainting, to
obtain the reconstructed image of the virtual viewpoint position at the user interaction
moment.

On another aspect, example embodiments of the present disclosure provide an image
reconstruction system. The system includes: an acquiring unit, adapted to acquire multiple-
angle free-perspective image combination, parameter data of the image combination, and
the virtual viewpoint position information based on user interaction, where the image
combination includes multiple groups of texture images and the depth maps that are
synchronized at multiple angles and have corresponding relationships; a selecting unit,
adapted to select a corresponding group of texture images and the depth maps in the image
combination at the user interaction moment based on a preset rule according to the virtual
viewpoint position information and the parameter data of the image combination; and an
image reconstruction unit, adapted to combine and render the selected corresponding group
of texture images and depth maps in the image combination at the user interaction moment
based on the virtual viewpoint position information and parameter data corresponding to the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment, to obtain a reconstructed image corresponding to the virtual viewpoint
position at the user interaction moment

Example embodiments of the present disclosure further provide an image
reconstruction device, including a memory and a processor. The memory stores computer

instructions thereon that can run on the processor. When the processor runs the computer
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instructions, the processor performs the steps of the image reconstruction method according
to any one of the above example embodiments.

In an example embodiment, the image reconstruction device includes at |least one of
a terminal device and an edge node.

Example embodiments of the present disclosure further provide a computer-readable
storage medium having computer instructions stored thereon. When the computer
instructions are executed, steps of the image reconstruction method of any one of the above
example embodiments are performed.

With the image reconstruction methods in the example embodiments of the present
disclosure, by acquiring a multi-angle free-perspective image combination, parameter data of
the image combination, and virtual viewpoint position information based on user interaction,
wherein the image combination includes multiple groups of texture images and depth maps
that are synchronized at multiple angles and have corresponding relationships; and selecting
a corresponding group of texture images and depth maps in the image combination at a user
interaction moment based on a preset rule according to the virtual viewpoint position
information and the parameter data of the image combination; and next, it is only necessary
to combine and render the selected corresponding group of texture images and depth maps
in the image combination at the user interaction moment based on the virtual viewpoint
position information and parameter data corresponding to the corresponding group of
texture images and depth maps in the image combination at the user interaction moment.
There is no need to perform image reconstruction based on the texture maps and depth maps
of all groups in the image combination. Thus, the amount of data operation during the image
reconstruction may be reduced.

Further, the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies a preset positional relationship
and/or a preset quantitative relationship with the virtual viewpoint position is selected
according to the virtual viewpoint position information and the parameter data of the image
combination. Thus, a higher degree of freedom and flexibility of selection may be provided in
the case of reducing the amount of data operation and ensuring the quality of the

reconstructed image. In addition, installation requirements for the shooting devices that
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capture images are also lowered, thereby facilitating the adaption to different site
requirements and easy operation of installation.

Further, a preset number of corresponding groups of texture images and the depth
maps that are closest to the virtual viewpoint position in the image combination at the user
interaction moment is selected according to the virtual viewpoint position information and
the parameter data of the image combination. Thus, the amount of data operation may be
reduced and the reconstructed image quality may be guaranteed.

Further, texture images and depth maps corresponding to 2 to N capturing devices
closest to the virtual viewpoint position are selected according to the virtual viewpoint
position information and the parameter data corresponding to the corresponding group of
texture images and depth maps in the image combination at the user interaction moment,
where N is the number of all capturing devices that capture the image combination. Thus,
texture images and corresponding depth maps captured by multiple capturing devices that
are closest to the virtual viewpoint position may be selected according to needs. Thus, the
reconstructed image that satisfies the definition requirements may be obtained with as little
data as possible. Meanwhile, transmission resources may also be saved.

Further, performing forward projection on the selected depth maps of the
corresponding group in the image combination at the user interaction moment respectively,
to project to the virtual position at the user interaction moment; performing post-processing
on the depth maps after the forward projection respectively; next, performing backward
projection on the selected texture images of the corresponding group in the image
combination at the user interaction moment respectively; and fusing respective virtual
texture images generated after the backward projection. After the above processing, the
reconstructed image of the image combination at the user interaction moment. Because
merely some of the texture images and depth maps in the image combination are used to
perform the reconstruction, and the used multi-angle free-perspective image data of the
image combination including texture images and depth maps occupies a relatively low data
amount, processing resources may be saved and video reconstruction efficiency may be

improved.
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Further, inpainting is performed on the fused texture image to obtain the
reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment. The reconstructed image quality may be improved.

Further, during the post-processing of the depth map after the forward projection, by
performing foreground padding processing on the depth maps after the forward projection
respectively, and/or performing pixel-level filtering processing on the depth maps after the
forward projection respectively, the quality of the reconstructed depth map may be
improved.

Further, fusing the respective virtual texture images generated after the backward
projection using a global weight determined by a distance between the virtual viewpoint
position and a position of a capturing device that captures a corresponding texture image in
the image combination, according to the virtual viewpoint position information and the
parameter data corresponding to the corresponding group of texture images and depth maps
inthe image combination at the user interaction moment, may make the reconstructed image
more real, and further improve the quality of the reconstructed image.

Further, by performing the image reconstruction using the methods of the example
embodiments of the disclosure after decoding acquired compressed multi-angle free-
perspective image data, network transmission resources may be further saved. Moreover,
the compression may also be performed in the general compression manner with the
compression software and hardware. Thus, the method is conducive to be promoted and
popularized.

Further, the image reconstruction solutions in the example embodiments of the
present disclosure are applied to devices such as terminal devices, edge node devices, and
the like, and may be adapted to devices with limited computing capabilities such as terminal
devices, edge node devices, and the like, to satisfy the needs of the user for viewing images

based on the virtual viewpoint, and enhance the user's visual experience.

BRIEF DESCRIPTION OF THE DRAWINGS
In order toillustrate the example embodiments of the present disclosure more clearly,
the drawings used in the description of the example embodiments will be briefly introduced

below. Apparently, the drawings in the following description represent some of the example
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embodiments of the present disclosure, and other drawings may be obtained from these
drawings by those skilled in the art without any creative efforts.

FIG. 1 is a schematic diagram of a to-be-viewed area in an example embodiment of
the present disclosure;

FIG. 2 is a schematic diagram of a setting method of capturing devices in an example
embodiment of the present disclosure;

FIG. 3 is a schematic diagram of a multi-angle free-perspective display system in an
example embodiment of the present disclosure;

FIG. 4 is a schematic diagram of a display of a device in an example embodiment of
the present disclosure;

FIG. 5 is a schematic diagram of a control on a device in an example embodiment of
the present disclosure;

FIG. 6 is a schematic diagram of another control on a device in an example
embodiment of the present disclosure;

FIG. 7 is a schematic diagram of a setting method of capturing devices in an example
embodiment of the present disclosure;

FIG. 8 is a schematic diagram of another control on a device in an example
embodiment of the present disclosure;

FIG. 9 is a schematic diagram of another device display in an example embodiment of
the present disclosure;

FIG. 10 is a flowchart of a setting method of capturing devices in an example
embodiment of the present disclosure;

FIG. 11 is a schematic diagram of a multi-angle free-perspective range in an example
embodiment of the present disclosure;

FIG. 12 is a schematic diagram of another multi-angle free-perspective range in an
example embodiment of the present disclosure;

FIG. 13 is a schematic diagram of another multi-angle free-perspective range in an
example embodiment of the present disclosure;

FIG. 14 is a schematic diagram of another multi-angle free-perspective range in an

example embodiment of the present disclosure;
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FIG. 15 is a schematic diagram of another multi-angle free-perspective range in an
example embodiment of the present disclosure;

FIG. 16 is a schematic diagram of another setting method of capturing devices in an
example embodiment of the present disclosure;

FIG. 17 is a schematic diagram of another setting method of capturing devices in an
example embodiment of the present disclosure;

FIG. 18 is a schematic diagram of another setting method of capturing devices in an
example embodiment of the present disclosure;

FIG. 19 is a flowchart of a method for generating multi-angle free-perspective data in
an example embodiment of the present disclosure;

FIG. 20 is a schematic diagram of distribution positions of the pixel data and the depth
data of a single image in an example embodiment of the present disclosure;

FIG. 21 is a schematic diagram of distribution positions of the pixel data and the depth
data of another single image in an example embodiment of the present disclosure;

FIG. 22 is a schematic diagram of distribution positions of the pixel data and the depth
data of an image in an example embodiment of the present disclosure;

FIG. 23 is a schematic diagram of distribution positions of the pixel data and the depth
data of another image in an example embodiment of the present disclosure;

FIG. 24 is a schematic diagram of distribution positions of the pixel data and the depth
data of another image in an example embodiment of the present disclosure;

FIG. 25 is a schematic diagram of distribution positions of the pixel data and the depth
data of another image in an example embodiment of the present disclosure;

FIG. 26 is a schematic diagram of image area stitching in an example embodiment of
the present disclosure;

FIG. 27 is a schematic diagram of a structure of a stitched image in an example
embodiment of the present disclosure;

FIG. 28 is a schematic diagram of another structure of a stitched image in an example
embodiment of the present disclosure;

FIG. 29 is a schematic diagram of another structure of a stitched image in an example

embodiment of the present disclosure;
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FIG. 30 is a schematic diagram of another structure of a stitched image in an example
embodiment of the present disclosure;

FIG. 31 is a schematic diagram of another structure of a stitched image in an example
embodiment of the present disclosure;

FIG. 32 is a schematic diagram of another structure of a stitched image in an example
embodiment of the present disclosure;

FIG. 33 is a schematic diagram of the pixel data distribution of an image in an example
embodiment of the present disclosure;

FIG. 34 is a schematic diagram of another pixel data distribution of an image in an
example embodiment of the present disclosure;

FIG. 35 is a schematic diagram of data storage in a stitched image in an example
embodiment of the present disclosure;

FIG. 36 is a schematic diagram of another data storage in a stitched image in an
example embodiment of the present disclosure;

FIG. 37 is a flowchart of an image reconstruction method in an example embodiment
of the present disclosure;

FIG. 38 is a schematic structural diagram of an image reconstruction system in an
example embodiment of the present disclosure;

FIG. 39 is a schematic diagram of a process for generating multi-angle free-perspective
data in an example embodiment of the present disclosure;

FIG. 40 is a schematic diagram of a multi-camera 6DoF capturing system in an example
embodiment of the present disclosure;

FIG. 41 is a schematic diagram of generating and processing of 6DoF video data in an
example embodiment of the present disclosure;

FIG. 42 is a structural schematic diagram of the data header file in an example
embodiment of the present disclosure;

FIG. 43 is a schematic diagram of 6DoF video data processing on the user side in an
example embodiment of the present disclosure;

FIG. 44 is a schematic diagram of input and output of an image reconstruction system

in an example embodiment of the present disclosure;
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FIG. 45 is a schematic diagram of an implementation architecture of an image

reconstruction method in an example embodiment of the present disclosure.
DETAILED DESCRIPTION

To enable a person of ordinary skill in the art to better understand the solutions of the
present disclosure, hereinafter, technical solutions in the example embodiments of the
present disclosure will be clearly and thoroughly described with reference to the
accompanying drawings in the example embodiments of the present disclosure. Example
embodiments described herein merely represent some of the example embodiments of the
present disclosure. Other example embodiments obtained by a person of ordinary skill in the
art based on the example embodiments of the present disclosure without making creative
efforts should fall within the scope of the present disclosure.

As described above, currently, in order to achieve the multi-degree-of-freedom image,
a large amount of data operation is required. For example, in the manner of expressing the
multi-degree-of-freedom image with the point cloud, since the point cloud expresses and
stores the three-dimensional positions and pixel information of all points in space, a very large
storage capacity is required. Accordingly, during the image reconstruction process, a very
large amount of data operation is required. With the above image reconstruction method, if
the image reconstruction is performed on the cloud, a great amount of pressure of processing
will be put on the reconstruction device on the cloud. If the image reconstruction is performed
on the terminal, since the terminal has limited processing capability, it is difficult for the
terminal to handle such a large amount of data. In addition, currently, there is no good
standard or industrial software and hardware supporting the compression of the point cloud,
which is not conducive to be promoted and popularized.

For the above technical problems, example embodiments of the present disclosure
provide a solution, where by acquiring a multi-angle free-perspective image combination,
parameter data of the image combination, and virtual viewpoint position information based
on user interaction, where the image combination includes multiple groups of texture images
and depth maps that are synchronized at multiple angles and have corresponding
relationships; and next selecting a corresponding group of texture images and depth maps in
the image combination at a user interaction moment based on a preset rule according to the

virtual viewpoint position information and the parameter data of the image combination; and
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combining and rendering the selected corresponding group of texture images and depth maps
in the image combination at the user interaction moment based on the virtual viewpoint
position information and parameter data corresponding to the corresponding group of
texture images and depth maps in the image combination at the user interaction moment,
the reconstructed image of the image combination at the user interaction moment may be
obtained. Because the entire image reconstruction process only need to combine and render
the selected corresponding group of texture images and depth maps in the image
combination at the user interaction moment based on the virtual viewpoint position
information and parameter data corresponding to the corresponding group of texture images
and depth maps in the image combination at the user interaction moment, there is no need
to perform image reconstruction based on the texture maps and depth maps of all groups in
the image combination. Thus, the amount of data operation during the image reconstruction
may be reduced.

In order to make the above objectives, features, and beneficial effects of the present
disclosure more comprehensible, specific example embodiments of the present disclosure
will be described in detail hereinafter with reference to the accompanying drawings.

In the example embodiments of the present disclosure, video compression data or
image data may be acquired through capturing devices. In order to enable those skilled in the
art to better understand and implement the example embodiments of the present disclosure,
hereinafter, specific application scenarios are used for description.

As an example embodiment of the present disclosure, the following steps may be
included. The first step is capturing and depth map calculation, including three main steps,
which respectively are multi-camera video capturing, camera internal and external parameter
calculation (camera parameter estimation), and depth map calculation. For multi-camera
capturing, the videos captured by respective cameras are required to be aligned at the frame
level. Referring to FIG. 39, through the multi-camera video capturing at 3902, a texture image
may be obtained at 3904, i.e., the multiple synchronized images as described hereinafter.
Through the calculation of camera internal and external parameters at 3906, camera
parameters 3908 (i.e., the parameter data hereinafter) may be obtained, including internal
parameter data and external parameter data as described hereinafter. Through the depth

map calculation at 3910, a depth map may be obtained at 3912.
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In this solution, no special camera, such as a light field camera, is required to capture
the video. Similarly, no complicated camera calibration is required before capturing. Positions
of multiple cameras may be laid out and arranged to better capture the objects or scenarios
that need to be captured. Referring to FIG. 40, multiple capturing devices, such as camera 1
to camera N, may be set in the to-be-viewed area.

After the above three steps are processed, the texture image captured from multiple
cameras, all camera parameters, and the depth map of each camera are obtained. These
three pieces of data may be referred to as data files in multi-angle free-perspective video
data, and may also be referred to as 6 degrees of freedom video data (6DoF video data) 3914.
Because of these pieces of data, the user terminal may generate a virtual viewpoint based on
the virtual 6 degrees of freedom (DoF) position, thereby providing a 6DoF video experience.

Referring to FIG. 41, 6DoF video data and indicative data (metadata) at 4102 may be
compressed and transmitted to the user side at 4104. The user side may obtain the user-side
6DoF expression at 4106 according to the received data, i.e., the above 6DoF video data and
metadata, so as to perform 6DoF rendering on the user side, where the indicative data may
also be referred to as metadata.

Referring to FIG. 42, metadata may be used to describe the data pattern of 6DoF video
data, which may include stitching pattern metadata 4202, which is used to indicate storage
rules of the pixel data and the depth data of multiple images in the stitched image; padding
pattern metadata 4204, which may be used to indicate the padding pattern in the stitched
image; and other metadata 4206. The metadata may be stored in the data header file, and
the storage order may be as shown in FIG. 44, or may be other orders.

Referring to FIG. 43, the user terminal obtains 6DoF video data, which includes 6DoF
position 4302, camera parameters 4304, the texture image and the depth map 4306, and
descriptive metadata (i.e., the metadata described above) 4308, in addition, interaction
behavior data of the user terminal 4310. With these pieces of data, the user may use 6DoF
rendering based on depth map-based rendering (DIBR) 4312 to generate the virtual viewpoint
image at the specific 6DoF position generated according to the user behavior, that is, to
determine the virtual viewpoint of the 6DoF position corresponding to the instruction

according to the user instruction.
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In an example embodiment implemented during a test, each test example includes 20
seconds of video data. The video data is 30 frames/second with a resolution of 1920*1080.
For any one of the 30 cameras, there are 600 frames of data in total. The main folder includes
the texture image folder and the depth map folder. Under the texture image folder, the
secondary directories from 0 to 599 may be found. These secondary directories respectively
represent 600 frames of content corresponding to the 20-second video. Each secondary
directory includes texture images captured by 30 cameras, named from 0.yuv to 29.yuv in the
format of yuv420. Accordingly, in the depth map folder, each secondary directory includes 30
depth maps calculated by the depth estimation algorithm. Each depth map corresponds to
the texture image with the same name. The texture images and corresponding depth maps
of multiple cameras belong to a certain frame moment in the 20-second video.

All depth maps in the test example are generated by a preset depth estimation
algorithm. In the test, these depth maps may provide good virtual viewpoint reconstruction
quality at the virtual 6DoF position. In one case, a reconstructed image of the virtual viewpoint
may be generated directly from the given depth maps. Alternatively, the depth map may also
be generated or improved by the depth calculation algorithm based on the original texture
image.

In addition to the depth map and the texture image, the test example also includes a
.sfm file, which is used to describe the parameters of all 30 cameras. The data of the .sfm file
is written in binary format. The data format is described hereinafter. Considering the
adaptability to different cameras, a fisheye camera model with distortion parameters was
used in the test. How to read and use camera parameter data from the file may be understood
with reference to DIBR reference software provided by us. The camera parameter data
includes the following fields:

(1) krt_R is the rotation matrix of the camera;

(2) krt_cc is the optical center position of the camera;

(3) krt_WorldPosition is the three-dimensional space coordinate of the camera;

(4) krt_kc is the distortion coefficient of the camera;

(5) src_width is the width of the calibration image;

(6) src_height is the height of the calibration image; and

(7) fisheye_radius and lens_fov are parameters of the fisheye camera.
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In the technical solution implemented by the present disclosure, the user may find the
detailed code of how to read the corresponding parameters in the .sfm file from the preset
parameter reading function (set_sfm_parameters function).

In video reconstruction system or DIBR software used by the example embodiments
of the present disclosure, camera parameters, the texture image, the depth map, and the
6DoF position of the virtual camera are received as inputs, and the generated texture image
and depth map at the virtual 6DoF position are output at the same time. The 6DoF position
of the virtual camera is the above 6DoF position determined according to user behavior. The
DIBR software may be the software that implements image reconstruction based on the
virtual viewpoint in the example embodiments of the present disclosure.

Referring to FIG. 44, in a DIBR software used by the example embodiments of the
present disclosure, camera parameters 4402, the texture image 4404, the depth map 4406,
and the 6DoF position of the virtual camera 4408 may be received as inputs, and generated
texture image 4410 and generated depth map 4412 at the virtual 6DoF position are output at
the same time.

Referring to FIG. 45, the image reconstruction methods implemented in the example
embodiments of the present disclosure, or the software that can implement image
reconstruction in the example embodiments of the present disclosure may include some or
all of the following processing steps: camera selection 4502, forward projection of the depth
map 4504 and 4506, postprocessing of the depth map 4508 and 4510, backward projection
of the texture image 4512 and 4514, fusion of multi-camera projected texture image 4516,
and inpainting of the image 4518.

In the above DIBR software, two cameras closest to the virtual 6DoF position may be
selected by default to generate the virtual viewpoint.

In the postprocessing step of the depth map, the quality of the depth map may be
improved by various methods, such as foreground padding, pixel-level filtering, and the like.

For the output generated image, a method for fusing texture images from two
cameras is used. The fusion weight is a global weight and is determined by the distance of the
position of the virtual viewpoint from the position of the reference camera. When the pixel
of the output virtual viewpoint image is projected to only one camera, the projected pixel

may be directly used as the value of the output pixel.
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After the fusion step, if there are still hollow pixels that have not been projected to,
an inpainting method may be used to fill the hollow pixels.

For the output depth map, for the convenience of error and analysis, a depth map
obtained by projecting from one of the cameras to the position of the virtual viewpoint may
be used as the output.

Additionally, 6DoF position of the virtual camera 4520 and camera parameters 4522
may be used as the input for the camera selection step 4502.

Those skilled in the art may understand that the above example embodiments are
merely examples and are not limitations on the implementation manners. The technical
solutions in the example embodiments of the present disclosure will be further described
hereinafter.

Referring to the schematic diagram of the to-be-viewed area as shown in FIG. 1, the
to-be-viewed area may be a basketball court, and multiple capturing devices may be provided
to perform data capturing on the to-be-viewed area.

For example, referring to FIG. 2, several capturing devices may be set along a certain
path at a height H ik higher than the hoop. For example, six capturing devices may be set along
the arc, i.e., the capturing devices CJ; to Cls. Those skilled in the art may understand that the
setting position, number, and supporting manners of the capturing devices may be various,
and there is no limitation herein.

The capturing device may be a camera or a video camera capable of synchronous
shooting, for example, a camera or a video camera capable of synchronous shooting through
a hardware synchronization line. With multiple capturing devices capturing data in the to-be-
viewed area, multiple images or video streams in synchronization may be obtained. According
to the video streams captured by multiple capturing devices, multiple synchronized frame
images may also be obtained as multiple synchronized images. Those skilled in the art may
understand that, ideally, the term synchronization refers to corresponding to the same
moment, but the existence of errors and deviations may also be tolerated.

Referring to FIG. 3, in the example embodiments of the present disclosure, data may
be captured in the to-be-viewed area through the capturing system 31 including multiple
capturing devices. The acquired multiple synchronized images may be processed by the

capturing system 31 or the server 32 to generate multi-angle free-perspective data which is
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capable of supporting the device 33 that performs displaying to perform virtual viewpoint
switching. The device 33 that performs displaying may display the reconstructed image
generated based on the multi-angle free-perspective data. The reconstructed image
corresponds to the virtual viewpoint. According to the user instruction, reconstructed images
corresponding to different virtual viewpoints may be displayed, and the viewing position and
viewing angle may be switched.

In implementations, the process of performing video reconstruction or image
reconstruction to obtain a reconstructed image may be implemented by the device 33 that
performs displaying, or may be implemented by a device located on a Content Delivery
Network (CDN) in an edge computing manner. Those skilled in the art may understand that
FIG. 3 is merely an example, and is not a limitation on the capturing system, the server, the
device that performs displaying, and the implementation manner.

The process of video reconstruction based on multi-angle free-perspective data will
be described in detail hereinafter with reference to FIG. 38 and FIG. 39 and will not be
repeated herein.

Referring to FIG. 4, following the previous example, the user may watch the to-be-
viewed area through the device that performs displaying. In this example embodiment, the
to-be-viewed area is a basketball court. As described above, the viewing position and viewing
angle may be switched.

For example, the user may slide on the surface of the screen to switch the virtual
viewpoint. In an example embodiment of the present disclosure, referring to FIG. 5, when the
user slides along the surface of the screen with his/her finger to the right, the virtual
viewpoint for viewing may be switched. Still referring to FIG. 2, the virtual viewpoint before
sliding may be VP;. The virtual viewpoint may be VP, after the virtual viewpoint is switched
by sliding along the surface of the screen. Referring to FIG. 6, after sliding the screen, the
reconstructed image displayed on the screen may be as shown in FIG. 6. The reconstructed
image may be obtained by performing image reconstruction based on multi-angle free-
perspective data generated from data captured by multiple capturing devices in an actual
capturing scenario.

Those skilled in the art may understand that the image viewed before switching may

also be a reconstructed image. The reconstructed image may be a frame image in a video
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stream. In addition, there are various manners to switch the virtual viewpoint according to
the user instruction, which is not limited herein.

In implementations, the virtual viewpoint may be represented by 6 degrees of
freedom (DoF) coordinates, where the spatial position of the virtual viewpoint may be
represented as (x, y, z), and the perspective may be represented as three directions of
rotation (8, o, v).

The virtual viewpoint is a three-dimensional concept. Three-dimensional information
is required to generate the reconstructed image. In an implementation manner, the multi-
angle free-perspective data may include the depth data for providing third-dimensional
information outside the plane image (the texture image). Compared with other
implementation manners, such as providing three-dimensional information through point
cloud data, the data amount of the depth data is smaller. Implementation manners of
generating multi-angle free-perspective data will be described in detail hereinafter with
reference to FIG. 19 to FIG. 37 and will not be repeated herein.

In the example embodiments of the present disclosure, the switching of the virtual
viewpoint may be performed within a certain range, which is the multi-angle free-perspective
range. That is, within the multi-angle free-perspective range, the position of the virtual
viewpoint and the perspective may be arbitrarily switched.

The multi-angle free-perspective range is related to the arrangement of the capturing
devices. The broader the shooting coverage of the capturing devices is, the larger the multi-
angle free-perspective range is. The quality of the picture displayed by the device that
performs displaying is related to the number of capturing devices. Generally, the more the
number of capturing devices is set, the fewer the number of the hollow areas in the displayed
picture is.

Referring to FIG. 7, if two rows {an upper row and a lower row) of capturing devices
are set in the basketball court, i.e., the upper row of capturing devices Cl1 to Cls and the lower
row of capturing devices CJi* to Clg’, respectively, compared with setting only one row of
capturing devices, the multi-angle free-perspective range thereof is greater.

Referring to FIG. 8, the user's finger may slide upward to switch the virtual viewpoint
for viewing. Referring to FIG. 9, after sliding along the surface of the screen, the image

displayed on the screen may be as shown in FIG. 9.
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In implementations, if only one row of capturing devices is set, a certain degree of
freedom in the vertical direction may also be obtained in the process of image reconstruction
to obtain the reconstructed image, but the multi-angle free-perspective range thereof is
smaller than the free-perspective range of the scenario where two rows of capturing devices
are set in the vertical direction.

It may be understood by those skilled in the art that the above respective example
embodiments and corresponding drawings are merely for illustrative purposes and are not
intended to limit the association relationship between the setting of the capturing devices
and the multi-angle free-perspective range, nor are they limitations of operation manners or
obtained display effects of the device that performs displaying.

Hereinafter, a setting method of capturing devices is further described.

FIG. 10 is a flowchart of a setting method 1000 of capturing devices in an example
embodiment of the present disclosure. In the example embodiments of the present
disclosure, the following steps may be included:

Step S1002, determining a multi-angle free-perspective range, where virtual
viewpoint switching viewing in the to-be-viewed area is supported within the multi-angle
free-perspective range.

Step S1004, determining setting positions of the capturing devices according to at
least the multi-angle free-perspective range, where the setting positions are suitable for
setting the capturing devices to perform data capturing in the to-be-viewed area.

Those skilled in the art may understand that a completely free perspective may refer
to a perspective with 6 degrees of freedom. That is, the user may freely switch the spatial
position and perspective of the virtual viewpoint on the device that performs displaying,
where the spatial position of the virtual viewpoint may be expressed as (x, vy, z), and the
perspective may be expressed as three directions of rotation (8, o, y). There are 6 degrees
of freedom in total, and thus the perspective is referred to as a perspective with 6 degrees of
freedom.

As described above, in the example embodiments of the present disclosure, the
switching of the virtual viewpoint may be performed within a certain range, which is the multi-
angle free-perspective range. That is, within the multi-angle free-perspective range, the

position of the virtual viewpoint and the perspective may be arbitrarily switched.
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The multi-angle free-perspective range may be determined according to the needs of
the application scenario. For example, in some scenarios, the to-be-viewed area may have a
core focus, such as the center of the stage, or the center of the basketball court, or the hoop
of the basketball court. In such scenarios, the multi-angle free-perspective range may include
a planar or three-dimensional area including the core focus. Those skilled in the art may
understand that the to-be-viewed area may be a point, a plane, or a three-dimensional area,
which is not limited herein.

As described above, the multi-angle free-perspective range may be various areas, and
further examples are described hereinafter with reference to FIG. 11 to FIG. 15.

Referring to FIG. 11, point O represents the core focus. The multi-angle free-
perspective range may be a sector area with the core focus as the center and located in the
same plane as the core focus, such as the sector area AjOA;, or the sector area B10B,. The
multi-angle free-perspective range may also be a circular plane centered at point O.

Taking the multi-angle free-perspective range as the sector area A10A; as an example,
the position of the virtual viewpoint may be continuously switched in this area. For example,
the position of the virtual viewpoint may be continuously switched from A; along the arc
segment AjA; to A,. Alternatively, the position of the virtual viewpoint may also be
continuously switched along the arc segment LiL,. Alternatively, the position is switched in
the multi-angle free-perspective range in other manners. Accordingly, the perspective of the
virtual viewpoint may also be changed in this area.

Further referring to FIG. 12, the core focus may be the center point E of the basketball
court. The multi-angle free-perspective range may be a sector area with the center point E as
the center and located in the same plane as the center point E, such as the sector area
F121EF122. The center point E of the basketball court may be located on the ground of the court.
Alternatively, the center point E of the basketball court may be at a certain height from the
ground. The height of the arc endpoint F121 and the height of the arc endpoint F122 of the
sector area may be the same, for example, the height H121 in the figure.

Referring to FIG. 13, the core focus is represented by point O. The multi-angle free-
perspective range may be a part of a sphere centered on the core focus. For example, the

area C1C,C3Cs is used to illustrate a partial area of the spherical surface, and the multi-angle
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free-perspective range may be a three-dimensional range formed by the area C1C,C3Cs and
the point O. Any point within this range may be used as the position of the virtual viewpoint.

Further referring to FIG. 14, the core focus may be the center point E of the basketball
court. The multi-angle perspective range may be a part of the sphere centered on the center
point E. For example, the area F131F132F133F134 illustrates a partial area of the spherical surface.
The multi-angle free-perspective range may be a three-dimensional range formed by the area
F131F132 F133F134 and the center point E.

In the scenario with the core focus, the position of the core focus may be various, and
the multi-angle free-perspective range may also be various, which are not listed herein one
by one. Those skilled in the art may understand that the above respective example
embodiments are merely examples and are not limitations on the multi-angle free-
perspective range. Moreover, the shapes shown therein are not limitations on actual
scenarios and applications.

In implementations, the core focus may be determined according to the scenario. In a
shooting scenario, there may also be multiple core focuses, and the multi-angle free-
perspective range may be a superposition of multiple sub-ranges.

In other application scenarios, the multi-angle free-perspective range may also be
without the core focus. For example, in some application scenarios, it is necessary to provide
multi-angle free-perspective viewing of historic buildings, or to provide multi-angle free-
perspective viewing of art exhibitions. Accordingly, the multi-angle free-perspective range
may be determined according to the requirements of these scenarios.

Those skilled in the art may understand that the shape of the degree of freedom
perspective range may be arbitrary. Any point within the multi-angle free-perspective range
may be used as the position.

Referring to FIG. 15, the multi-angle free-perspective range may be the cube
D1D;D3D4DsDeD7Ds, and the to-be-viewed area is the surface D1D;D3Da4. Then, any point in the
cube D1D2D3D4DsDeD7Ds may be used as the position of the virtual viewpoint. The perspective
of the virtual viewpoint, i.e., the viewing angle, may be various. For example, the position E¢
on the surface DsDsD7Ds may be selected to view with the perspective of EsD1 or to view along

the angle of EsDg, where the point Ds is selected from the to-be-viewed area.
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In implementations, after the multi-angle free-perspective range is determined, the
positions of the capturing devices may be determined according to the multi-angle free-
perspective range.

Specifically, the setting positions of the capturing devices may be selected within the
multi-angle free-perspective range. For example, the setting positions of the capturing
devices may be determined at boundary points of the multi-angle free-perspective range.

Referring to FIG. 16, the core focus may be the center point E of the basketball court,
and the multi-angle free-perspective range may be the sector area with the center point E as
the center and located in the same plane as the center point E, such as the sector area Fg1EFs2.
The capturing devices may be set inside the multi-angle perspective range, for example, along
the arc FesFes. Areas that are not covered by the capturing devices may be reconstructed using
algorithms. In implementations, the capturing devices may also be set along the arc Fei1Fss,
and the capturing devices may be set at the ends of the arc to improve the quality of the
reconstructed image. Each capturing device may be set towards the center point E of the
basketball court. The position of the capturing device may be represented by spatial position
coordinates, and the orientation of the capturing device may be represented by three
rotation directions.

In implementations, two or more setting positions may be set, and correspondingly,
two or more capturing devices may be set. The number of capturing devices may be
determined according to the requirements of the quality of the reconstructed image or video.
In a scenario with a higher requirement on the picture quality of the reconstructed image or
video, the number of capturing devices may be greater. In a scenario with a lower
requirement on the picture quality of the reconstructed image or video, the number of
capturing devices may be smaller.

Still referring to FIG. 16, those skilled in the art may understand that if the higher
picture quality of reconstructed image or video and a reduction in the number of holes in the
reconstructed image are pursued, a larger number of capturing devices may be set along the
arc Fs1Fs2. For example, 40 cameras may be set.

Referring to FIG. 17, the core focus may be the center point E of the basketball court,
and the multi-angle perspective range may be a part of the sphere centered on the center

point E. For example, the area FsiFs2Fs3Fes illustrates a partial area of the spherical surface,
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and the multi-angle free-perspective range may be a three-dimensional range formed by the
area Fe1Fs2 FesFsa and the center point E. The capturing devices may be set inside the multi-
angle perspective range, for example, along the arc FgsFes and the arc Fg7Fss. Similar to the
previous example, areas that are not covered by the capturing devices may be reconstructed
using algorithms. In implementations, the capturing devices may also be set along the arc
Fe1Fs2 and the arc Fs3Fes, and the capturing devices may be set at the ends of the arc to
improve the quality of the reconstructed image. Each capturing device may be set to face the
center point E of the basketball court. Those skilled in the art may understand that, although
not being shown in the figure, the number of capturing devices along the arc Fs1Fs2 may be
more than the number of capturing devices along the arc Fs3Fsa.

As described above, in some application scenarios, the to-be-viewed area may include
the core focus. Accordingly, the multi-angle free-perspective range includes the area where
the perspective is directed to the core focus. In such an application scenario, the setting
positions of the capturing devices may be selected from an arc-shaped area whose concave
direction (radius direction) points to the core focus.

When the to-be-viewed area includes the core focus, the setting positions are selected
in the arc-shaped area pointing to the core focus in the concave direction, so that the
capturing devices are arranged with an arc shape. Because the to-be-viewed area includes
the core focus, the perspective points to the core focus. In such a scenario, the capturing
devices are arranged with the arc shape, such that fewer capturing devices may be used to
cover a larger multi-angle free-perspective range.

In implementations, the setting positions of the capturing devices may be determined
with reference to the perspective range and the boundary shape of the to-be-viewed area.
For example, the setting positions of the capturing devices may be determined at a preset
interval along the boundary of the to-be-viewed area within the perspective range.

Referring to FIG. 18, the multi-angle perspective range may be without the core focus.
For example, the position of the virtual viewpoint may be selected from the hexahedron
Fg1Fs2Fs3FgaFssFseFs7Fss, and the virtual viewpoint position is used for viewing the to-be-
viewed area. The boundary of the to-be-viewed area may be the ground boundary of the
court. The capturing devices may be set along the intersecting line BssBss of the ground

boundary line with the to-be-viewed area. For example, six capturing devices may be set at

24



10

15

20

25

30

WO 2020/181128 PCT/US2020/021252

positions Bgg to Bea. The degree of freedom in the up and down direction may be realized by
an algorithm. Alternatively, another row of capturing devices may be set at the positions
where the horizontal projection positions thereof are in the intersection line Bgg to Boa.

In implementations, the multi-angle free-perspective range may also support viewing
from the upper side of the to-be-viewed area, and the upper side is in a direction away from
the horizontal plane.

Accordingly, the capturing device may be mounted on the drone to set the capturing
device on the upper side of the to-be-viewed area, or on the top of the building where the to-
be-viewed area is located. The top of the building is the structure in the direction away from
the horizontal plane.

For example, the capturing device may be set on the top of the basketball stadium, or
may hover on the upper side of the basketball court through the drone carrying the capturing
device. The capturing device may be set on the top of the stadium where the stage is located,
or may be carried by the drone.

By setting the capturing device on the upper side of the to-be-viewed area, the multi-
angle free-perspective range may include the perspective above the to-be-viewed area.

In implementations, the capturing device may be a camera or a video camera, and the
captured data may be pictures or video data.

Those skilled in the art may understand that the manner in which the capturing device
is set at the setting position may be various. For example, the capturing device may be
supported by the support frame at the setting position, or in other setting manners.

In addition, those skilled in the art may understand that the above respective example
embodiments are merely examples for illustration, and are not limitations on the setting
manner of capturing devices. In various application scenarios, the implementations of
determining the setting positions of the capturing devices and setting the capturing devices
for capturing according to the multi-angle free-perspective range are all within the protection
scope of the present disclosure.

Hereinafter, the method for generating multi-angle free-perspective data is further
described.

As described above, still referring to FIG. 3, the acquired multiple synchronized two-

dimensional images may be processed by the capturing system 31 or the server 32 to
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generate multi-angle free-perspective data that is capable of supporting the device 33 that
performs displaying to switch the virtual viewpoint. The multi-angle free-perspective data
may indicate the third-dimension information outside the two-dimensional image through
the depth data. The depth data may reflect the relative distance between the object being
shot and the camera or the shooting camera. Based on the multiple synchronized two-
dimensional images and corresponding depth data, the multi-angle free-perspective data
which is capable of supporting the device 33 that performs displaying to perform virtual
viewpoint switching may be generated.

Inimplementations, referring to FIG. 19, a method 1900 for generating the multi-angle
free-perspective data may include the following steps:

Step S1902, acquiring multiple synchronized two-dimensional images, where the
shooting angles of the multiple two-dimensional images are different;

Step S1904, determining the depth data of each two-dimensional image based on the
multiple two-dimensional images;

Step S1906, for each of the two-dimensional images, storing the pixel data of each
two-dimensional image in a first field, and storing the depth data in at least a second field
associated with the first field.

The multiple synchronized two-dimensional images may be images captured by the
camera or frame images in video data captured by the video camera. In the process of
generating the multi-angle free-perspective data, the depth data of each two-dimensional
image may be determined based on the multiple two-dimensional images.

The depth data may include depth values corresponding to pixels of the two-
dimensional image. The distance from the capturing device to each point in the to-be-viewed
area may be used as the above depth value, and the depth value may directly reflect the
geometry of the visible surface in the to-be-viewed area. The depth value may be the distance
from respective points in the to-be-viewed area along the optical axis of the camera to the
optical center, and the origin of the camera coordinate system may be used as the optical
center. Those skilled in the art may understand that the distance may be a relative value, as
long as the multiple images use the same reference.

Further, the depth data may include depth values corresponding to the pixels of the

two-dimensional image on a one-to-one basis. Alternatively, the depth data may be some
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values selected from a set of depth values corresponding to the pixels of the two-dimensional
image on a one-to-one basis.

Those skilled in the art may understand that the two-dimensional image may also be
referred to as the texture image, and the set of depth values may be stored in the form of a
depth map. In implementations, the depth data may be data obtained by down-sampling the
original depth map. The set of depth values corresponding to the pixels of the two-
dimensional image (the texture image) on a one-to-one basis is stored according to the
arrangement of pixel points of the two-dimensional image (the texture image) is the original
depth map.

In implementations, the pixel data of the two-dimensional image stored in the first
field may be original two-dimensional image data, such as data obtained from the capturing
device, or may be data with a reduced resolution of the original two-dimensional image data.
Further, the pixel data of the two-dimensional image may be original the pixel data of the
image, or the pixel data with reduced resolution. The pixel data of the two-dimensional image
may be any one of YUV data and RGB data, or may be other data capable of expressing the
two-dimensional image.

In implementations, the amount of the depth data stored in the second field may be
the same as or different from the number of pixel points corresponding to the pixel data of
the two-dimensional image stored in the first field. The amount may be determined according
to the bandwidth limitation of data transmission of the device terminal that processes the
multi-angle free-perspective image data. If the bandwidth is small, the amount of data may
be reduced in the above manners such as down-sampling or resolution reduction, and the
like.

In implementations, for each of the two-dimensional images (the texture images), the
pixel data of the two-dimensional image (the texture image) may be sequentially stored in
multiple fields in a preset order, and these fields may be consecutive or may be distributed in
an interleaving manner with the second field. The fields storing the pixel data of the two-
dimensional image (the texture image) may be used as the first fields. Hereinafter, examples
are provided for explanation.

For simplicity of description, unless otherwise specified, the images described in FIG.

20 to FIG. 25 and FIG. 33 to FIG. 36 are all two-dimensional images (texture images).
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Referring to FIG. 20, the pixel data of a two-dimensional image that is represented by
pixel 1 to pixel 6 and other pixels not shown in the figure, may be stored in multiple
consecutive fields in a preset order. These consecutive fields may be used as the first fields.
The depth data corresponding to the two-dimensional image that is represented by depth
value 1 to depth value 6 and other depth values not shown in the figure, may be stored in
multiple consecutive fields in a preset order. These consecutive fields may be used as the
second fields. The preset order may be a storing performed line by line sequentially according
to the distribution positions of the pixels of the two-dimensional image, or may be other
orders.

Referring to FIG. 21, the pixel data and corresponding depth values of a two-
dimensional image may also be stored in multiple fields alternately. Multiple fields storing the
pixel data may be used as the first fields, and multiple fields storing the depth values may be
used as the second fields.

In implementations, the depth data may be stored in the same order as the pixel data
of the two-dimensional image, so that a respective field in the first fields may be associated
with a respective field in the second fields, thereby reflecting the depth value corresponding
to each pixel.

In implementations, the pixel data and the corresponding depth data of multiple two-
dimensional images may be stored in various ways. Hereinafter, examples are provided for
further explanation.

Referring to FIG. 22, respective pixels of texture image 1 are represented by image 1
pixel 1, image 1 pixel 2, and other pixels not shown in the figure, and may be stored in
consecutive fields, which may be used as the first fields. The corresponding depth data of
texture image 1 is represented by image 1 depth value 1, image 1 depth value 2, and the other
depth data not shown in the figure, and may be stored in the fields adjacent to the first fields.
These fields may be used as the second fields. Similarly, the pixel data of texture image 2 may
be stored in the first fields, and the depth data corresponding to texture image 2 may be
stored in the adjacent second fields.

Those skilled in the art may understand that respective images in the image stream or
respective frame images in the video stream that are continuously captured by one capturing

device of multiple synchronized capturing devices may be used as the above image 1
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respectively. Similarly, among the multiple synchronized capturing devices, the two-
dimensional image captured in synchronization with texture image 1 may be used as texture
image 2. The capturing device may be the capturing device shown in FIG. 2, or capturing
devices in other scenarios.

Referring to FIG. 23, the pixel data of texture image 1 and the pixel data of texture
image 2 may be stored in multiple adjacent first fields, and the depth data corresponding to
texture image 1 and the depth data corresponding to texture image 2 may be stored in
multiple adjacent second fields.

Referring to FIG. 24, the pixel data of each image in the multiple images may be stored
in multiple fields respectively, and these fields may be used as the first fields. Fields storing
the pixel data may be interleaved with fields storing the depth values.

Referring to FIG. 25, the pixel data and the corresponding depth values of different
texture images may also be arranged in the interleaving manner. For example, image 1 pixel
1, image 1 depth value 1, image 2 pixels 1, image 2 depth value 1, ... may be sequentially
stored until the completion of storing the pixel data and the depth data corresponding to the
first pixel of each image of the multiple images. The adjacent fields thereof store image 1 pixel
2, image 1 depth value 2, image 2 pixel 2, image 2 depth value 2, ... until the completion of
storing of the pixel data and the depth data of each image.

In summary, the fields storing the pixel data of each two-dimensional image may be
used as the first fields, and the fields storing the depth data corresponding to the two-
dimensional image may be used as the second fields. For each generated multi-angle free-
perspective data, the first fields and the second fields associated with the first fields may be
included respectively.

Those skilled in the art may understand that the above respective example
embodiments are merely examples, and are not specific limitations on the type, size, and
arrangement of the fields.

Referring to FIG. 3, the multi-angle free-perspective data including the first fields and
the second fields may be stored in a server 32 in the cloud, transmitted to the CDN or to the
device 33 that performs displaying, for reconstructing the image.

In implementations, both the first fields and the second fields may be pixel fields in

the stitched image. The stitched image is used to store the pixel data and the depth data of
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the multiple images. By using image format for data storage, the amount of data may be
reduced, the time length of data transmission may be reduced, and the resource occupation
may be reduced.

The stitched image may be an image in various formats such as BMP format, JPEG
format, PNG format, and the like. These image formats may be the compressed format or the
uncompressed format. Those skilled in the art may understand that the two-dimensional
image in various formats may include fields corresponding to respective pixels, which are
referred to as pixel fields. The size of the stitched image, i.e., parameters like the number of
pixels and the aspect ratio of the stitched image, may be determined according to needs, for
example, may be determined based on the number of the multiple synchronized two-
dimensional images, the amount of data to be stored in each two-dimensional image, the
amount of the depth data to be stored in each two-dimensional image, and other factors.

In implementations, among the multiple synchronized two-dimensional images, the
depth data corresponding to the pixels of each two-dimensional image and the number of
bits of the pixel data may be associated with the format of the stitched image.

For example, when the format of the stitched image is the BMP format, the range of
the depth value may be 0-255, which is 8-bit data, and the data may be stored as the gray
value in the stitched image. Alternatively, the depth value may also be 16-bit data, which may
be stored as the gray value at two pixel positions in the stitched image. Alternatively, the gray
value may be stored in two channels at one pixel position in the stitched image.

When the format of the stitched image is the PNG format, the depth value may also
be 8-bit or 16-bit data. In the PNG format, the depth value of 16-bit may be stored as the gray
value of one pixel position in the stitched image.

Those skilled in the art may understand that the above example embodiments are not
limitations on the storage manner or the number of data bits, and other data storage manners
that may be implemented by those skilled in the art fall within the protection scope of the
present disclosure.

In implementations, the stitched image may be split into a texture image area and a
depth map area. The pixel fields of the texture image area store the pixel data of the multiple
two-dimensional images, and the pixel fields of the depth map area store the depth data of

the multiple images. The pixel fields storing the pixel data of each two-dimensional image in
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the texture image area are used as the first fields, and the pixel fields storing the depth data
of each image in the depth map area are used as the second fields.

In implementations, the texture image area may be a continuous area, and the depth
map area may also be a continuous area.

Further, in implementations, the stitched image may be equally split, and the two split
parts are used as the texture image area and the depth map area respectively. Alternatively,
the stitched image may also be split in an unequal manner according to the amount of the
pixel data and the amount of the depth data of the two-dimensional image to be stored.

For example, referring to FIG. 26, one pixel is represented by each minimum square,
then the texture image area may be area 1 within the dashed frame, i.e., the upper half area
after the stitched image is split equally up and down. The lower half area of the stitched image
may be used as the depth map area.

Those skilled in the art may understand that FIG. 26 is merely for illustration, and the
number of the minimum squares therein is not a limitation on the number of pixels of the
stitched image. In addition, the method of equal splitting may be equally splitting the stitched
image left and right.

In implementations, the texture image area may include multiple texture image sub-
areas. Each texture image sub-area is used to store one of the multiple images. The pixel fields
of each texture image sub-area may be used as the first fields. Accordingly, the depth map
area may include multiple depth map sub-areas. Each depth map sub-area is used to store
the depth data of one of the multiple depth maps. The pixel fields of each depth map sub-
area may be used as the second fields.

The number of texture image sub-areas and the number of depth map sub-areas may
be equal, both of which are equal to the number of multiple synchronized images. In other
words, the number of image sub-areas and the number of depth map sub-areas may be equal
to the number of cameras described above.

Referring to FIG. 27, equally splitting the stitched image up and down is still taken as
an example for further description. The upper half of the stitched image in FIG. 27 is the
texture image area, which is split into eight texture image sub-areas, which store the pixel
data of the synchronized eight texture images respectively. Each image has a different

shooting angle, i.e., a different perspective. The lower half of the stitched image is the depth
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map area, which is split into 8 depth map sub-areas, which store the depth maps of the 8
images respectively.

With reference to the descriptions above, the pixel data of the synchronized 8 texture
images, i.e., perspective 1 texture image to perspective 8 texture image, may be the original
images obtained from the cameras, or may be images after the original images are reduced
in resolution. The depth data is stored in a partial area of the stitched image and may also be
referred to as the depth map.

As described above, in implementations, the stitched image may also be split in an
unequal manner. For example, referring to FIG. 28, the number of pixels occupied by the
depth data may be less than the number of pixels occupied by the pixel data of the texture
image. Then, the texture image area and the depth map area may have different sizes. For
example, the depth data may be obtained by quarter-down-sampling the depth map, and a
splitting manner as shown in FIG. 28 may be used. The number of pixels occupied by the depth
map may also be greater than the number of pixels occupied by the pixel data of the image.

Those skilled in the art may understand that FIG. 28 is not a limitation on the splitting
of the stitched images in the unequal manner. In implementations, the number of pixels and
the aspect ratio of the stitched image may be various, and the splitting manner may also be
various.

In implementations, the texture image area or the depth map area may also include
multiple areas. For example, as shown in FIG. 29, the texture image area may be a continuous
area, and the depth map area may include two continuous areas.

Alternatively, referring to FIG. 30 and FIG. 31, the texture image area may include two
continuous area, and the depth map area may also include two continuous areas. The texture
image areas and the depth areas may be arranged in the interleaving manner.

Alternatively, referring to FIG. 32, the texture image sub-areas included in the texture
image area may be arranged in the interleaving manner with the depth map sub-areas
included in the depth map area. The number of continuous areas included in the texture
image area may be equal to the number of texture image sub-areas, and the number of
continuous areas included in the depth map area may be equal to the number of sub-areas in

the depth map.
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In implementations, the pixel data of each texture image may be stored in the texture
image sub-areas in the order of the arrangement of pixel points. The depth data of each
texture image may also be stored in the depth map sub-areas in the order of the arrangement
of pixel points.

Referring to FIG. 33 to FIG. 35, FIG. 33 illustrates texture image 1 with 9 pixels, and
FIG. 34 illustrates texture image 2 with 9 pixels, where texture image 1 and texture image 2
are two synchronized images with different angles. According to image 1 and image 2, the
depth data corresponding to texture image 1 may be obtained, including image 1 depth value
1 to image 1 depth value 9. Also, the depth data corresponding to texture image 2 may be
obtained, including image 2 depth value 1 to image 2 depth value 9.

Referring to FIG. 35, when texture image 1 is stored in the image sub-areas, texture
image 1 may be stored in the upper-left texture image sub-area in the order of the
arrangement of pixel points. That is, in the texture image sub-areas, the arrangement of pixel
points may be the same as texture image 1. When texture image 2 is stored in the image sub-
areas, similarly, texture image 2 may be stored in the upper-right texture image sub-areas in
this manner.

Similarly, when the depth data of texture image 1 is stored into the depth map sub-
areas, image 1 may be stored in a similar manner. In the case where the depth value
corresponds to the pixel value of the texture image on a one-to-one basis, the depth data of
image 1 may be stored in a manner as shown in FIG 35. If the depth values are obtained after
down-sampling the original depth map, the depth data of image 1 may be stored in the depth
map sub-areas in the order of the arrangement of pixel points of the depth map obtained
after the down-sampling.

Those skilled in the art may understand that the compression ratio of compressing the
image is related to the association of respective pixel points in the image. The stronger the
association is, the higher the compression ratio is. Since the captured image corresponds to
the real world, the association of respective pixel points is strong. By storing the pixel data
and the depth data of the image in the order of the arrangement of pixel points, the
compression ratio when compressing the stitched image may be higher. That is, the amount
of data after compression may be made smaller if the amount of data before compression is

the same.
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By splitting the stitched image into the texture image area and the depth map area, in
the case where multiple texture image sub-areas are adjacent in the texture image area or
multiple depth map sub-areas are adjacent in the depth map area, since the data stored in
the respective texture image sub-areas is obtained from images or frame images in the videos
taken from different angles of the to-be-viewed area, all the depth maps are stored in the
depth map area, and thus when the stitched image is compressed, a higher compression ratio
may also be obtained.

In implementations, padding may be performed on all or some of the texture image
sub-areas and the depth map sub-areas. The form of padding may be various. For example,
taking perspective 1 depth map in FIG. 31 as an example, redundant pixels may be set around
the original perspective 1 depth map. Alternatively, the number of pixels in the original
perspective 1 depth map may be maintained, while redundant pixels which do not actually
store the pixel data are reserved around the original perspective 1 depth map, and the original
perspective 1 depth map is reduced and stored in the remaining pixels. Alternatively, other
manners may be used to make redundant pixels set aside between perspective 1 depth map
and other surrounding images finally.

Because the stitched image includes multiple texture images and depth maps, the
association between adjacent borders of respective texture images is poor. By performing
padding, quality loss of the texture images and the depth maps in the stitched image may be
reduced when the stitched image is compressed.

In implementations, the pixel field of the texture image sub-area may store three-
channel data, and the pixel field of the depth map sub-area may store single-channel data.
The pixel field of the texture image sub-area is used to store the pixel data of any one of the
multiple synchronized two-dimensional images. The pixel data is usually three-channel data,
such as RGB data or YUV data.

The depth map sub-areas are used to store the depth data of the image. If the depth
value is 8-bit binary data, a single channel of the pixel field may be used for storage. If the
depth value is 16-bit binary data, two channels of the pixel field may be used for storage.
Alternatively, the depth value may also be stored with a larger pixel area. For example, if the
multiple synchronized images are all 1920*1080 images and the depth values are 16-bit

binary data, the depth values may also be stored in a doubled 1920*1080 image area, where
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each texture image area is stored with the single channel. The stitched image may also be
split in combination with the storage manner.

The uncompressed amount of data of the stitched image is stored in such a way that
each channel of each pixel occupies 8 bits, which may be calculated according to the following
formula, i.e., the number of the multiple synchronized two-dimensional images*(the amount
of data of the pixel data of the two-dimensional image + the amount of data of the depth
map).

If the original image has a resolution of 1080P, i.e., 1920*1080 pixels, with a
progressive scan format, the original depth map may also occupy 1920*1080 pixels, which is
the single channel. The amount of data of pixels of the original image is 1920*1080*8%*3 bits,
and the amount of data of the original depth map is 1920*1080*8 bits. If the number of
cameras is 30, the amount of data of pixels of the stitched image is 30*(1920*1080*8*3 +
1920*1080%*8) bits, which is about 237M. If not compressed, the stitched image will occupy a
lot of system resources and have a large delay. Especially when the bandwidth is small, for
example, when the bandwidth is 1 Mbps, the uncompressed stitched image needs about 237
seconds to be transmitted. The real-time performance is poor, and the user experience needs
to be improved.

By one or more of manners such as storing regularly to obtain a higher compression
ratio, reducing the resolution of the original image, or using the pixel data with reduced
resolution as the pixel data of the two-dimensional image, or performing down-sampling on
one or more of the original depth maps, and the like, the amount of data of stitched image
may be reduced.

For example, if the resolution of the original two-dimensional image is 4K, i.e., the
pixel resolution of 4096*2160, and the down-sampling has a resolution of 540P, i.e., the pixel
resolution of 960*540, the number of pixels of the stitched image is approximately one-
sixteenth of the number of pixels before down-sampling. In combination with any one or
more of other manners for reducing the amount of data described above, the amount of data
may be made smaller.

Those skilled in the art may understand that if the bandwidth is supportive and the

decoding capability of the device that performs data processing may support the stitched
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image with higher resolution, the stitched image with higher resolution may also be
generated to improve the image quality.

Those skilled in the art may understand that in different application scenarios, the
pixel data and the corresponding depth data of the multiple synchronized two-dimensional
images may also be stored in other manners, for example, stored in the stitched image in
units of pixel points. Referring to FIG. 33, FIG. 34, and FIG. 36, image 1 and image 2 shown in
FIG. 33 and FIG. 34 may be stored in the stitched image in the manner of FIG. 36. In summary,
the pixel data and the corresponding depth data of the two-dimensional image may be stored
in the stitched image. The stitched image may be split into the texture image area and the
depth map area in various manners. Alternatively, the stitched image may be without
splitting.

The pixel data and the depth data of the texture image are stored in a preset order. In
implementations, the multiple synchronized two-dimensional images may also be multiple
synchronized frame images obtained by decoding multiple videos. The videos may be
acquired by multiple cameras, and the settings thereof may be the same as or similar to the
cameras that acquire the two-dimensional images as described above.

In implementations, generating the multi-angle free-perspective image data may
further include generating the association relationship field, and the association relationship
field may indicate the association relationship between the first field and at least one second
field. The first field stores the pixel data of one two-dimensional image of the multiple
synchronized two-dimensional images, and the second field stores the depth data
corresponding to the two-dimensional image, where the first field and the second field
correspond to the same shooting angle, i.e.,, the same perspective. The association
relationship between the first field and the second field may be described by the association
relationship field.

Taking FIG. 27 as an example, the area where perspective 1 texture image to
perspective 8 texture image are stored in FIG. 27 includes 8 first fields, and the area where
perspective 1 depth map to perspective 8 depth map are stored includes 8 second fields.
There is an association relationship between the first field of perspective 1 texture image and

the second field of perspective 1 depth map. Similarly, there is an association relationship
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between the field storing the perspective 2 texture image and the field storing the perspective
2 depth map.

The association relationship field may indicate the association relationship between
the first field and the second field of each two-dimensional image of the multiple
synchronized two-dimensional images in various manners, for example, may be content
storage rules of the pixel data and the depth data of the multiple synchronized two-
dimensional images, that is, indicating the association relationship between the first field and
the second field through indicating the storage manner described above.

Inimplementations, the association relationship field may only include different mode
numbers. The device that performs data processing may learn the storage manner of the pixel
data and the depth data in the obtained multi-angle free-perspective image data according
to the mode number of the field and the data stored in the device that performs data
processing. For example, if the received mode number is 1, the storage manner is parsed as
follows. The stitched image is equally split into two areas up and down, where the upper half
area is the texture image area, and the lower half area is the depth map area. The texture
image at a certain position in the upper half area is associated with the depth map stored at
the corresponding position in the lower half area.

Those skilled in the art may understand that the manner of storing the stitched image
in the above example embodiments, for example, the storage manners illustrated in FIG. 27
to FIG. 36, may be described by corresponding association relationship field, so that the
device that performs data processing may obtain the associated two-dimensional image and
the depth data according to the association relationship field.

As described above, the picture format of the stitched image may be any one of the
two-dimensional image formats such as BMP, PNG, JPEG, Webp and the like, or other image
formats. The storage manner of the pixel data and the depth data in multi-angle free-
perspective image data is not limited to the manner of stitched image. The pixel data and the
depth data in multi-angle free-perspective image data may be stored in various manners, and
may also be described by the association relationship field.

Similarly, the storage manner may also be indicated in a manner of mode number. For
example, in the storage manner shown in FIG. 23, the association relationship field may store

the mode number 2. After reading the mode number, the device that performs data
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processing may parse that the pixel data of the multiple synchronized two-dimensional
images are stored sequentially. The device that performs data processing may also parse the
length of the first field and the length of the second field, where the depth data of each image
is stored in the same storage order as the two-dimensional image after the storage of multiple
first fields is complete. Further, the device that performs data processing may determine the
association relationship between the pixel data and the depth data of the two-dimensional
image according to the association relationship field.

Those skilled in the art may understand that storage manners of the pixel data and the
depth data of the multiple synchronized two-dimensional images may be various, and
expression manners of the association relationship field may also be various. The association
relationship field may be indicated by the above mode number or may directly indicate the
content. The device that performs data processing may determine the association
relationship between the pixel data and the depth data of the two-dimensional image
according to the content of the association relationship field with reference to stored data or
other priori knowledge such as the content corresponding to each mode number or the
specific number of the multiple synchronized images, and the like.

In implementations, generating the multi-angle free-perspective image data may
further include, calculating and storing parameter data of each two-dimensional image based
on the multiple synchronized two-dimensional images, and the parameter data includes data
of the shooting position and the shooting angle of the two-dimensional image.

With reference to the shooting position and the shooting angle of each image of the
multiple synchronized two-dimensional images, the device that performs data processing
may determine the virtual viewpoint in the same coordinate system with reference to the
user's needs, and perform the reconstruction of the image based on the multi-angle free-
perspective image data, to show the user the expected viewing position and perspective.

In implementations, the parameter data may further include internal parameter data.
The internal parameter data includes attribute data of the image capturing device. The above
data of the shooting position and shooting angle of the image may also be referred to as
external parameter data. The internal parameter data and external parameter data may be
referred to as attitude data. With reference to the internal parameter data and external

parameter data, factors indicated by internal parameter data such as lens distortion may be
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taken into account during image reconstruction, and the image of the virtual viewpoint may
be reconstructed more accurately.

In implementations, generating the multi-angle free-perspective image data may
further include generating a parameter data storage address field, where the parameter data
storage address field is used to indicate the storage address of the parameter data. The device
that performs data processing may obtain the parameter data from the storage address of
the parameter data.

In implementations, generating the multi-angle free-perspective image data may
further include generating a data combination storage address field, which is used to indicate
the storage address of the data combination, i.e., to indicate the storage addresses of the first
field and the second field of each image of the multiple synchronized images. The device that
performs data processing may obtain the pixel data and the corresponding depth data of the
multiple synchronized two-dimensional images from the storage space corresponding to the
storage address of the data combination. From this perspective, the data combination
includes the pixel data and the depth data of the multiple synchronized two-dimensional
images.

Those skilled in the art may understand that the multi-angle free-perspective image
data may include specific data such as the pixel data of the two-dimensional image, the
corresponding depth data of the two-dimensional image, and parameter data, and the like,
as well as other indicative data such as the above generated association relationship field,
and parameter data storage address field, data combination storage address field, and the
like. These pieces of indicative data may be stored in the data header file to instruct the device
that performs data processing to obtain the data combination, the parameter data, and the
like.

In implementations, the terminology explanations, implementation manners, and
beneficial effects involved in respective example embodiments of generating multi-angle
free-perspective data may refer to other example embodiments.

Referring to FIG. 3, for the above generated multi-angle free-perspective image
combination data, the multi-angle free-perspective data may be transmitted via the network

to the device 33 that performs displaying for virtual viewpoint switching. The device 33 that
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performs displaying may display the reconstructed image generated after image
reconstruction based on the multi-angle free-perspective data.

In order to enable those skilled in the art to better understand and implement the
example embodiments of the present disclosure, hereinafter, the image reconstruction
method is further described.

Referring to FIG. 37, which is a flowchart of an image reconstruction method 3700 in
an example embodiment of the present disclosure, in implementations, the following method
may be used for image reconstruction.

$3702, acquiring a multiple-angle free-perspective image combination, the parameter
data of the image combination, and the virtual viewpoint position information based on the
user interaction, where the image combination includes multiple groups of texture images
and depth maps that are synchronized at multiple angles and have corresponding
relationships.

In implementations, as described above, multiple cameras, video cameras, and the
like may be used to capture images at multiple angles in a scenario.

The image in the multi-angle free-perspective image combination may be a
completely free-perspective image. In implementations, the image may have a 6 degrees of
freedom (DoF) perspective. That is, the spatial position and the perspective of the viewpoint
may be freely switched. As described above, the spatial position of the viewpoint may be
expressed as coordinates (x, y, z), and the perspective may be expressed as three directions
of rotation (8, m, y). Thus, the perspective may be referred to as 6DoF.

During the image reconstruction process, the multi-angle free-perspective image
combination and the parameter data of the image combination may be acquired first.

In implementations, as described above, multiple groups of synchronized texture
images and depth maps that have corresponding relationships in the image combination may
be stitched together to form a frame of stitched image, specifically referring to the stitched
image structures as shown in FIG. 27 to FIG. 32. Each frame of stitched image in the above
example embodiments may be used as an image combination. Referring the schematic
diagram of a structure of a stitched image in an example embodiment of the present

disclosure as shown in FIG. 27, the diagram includes 8 synchronized texture images of
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different perspectives and the depth maps at the corresponding perspectives that are
stitched sequentially.

Referring to FIG. 27 to FIG. 32, multiple groups of texture images and depth maps in
the image combination may be stitched, combined, and arranged according to a preset
relationship. Specifically, the texture images and the depth maps of the image combination
may be split into a texture image area and a depth map area according to the position
relationship. The texture image area stores the pixel values of respective texture images
respectively, and the depth map area stores the depth values corresponding to the respective
texture images according to a preset position relationship. The texture image area and the
depth map area may be continuous or arranged in the interleaving manner. In the example
embodiment of the present disclosure, the position relationship between the texture images
and the depth maps in the image combination is not limited in any way.

For the specific relationship between the multiple groups of texture images and depth
maps in the image combination, reference may be made to the description of the above
example embodiments, and details are not repeated herein.

In implementations, the texture images in the image combination correspond to the
depth maps on a one-to-one basis, where the texture image may use any type of two-
dimensional image format, for example, any one of formats of BMP, PNG, JPEG, webp, and
the like. The depth map may represent the distance of a respective point in the scenario with
respect to the shooting device. That is, each pixel value in the depth map represents the
distance between a certain point in the scenario and the shooting device.

As described above, in order to save transmission bandwidth and storage resources,
the image combination may be transmitted or stored in a compressed format. For the
obtained two-dimensional image in the compressed format, decoding may be performed
first, to obtain multiple groups of synchronized two-dimensional images in the corresponding
image combination. In implementations, decompression software, decompression hardware,
or a decompression apparatus combining software and hardware that can recognize the
compressed format may be used.

In implementations, parameter data of images in the combination may be acquired

from the attribute information of the images.
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As described above, the parameter data may include external parameter data, and
may further include internal parameter data. The external parameter data is used to describe
the space coordinates, the posture, and the like of the shooting device. The internal
parameter data is used to describe the attribute information of the shooting device such as
the optical center, focal length, and the like of the device. The internal parameter data may
also include distortion parameter data. The distortion parameter data includes radial
distortion parameter data and tangential distortion parameter data. Radial distortion occurs
during the process of the shooting device coordinate system transferred to the image physical
coordinate system. The tangential distortion occurs during the manufacturing process of the
shooting device, because the plane of the photosensitive element is not parallel to the lens.
Based on external parameter data, information such as the shooting position, the shooting
angle, and the like of the image may be determined. During the image reconstruction process,
with reference to the internal parameter data including the distortion parameter data, the
determined spatial projection relationship may be more accurate.

In implementations, the image combinations in the above example embodiments may
be used as the data file in the example embodiments of the present disclosure. In an
application scenario where the bandwidth is limited, the image combination may be split into
multiple parts for multiple transmissions.

In implementations, using the 6DoF expression, virtual viewpoint position information
based on user interaction may be represented in the form of coordinates (x, y, z, 8, @, V),
where the virtual viewpoint position information may be generated under one or more preset
user interaction manners. For example, the user interaction manner may be coordinates input
by user operations, such as manual clicks or gesture paths, or virtual positions determined by
voice input, or customized virtual viewpoints provided to the user (for example, the user may
enter positions or perspectives in the scenario, such as under the hoop, at the sideline,
referee perspective, coach perspective, and the like). Alternatively, based on a specific object
such as a player in the game, an actor or a guest, a host in the image, and the like, the
perspective may be switched to the object's perspective after the user clicks the
corresponding object. Those skilled in the art may understand that the specific user

interaction manner is not limited in the example embodiments of the present disclosure, as
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long as the virtual viewpoint position information based on the user interaction may be
obtained.

S3704, selecting a corresponding group of texture images and depth maps in the
image combination at the user interaction moment based on preset rules according to the
virtual viewpoint position information and the parameter data of the image combination.

In implementations, according to the virtual viewpoint position information and the
parameter data of the image combination, the corresponding group of texture images and
depth maps in the image combination at the user interaction moment that meets a preset
position relationship and/or quantitative relationship with the virtual viewpoint position may
be selected. For example, for a virtual viewpoint position area with a large camera density,
the textures map and the corresponding depth maps shot by only two cameras closest to the
virtual viewpoint may be selected, while in the virtual viewpoint position area with a small
the camera density, the texture images and the corresponding depth maps shot by three or
four cameras closest to the virtual viewpoint may be selected.

In an example embodiment of the present disclosure, according to the virtual
viewpoint position information and the parameter data corresponding to the corresponding
group of texture images and depth maps in the image combination at the user interaction
moment, texture images and depth maps corresponding to 2 to N capturing devices closest
to the virtual viewpoint position are selected, where N is the number of all capturing devices
that capture the image combination. For example, the texture images and the depth maps
corresponding to two capture devices closest to the virtual viewpoint position may be
selected by default. In implementations, the user may set the number of the selected
capturing devices closest to the virtual viewpoint position, and the maximum number does
not exceed the number of the capturing devices corresponding to the image combination in
the video frame.

With this manner, there is no special requirement on the spatial position distribution
of the multiple shooting devices that capture images (for example, the arrangement may be
a linear distribution. an arc array arrangement, or any irregular arrangement form). Rather,
the actual distribution situation of the shooting devices is determined according to the
obtained virtual viewpoint position information and parameter data corresponding to the

image combination. Then, the corresponding group of texture images and depth maps in the
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image combination at the user interaction moment may be selected using adaptive strategies.
Thus, a higher degree of freedom and flexibility of selection may be provided in the case of
reducing the amount of data operation and ensuring the quality of the reconstructed image.
In addition, installation requirements for the shooting devices that capture images are also
lowered, thereby facilitating the adaption to different site requirements and easy operation
of installation.

In an example embodiment of the present disclosure, according to the virtual
viewpoint position information and the parameter data of the image combination, a preset
number of corresponding groups of texture images and depth maps in the image combination
at the user interaction moment closest to the virtual viewpoint position are selected.

Those skilled in the art may understand that, in implementations, the corresponding
group of texture images and depth maps may also be selected from the image combination
using other preset rules, for example, also according to the processing capability of the image
reconstruction device, or may be according to the user's requirements for the reconstruction
speed, the clarity requirements of the reconstructed image (such as Standard Definition, High
Definition or Ultra High Definition, and the like).

S$3706, combining and rendering the selected corresponding group of texture images
and depth maps in the image combination at the user interaction moment based on the
virtual viewpoint position information and parameter data corresponding to the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment, to obtain a reconstructed image corresponding to the virtual viewpoint
position at the user interaction moment.

In implementations, the corresponding group of texture images and depth maps in
the image combination at the user interaction moment may be combined and rendered using
various manners, to obtain a reconstructed image corresponding to the virtual viewpoint
position at the user interaction moment.

In an example embodiment of the present disclosure, according to the corresponding
group of depth maps in the image combination at the user interaction moment, the pixel
points in the corresponding group of texture images are directly copied to the generated
virtual texture images, and a reconstructed image corresponding to the virtual viewpoint

position at the user interaction moment may be obtained.
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In another example embodiment of the present disclosure, the image is reconstructed
in the following way: the selected corresponding groups of depth maps in the image
combination at the user interaction moment are respectively forwardly projected to the
virtual position at the user interaction moment; the selected corresponding groups of texture
images in the image combination at the user interaction moment are respectively backwardly
projected; and the respective generated virtual texture images are fused after the backward
projection.

In implementations, the above fused texture image may be output as the
reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment.

In implementations, in addition to the texture images, the reconstructed image may
also include corresponding depth maps. There may be various manners to obtain the
corresponding depth maps. For example, for the corresponding depth map, one of the depth
maps obtained after post-processing may be randomly selected as the depth map of the
reconstructed image. For another example, the depth map closest to the virtual viewpoint
position at the user interaction moment may be selected from the depth maps obtained after
the post-processing as the depth map of the reconstructed image. If there are more than one
depth maps closest to the virtual viewpoint position, any one of them may be selected. As
another example, the post-processed depth maps may be fused to obtain a reconstructed
depth map.

In implementations, after fusing respective virtual texture images generated after the
backward projection, the inpainting may be performed on the fused texture image to obtain
a reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment.

In implementations, various manners may be used to post-process the depth maps
respectively after the forward projection. For example, foreground padding processing may
be performed on the depth maps after the forward projection, and pixel-level filtering
processing may also be performed on the depth maps after the forward projection. A certain
post-processing action may be performed individually. Alternatively, multiple post-processing

actions may be used simultaneously.
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In an example embodiment of the present disclosure, the virtual texture images
generated after the backward projection are fused in the following manner: according to the
virtual viewpoint position information and the parameter data corresponding to the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment, using the global weight determined by the distance between the virtual
viewpoint position and the position of the capturing device that captures the corresponding
texture image in the image combination, the respective virtual texture images generated after
the backward projection are fused.

In an example embodiment of the present disclosure, the forward projection may be
performed first, and the depth information is used to project a corresponding group of texture
images in the image combination to the three-dimensional Euclidean space. That is, the depth
maps of the corresponding group are respectively projected to the virtual viewpoint position
at the user interaction moment according to the spatial geometric relationship, to form the
depth map of the virtual viewpoint position. Next, the backward projection is performed to
project the three-dimensional spatial points onto the imaging plane of the virtual camera,
that is, copying from the pixel points in the texture images of the corresponding group to the
generated virtual texture images corresponding to the virtual viewpoint position according to
the projected depth maps, to form the virtual texture images corresponding to the
corresponding group. Next, the virtual texture images corresponding to the corresponding
group are fused to obtain the reconstructed image of the virtual viewpoint position at the
user interaction moment. With the above method for reconstructing the image, the sampling
accuracy of the reconstructed image may be improved.

Before the forward projection is performed, preprocessing may be performed first.
Specifically, according to the parameter data corresponding to the corresponding group in
the image combination, the depth value of forward projection and the homography matrix of
the texture backward projection may be calculated first. In implementations, the Z
transformation may be used to convert the depth level into the depth value.

In the depth map forward projection process, formulas may be used to map the depth
map of the corresponding group to the depth map of the virtual viewpoint position, and then
copy the depth value of the corresponding position. In addition, the depth map of the

corresponding group may be noisy, and some sampled sighals may be included in the mapping

46



10

15

20

25

30

WO 2020/181128 PCT/US2020/021252

process, so the generated depth map of the virtual viewpoint position may have small noise
holes. To solve this problem, median filtering may be used to remove noise.

In implementations, other postprocessing may also be performed on the depth maps
of the virtual viewpoint position obtained after the forward projection according to needs, to
further improve the quality of the generated reconstructed image. In an example
embodiment of the present disclosure, before the backward projection is performed, the
front and back view occlusion relationship of the depth maps of the virtual viewpoint position
obtained by the forward projection is processed, so that the generated depth maps may more
truly reflect the positional relationship of objects in the scenario viewed at the virtual
viewpoint position.

For the backward projection, specifically, the position of the corresponding group of
texture images in the virtual texture images may be calculated according to the depth maps
of the virtual viewpoint position obtained by the forward projection. Next, the texture values
corresponding to the pixel positions are copied, where holes in the depth maps may be
marked as 0 or as no texture value in the virtual texture images. For the areas marked as the
holes, the hole expansion may be performed to avoid synthetic illusion.

Next, the generated corresponding groups of virtual texture images are fused to
obtain the reconstructed image of the virtual viewpoint position at the user interaction
moment. In implementations, the fusion may also be performed in various manners. The
following two example embodiments are used for illustration.

In an example embodiment of the present disclosure, weighting processing is
performed first, and then inpainting is performed. Specifically, the weighting processing is
performed on pixels in corresponding positions in the virtual texture images corresponding
to the respective corresponding groups in the image combination at the user interaction
moment, to obtain the pixel values of the corresponding positions in the reconstructed image
of the virtual viewpoint position at the user interaction moment. Next, for the position where
the pixel value is zero in the reconstructed image of the virtual viewpoint position at the user
interaction moment, the pixels around the pixel in the reconstructed image are used to
perform the inpainting, to obtain the reconstructed image of the virtual viewpoint position at

the user interaction moment.
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In another example embodiment of the present disclosure, inpainting is performed
first, and then weighting processing is performed. Specifically, for the position where the pixel
value is zero in the virtual texture images corresponding to the respective corresponding
groups in the image combination at the user interaction moment, the around pixel values are
used respectively to perform inpainting. Next, after the inpainting, the weighting processing
is performed on the pixel values in corresponding positions in the virtual texture images
corresponding to the respective corresponding groups, to obtain the reconstructed image of
the virtual viewpoint position at the user interaction moment.

The weighting processing in the above example embodiment may specifically use the
weighted average method, or may use different weighting coefficients according to
parameter data of the camera or the positional relationship between the shooting camera
and the virtual viewpoint. In an example embodiment of the present disclosure, the weighting
is performed according to the reciprocal of the distance between the position of the virtual
viewpoint and the positions of the respective cameras, i.e., the closer the camera to the
virtual viewpoint position is, the greater the weight is.

In implementations, the inpainting may be performed with a preset inpainting
algorithm according to needs, and details are not described herein again.

Hereinabove, how to combine and render the corresponding group of texture images
and depth maps in the image combination at the moment of user interaction based on the
virtual viewpoint position and the parameter data of the corresponding group in the image
combination at the moment of user interaction is illustrated with examples. Those skilled in
the art may understand that, in implementations, other Depth Image Based Rendering (DIBR)
algorithms maybe used according to needs, and will not be described one by one.

Referring to the schematic structural diagram of an image reconstruction system in
the example embodiment of the present disclosure shown in FIG. 38, an example
embodiment of the present disclosure also provides an image reconstruction system 3800.
As shown in FIG. 38, the image reconstruction system 3800 may include one or more
processors 3802, an input/output module 3804, a communication module 3806, and a
memory 3808. The input/output module 3804 is configured to receive data/signal to be
processed and to output the processed data/signal. The communication module 3806 is

configured to allow the apparatus 3800 to communicate with other devices (not shown) over
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a network (not shown). The memory 3808 stores thereon computer-executable modules
executable by the one or more processors 3802. The computer-executable modules may
include an acquiring unit 3810, a selecting unit 3812, and an image reconstruction unit 3814,
where:

The acquiring unit 3810 is adapted to acquire multiple-angle free-perspective image
combination, the parameter data of the image combination, and the virtual viewpoint
position information based on the user interaction, where the image combination includes
multiple groups of texture images and the depth maps that are synchronized at multiple
angles and have corresponding relationships;

The selecting unit 3812 is adapted to select a corresponding group of texture images
and the depth maps in the image combination at the user interaction moment based on
preset rules according to the virtual viewpoint position information and the parameter data
of the image combination;

The image reconstruction unit 3814 is adapted to combine and render the selected
corresponding group of texture images and depth maps in the image combination at the user
interaction moment based on the virtual viewpoint position information and parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment, to obtain a reconstructed image corresponding
to the virtual viewpoint position at the user interaction moment.

With the above image reconstruction system 3800, by selecting the corresponding
group of texture images and depth maps in the image combination at the user interaction
moment according to preset rules based on the virtual viewpoint position information and
the acquired parameter data of the image combination, it is only necessary to combine and
render the selected corresponding group of texture images and depth maps in the image
combination at the user interaction moment based on the virtual viewpoint position
information and parameter data corresponding to the corresponding group of texture images
and depth maps in the image combination at the user interaction moment, to obtain a
reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment, without performing image reconstruction based on all groups of texture images and
depth maps in the image combination. Thus, the amount of data operation during the image

reconstruction may be reduced.
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In implementations, the selecting unit 3812 may select the corresponding group of
texture images and the depth maps in the image combination at the user interaction moment
that satisfies preset positional relationships with the virtual viewpoint position according to
the virtual viewpoint position information and the parameter data of the image combination,
or select the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies preset quantitative relationships
with the virtual viewpoint position, or select the corresponding group of texture images and
the depth maps in the image combination at the user interaction moment that satisfies preset
positional and quantitative relationships with the virtual viewpoint position.

In an example embodiment of the present disclosure, the selecting unit 3812 may
select a preset number of corresponding groups of texture images and the depth maps that
are closest to the virtual viewpoint position in the image combination at the user interaction
moment according to the virtual viewpoint position information and the parameter data of
the image combination.

In implementations, referring to FIG. 38, the image reconstruction unit 3814 may
include a forward projection subunit 3816, a backward projection subunit 3818, and a fusing
subunit 3820, where:

The forward projection subunit 3816 is adapted to project the corresponding group of
depth maps respectively to the virtual viewpoint position at the user interaction moment
according to the spatial geometric relationship, to form the depth map of the virtual
viewpoint position;

The backward projection subunit 3818 is adapted to copy from the pixel points in the
corresponding group of texture images to the generated virtual texture images corresponding
to the virtual viewpoint position according to the projected depth map, to form the virtual
texture images corresponding to the corresponding group;

The fusing subunit 3820 is adapted to fuse the virtual texture images corresponding
to the corresponding group to obtain the reconstructed image of the virtual viewpoint
position at the user interaction moment.

In an example embodiment of the present disclosure, the fusing subunit 3820 is
adapted to perform weighting processing on pixels in corresponding positions in the virtual

texture images corresponding to the corresponding groups in the image combination at the
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user interaction moment, to obtain the pixel values of corresponding positions in the
reconstructed image of the virtual viewpoint position at the user interaction moment; and
adapted to use the pixels around the pixel in the reconstructed image to perform inpainting
for the position where the pixel value is zero in the reconstructed image of the virtual
viewpoint position at the user interaction moment, to obtain the reconstructed image of the
virtual viewpoint position at the user interaction moment.

In another example embodiment of the present disclosure, the fusing subunit 3820 is
adapted to, for the position where the pixel value is zero in the virtual texture images
corresponding to the respective corresponding groups in the image combination at the user
interaction moment, perform inpainting using the around pixel values respectively; and
adapted to, perform the weighting processing on the pixel values in corresponding positions
in the virtual texture images corresponding to the respective corresponding groups after the
inpainting, to obtain the reconstructed image of the virtual viewpoint position at the user
interaction moment.

In another example embodiment of the present disclosure, in the image
reconstruction unit 3814, the forward projection subunit 3816 is adapted to perform forward
projection on the selected depth maps of the corresponding group in the image combination
at the user interaction moment, respectively, to project to the virtual position at the user
interaction moment; the backward projection subunit 3818 is adapted perform backward
projection on the selected texture images of the corresponding group in the image
combination at the user interaction moment, respectively; and the fusing subunit 3820 is
adapted to fuse the respective virtual texture images generated after the backward
projection.

In implementations, the above fused texture image may be output as the
reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment.

In implementations, in addition to the texture images, the reconstructed image may
also include corresponding depth maps. There may be various manners to obtain the
corresponding depth maps. For example, for the corresponding depth map, one of the depth
maps obtained after post-processing may be randomly selected as the depth map of the

reconstructed image. For another example, the depth map closest to the virtual viewpoint

51



10

15

20

25

30

WO 2020/181128 PCT/US2020/021252

position at the user interaction moment may be selected from the depth maps obtained after
the post-processing as the depth map of the reconstructed image. If there are more than one
depth maps closest to the virtual viewpoint position, any one of them may be selected. As
another example, the post-processed depth maps may be fused to obtain a reconstructed
depth map.

In implementations, the image reconstruction unit 3814 may further include a post-
processing subunit (not shown), which is adapted to perform post-processing on the depth
maps after the forward projection, respectively. For example, the post-processing subunit
may perform at least one of foreground padding processing, pixel-level filtering processing,
and the like, on the depth maps after the forward projection, respectively.

In implementations, the acquiring unit 3810 may include a decoding subunit {not
shown), which is adapted to decode the acquired compressed multi-angle free-perspective
image data, to obtain the multi-angle free-perspective image combination, and the parameter
data corresponding to the image combination.

Example embodiments of the present disclosure further provides an image
reconstruction device which can achieve the above image reconstruction methods. The image
reconstruction device may include a memory and a processor. The memory stores computer
instructions that may run on the processor. When the processor runs the computer
instructions, the processor may execute the steps of the image reconstruction method
according to any one of the above example embodiments.

In implementations, the image reconstruction device may include a terminal device.
After the terminal device completes the image reconstruction using the above example
embodiments, the terminal device may output the display through a display interface, for the
user to view. The terminal device may be a handheld terminal such as a mobile phone and
the like, a tablet computer, a set-top box, and the like.

In implementations, the edge node may also be used to perform the above image
reconstruction. After the edge node completes the image reconstruction, the edge node may
output to the important device in communication therewith, for the user to view. The edge
computing node may be a node that performs short-range communication with a display
device that displays the reconstructed image and maintains a high-bandwidth, low-latency

connection, such as a connection via WiFi, 5G network, and the like. In implementations, the
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edge node may be any one of a base station, a router, a home gateway, and an in-vehicle
device. With reference to FIG. 3, the edge node may be a device located in a CDN.

In implementations, in a network, a specific terminal device or edge node device may
be selected according to the processing capability of the terminal device and the edge node,
or according to the user’s selection, or according to the operator’s configuration, to perform
the image reconstruction process in the example embodiments of the present disclosure.
Reference may be made to the specific methods described in the example embodiments of
the present disclosure, and details are not described herein again.

Example embodiments of the present disclosure further provide a computer-readable
storage medium having computer instructions stored thereon. When the computer
instructions are running, the steps of the image reconstruction method according to any one
of the above example embodiments of the present disclosure may be executed. For the image
reconstruction method executed by the instructions stored on the computer-readable
storage medium, reference may be made to the above example embodiments of the image
reconstruction method, and details are not described herein again.

The computer-readable storage medium may be various suitable media, such as an
optical disc, a mechanical hard disk, and a solid-state hard disk. The computer-readable
storage medium may include a volatile or non-volatile type, a removable or non-removable
media, which may achieve storage of information using any method or technology. The
information may include a computer-readable instruction, a data structure, a program
module or other data. Examples of computer storage media include, but not limited to, phase-
change memory (PRAM), static random access memory (SRAM), dynamic random access
memory (DRAM), other types of random-access memory (RAM), read-only memory (ROM),
electronically erasable programmable read-only memory (EEPROM), quick flash memory or
other internal storage technology, compact disk read-only memory (CD-ROM), digital
versatile disc (DVD) or other optical storage, magnetic cassette tape, magnetic disk storage
or other magnetic storage devices, or any other non-transmission media, which may be used
to store information that may be accessed by a computing device. As defined herein, the
computer-readable storage medium does not include transitory media, such as modulated

data signals and carrier waves.
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Although the present disclosure has been described as above, the present disclosure
is not limited thereto. Any person skilled in the art may make various changes and
modifications without departing from the spirit and scope of the present disclosure.
Therefore, the protection scope of the present disclosure shall be subject to the scope defined
by the claims.

EXAMPLE CLAUSES

Clause 1. An image reconstruction method, comprising: acquiring a multi-angle
free-perspective image combination, parameter data of the image combination, and virtual
viewpoint position information based on user interaction, wherein the image combination
includes multiple groups of texture images and depth maps that are synchronized at multiple
angles and have corresponding relationships; selecting a corresponding group of texture
images and depth maps in the image combination at a user interaction moment based on a
preset rule according to the virtual viewpoint position information and the parameter data of
the image combination; and combining and rendering the selected corresponding group of
texture images and depth maps in the image combination at the user interaction moment
based on the virtual viewpoint position information and parameter data corresponding to the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment, to obtain a reconstructed image corresponding to the virtual viewpoint
position at the user interaction moment.

Clause 2. The image reconstruction method according to clause 1, wherein
selecting the corresponding group of texture images and depth maps data in the image
combination at the user interaction moment based on the preset rule according to the virtual
viewpoint position information and the parameter data of the image combination comprises:
selecting the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies a preset positional relationship
and/or a preset quantitative relationship with the virtual viewpoint position according to the
virtual viewpoint position information and the parameter data of the image combination.

Clause 3. The image reconstruction method according to clause 2, wherein
selecting the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies the preset positional relationship

and/or the preset quantitative relationship with the virtual viewpoint position according to
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the virtual viewpoint position information and the parameter data of the image combination
comprises: selecting a preset number of corresponding groups of texture images and the
depth maps that are closest to the virtual viewpoint position in the image combination at the
user interaction moment according to the virtual viewpoint position information and the
parameter data of the image combination.

Clause 4. The image reconstruction method according to clause 3, wherein
selecting the preset number of corresponding groups of texture images and the depth maps
that are closest to the virtual viewpoint position in the image combination at the user
interaction moment according to the virtual viewpoint position information and the
parameter data of the image combination comprises: selecting texture images and depth
maps corresponding to 2 to N capturing devices closest to the virtual viewpoint position
according to the virtual viewpoint position information and the parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment, wherein N is the number of all capturing devices
that capture the image combination.

Clause 5. The image reconstruction method according to clause 1 , wherein
combining and rendering the selected corresponding group of texture images and depth maps
in the image combination at the user interaction moment based on the virtual viewpoint
position information and parameter data corresponding to the corresponding group of
texture images and depth maps in the image combination at the user interaction moment to
obtain the reconstructed image corresponding to the virtual viewpoint position at the user
interaction moment comprises: performing forward projection on the selected depth maps
of the corresponding group in the image combination at the user interaction moment
respectively, to project to the virtual position at the user interaction moment; performing
post-processing on the depth maps after the forward projection respectively; performing
backward projection on the selected texture images of the corresponding group in the image
combination at the user interaction moment respectively; and fusing respective virtual
texture images generated after the backward projection.

Clause 6. The image reconstruction method according to clause 5, wherein after
fusing respective the virtual texture images generated after the backward projection, the

method further comprises: performing inpainting on the fused texture image to obtain the
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reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment.

Clause 7. The image reconstruction method according to clause 5, wherein
performing post-processing on the depth maps after the forward projection respectively
comprises at least one of the following: performing foreground padding processing on the
depth maps after the forward projection respectively; and performing pixel-level filtering
processing on the depth maps after the forward projection respectively.

Clause 8. The image reconstruction method according to clause 5, wherein fusing
respective virtual texture images generated after the backward projection comprises: fusing
the respective virtual texture images generated after the backward projection using a global
weight determined by a distance between the virtual viewpoint position and a position of a
capturing device that captures a corresponding texture image in the image combination,
according to the virtual viewpoint position information and the parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment.

Clause 9. The image reconstruction method according to clause 1, wherein
combining and rendering the selected corresponding group of texture images and depth maps
in the image combination at the user interaction moment based on the virtual viewpoint
position information and parameter data corresponding to the corresponding group of
texture images and depth maps in the image combination at the user interaction moment to
obtain the reconstructed image corresponding to the virtual viewpoint position at the user
interaction moment comprises: respectively projecting the depth maps of the corresponding
group in the image combination at the user interaction moment to the virtual viewpoint
position at the user interaction moment according to a spatial geometric relationship, to form
a depth map of the virtual viewpoint position; and copying from pixel points in the texture
images of the corresponding group to the generated virtual texture images corresponding to
the virtual viewpoint position according to the projected depth maps, to form the virtual
texture images corresponding to the corresponding group in the image combination at the
user interaction moment; and fusing the virtual texture images corresponding to the
corresponding group in the image combination at the user interaction moment, to obtain the

reconstructed image of the virtual viewpoint position at the user interaction moment.

56



10

15

20

25

30

WO 2020/181128 PCT/US2020/021252

Clause 10. The image reconstruction method according to clause 9,
wherein fusing the virtual texture images corresponding to the corresponding group in the
image combination at the user interaction moment to obtain the reconstructed image of the
virtual viewpoint position at the user interaction moment comprises: performing weighting
processing on pixels in corresponding positions in the virtual texture images corresponding to
respective corresponding groups in the image combination at the user interaction moment,
to obtain pixel values of the corresponding positions in the reconstructed image of the virtual
viewpoint position at the user interaction moment; and for a position where a pixel value is
zero in the reconstructed image of the virtual viewpoint position at the user interaction
moment, performing inpainting using pixels around the pixel in the reconstructed image, to
obtain the reconstructed image of the virtual viewpoint position at the user interaction
moment.

Clause 11. The image reconstruction method according to clause 9,
wherein fusing the virtual texture images corresponding to the corresponding group in the
image combination at the user interaction moment to obtain the reconstructed image of the
virtual viewpoint position at the user interaction moment comprises: for a position where a
pixel value is zero in the virtual texture images corresponding to respective corresponding
groups in the image combination at the user interaction moment, performing inpainting using
around pixel values respectively; and performing weighting processing on pixel values in
corresponding positions in the virtual texture images corresponding to the respective
corresponding groups after the inpainting, to obtain the reconstructed image of the virtual
viewpoint position at the user interaction moment.

Clause 12. The image reconstruction method according to clause 1,
wherein acquiring a multi-angle free-perspective image combination and parameter data of
the image combination comprises: decoding acquired compressed multi-angle free-
perspective image data, to obtain the multi-angle free-perspective image combination and
the parameter data corresponding to the image combination.

Clause 13. An image reconstruction system, comprising: an acquiring unit,
adapted to acquire multiple-angle free-perspective image combination, parameter data of
the image combination, and the virtual viewpoint position information based on user

interaction, wherein the image combination includes multiple groups of texture images and
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the depth maps that are synchronized at multiple angles and have corresponding
relationships; a selecting unit, adapted to select a corresponding group of texture images and
the depth maps in the image combination at the user interaction moment based on a preset
rule according to the virtual viewpoint position information and the parameter data of the
image combination; and an image reconstruction unit, adapted to combine and render the
selected corresponding group of texture images and depth maps in the image combination at
the user interaction moment based on the virtual viewpoint position information and
parameter data corresponding to the corresponding group of texture images and depth maps
in the image combination at the user interaction moment, to obtain a reconstructed image
corresponding to the virtual viewpoint position at the user interaction moment.

Clause 14. An image reconstruction device, comprising a memory and a
processor, the memory storing computer instructions thereon capable of running on the
processor, wherein the processor performs steps of the method of any one of clauses 1 to 12
when the processor runs the computer instructions.

Clause 15. The image reconstruction device according to clause 14,
wherein the image reconstruction device comprises at least one of a terminal device and an
edge node.

Clause 16. A computer-readable storage medium having computer
instructions stored thereon, wherein steps of the method of any one of clauses 1 to 12 are

performed when the computer instructions are executed.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method, comprising:

acquiring a multi-angle free-perspective image combination, parameter data of the
image combination, and virtual viewpoint position information based on user interaction,
wherein the image combination includes multiple groups of texture images and depth maps,
and the multiple groups of texture images and depth maps are synchronized at multiple
angles and have corresponding relationships;

selecting a corresponding group of texture images and depth maps in the image
combination at a user interaction moment based on a preset rule according to the virtual
viewpoint position information and the parameter data of the image combination; and

combining and rendering the selected corresponding group of texture images and
depth maps in the image combination at the user interaction moment based on the virtual
viewpoint position information and parameter data corresponding to the corresponding
group of texture images and depth maps in the image combination at the user interaction
moment, to obtain a reconstructed image corresponding to the virtual viewpoint position at

the user interaction moment.

2. The method of claim 1, wherein selecting the corresponding group of texture
images and depth maps in the image combination at the user interaction moment based on
the preset rule according to the virtual viewpoint position information and the parameter
data of the image combination comprises:

selecting the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies a preset positional relationship
and/or a preset quantitative relationship with the virtual viewpoint position according to the

virtual viewpoint position information and the parameter data of the image combination.

3. The method of claim 2, wherein selecting the corresponding group of texture

images and the depth maps in the image combination at the user interaction moment that

satisfies the preset positional relationship and/or the preset quantitative relationship with
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the virtual viewpoint position according to the virtual viewpoint position information and the
parameter data of the image combination comprises:

selecting a preset number of corresponding groups of texture images and the depth
maps that are closest to the virtual viewpoint position in the image combination at the user
interaction moment according to the virtual viewpoint position information and the

parameter data of the image combination.

4, The method of claim 3, wherein selecting the preset number of corresponding
groups of texture images and the depth maps that are closest to the virtual viewpoint position
in the image combination at the user interaction moment according to the virtual viewpoint
position information and the parameter data of the image combination comprises:

selecting texture images and depth maps corresponding to 2 to N capturing devices
closest to the virtual viewpoint position according to the virtual viewpoint position
information and the parameter data corresponding to the corresponding group of texture
images and depth maps in the image combination at the user interaction moment, wherein

N is the number of all capturing devices that capture the image combination.

5. The method of claim 1 , wherein combining and rendering the selected
corresponding group of texture images and depth maps in the image combination at the user
interaction moment based on the virtual viewpoint position information and parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment to obtain the reconstructed image
corresponding to the virtual viewpoint position at the user interaction moment comprises:

performing forward projection on the selected depth maps of the corresponding
group in the image combination at the user interaction moment respectively, to project to
the virtual position at the user interaction moment;

performing post-processing on the depth maps after the forward projection
respectively;

performing backward projection on the selected texture images of the corresponding
group in the image combination at the user interaction moment respectively; and

fusing respective virtual texture images generated after the backward projection.
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6. The method of claim 5, wherein after fusing respective the virtual texture
images generated after the backward projection, the method further comprises:
performing inpainting on the fused texture image to obtain the reconstructed image

corresponding to the virtual viewpoint position at the user interaction moment.

7. The method of claim 5, wherein performing post-processing on the depth
maps after the forward projection respectively comprises at least one of the following:

performing foreground padding processing on the depth maps after the forward
projection respectively; and

performing pixel-level filtering processing on the depth maps after the forward

projection respectively.

8. The method of claim 5, wherein fusing respective virtual texture images
generated after the backward projection comprises:

fusing the respective virtual texture images generated after the backward projection
using a global weight determined by a distance between the virtual viewpoint position and a
position of a capturing device that captures a corresponding texture image in the image
combination, according to the virtual viewpoint position information and the parameter data
corresponding to the corresponding group of texture images and depth maps in the image

combination at the user interaction moment.

9. The method of claim 1, wherein combining and rendering the selected
corresponding group of texture images and depth maps in the image combination at the user
interaction moment based on the virtual viewpoint position information and parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment to obtain the reconstructed image
corresponding to the virtual viewpoint position at the user interaction moment comprises:

respectively projecting the depth maps of the corresponding group in the image

combination at the user interaction moment to the virtual viewpoint position at the user
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interaction moment according to a spatial geometric relationship, to form a depth map of the
virtual viewpoint position; and

copying from pixel points in the texture images of the corresponding group to the
generated virtual texture images corresponding to the virtual viewpoint position according to
the projected depth maps, to form the virtual texture images corresponding to the
corresponding group in the image combination at the user interaction moment; and

fusing the virtual texture images corresponding to the corresponding group in the
image combination at the user interaction moment, to obtain the reconstructed image of the

virtual viewpoint position at the user interaction moment.

10. The method of claim 9, wherein fusing the virtual texture images
corresponding to the corresponding group in the image combination at the user interaction
moment to obtain the reconstructed image of the virtual viewpoint position at the user
interaction moment comprises:

performing weighting processing on pixels in corresponding positions in the virtual
texture images corresponding to respective corresponding groups in the image combination
at the user interaction moment, to obtain pixel values of the corresponding positions in the
reconstructed image of the virtual viewpoint position at the user interaction moment; and

for a first pixel where a pixel value is zero in the reconstructed image of the virtual
viewpoint position at the user interaction moment, performing inpainting using pixels around
the first pixel in the reconstructed image, to obtain the reconstructed image of the virtual

viewpoint position at the user interaction moment.

11. The method of claim 9, wherein fusing the virtual texture images
corresponding to the corresponding group in the image combination at the user interaction
moment to obtain the reconstructed image of the virtual viewpoint position at the user
interaction moment comprises:

for a first pixel where a pixel value is zero in the virtual texture images corresponding
to respective corresponding groups in the image combination at the user interaction moment,

performing inpainting on the first pixel using around pixel values respectively; and
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performing weighting processing on pixel values in corresponding positions in the
virtual texture images corresponding to the respective corresponding groups after the
inpainting, to obtain the reconstructed image of the virtual viewpoint position at the user

interaction moment.

12. The method of claim 1, wherein acquiring a multi-angle free-perspective image
combination and parameter data of the image combination comprises:

decoding acquired compressed multi-angle free-perspective image data, to obtain the
multi-angle free-perspective image combination and the parameter data corresponding to

the image combination.

13. A system, comprising:

an acquiring unit, configured to acquire multiple-angle free-perspective image
combination, parameter data of the image combination, and the virtual viewpoint position
information based on user interaction, wherein the image combination includes multiple
groups of texture images and the depth maps, and the multiple groups of texture images and
depth maps are synchronized at multiple angles and have corresponding relationships;

a selecting unit, configured to select a corresponding group of texture images and the
depth maps in the image combination at the user interaction moment based on a preset rule
according to the virtual viewpoint position information and the parameter data of the image
combination; and

an image reconstruction unit, configured to combine and render the selected
corresponding group of texture images and depth maps in the image combination at the user
interaction moment based on the virtual viewpoint position information and parameter data
corresponding to the corresponding group of texture images and depth maps in the image
combination at the user interaction moment, to obtain a reconstructed image corresponding

to the virtual viewpoint position at the user interaction moment.

14. A computer-readable storage medium having computer instructions stored
thereon that, when executed by one or more processors, cause the one or more processors

to perform acts comprising:
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acquiring a multi-angle free-perspective image combination, parameter data of the
image combination, and virtual viewpoint position information based on user interaction,
wherein the image combination includes multiple groups of texture images and depth maps,
and the multiple groups of texture images and depth maps are synchronized at multiple
angles and have corresponding relationships;

selecting a corresponding group of texture images and depth maps in the image
combination at a user interaction moment based on a preset rule according to the virtual
viewpoint position information and the parameter data of the image combination; and

combining and rendering the selected corresponding group of texture images and
depth maps in the image combination at the user interaction moment based on the virtual
viewpoint position information and parameter data corresponding to the corresponding
group of texture images and depth maps in the image combination at the user interaction
moment, to obtain a reconstructed image corresponding to the virtual viewpoint position at

the user interaction moment.

15. The computer-readable storage medium of claim 14, wherein selecting the
corresponding group of texture images and depth maps in the image combination at the user
interaction moment based on the preset rule according to the virtual viewpoint position
information and the parameter data of the image combination comprises:

selecting the corresponding group of texture images and the depth maps in the image
combination at the user interaction moment that satisfies a preset positional relationship
and/or a preset quantitative relationship with the virtual viewpoint position according to the

virtual viewpoint position information and the parameter data of the image combination.

16. The computer-readable storage medium of claim 15, wherein selecting the
corresponding group of texture images and the depth maps in the image combination at the
user interaction moment that satisfies the preset positional relationship and/or the preset
guantitative relationship with the virtual viewpoint position according to the virtual viewpoint
position information and the parameter data of the image combination comprises:

selecting a preset number of corresponding groups of texture images and the depth

maps that are closest to the virtual viewpoint position in the image combination at the user
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interaction moment according to the virtual viewpoint position information and the

parameter data of the image combination.

17. The computer-readable storage medium of claim 16, wherein selecting the
preset number of corresponding groups of texture images and the depth maps that are
closest to the virtual viewpoint position in the image combination at the user interaction
moment according to the virtual viewpoint position information and the parameter data of
the image combination comprises:

selecting texture images and depth maps corresponding to 2 to N capturing devices
closest to the virtual viewpoint position according to the virtual viewpoint position
information and the parameter data corresponding to the corresponding group of texture
images and depth maps in the image combination at the user interaction moment, wherein

N is the number of all capturing devices that capture the image combination.

18. The computer-readable storage medium of claim 14, wherein combining and
rendering the selected corresponding group of texture images and depth maps in the image
combination at the user interaction moment based on the virtual viewpoint position
information and parameter data corresponding to the corresponding group of texture images
and depth maps in the image combination at the user interaction moment to obtain the
reconstructed image corresponding to the virtual viewpoint position at the user interaction
moment comprises:

performing forward projection on the selected depth maps of the corresponding
group in the image combination at the user interaction moment respectively, to project to
the virtual position at the user interaction moment;

performing post-processing on the depth maps after the forward projection
respectively;

performing backward projection on the selected texture images of the corresponding
group in the image combination at the user interaction moment respectively; and

fusing respective virtual texture images generated after the backward projection.
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19. The computer-readable storage medium of claim 14, wherein after fusing
respective the virtual texture images generated after the backward projection, the method
further comprises:

performing inpainting on the fused texture image to obtain the reconstructed image

corresponding to the virtual viewpoint position at the user interaction moment.

20. The computer-readable storage medium of claim 14, wherein performing post-
processing on the depth maps after the forward projection respectively comprises at least
one of the following:

performing foreground padding processing on the depth maps after the forward
projection respectively; and

performing pixel-level filtering processing on the depth maps after the forward

projection respectively.
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POSITION AT THE USER INTERACTION MOMENT
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