DATA PROCESSING METHOD AND APPARATUS FOR
IMMERSIVE MEDIA, AND RELATED DEVICE AND STORAGE
MEDIUM

RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 202110659190.8,
filed with the Chinese Patent Office on June 11, 2021 and entitled "DATA PROCESSING
METHOD AND APPARATUS FOR IMMERSIVE MEDIA, AND RELATED DEVICE AND
STORAGE MEDIUM", which is incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] This application relates to the field of audio and video, and in particular, to media

data processing.

BACKGROUND OF THE DISCLOSURE

[0003] Immersive media refer to media content that can create an immersive experience for
consumers. The immersive media may also be called free-view video. For the free-view video, a
same 3D scene is generally photographed from multiple angles by a camera array to obtain depth
images and/or texture images from different angles of view, and such depth images and/or texture
images constitute the free-view video. A content consumption device may choose, based on a
current position of a user and angles of view of a camera that various images are from, to decode

some images for consumption.

[0004] Currently, during production of the free-view video, a large-scale atlas information
data box is generally used to indicate parameter information associated with the free-view video
(such as widths and heights of resolution of depth images and texture images captured by the
camera, and a camera identifier corresponding to each angle of view), so as to omit remaining atlas

information in an atlas track.

SUMMARY

[0005] Embodiments of this application provide a data processing method and apparatus for
immersive media, a device, and a storage medium, which can encapsulate images captured by
cameras of immersive media from different angles of view into a plurality of different tracks, and

use a free-view information data box corresponding to each track to indicate view information of
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the camera that the image in each track is from, so as to facilitate a content consumption device to
select an appropriate image for decoding and consumption based on the view information in each

track and a current position of a user.

[0006] According to one aspect, an embodiment of this application provides a data
processing method for immersive media, the immersive media being formed by images taken by N
cameras from different angles of view, the immersive media being encapsulated into M tracks,
images from at least one camera being encapsulated in one track, N and M being integers greater

than 1; the data processing method including:

[0007] acquiring a free-view information data box corresponding to an i track, the free-
view information data box including view information corresponding to the i track, i being an

integer greater than or equal to 1 and less than or equal to M; and

[0008] decoding images encapsulated in the i track based on the view information in the

free-view information data box.

[0009] According to one aspect, an embodiment of this application provides another

processing method for immersive media, including:

[0010] encapsulating the immersive media into M tracks, the immersive media being
formed by images taken by N cameras from different angles of view, images from at least one
camera being encapsulated in one track, the M tracks belonging to a same track group, N and M

being integers greater than or equal to 1; and

[0011] generating a free-view information data box corresponding to an i track based on
encapsulation of w images in the i track, the free-view information data box including view

information corresponding to the i track; 1<i<M, and w>1.

[0012] According to one aspect, an embodiment of this application provides a data

processing apparatus for immersive media, including:

[0013] an acquisition unit configured to acquire a free-view information data box
corresponding to an i track of the immersive media, the free-view information data box including
view information corresponding to the i track, the immersive media being formed by images taken
by N cameras from different angles of view, the immersive media being encapsulated into M tracks,
images from at least one camera being encapsulated in one track, N and M being integers greater

than 1; i being an integer greater than or equal to 1 and less than or equal to M; and

[0014] a decoding unit configured to decode images encapsulated in the i track based on

the view information in the free-view information data box.
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[0015] According to one aspect, an embodiment of this application provides another data

processing apparatus for immersive media, including:

[0016] an encapsulation unit configured to encapsulate the immersive media into M tracks,
the immersive media being formed by images taken by N cameras from different angles of view,
images from at least one camera being encapsulated in one track, the M tracks belong to a same

track group, N and M being integers greater than or equal to 1; and

[0017] a generation unit configured to generate a free-view information data box
corresponding to an i track based on encapsulation of w images in the i track, the free-view

information data box including view information corresponding to the i track; 1<i<M, and w>1.

[0018] In one aspect, the embodiments of this application provide a content consumption

device, including:
[0019] a processor, configured to implement one or more computer programs; and

[0020] a computer storage medium, storing the one or more computer programs, the one or

more computer programs being configured to be loaded by the processor to perform:

[0021] acquiring a free-view information data box corresponding to an i track of
immersive media, the free-view information data box including view information corresponding to
the i track; the immersive media being formed by images taken by N cameras from different
angles of view, the immersive media being encapsulated into M tracks, images from at least one
camera being encapsulated in one track, N and M being integers greater than 1, i being an integer

greater than or equal to 1 and less than or equal to M; and

[0022] decoding images encapsulated in the i track based on the view information in the

free-view information data box.

[0023] In an aspect, an embodiment of this application provides a content production
device, including:

[0024] a processor, configured to implement one or more computer programs; and

[0025] a computer storage medium, storing the one or more computer programs, the one or

more computer programs being configured to be loaded by the processor to perform:

[0026] encapsulating immersive media into M tracks, the immersive media being formed by
images taken by N cameras from different angles of view, images from at least one camera being
encapsulated in one track, the M tracks belonging to a same track group, N and M being integers

greater than or equal to 1; and



[0027] generating a free-view information data box corresponding to an i track based on
encapsulation of w images in the i track, the free-view information data box including view

information corresponding to the i track; 1<i<M, and w>1.

[0028] In another aspect, an embodiment of this application provides a storage medium,
configured to store a computer program, the computer program being configured to perform the

method in the foregoing aspects.

[0029] In another aspect, an embodiment of this application provides a computer program
product including instructions, the computer program product, when run on a computer, causing the

computer to perform the method in the foregoing aspects.

[0030] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,
and view information corresponding to an i track is indicated by the free-view information data
box corresponding to the i track, for example, a specific view position of the camera, and then by
decoding the images in the track by the content consumption device based on the view information
corresponding to the i track, decoded video can be better matched with a position of a user, which

improves presentation effect of the immersive video.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1ais a schematic diagram of a user consuming 3Degree of Freedom (3DoF)

immersive media according to an embodiment of this application.

[0032] FIG. 1b is a schematic diagram of a user consuming 3DoF+ immersive media

according to an embodiment of this application.

[0033] FIG. 1c is a schematic diagram of a user consuming 6Degree of Freedom (6DoF)

immersive video according to an embodiment of this application.

[0034] FIG. 2a is an architectural diagram of an immersive media system according to an

embodiment of this application.

[0035] FIG. 2b is a schematic diagram of a transmission scheme for immersive media

according to an embodiment of this application.



[0036] FIG. 3a is a basic block diagram of video coding according to an embodiment of this

application.

[0037] FIG. 3b is a schematic diagram of division of an input image according to an

embodiment of this application.

[0038] FIG. 4 is a schematic flowchart of a data processing method for immersive media

according to an embodiment of this application.

[0039] FIG. 5 is a schematic flowchart of another data processing method for immersive

media according to an embodiment of this application.

[0040] FIG. 6 is a schematic structural diagram of a data processing apparatus for

immersive media according to an embodiment of this application.

[0041] FIG. 7 is a schematic structural diagram of another data processing apparatus for

immersive media according to an embodiment of this application.

[0042] FIG. 8 is a schematic structural diagram of a content consumption device according

to an embodiment of this application.

[0043] FIG. 9 is a schematic structural diagram of a content production device according to

an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0044] The following clearly and completely describes technical solutions in embodiments
of this application with reference to the accompanying drawings in the embodiments of this

application.

[0045] The embodiments of this application relate to a data processing technology for
immersive media. The so-called immersive media refer to media files that can provide immersive
media content so that users immersed in the media content can obtain visual, auditory, and other
sensory experiences as in the real world. Specifically, the immersive media may be 3DoF

immersive media, 3DoF+ immersive media, or 6DoF immersive media.

[0046] Refer to FIG. 1a which is a schematic diagram of a user consuming 3DoF immersive
media according to an embodiment of this application. The 3DoF immersive media shown in FIG.
la means that the user is fixed at a center point of a 3-dimension (3D) space, and the user's head
rotates along an X axis, a Y axis, and a Z axis to watch pictures provided by media content of the
immersive media. Refer to FIG. 1b which is a schematic diagram of a user consuming 3DoF+
immersive media according to an embodiment of this application. 3DoF+ means that when a virtual
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scene provided by the immersive media has certain depth information, the user's head can move in a
limited space based on 3DoF to watch pictures provided by media content. Refer to FIG. 1¢ which
is a schematic diagram of a user consuming 6DoF immersive video according to an embodiment of
this application. 6DoF includes window 6DoF, omnidirectional 6DoF, and 6DoF. The window 6DoF
means that the user has restricted rotation and movement in the X axis and the Y axis and restricted
translation in the Z axis. For example, the user cannot see outside a window frame, and the user
cannot see through a window. The omnidirectional 6DoF means that the user has restricted rotation
and movement in the X axis, the Y axis, and the Z axis. For example, the user cannot freely pass
through 3D 360-degree virtual reality (VR) content in a restricted movement region. The 6DoF
means that the user can freely translate along the X axis, the Y axis, and the Z axis. For example,
the user can freely walk in the 3D 360-degree VR content. In short, the 6DoF immersive video
allows the user to rotate and consume media content along the X axis, the Y axis, and the Z axis,

and also to freely move along the X axis, the Y axis, and the Z axis to consume the media content.

[0047] Content of the immersive media includes video content represented in the 3D space
in various forms, such as 3D video content represented in a spherical form. Specifically, the content
of the immersive media may be VR video content, multi-view video content, panoramic video
content, spherical video content, or 360-degree video content. Therefore, the immersive media may
also be referred to as VR video, free-view video, panoramic video, spherical video, or 360-degree
video. In addition, the content of the immersive media further includes audio content synchronized

with video content represented in the 3D space.

[0048] Refer to FIG. 2a which is an architectural diagram of an immersive media system
according to an embodiment of this application. The immersive media system shown in FIG. 2a
includes a content production device and a content consumption device. The content production
device may be a computer device used by a provider of immersive media (e.g., a content producer
of immersive content). The computer device may be a terminal, such as a smartphone, a tablet
computer, a notebook computer, a desktop computer, a smart speaker, a smart watch, or a smart
vehicle-mounted terminal. Alternatively, the computer device may be a server, for example, it may
be an independent physical server, or may be a server cluster including a plurality of physical
servers or a distributed system, or may be a cloud server providing basic cloud computing services,
such as a cloud service, a cloud database, cloud computing, a cloud function, cloud storage, a
network service, cloud communication, a middleware service, a domain name service, a security

service, a content delivery network (CDN), big data, and an artificial intelligence platform.



[0049] The content consumption device may be a computer device used by a user of
immersive media (e.g., a user). The computer device may be a terminal, for example, a personal
computer, a smart mobile device such as a smartphone, or a VR device (such as a VR headset or VR
glasses). A data processing process of immersive media includes a data processing process on the
side of the content production device and a data processing process on the side of the content

consumption device.

[0050] The data processing process on the side of the content production device mainly
includes: (1) a process of acquiring and producing media content of the immersive media; and (2) a
process of encoding and encapsulating the immersive media. The data processing process on the
side of the content consumption device mainly includes: (3) a process of decapsulating and
decoding the immersive media; and (4) a process of rendering the immersive media. In addition, a
transmission process of the immersive media is involved between the content production device and
the content consumption device. The transmission process may be performed based on various
transport protocols. The transport protocols may include, but are not limited to, dynamic adaptive
streaming over HTTP (DASH) protocols, HTTP live streaming (HLS) protocols, smart media
transport protocols (SMTPs), transmission control protocols (TCPs), and the like.

[0051] Refer to FIG. 2b which is a schematic diagram of a transmission scheme for
immersive media according to an embodiment of this application. As shown in FIG. 2b, in order to
solve the problem of a transmission bandwidth load caused by an excessively large amount of data
in the immersive media. During the processing of the immersive media, original immersive media is
generally divided into a plurality of pieces of segmented video in space, which are respectively
encoded and encapsulated and then transmitted to clients for consumption. The data processing
process of the immersive media is introduced in detail below with reference to FIG. 2b. The data

processing process on the side of the content production device is first introduced:

[0052] (1) the process of acquiring and producing the media content of the immersive
media:

[0053] S1: Process of acquiring the media content of the immersive media.

[0054] The media content of the immersive media is obtained by capturing real-world

sound-visual scenes through a capture device. In an embodiment, the capture device may refer to a
hardware component provided in the content production device. For example, the capture device
refers to a microphone, a camera, a sensor, or the like of a terminal. In other embodiments, the
capture device may also be a hardware apparatus independent of the content production device but

connected to the content production device, for example, a camera connected to a server. The
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capture device may include, but is not limited to, an audio device, a camera device, and a sensor
device. The audio device may include an audio sensor, a microphone, and the like. The camera
device may include an ordinary camera, a stereo camera, a light field camera, and the like. The
sensor device may include a laser device, a radar device, and the like. A plurality of capture devices
may be provided. The capture devices may be deployed in some specific views in real space to
simultaneously capture audio content and video content from different angles of view in the space.
The captured audio content and video content are synchronized in time and space. For example,
media content of the 3DoF immersive media is recorded by a set of cameras or a camera device
with a plurality of cameras and sensors, while media content of the 6DoF immersive media is

mainly produced by content in the form of point cloud and light fields shot by a camera array.
[0055] S2: Process of producing the media content of the immersive media.

[0056] The captured audio content is content suitable for audio coding of to-be-executed
immersive media, so no additional processing on the captured audio content is needed. The captured
video content can be called content suitable for audio coding of to-be-executed immersive media

only after going through a series of production procedures. The production procedures may include:

[0057] (i) Stitching: Since the captured video content of the immersive media is shot by the
capture device from different angles of view, stitching includes stitching the video content shot from
various views into a complete video that can reflect a 360-degree visual panorama of the real space.

That is, the stitched video is a panoramic video represented in the 3D space.

[0058] (i1) Projection: Projection includes a process of mapping a 3D video formed by
stitching onto a 2-dimension (2D) image. A 2D image formed by projection is called a projected
image. Manners of projection may include, but are not limited to, equirectangular projection, and

cubemap projection.

[0059] The capture device can only capture the panoramic video. After such a video is
processed by the content production device and transmitted to the content consumption device for
corresponding data processing, users on the side of the content consumption device side can only
watch 360-degree video information through some specific actions (e.g., head rotation), but
performing a non-specific action (e.g., moving a head) does not result in a corresponding video
change, leading to a poor VR experience. Therefore, there is a need to provide additional depth
information matching the panoramic video to enable the users to obtain better immersion and a
better VR experience, which involves a variety of production technologies. Common production
technologies include a 6DoF production technology, a 3DoF production technology, and a
3DoF+production technology.



[0060] Immersive media obtained by using the 6DoF production technology and the 3DoF+
production technology may include free-view video. As common 3DoF+ and 6DoF immersive
media, the free-view video is immersive media video captured by a plurality of cameras and
including images from different angles of view, which supports user 3DoF+ or 6DoF interaction.
Specifically, the 3DoF+ immersive media are recorded by a group of cameras or a camera with a
plurality of cameras and sensors. The cameras may generally acquire content in all directions
around a center of a device. The 6DoF immersive media are mainly produced by content in the form

of point cloud and light fields shot by a camera array.
[0061] (3) The process of encoding the media content of the immersive media.

[0062] The projected image may be directly encoded, or the projected image may be
encoded after regional encapsulation. Refer to FIG. 3a which is a basic block diagram of video
coding according to an embodiment of this application. Modern mainstream video coding
technologies, for example, an international video coding standard (High Efficiency Video Coding,
HEVC), an international video coding standard (Versatile Video Coding, VVC), and a Chinese
national video coding standard (Audio Video Coding Standard, AVS), adopt a hybrid coding
framework to perform a series of operations and processing on an inputted original video signal as

follows:

[0063] 1) Block partition structure: An input image is divided into several non-overlapping
processing units according to sizes of processing units, and similar compression operations are
performed for each processing unit. The processing unit is known as a coding tree unit (CTU) or
largest coding unit (LCU). The CTU may be further divided into one or more basic coding units,
called coding units (CUs). Each CU is one of the most basic elements in coding mitigation. Refer to
FIG. 3b which is a schematic diagram of division of an input image according to an embodiment of

this application. Various possible coding manners for each CU are described in the following.

[0064] 2) Predictive coding: The predictive coding includes intra (picture) prediction and
inter (picture) prediction. The original video signal of the immersive media is predicted by a
selected reconstructed video signal to obtain a residual video signal. The content production device
needs to determine which of the many possible predictive coding modes is the most appropriate for
the current CU and inform the content consumption device. Signals predicted by intra (picture)
prediction are from regions of a same image that have been encoded and reconstructed, while
signals predicted by inter (picture) prediction are from other images (called reference images) that

have been encoded and are different from the current image.



[0065] 3) Transform & Quantization: Through transformation such as discrete fourier
transform (DFT) or discrete cosine transform (DCT), the residual video signal is transferred to a
transform domain, which is called a transformation coefficient. The signal in the transform domain
further goes through lossy quantization, and some information is lost, which makes the quantized
signal conducive to compression expression. In some video coding standards, more than one
transformation is available for selection, so the content production device also needs to select one of
the transformations for the current coding CU and inform a content playback device. Fineness of
quantization is generally determined by a quantization parameter (QP). A larger value of the QP
means that coefficients in a wider value range may be quantized to a same output, which may
generally lead to greater distortion and a lower bit rate. Conversely, a smaller value of the QP means
that coefficients in a smaller value range may be quantized to a same output, which may generally

lead to less distortion and correspond to a higher bit rate.

[0066] 4) Entropy coding or statistical coding Statistical compression coding is performed
on the quantized signal in the transform domain according to frequencies of the values, and finally a
binary (0 or 1) compressed bitstream is outputted. At the same time, other information generated by
coding, such as a selected mode, a motion vector, and the like, also requires entropy coding to
reduce the bit rate. Statistical coding is a lossless coding manner, which can eftectively reduce a bit
rate required to express a same signal. Common statistical coding is variable length coding (VLC)

or content adaptive binary arithmetic coding (CABAC).

[0067] 5) Loop filtering: After the encoded images go through operations of inverse
quantization, inverse transformation, and predictive compensation (reverse operations of the above
2 to 4), reconstructed decoded images can be obtained. Compared with the original image, the
reconstructed images are different from the original image in some information due to the influence
of quantization, resulting in distortion. A degree of distortion caused by the quantization can be
effectively reduced by performing a filtering operation on the reconstructed images, such as
deblocking, sample adaptive offset (SAO), or adaptive loop filter (ALF). Such filtered reconstructed
images may be used as a reference for subsequent encoded images to predict future signals.
Therefore, the above filtering operation may also be called loop filtering and filtering operations

within a coding loop.

[0068] If the 6DoF production technology (which is called 6DoF when the user can freely
move in a simulated scene) is used, specific coding (such as point cloud coding) needs to be used

for coding during the video coding.

[0069] (4) Process of encapsulating the immersive media.
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[0070] An audio bitstream and a video bitstream are encapsulated into a file container
(track) according to a file format (e.g., an ISO base media file format (ISOBMFF)) of the
immersive media to form a media resource file of the immersive media. The media resource file
may be a media file or a media file of the immersive media formed by media fragments, and
metadata of media file resources of the immersive media is recorded according to a file format
requirement of the immersive media by using media presentation description (MPD). The metadata
herein is a general term for information associated with presentation of the immersive media. The
metadata may include description information about media content, description information about a
window, signaling information about presentation of media content, and the like. As shown in FIG.
2a, the content production device may store MPD and media file resources formed after the data

processing process.

[0071] The data processing process on the side of the content consumption device is

introduced below:
[0072] (1) Process of decapsulating and decoding the immersive media.

[0073] The content consumption device may obtain media file resources and corresponding
MPD of the immersive media from the content production device through recommendation of the
content production device or adaptively and dynamically according to a user requirement on the
side of the content consumption device. For example, the content consumption device may
determine orientation and a position of the user according to tracking information of the user's
head/eyes/body, and then dynamically request the corresponding media file resources from the
content production device based on the determined orientation and position. The media file
resources and the MPD are transmitted to the content consumption device by the content production
device through a transmission mechanism (e.g., DASH or SMT). A decapsulation process of the
content consumption device is the opposite of the encapsulation process of the content production
device. The content consumption device decapsulates the acquired media file resources according to
the file format requirement of the immersive media to obtain an audio bitstream and a video
bitstream. A decoding process of the content consumption device is the opposite of the encoding
process of the content production device. The content consumption device performs audio decoding
on the audio bitstream to restore audio content, and the content consumption device decodes the
video bitstream to obtain video content. The decoding process of the video bitstream by the content
consumption device may include the following: (i) The video bitstream is decoded to obtain a

planar projected image. (ii) The projected image is reconstructed according to the MPD to be
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converted into a 3D image. The reconstructing herein means re-projecting a 2D projected image

into the 3D space.

[0074] As can be seen from the above encoding process, on the side of the content
consumption device, for each CU, after obtaining the compressed bitstream, the content
consumption device first performs entropy decoding to obtain various code information and
quantized transformation coefficients. After repeated quantization and transformation of the
coefficients, a residual signal is obtained. On the other hand, a prediction signal corresponding to
the CU can be obtained according to the known coding mode information, and the reconstructed
signal can be obtained after addition of the two. Finally, a reconstruction value of the decoded

image needs to go through the operation of loop filtering to produce a finally outputted signal.
[0075] (2) Process of rendering the immersive media.

[0076] The content consumption device renders, according to rendering and window related
metadata in the MPD, the audio content obtained by audio decoding and the 3D image obtained by
video decoding, and playback output of the 3D image is realized upon completion of the rendering.
In particular, if the 3DoF and 3DoF+ production technologies are used, the content consumption
device mainly renders the 3D image based on a current viewpoint, parallax, and depth information.
If the 6DoF production technology is used, the content consumption device mainly renders the 3D
image in the window based on the current viewpoint. The viewpoint refers to the user's viewing
position point, the parallax refers to a difference in lines of sight produced by the user's two eyes or

a difference in lines of sight caused by motion, and the window refers to a viewing region.

[0077] The immersive media system described above supports a data box. The data box
refers to a data block or object including metadata. That is, the data box includes metadata of
corresponding media content. As can be seen from the data processing process of the immersive
media, after the immersive media are decoded, the decoded immersive media need to be
encapsulated and transmitted to the user. In the embodiments of this application, the immersive
media mainly refer to free-view video. In the related art, only camera parameters can be acquired
from the atlas information during the production of the free-view video, and a large-scale atlas
information data box can be used to indicate related parameter information when positions of the
texture image and the depth image are also relatively fixed in a plane frame, so as to omit remaining

atlas information in the atlas track.

[0078] In a specific implementation, syntax for the large-scale atlas information data box

may be obtained with reference to the following code segment 1:
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aligned(8) class V3CLargeScaleAtlasBox extends FullBox('vlsa',0,0) {
unsigned int(8) camera_count;
unsigned int(8) padding_size depth;
unsigned int(8) padding_size texture;
for(i=0; i<camera_count; i++){
unsigned int(8) camera_id;
float(32) camera_resolution_x;
float(32) camera_resolution_y;
unsigned int(8) depth_downsample factor;
unsigned int(32) texture vetex Xx;
unsigned int(32) texture vetex y;
unsigned int(32) depth_vetex x;
unsigned int(32) depth_vetex y;
unsigned int(32) camera_para_length;
for (i=0; i<camera_para_length; i++) {
bit(8) camera_parameter;
j
j
j

[0079] The syntax shown in the above code segment 1 has the following semantics:
camera_count denotes a quantity of all cameras capturing the immersive media;

padding_size depth denotes a guard band width used to encode the depth image;

padding_size texture denotes a guard band width used to encode the texture image; camera_id
denotes a camera identifier of a camera in one view, camera_resolution_x denotes widths of
resolution of a texture image and a depth image captured by a camera, and camera_resolution_y
denotes heights of resolution of the texture image and the depth image captured by the camera;
depth_downsample factor denotes a downsample multiplication factor of the depth image, and a
width and a height of actual resolution of the depth image is 1/2 depth_downsample factor of a
width and a height of capture resolution of the camera; depth vetex x denotes a x-axis component
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of an offset of an upper left vertex of the depth image from an origin of a plane frame (an upper left
vertex of the plane frame), and depth_vetex y denotes a y-axis component of the offset of the upper
left vertex of the depth image from the origin of the plane frame; texture vetex x denotes a x-axis
component of an offset of an upper left vertex of the texture image from the origin of the plane
frame, and texture vetex y denotes a y-axis component of the offset of the upper left vertex of the
texture image from the origin of the plane frame; camera_para length denotes a length (in bytes) of
a camera parameter required for volumetric video reconstruction; and camera parameter denotes a

camera parameter required for volumetric video reconstruction.

[0080] As can be seen from the syntax of the above large-scale atlas information data box,
the large-scale atlas information data box indicates layout information of a texture image and a
depth image in the free-view video and gives related camera parameters such as
camera_resolution_y and camera_resolution_x, but only considers a scene in which the free-view
video is encapsulated in a single track and does not consider a scene in which the free-view video is
encapsulated in a multi-track. Moreover, the large-scale atlas information data box indicates the
layout information of the texture image and the depth image in the free-view video and the related
camera parameters, but only considers the scene in which the free-view video is encapsulated in a
single track and does not consider a scene of multi-track encapsulation. In addition, the camera
parameters indicated in the large-scale atlas information data box cannot be used as a basis for the
content consumption device to select images from different angles of view for decoding and
consumption. That is, according to the camera parameters recorded in the above large-scale atlas
information data box, the content consumption device cannot know which image is appropriate for

current user position information, making it difficult for the content consumption device to decode.

[0081] Based on this, an embodiment of this application provides a data processing scheme
for immersive media. In the data processing scheme, the immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, and the M tracks belong to a same track group, which realizes a scene of encapsulating
immersive video into a plurality of tracks. In addition, the content production device generates a
free-view information data box for each track, and view information corresponding to an i track
such as a view position of the camera, is indicated by the free-view information data box
corresponding to the i track. After the content consumption device decodes and displays the
images in the track based on the view information corresponding to the i track, the decoded and
displayed video can be better matched with a position of a user, which improves a presentation

effect of the immersive video.
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[0082] Based on the above descriptions, an embodiment of this application provides a data
processing method for immersive media. Refer to FIG. 4 which is a schematic flowchart of a data

processing method for immersive media according to an embodiment of this application. The data
processing method shown in FIG. 4 may be performed by a content consumption device, and may
be specifically performed by a processor of the content consumption device. The data processing

method shown in FIG. 4 may include the following steps:

[0083] S401: Acquire a free-view information data box corresponding to an i track of the
immersive media, the free-view information data box including view information corresponding to

the i™" track.

[0084] The immersive media are formed by images taken by N cameras from different
angles of view, the immersive media are encapsulated into M tracks, images from at least one
camera are encapsulated in one track, and the M tracks belong to a same track group. The i track is
a track selected from the M tracks. How to select the i'" track from the M tracks will be introduced

below.

[0085] The M tracks into which the immersive media are encapsulated are correlated
through free-view track group information encapsulated in each track. Taking the i track as an
example below, free-view track group information corresponding to the i track is encapsulated in
the i track, and the free-view track group information indicates that the i track and other tracks in
which the immersive media are encapsulated belong to a same track group. The free-view track
group information encapsulated in the i track may be obtained by extending a track group data
box. Syntax of the free-view track group information encapsulated in the i track may be expressed

as the following code segment 2:
aligned(8) class AvsFreeViewGroupBox extends TrackGroupTypeBox('afvg') {
// track _group _id is inherited from TrackGroupTypeBox;
unsigned int(8) camera_count;
for(i=0; i<camera_count; i++){
unsigned int(32) camera_id;
unsigned int(2) depth_texture type;
bit(6) reserved;
j

}
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[0086] In the above code segment 2, the free-view track group information is obtained by
extending the track group data box, which is identified by the "a3fg" track group type. Among all
tracks including a TrackGroupTypeBox (track group data box) of an "afvg" type, the tracks with a

same group ID belong to a same track group.

[0087] In the code segment 2, assuming that images captured by k of the N cameras are
encapsulated in the i track, the image captured by any camera may be at least one of a texture
image and a depth image. In the code segment 2, the syntax of the free-view track group
information may be: camera_count denotes a quantity of cameras that the texture images or the
depth images included in the i track are from. For example, camera_count=k indicates that texture
images and/or depth images from k cameras are encapsulated in the i track. One camera
corresponds to one piece of identification information, and each piece of identification information
is stored in a first camera identification field camera_id of the free-view track group information. It
is to be understood that one camera corresponds to one piece of identification information, and k
cameras are included in the i track, so the free-view track group information includes k first

camera identification fields camera id.

[0088] The free-view track group information further includes an image type field
depth_texture type. The image type field indicates an image type of an image captured by a j
camera, where j is greater than 0 and less than k. In other words, an image type field
depth_texture type indicates that, for an image type of an image captured by a camera, since the
texture images or the depth images in the i track are from k cameras, the free-view track group

information includes k image type fields.

[0089] The image type field depth_texture type indicating the image type of the image

captured by the j camera may be obtained with reference to the following Table 1:

Table 1
depth_texture type Meaning
0 Reserve
1 Indicate including a texture image captured by a corresponding camera
2 Indicate including a depth image captured by the corresponding camera
3 Indicate including the texture image .and the depth image captured by the
corresponding camera
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[0090] When the image type field depth_texture type is 1, it indicates that the image type of
the image captured by the j™ camera is the texture image. When the image type field
depth_texture type is 2, it indicates that the image type of the image captured by the j camera is
the depth image. When the image type field depth_texture type is 3, it indicates that the image type

of the image captured by the j'" camera is the texture image and the depth image.

[0091] As can be seen from S401, the free-view information data box AvsFreeViewInfoBox
corresponding to the i track includes view information corresponding to the i" track. Refer to the
following code segment 3 which is syntactic representation of the free-view information data box
corresponding to the i'" track. The free-view information data box corresponding to the i track and
the view information included in the free-view information data box will be introduced below in

conjunction with the code segment 3. The code segment 3 is as follows:

aligned(8) class AvsFreeViewInfoBox extends FullBox('afvi'){
unsigned int(8) stitching_layout;
unsigned int(8) texture padding_size;
unsigned int(8) depth padding_size;
unsigned int(8) camera_model;
unsigned int(8) camera_count;

for(i=0; i<camera_count; i++){

unsigned int(32) camera_id;

signed int(32) camera_pos_X;
signed int(32) camera_pos_y;
signed int(32) camera_pos_z;
signed int(32) camera_focal length x;
signed int(32) camera_focal length vy;
unsigned int(32) camera_resolution_x;
unsigned int(32) camera_resolution_y;
unsigned int(8) depth_downsample factor;
unsigned int(32) texture vetex X;

unsigned int(32) texture vetex_y;
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[0092]

layout indication field stitching_layout. The video stitching layout indication field indicates whether
the texture image and the depth image included in the i track are encoded by stitching. In response
to the video stitching layout indication field stitching_layout being a first value, it indicates that the
texture image and the depth image included in the i track are encoded by stitching. In response to
the video stitching layout indication field stitching layout being a second value, it indicates that the
texture image and the depth image included in the i track are separately encoded. For example,
assuming that the immersive media is a 6DoF video, the first value is 0, and the second value 1, the
video stitching layout indication field stitching_layout in the i™ track may be shown in the following

Table 2:

unsigned int(32) depth_vetex x;
unsigned int(32) depth_vetex y;
ExtendedParaStruct();

}

j

aligned(8) class ExtendedParaStruct t() {
unsigned int(8) para_num;
for(i=0; i<para_num; i++){
unsigned int(8) para_type;
unsigned int(16) para_length;
for (i=0; i<para_length; i++) {
bit(8) camera_parameter;
j
j
b

(i) The view information corresponding to the i track may include a video stitching

Table 2

stitching_layout

6DoF video stitching layout

Encode the depth image and the texture image by

stitching
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1 Separately encode the depth image and the texture
image
Others Reserved
[0093] (ii) The view information corresponding to the i track further includes a camera

model field camera_model. The field indicates camera models of the k cameras in the i track. As
can be seen from the above descriptions, k denotes a quantity of cameras from which the depth
images and/or the texture images in the i track are from. The view information corresponding to
the i track may further include a camera quantity field camera_count. The camera quantity field
stores the quantity of cameras from which the depth images and/or the texture images in the i track

are from, which is assumed to be k.

[0094] In response to the camera model field camera_model being a third value, it indicates
that a camera model to which the j™ camera belongs is a first model. In response to the camera
model field camera_model being a fourth value, it indicates that the camera model to which the j
camera belongs is a second model. The first model may be a pinhole model, and the second model
may be a fisheye model. Assuming that the third value is 0, the fourth value is 1, and the immersive
media are 6DoF video, the camera model field camera model in the view information

corresponding to the i track may be shown in the following Table 3:

Table 3
Camera model 6DoF video camera model
0 Pinhole model
1 Fisheye model
Other Reserved
[0095] (iii) The view information corresponding to the i track further includes a guard

band width field of the texture image texture padding_size, and a guard band width field of the
depth image depth_padding_size. The guard band width field of the texture image stores a guard
band width used to encode the texture image in the i track. The guard band width field of the depth

image stores a guard band width used to encode the depth image in the i track.

[0096] (iv) The view information corresponding to the i track further includes a second
camera identification field camera id. The second camera identification field camera id stores
identification information of the j'" camera in the i track. As can be seen from the above

descriptions, the texture images and the depth images included in the i track are from the k
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cameras. j is greater than or equal to 0 and less than k. In other words, one second camera
identification field camera id stores identification information of any of the k cameras. Therefore, k
camera identification fields are required to store the identification information of the k cameras. The
second camera identification field camera_id herein has a same function as the first camera
identification field camera id in the free-view track group information, both of which are used for

storing the identification information of the j camera in the i'" track.

[0097] (v) The view information corresponding to the i track further includes a camera
attribute information field. The camera attribute information field stores camera attribute
information of the j' camera. The camera attribute information of the j camera may include a x-
axis component value, a y-axis component value, and a z-axis component value of a position of the
j" camera, a x-axis component value and a y-axis component value of a focal length of the j™®
camera, and a width and a height of resolution of the image captured by the j™ camera. Therefore,
the camera attribute information field may specifically include: 1) a camera position x-axis
component field camera pos_x for storing a x-axis component value (also called an x-component
value) of the position of the j camera; 2) a camera position y-axis component field camera pos_y
for storing a y-axis component value (also called a y-component value) of the position of the j"
camera; 3) a camera position z-axis component field camera_pos_z for storing a z-axis component
value (also called a z-component value) of the position of the j camera; 4) a camera focal length x-
axis component field focal length x for storing a x-axis component value (also called an x-
component value) of the focal length of the j' camera; 5) a camera focal length y-axis component
field focal length y for storing a y-axis component value (also called a y-component value) of the
focal length of the j™ camera; 6) a camera-captured image resolution width field
camera_resolution_x for storing a width of resolution of an image captured by the j camera; and 7)
a camera-captured image resolution width field camera_resolution x for storing the width of

resolution of the image captured by the j camera.

[0098] Since the texture images and/or the depth images in the i track are from k cameras
and one camera attribute information field stores camera attribute information of one camera, the
view information corresponding to the i track includes k camera attribute information fields for
storing camera attribute information of the k cameras. Correspondingly, one camera attribute field

includes the above 1) to 7), and k pieces of camera attribute information include k 1) to 7).

[0099] (vi) The view information corresponding to the i track further includes an image
information field. The image information field stores image information of the image captured by

the j' camera. The image information may include at least one of the following: a downsample
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multiplication factor of the depth image, an offset of an upper left vertex of the depth image from an
origin of a plane frame, and an offset of an upper left vertex of the texture image from the origin of
the plane frame. Based on this, the image information field may include: 1) a depth image
downsample multiplication factor field depth_downsample factor for storing a downsample
multiplication factor of the depth image; 2) a texture image upper left vertex x-axis offset field
texture_vetex_x for storing a x-axis component of an offset of an upper left vertex of the texture
image from an origin of a plane frame; 3) a texture image upper left vertex y-axis offset field
texture vetex y for storing a y-axis component of the offset of the upper left vertex of the texture
image from the origin of the plane frame; 4) a depth image upper left vertex x-axis offset field
depth_vetex x for storing a x-axis offset of an upper left vertex of the depth image from the origin
of the plane frame; and 5) a depth image upper left vertex y-axis offset field depth_vetex y for

storing a y-axis offset of the upper left vertex of the depth image from the origin of the plane frame.

[0100] One image information field stores image information of an image captured by one
camera. Depth images and/or texture images captured by k cameras are included in the i track.

Therefore, the view information corresponding to the i track includes k image information fields.

[0101] (vii) The view information corresponding to the i track further includes a custom
camera parameter field camera_parameter. The custom camera parameter field stores an f" custom
camera parameter of the j camera. f'is an integer greater than or equal to 0 and less than h. h
denotes a quantity of custom camera parameters of the j camera. The quantity of the custom
camera parameters of the j camera may be stored in a custom camera parameter number field

para_num of the view information.

[0102] Since the quantity of the custom camera parameters of the j camera is h and one
custom camera parameter field stores one custom camera parameter, a quantity of custom camera
parameter fields corresponding to the j camera may be h. Besides, since each camera corresponds
to h custom camera parameters and k cameras are included in the i track, the view information

corresponding to the i track includes k*h custom camera parameter fields.

[0103] (viii) The view information corresponding to the i track further includes a custom
camera parameter type field para type. The custom camera parameter type field para type stores a
type of the f' custom camera parameter of the j"camera. The type of one custom camera parameter
of the j™ camera is stored in one custom camera parameter type field. Since the j camera
corresponds to h custom camera parameters, a quantity of the custom camera parameter type fields
is h. Similar to (vii), the view information corresponding to the i track includes k*h custom camera

parameter type fields.
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[0104] (ix) The view information corresponding to the i track further includes a custom
camera parameter length field para_length. The custom camera parameter length field para_length
stores a length of the f custom camera parameter of the j'" camera. Since a length of one custom
camera parameter of the j'" camera is stored in one custom camera parameter length field and the j™
camera corresponds to h custom camera parameters, a quantity of the custom camera parameter

length field is h.

[0105] In this embodiment of this application, the free-view information data box
corresponding to the i track acquired in S401 is realized based on a signaling description file
transmitted by the content production device. Specifically, before S401 is performed, a signaling
description file corresponding to the immersive media is acquired. The signaling description file
includes a free-view camera descriptor corresponding to the immersive media. The free-view
camera descriptor records camera attribute information corresponding to a video clip in each track.
The video clip in the track is formed by the texture image and/or the depth image in the track. The
free-view camera descriptor is encapsulated in an adaptation set level of a media presentation
description file of the immersive media, or the signaling description file is encapsulated in a

representation level of the media presentation description file.

[0106] In this embodiment of this application, the free-view camera descriptor may be
expressed as AvsFreeViewCamlInfo, which is a SupplementalProperty element, with an
@schemeldUri attribute of "urn:avs:ims:2018:av31". The free-view camera descriptor, when located
in the representation level, may be used for describing camera attribute information corresponding
to a video clip in a track corresponding to the representation level. The free-view camera descriptor,
when located in the adaptation set level, may be used for describing camera attribute information

corresponding to video clips in a plurality of tracks in the adaptation set level.

[0107] Elements and attributes in the free-view camera descriptor may be shown in the

following Table 4:

Table 4

Elements and Attributes
for AvsFreeViewCamlInfo | Function Data type Explanation
descriptor
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If the free-view camera descriptor
exists in the representation level,
the element is used for indicating
camera attributes corresponding to
images in a track corresponding to
the representation level. If the free-
AvsFreeViewCam 0.N avs:ims:2018:av3l | view camera descriptor exists in
the adaptation set level, the
element is used for indicating
attribute information of cameras
corresponding to images in a
plurality of tracks in the adaptation
set level.

Identification information
corresponding to each track is
AvsFreeViewCam indicated. The identification

(@camerald M xs:unsignedint information corresponds to
identification information in the
AvsFreeViewInfoBox of the track.
AvsFreeViewCam@ An x-component value of the
M xs:float o N
camera_pos_X position of the camera is indicated.
AvsFreeViewCam@ A y-component value of the
M xs:float o e
camera_pos_y position of the camera is indicated.
AvsFreeViewCam@ A z-component value of the
M xs:float o e
camera_pos_Z position of the camera is indicated.
AvsFreeViewCam @ M <s-float An x-component value of the focal
focal length x ' length of the camera is indicated.
AvsFreeViewCam @ M <s-float A y-component value of the focal
focal length y ' length of the camera is indicated.
[0108] Further, the content consumption device acquires the free-view information data box

corresponding to the i track based on the signaling description file. In an embodiment, the
acquiring a free-view information data box corresponding to an i track includes: selecting, based
on the camera attribute information corresponding to the images in each track recorded in the free-
view camera descriptor, a candidate camera matching position information of a user from the N
cameras; transmitting a first resource request for acquiring an image captured by the candidate
camera to a content production device, the first resource request instructing the content production
device to select, based on the view information in the free-view information data box corresponding
to each of the M tracks, the i track from the M tracks and return the free-view information data

box corresponding to the i track, the image captured by the candidate camera being encapsulated
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in the i track; and receiving the free-view information data box corresponding to the i track
returned by the content production device. In this way, the content consumption device only needs
to acquire the free-view information data box corresponding to a required track and does not need to
acquire the free-view information data boxes corresponding to all the tracks, which can save

transmission resources. Examples are provided below:

[0109] (1) It is assumed that the content production device generates free-view video and
encapsulates the free-view video into a plurality of tracks. Each track may include a texture image
and a depth image from one angle of view. That is, a texture image and a depth image from one
camera are encapsulated in one track. The texture image and the depth image in one track form a
video clip. In this way, it may be understood that a video clip from a camera in one view is
encapsulated in one track. It is assumed that the free-view video is encapsulated into 3 tracks, and
the texture image and the depth image of the video in each track form a video clip. Therefore, the
free-view video includes 3 video clips, which are respectively expressed as Representationl,

Representation2, and Representation3.

[0110] (2) The content production device generates, in a signaling generation link, a
signaling description file corresponding to the free-view video based on the view information in the
free-view information data box corresponding to each track. The signaling description file may
carry a free-view camera descriptor. It is assumed that the free-view camera descriptor of the free-

view video records camera attribute information corresponding to the 3 video clips as follows:
Representationl: {Camerall: ID=1;Pos=(100,0,100);Focal=(10,20)};
Representation2: {Cameral2: ID=2;Pos=(100,100,100);Focal=(10,20)};
Representationl: {Cameral3: ID=3;Pos=(0,0,100);Focal=(10,20)};

[0111] (3) The content production device transmits the signaling description file to the

content consumption device.

[0112] (4) The content consumption device selects, based on the signaling description file
and a user bandwidth and based on the user's position information and the camera attribute
information in the signaling description file, video clips from Cameral2 and Cameral3 and transmits

a request to the content production device.

[0113] (5) The content production device transmits the free-view information data box of
tracks of the video clips from Cameral2 and Cameral3 to the content consumption device. The
content consumption device initializes a decoder based on the acquired free-view information data

boxes corresponding to the tracks to decode and consume the corresponding video clips.
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[0114] In another embodiment, the acquiring a free-view information data box
corresponding to an i track includes: transmitting a second resource request to a content
production device based on the signaling description file and a user bandwidth, the second resource
request instructing the content production device to return M free-view information data boxes of
the M tracks, one track corresponding to one free-view information data box; and acquiring, based
on the view information in the free-view information data box corresponding to each track and
position information of a user, the free-view information data box corresponding to the i track
from the M free-view information data boxes. In this way, the content consumption device acquires
the free-view information data boxes of all the tracks, but does not decode and consume all the
images in the tracks and only decodes the images in the i track matching the user's current

position, which saves decoding resources. An example is provided below:

[0115] (1) It is assumed that the content production device generates free-view video and
encapsulates the free-view video into a plurality of tracks. Each track may include a texture image
and a depth image from one view. That is, a video clip from a camera in one view is encapsulated in
each track. It is assumed that video clips of the free-view video encapsulated into 3 tracks are

respectively expressed as Representationl, Representation2, and Representation3.

[0116] (2) The content production device generates a signaling description file of the free-

view video based on view information corresponding to each track, as shown below:
Representationl: {Camerall: ID=1;Pos=(100,0,100);Focal=(10,20)};
Representation2: {Cameral2: ID=2;Pos=(100,100,100);Focal=(10,20)};
Representationl: {Cameral3: ID=3;Pos=(0,0,100);Focal=(10,20)};

[0117] (3) The content production device transmits the signaling description file in (2) to the

content consumption device.

[0118] (4) The content consumption device requests free-view information data boxes
corresponding to all the tracks from the content production device based on the signaling
description file and a user bandwidth. It is assumed that the free-view video is encapsulated into 3
tracks, which are respectively Track1, Track2, and Track3. Camera attribute information

corresponding to the video clip encapsulated in each track may be as follows:
Trackl: {Cameral: ID=1; Pos=(100,0,100);Focal=(10,20)};
Track2: {Camera2: ID=2; Pos=(100,100,100);Focal=(10,20)};

Track3: {Camera3: ID=3; Pos=(0,0,100);Focal=(10,20)};
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[0119] (5) The content consumption device selects, based on acquired view information in
the free-view information data boxes corresponding to all the tracks and the user's current viewing
position information, the video clips encapsulated in track2 and track3 for decoding and

consumption.

[0120] S402: Decode images encapsulated in the i track based on the view information in

the free-view information data box.

[0121] In an implementation, decoding images encapsulated in the i" track based on the
view information in the free-view information data box may include: initializing a decoder based on
the view information corresponding to the i track; and decoding the images encapsulated in the i

track based on coding related indication information in the view information.

[0122] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,
and view information corresponding to an i"track such as a view position of the camera, is indicated
by the free-view information data box corresponding to the i track. After the content consumption
device decodes and displays the images in the track based on the view information corresponding to
the i track, the decoded and displayed video can be better matched with a position of a user, which

improves a presentation effect of the immersive video.

[0123] Based on the above data processing method for immersive media, an embodiment of
this application provides another data processing method for immersive media. Refer to FIG. 5
which is a schematic flowchart of a data processing method for immersive media according to an
embodiment of this application. The data processing method for immersive media shown in FIG. 5
may be performed by a content production device, and may be performed by a processor of the
content production device. The data processing method for immersive media shown in FIG. 5 may

include the following steps:

[0124] S501: Encapsulate the immersive media into M tracks, the immersive media being
formed by images taken by N cameras from different angles of view, images from at least one

camera being encapsulated in one track, the M tracks belonging to a same track group.

[0125] S502: Generate a free-view information data box corresponding to an i track based

on encapsulation of w images in the i track.
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[0126] w is an integer greater than or equal to 1. The w images are encapsulated in the i
track. The w images may be at least one of depth images and texture images taken by a camera from
one or more angles of view. The generating a free-view information data box corresponding to an i
track based on encapsulation of w images in the i track will be introduced in conjunction with the

code segment 3 in the embodiment of FIG. 4, which may include the following steps:

[0127] (i) The free-view information data box corresponding to the i track includes free-
view track group information. The free-view track group information may indicate that the i track
and other tracks in which the immersive media are encapsulated belong to a same track group. The
free-view track group information includes a first camera identification field camera id and an
image type field depth_texture type, and the generating a free-view information data box
corresponding to an i track based on encapsulation of w images in the i track in S502 includes:
determining that the w images are from k cameras, k being an integer greater than 1; storing
identification information of a j camera in the k cameras into the first camera identification field
camera_id, j being greater than 0 and less than k; and determining the image type field
depth_texture type based on an image type of an image captured by the j camera, the image type
including any one or more of depth images and texture images. It is to be understood that
identification information of one camera is stored in one first camera identification field camera_id.
If the images included in the i track are from k cameras, the free-view track group information
may include k first camera identification fields camera_id. Similarly, the free-view track group

includes k image type fields depth_texture type.

[0128] Determining the image type field based on an image type of an image captured by
the j™ camera includes: setting the image type field to a second value in response to the image type
of the image captured by the j'" camera being the texture image; setting the image type field to a
third value in response to the image type of the image captured by the j camera being the depth
image; and setting the image type field to a fourth value in response to the image type of the image
captured by the j camera being the texture image and the depth image. The second value may be 1,
the third value may be 2, the fourth value may be 3, and the image type field may be shown in Table
2 in the embodiment of FIG. 4.

[0129] (i) The view information corresponding to the i track includes a video stitching
layout indication field stitching_layout, and generating the free-view information data box
corresponding to an i track based on encapsulation of w images in the i track in S502 includes:
setting the video stitching layout indication field stitching layout to a first value in response to the

texture image and the depth image included in the i track being encoded by stitching; and setting
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the video stitching layout indication field stitching_layout to a second value in response to the
texture image and the depth image included in the i track being separately encoded. The first value
may be 0, the second value may be 1, and the video stitching layout indication field may be shown

in Table 3 in the embodiment of FIG. 4.

[0130] (iii) The view information corresponding to the i track further includes a camera
model field camera_model. Generating the free-view information data box corresponding to an i
track based on encapsulation of w images in the i track in S502 includes: setting the camera model
field camera_model to the first value in response to a camera model to which a camera capturing
the w images belongs being a first model; and setting the camera model field camera_model to the
second value in response to the camera model to which the camera capturing the w images belongs
being a second model. As described above, the first value may be 0, the second value may be 1, and

the camera model field may be shown in Table 4 in the embodiment of FIG. 4.

[0131] (iv) The view information corresponding to the i track further includes a guard band
width field of the texture image texture padding_size, and a guard band width field of the depth
image depth padding_size. Generating the free-view information data box corresponding to an i
track based on encapsulation of w images in the i track in S502 includes: acquiring a guard band
width of the texture image used to encode the texture image in the i track, and storing the guard
band width of the texture image into the guard band width field of the texture image

texture padding_size; and acquiring a guard band width of the depth image used to encode the
depth image in the i track, and storing the guard band width of the depth image into the guard band
width field of the depth image depth padding_size.

[0132] (v) The view information corresponding to the i track further includes a second
camera identification field camera_id and a camera attribute information field, and generating the
free-view information data box corresponding to an i track based on encapsulation of w images in
the i track in S502 includes: storing identification information of a j' camera into the second
camera identification field camera id, j being greater than or equal to 0 and less than k, k denoting a
quantity of cameras that the w images are from; and acquiring camera attribute information of the j™
camera, and storing the acquired camera attribute information into the camera attribute information
field. The camera attribute information of the j camera includes any one or more of the following:
a x-axis component value, a y-axis component value, and a z-axis component value of a position of
the j camera, a x-axis component value and a y-axis component value of a focal length of the j™

camera, and a width and a height of resolution of the image captured by the j* camera.
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[0133] Based on this, the camera attribute information field may include: 1) a camera
position x-axis component field camera pos_x for storing a x-axis component value (also called an
x-component value) of the position of the j camera; 2) a camera position y-axis component field
camera_pos_y for storing a y-axis component value (also called a y-component value) of the
position of the j camera; 3) a camera position z-axis component field camera_pos_z for storing a
z-axis component value (also called a z-component value) of the position of the j'" camera; 4) a
camera focal length x-axis component field focal length x for storing a x-axis component value
(also called an x-component value) of the focal length of the j camera; 5) a camera focal length y-
axis component field focal length y for storing a y-axis component value (also called a y-
component value) of the focal length of the j camera; 6) a camera-captured image resolution width
field camera_resolution_x for storing a width of resolution of an image captured by the j™ camera;
and 7) a camera-captured image resolution width field camera_resolution_x for storing the width of

resolution of the image captured by the j' camera.

[0134] Since the texture images and/or the depth images in the i track are from k cameras
and one camera attribute information field is used for storing camera attribute information of one
camera, the view information corresponding to the i track includes k camera attribute information
fields for storing camera attribute information of the k cameras. Correspondingly, one camera
attribute field includes the above 1) to 7), and k pieces of camera attribute information include k 1)

to 7).

[0135] (vi) The view information corresponding to the i track further includes an image
information field, and generating the free-view information data box corresponding to an i track
according to an encapsulation process of w images in the i track in S502 includes: acquiring image
information of the image captured by the j™ camera, and storing the acquired image information
into the image information field. The image information includes one or more of the following: a
downsample multiplication factor of the depth image, an offset of an upper left vertex of the depth
image from an origin of a plane frame, and an offset of an upper left vertex of the texture image

from the origin of the plane frame.

[0136] Based on this, the image information field may include: 1) a depth image
downsample multiplication factor field depth_downsample factor for storing a downsample
multiplication factor of the depth image; 2) a texture image upper left vertex x-axis offset field
texture_vetex_ X for storing a x-axis component of an offset of an upper left vertex of the texture
image from an origin of a plane frame; 3) a texture image upper left vertex y-axis offset field

texture vetex y for storing a y-axis component of the offset of the upper left vertex of the texture
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image from the origin of the plane frame; 4) a depth image upper left vertex x-axis offset field
depth_vetex x for storing a x-axis offset of an upper left vertex of the depth image from the origin
of the plane frame; and 5) a depth image upper left vertex y-axis offset field depth_vetex y for

storing a y-axis offset of the upper left vertex of the depth image from the origin of the plane frame.

[0137] One image information field stores image information of an image captured by one
camera. Depth images and/or texture images captured by k cameras are included in the i track.

Therefore, view information corresponding to the i track includes k image information fields.

[0138] (vii) The view information corresponding to the i track further includes a custom
camera parameter field, a custom camera parameter type field, and a custom camera parameter
length field. Generating the free-view information data box corresponding to an i track based on
encapsulation of w images in the i track includes: acquiring an f custom camera parameter, and
storing the f custom camera parameter into the custom camera parameter field, f being an integer
greater than or equal to 0 and less than h, h denoting a quantity of custom camera parameters of the
j" camera; and determining a parameter type of the f' custom camera parameter and a length of the
! custom camera parameter, storing the parameter type of the f custom camera parameter into the
custom camera parameter type field, and storing the length of the " custom camera parameter into

the custom camera parameter length field.

[0139] Since the quantity of the custom camera parameters of the j'" camera is h and one
custom camera parameter field stores one custom camera parameter, a quantity of custom camera
parameter fields corresponding to the j™ camera may be h. Besides, since each camera corresponds
to h custom camera parameters and k cameras are included in the i track, the view information
corresponding to the i track includes k*h custom camera parameter fields. Since the quantity of the
custom camera parameters of the j camera is h and one custom camera parameter field stores one
custom camera parameter, a quantity of custom camera parameter fields corresponding to the j
camera may be h. Besides, since each camera corresponds to h custom camera parameters and k
cameras are included in the i track, the view information corresponding to the i track includes
k*h custom camera parameter fields. Since a length of one custom camera parameter of the j
camera is stored in one custom camera parameter length field and the j™ camera corresponds to h

custom camera parameters, a quantity of the custom camera parameter length field is h.

[0140] In addition, the content production device may also generate a signaling description
file based on view information in the free-view information data boxes corresponding to the M
tracks. The signaling description file includes a free-view camera descriptor corresponding to the

immersive media. The free-view camera descriptor records camera attribute information
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corresponding to the images in each track. The free-view camera descriptor is encapsulated in an
adaptation set level of a media presentation description file of the immersive media, or the signaling

description file is encapsulated in a representation level of the media presentation description file.

[0141] Further, the content production device may transmit the signaling description file to
the content consumption device, so that the content consumption device acquires the free-view

information data box corresponding to the i track based on the signaling description file.

[0142] As an exemplary implementation, the content production device transmits the
signaling description file to the content consumption device to instruct the content consumption
device to select, based on the camera attribute information corresponding to the images in each
track recorded in the free-view camera descriptor, a candidate camera matching a position of a user
from the N cameras, and transmits a first resource request for acquiring images from the candidate
camera; and selects in response to the first resource request, the i track from the M tracks
according to view information in a free-view information data box corresponding to each of the M
tracks and transmits the free-view information data box corresponding to the i track to the content

consumption device. The i'" track includes the images from the candidate camera.

[0143] As another exemplary implementation, the content production device transmits the
signaling description file to the content consumption device to instruct the content consumption
device to transmit a second resource request according to the signaling description file and a user
bandwidth; and transmits M free-view information data boxes corresponding to the M tracks to the
content consumption device in response to the second resource request, to instruct the content
consumption device to acquire, according to view information in a free-view information data box
corresponding to each track and position information of a user, the free-view information data box

corresponding to the i track from the M free-view information data boxes.

[0144] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by cameras from different angles of view,
the M tracks belong to a same track group, images from at least one camera are encapsulated in one
track, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track
according to the encapsulation process of the images in each track, and view information
corresponding to an i track such as a view position of the camera, is indicated by the free-view
information data box corresponding to the i track. After the content consumption device decodes

and displays the images in the track based on the view information corresponding to the i track,
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the decoded and displayed video can be better matched with a position of a user, which improves a

presentation effect of the immersive video.

[0145] Based on the above embodiment of the data processing method for immersive media,
an embodiment of this application provides a data processing apparatus for immersive media. The
data processing apparatus for immersive media may be a computer program (including program
code) running in a content consumption device. For example, the data processing apparatus for
immersive media may be application software in the content consumption device. Refer to FIG. 6
which is a schematic structural diagram of a data processing apparatus for immersive media
according to an embodiment of this application. The data processing apparatus shown in FIG. 6 can

operate the following units:

[0146] an acquisition unit 601 configured to acquire a free-view information data box
corresponding to an i track of the immersive media, the free-view information data box including
view information corresponding to the i track, i being an integer greater than or equal to 1 and less
than or equal to M; and the immersive media being formed by images taken by N cameras from
different angles of view, the immersive media being encapsulated into M tracks, images from at
least one camera being encapsulated in one track, the M tracks belonging to a same track group, N

and M being integers greater than 1;

[0147] a processing unit 602 configured to decode images encapsulated in the i track based

on the view information in the free-view information data box.

[0148] In an embodiment, images from k of the N cameras are encapsulated in the i track,
k being an integer greater than 0; free-view track group information corresponding to the i track is
encapsulated in the i track, the free-view track group information indicates that the i track and

other tracks in which the immersive media are encapsulated belong to a same track group; the free-

view track group information includes a first camera identification field and an image type field;

[0149] the first camera identification field stores identification information of a j'" camera in
the k cameras, the image type field indicates an image type of an image captured by the j camera,

the image type includes at least one of a texture image and a depth image.

[0150] In an embodiment, based on the i track including the texture image and the depth
image, the view information corresponding to the i track including a video stitching layout
indication field; in response to the video stitching layout indication field being a first value, the

texture image and the depth image included in the i track are encoded by stitching; and in response

32



to the video stitching layout indication field being a second value, the texture image and the depth

image included in the i track are separately encoded.

[0151] In an embodiment, the view information corresponding to the i track further
includes a camera model field; in response to the camera model field being a third value, a camera
model to which the j camera belongs is a first model; and in response to the camera model field
being a fourth value, it indicates that the camera model to which the j camera belongs is a second

model.

[0152] In an embodiment, the view information corresponding to the i track further
includes a guard band width field of the texture image and a guard band width field of the depth
image, the guard band width field of the texture image stores a guard band width used to encode the
texture image in the i track, the guard band width field of the depth image stores a guard band

width used to encode the depth image in the i" track.

[0153] In an embodiment, the view information corresponding to the i track further
includes a second camera identification field and a camera attribute information field; the second

camera identification field stores identification information of the j camera;

[0154] the camera attribute information field stores camera attribute information of the j*
camera, the camera attribute information of the j'" camera includes at least one of the following: a x-
axis component value, a y-axis component value, and a z-axis component value of a position of the
j" camera, a x-axis component value and a y-axis component value of a focal length of the j™

camera, and a width and a height of resolution of the image captured by the j* camera.

[0155] In an embodiment, the view information corresponding to the i track further
includes an image information field, the image information field stores image information of the
image captured by the j camera, the image information includes at least one of the following: a
downsample multiplication factor of the depth image, an offset of an upper left vertex of the depth
image from an origin of a plane frame, and an offset of an upper left vertex of the texture image

from the origin of the plane frame.

[0156] In an embodiment, the view information corresponding to the i track further
includes a custom camera parameter field, a custom camera parameter type field, and a custom
camera parameter length field; the custom camera parameter field stores an ' custom camera
parameter of the j camera, f being an integer greater than or equal to 0 and less than h, h denoting a

quantity of custom camera parameters of the j'" camera; the custom camera parameter type field
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stores a parameter type of the " custom camera parameter; the custom camera parameter length

field stores a length of the f custom camera parameter.
[0157] In an embodiment, the acquisition unit 601 is further configured to:

[0158] acquire a signaling description file corresponding to the immersive media, the
signaling description file including a free-view camera descriptor corresponding to the immersive
media, the free-view camera descriptor recording camera attribute information corresponding to a
video clip in each track, the video clip in the track being formed by the texture image and the depth
image included in the track; the free-view camera descriptor being encapsulated in an adaptation set
level of a media presentation description file of the immersive media, or the signaling description

file being encapsulated in a representation level of the media presentation description file.

[0159] In an embodiment, the acquisition unit 601, when acquiring a free-view information

data box corresponding to an i track of the immersive media, performs the following operations:

[0160] selecting, based on the camera attribute information corresponding to the video clip
in each track recorded in the free-view camera descriptor, a candidate camera matching position

information of a user from the N cameras;

[0161] transmitting a first resource request for acquiring segmented video from the
candidate camera to a content production device, the first resource request instructing the content
production device to select, based on the view information in the free-view information data box
corresponding to each of the M tracks, the i track from the M tracks and return the free-view
information data box corresponding to the i track, at least one of the texture image and the depth
image encapsulated in the i track being from the candidate camera; and receiving the free-view

information data box corresponding to the i track returned by the content production device.

[0162] In an embodiment, the acquisition unit 601, when acquiring a free-view information

data box corresponding to an i track of the immersive media, performs the following operations:

[0163] transmitting a second resource request to a content production device based on the
signaling description file and a user bandwidth, the second resource request instructing the content
production device to return M free-view information data boxes of the M tracks, one track

corresponding to one free-view information data box; and

[0164] acquiring, based on the view information in the free-view information data box
corresponding to each track and position information of a user, the free-view information data box

corresponding to the i track from the M free-view information data boxes.
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[0165] According to an embodiment of this application, the steps involved in the data
processing method for immersive media shown in FIG. 4 may be performed by the units in the data
processing apparatus for immersive media shown in FIG. 6. For example, S401 in FIG. 4 may be
performed by the acquisition unit 601 in the data processing apparatus in FIG. 6, and S402 may be
performed by the processing unit 602 in the data processing apparatus in FIG. 6.

[0166] According to another embodiment of this application, units of the system for data
processing apparatus for immersive media shown in FIG. 6 may be separately or wholly combined
into one or several other units, or one (or more) of the units herein may further be divided into
multiple units of smaller functions. In this way, same operations can be implemented, and
implementation of the technical effects of the embodiments of this application is not affected. The
foregoing units are divided based on logical functions. In an actual application, a function of one
unit may also be implemented by a plurality of units, or functions of a plurality of units are
implemented by one unit. In other embodiments of this application, the data processing apparatus
for immersive media may also include other units. In an actual application, the functions may also
be cooperatively implemented by other units and may be cooperatively implemented by a plurality

of units.

[0167] According to another embodiment of this application, a computer program
(including program code) that can perform the steps in the corresponding method shown in FIG. 4
may be run on a general computing device, such as a computer, which includes processing elements
and storage elements such as a central processing unit (CPU), a random access memory (RAM),
and a read-only memory (ROM), to construct the data processing apparatus for immersive media
shown in FIG. 6 and implement the data processing method for immersive media in the
embodiments of this application. The computer program may be recorded in, for example, a
computer-readable storage medium, and may be loaded into the foregoing computing device by

using the computer-readable storage medium, and run on the computing device.

[0168] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,
and view information corresponding to an i track such as a view position of the camera, is
indicated by the free-view information data box corresponding to the i track. After the content

consumption device decodes and displays the images in the track based on the view information
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corresponding to the i track, the decoded and displayed video can be better matched with a

position of a user, which improves a presentation effect of the immersive video.

[0169] Based on the above embodiments of the data processing method and data process
apparatus for immersive media, an embodiment of this application provides another data processing
apparatus for immersive media. The data processing apparatus for immersive media may be a
computer program (including program code) running in a content production device. For example,
the data processing apparatus for immersive media may be application software in the content
production device. Refer to FIG. 7 which is a schematic structural diagram of another data
processing apparatus for immersive media according to an embodiment of this application. The data

processing apparatus shown in FIG. 7 can operate the following units:

[0170] an encapsulation unit 701 configured to encapsulate the immersive media into M
tracks, the immersive media being formed by images taken by N cameras from different angles of
view, images from at least one camera being encapsulated in one track, the M tracks belonging to a

same track group, N and M being integers greater than or equal to 1; and

[0171] a generation unit 702 configured to generate a free-view information data box
corresponding to an i track based on encapsulation of w images in the i track, the free-view

information data box including view information corresponding to the i track; 1<i<M, and w>1.

[0172] In an embodiment, the free-view information data box corresponding to the i track
includes free-view track group information, the free-view track group information including a first
camera identification field and an image type field, and the encapsulation unit 701, when generating
a free-view information data box corresponding to an i track based on encapsulation of w images

in the i track, performs the following steps:

[0173] determining that the w images are from k cameras, k being an integer greater than 1;
storing identification information of a j'" camera in the k cameras into the first camera identification
field; and determining the image type field based on an image type of an image captured by the j™®

camera, the image type including at least one of a depth image and a texture image.

[0174] In an embodiment, the encapsulation unit 701, when determining the image type

field based on the image type of an image captured by the j camera, performs the following steps:

[0175] setting the image type field to a second value in response to the image type of the
image captured by the j camera being the texture image; setting the image type field to a third

value in response to the image type of the image captured by the j camera being the depth image;
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and setting the image type field to a fourth value in response to the image type of the image

captured by the j' camera being the texture image and the depth image.

[0176] In an embodiment, the view information corresponding to the i track includes a
video stitching layout indication field, the w images include a texture image and a depth image, and
the encapsulation unit 701, when generating a free-view information data box corresponding to an

i track based on encapsulation of w images in the i track, performs the following steps:

[0177] setting the video stitching layout indication field to a first value in response to the
texture image and the depth image included in the i track being encoded by stitching; and setting
the video stitching layout indication field to a second value in response to the texture image and the

depth image included in the i track being separately encoded.

[0178] In an embodiment, the view information corresponding to the i track further
includes a camera model field; the encapsulation unit 701, when generating a free-view information
data box corresponding to an i track based on encapsulation of w images in the i'" track, performs

the following steps:

[0179] setting the camera model field to the first value in response to a camera model to
which a camera capturing the w images belongs being a first model; and setting the camera model
field to the second value in response to the camera model to which the camera capturing the w

images belongs being a second model.

[0180] In an embodiment, the free-view information corresponding to the i track further
includes a guard band width field of the texture image and a guard band width field of the depth
image, and the encapsulation unit 701, when generating a free-view information data box
corresponding to an i track based on encapsulation of w images in the i track, performs the

following steps:

[0181] acquiring a guard band width of the texture image used to encode the texture image
in the i track, and storing the guard band width of the texture image into the guard band width field

of the texture image; and

[0182] acquiring a guard band width of the depth image used to encode the depth image in
the i track, and storing the guard band width of the depth image into the guard band width field of
the depth image.

[0183] In an embodiment, the view information corresponding to the i track further

includes a second camera identification field and a camera attribute information field, and the
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encapsulation unit 701, when generating a free-view information data box corresponding to an i

track based on encapsulation of w images in the i track, performs the following steps:

[0184] storing identification information of a j'" camera in the k cameras into the second

camera identification field, k denoting a quantity of cameras that the w images are from; and

[0185] acquiring camera attribute information of the j' camera, and storing the acquired

camera attribute information into the camera attribute information field;

[0186] the camera attribute information of the j camera including any one or more of the
following: a x-axis component value, a y-axis component value, and a z-axis component value of a
position of the j™ camera, a x-axis component value and a y-axis component value of a focal length

of the j camera, and a width and a height of resolution of the image captured by the j'" camera.

[0187] In an embodiment, the view information corresponding to the i track further
includes an image information field, and the encapsulation unit 701, when generating a free-view
information data box corresponding to an i track based on encapsulation of w images in the i

track, performs the following step:

[0188] acquiring image information of the image captured by the j™ camera, and storing the
acquired image information into the image information field; the image information including one
or more of the following: a downsample multiplication factor of the depth image, an offset of an
upper left vertex of the depth image from an origin of a plane frame, and an offset of an upper left

vertex of the texture image from the origin of the plane frame.

[0189] In an embodiment, the view information corresponding to the i track further
includes a custom camera parameter field, a custom camera parameter type field, and a custom
camera parameter length field; the encapsulation unit 701, when generating a free-view information
data box corresponding to an i track based on encapsulation of w images in the i" track, performs

the following steps:

[0190] acquiring an f custom camera parameter, and storing the f custom camera
parameter into the custom camera parameter field, f being an integer greater than or equal to 0 and

less than h, h denoting a quantity of custom camera parameters of the j™ camera; and

[0191] determining a parameter type of the f custom camera parameter and a length of the
! custom camera parameter, storing the parameter type of the f custom camera parameter into the
custom camera parameter type field, and storing the length of the f custom camera parameter into

the custom camera parameter length field.
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[0192] In an embodiment, the generation unit 702 is further configured to: generate a
signaling description file corresponding to the immersive media, the signaling description file
including a free-view camera descriptor corresponding to the immersive media, the free-view
camera descriptor recording camera attribute information corresponding to a video clip in each
track, the video clip in any track being formed by images encapsulated in the any track; and the
free-view camera descriptor being encapsulated in an adaptation set level of a media presentation
description file of the immersive media, or the signaling description file being encapsulated in a

representation level of the media presentation description file.

[0193] In an embodiment, the data processing apparatus for immersive media further
includes a transmission unit 703 configured to transmit the signaling description file to a content
consumption device to instruct the content consumption device to select, based on the camera
attribute information corresponding to the video clip in each track recorded in the free-view camera
descriptor, a candidate camera matching position information of a user from the cameras, and
transmit a first resource request for acquiring segmented video from the candidate camera; and
select, in response to the first resource request, the i track from the M tracks based on view
information in a free-view information data box corresponding to each track and transmit the free-

view information data box corresponding to the i track to the content consumption device.

[0194] In an embodiment, the transmission unit 703 is further configured to: transmit the
signaling description file to a content consumption device to instruct the content consumption
device to transmit a second resource request based on the signaling description file and a user
bandwidth; and transmit M free-view information data boxes corresponding to the M tracks to the
content consumption device in response to the second resource request, to instruct the content
consumption device to acquire, based on view information in a free-view information data box
corresponding to each track and position information of a user, the free-view information data box

corresponding to the i track from the M free-view information data boxes.

[0195] According to an embodiment of this application, the steps involved in the data
processing method for immersive media shown in FIG. 5 may be performed by the units in the data
processing apparatus for immersive media shown in FIG. 7. For example, S501 in FIG. 5 may be
performed by the encapsulation unit 701 in the data processing apparatus in FIG. 7, and S502 may
be performed by the generation unit 702 in the data processing apparatus in FIG. 7.

[0196] According to another embodiment of this application, units of the system for data
processing apparatus for immersive media shown in FIG. 7 may be separately or wholly combined

into one or several other units, or one (or more) of the units herein may further be divided into
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multiple units of smaller functions. In this way, same operations can be implemented, and
implementation of the technical effects of the embodiments of this application is not affected. The
foregoing units are divided based on logical functions. In an actual application, a function of one
unit may also be implemented by a plurality of units, or functions of a plurality of units are
implemented by one unit. In other embodiments of this application, the data processing apparatus
for immersive media may also include other units. In an actual application, the functions may also
be cooperatively implemented by other units and may be cooperatively implemented by a plurality

of units.

[0197] According to another embodiment of this application, a computer program
(including program code) that can perform the steps in the corresponding method shown in FIG. 5
may be run on a general computing device, such as a computer, which includes processing elements
and storage elements such as a central processing unit (CPU), a random access memory (RAM),
and a read-only memory (ROM), to construct the data processing apparatus for immersive media
shown in FIG. 7 and implement the data processing method for immersive media in the
embodiments of this application. The computer program may be recorded in, for example, a
computer-readable storage medium, and may be loaded into the foregoing computing device by

using the computer-readable storage medium, and run on the computing device.

[0198] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,
and view information corresponding to an i track such as a view position of the camera, is
indicated by the free-view information data box corresponding to the i track. After the content
consumption device decodes and displays the images in the track based on the view information
corresponding to the i'" track, the decoded and displayed video can be better matched with a

position of a user, which improves a presentation effect of the immersive video.

[0199] Refer to FIG. 8 which is a schematic structural diagram of a content consumption
device according to an embodiment of this application. The content consumption device shown in
FIG. 8 may refer to a computer device used by a user of immersive media. The computer device
may be a terminal. The content consumption device shown in FIG. 8 may include a receiver 801, a

processor 802, a memory 803, and a display/playback apparatus 804.
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[0200] The receiver 801 is configured to realize transmission interaction between decoding
and other devices, and specifically configured to realize transmission of the immersive media
between a content production device and the content consumption device. That is, the content
consumption device receives, through the receiver 801, related media resources of the immersive

media transmitted by the content production device.

[0201] The processor 802 or central processing unit (CPU) is a processing core of the
content production device. The processor 802 is adapted to implement one or more computer
programs, and specifically adapted to load and execute one or more computer programs so as to

realize procedures of the data processing method for immersive media shown in FIG. 4.

[0202] The memory 803 is a storage device in the content consumption device and
configured to store computer programs and media resources. It may be understood that the memory
803 herein may include an internal storage medium of the content consumption device and certainly
may also include an extended storage medium supported by the content consumption device. The
memory 803 may be a high-speed RAM or may be a non-volatile memory, for example, at least one
magnetic disk memory; optionally, the memory may also be at least one memory far away from the
foregoing processor. The memory 803 provides a storage space, storing an operating system of the
content consumption device. Moreover, the storage space is further configured to store a computer
program. The computer program is adapted to be invoked and executed by the processor to perform
the steps in the data processing method for immersive media. In addition, the memory 803 may be
further configured to store a 3D image of the immersive media formed after processing by the
processor, audio content corresponding to the 3D image, information required for rendering the 3D

image and the audio content, and the like.

[0203] The display/playback apparatus 804 is configured to output sound and a 3D image

obtained by rendering.

[0204] In an embodiment, the processor 802 may include a parser 821, a decoder 822, a

converter 823, and a renderer 824.

[0205] The parser 821 is configured to decapsulate an encapsulated file for rendering media
from the content production device, and specifically to decapsulate media file resources according
to a file format of the immersive media to obtain an audio bitstream and a video bitstream; and

provide the audio bitstream and the video bitstream for the decoder 822.

[0206] The decoder 822 performs audio decoding on the audio bitstream to obtain audio

content and provides the audio content for the render 824 for audio rendering. In addition, the
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decoder 822 decodes the video bitstream to obtain a 2D image. According to metadata provided by
MPD, if the metadata indicates that the immersive media performs a regional encapsulation process,
the 2D image refers to an encapsulated image. If the metadata indicates that the immersive media

does not perform the regional encapsulation process, the 2D image refers to a projected image.

[0207] The converter 823 is configured to convert the 2D image into a 3D image. If the
immersive media performs the regional encapsulation process, the converter 823 may first
regionally decapsulate the encapsulated image to obtain the projected image. Then, the projected
image is reconstructed to obtain the 3D image. If the immersive media does not perform the
regional encapsulation process, the converter 8§23 may directly reconstruct the projected image to

obtain the 3D image.

[0208] The render 824 may render the audio content of the immersive media and the 3D
image. Specifically, the audio content and the 3D image are rendered according to rendering and
window related metadata in the MPD, and are outputted by the display/playback apparatus upon

completion of the rendering.

[0209] In an embodiment, the processor 802 invokes one or more computer programs in the
memory to perform the steps in the data processing method for immersive media shown in FIG. 4.
Specifically, the memory stores one or more computer programs. The one or more computer

programs are adapted to be loaded by the processor 802 and perform the following steps:

[0210] acquiring a free-view information data box corresponding to an i track, the free-
view information data box including view information corresponding to the i track, i being an
integer greater than or equal to 1 and less than or equal to M; the immersive media being formed by
images taken by N cameras from different angles of view, the immersive media being encapsulated
into M tracks, images from at least one camera being encapsulated in one track, N and M being

integers greater than 1; and

ccoding an 1Splaying images encapsulated in the 1~ trac ased on the view
[0211] decoding and displaying imag psulated in the i'" track based on the vi

information in the free-view information data box.

[0212] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,

and view information corresponding to an i track such as a view position of the camera, is
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indicated by the free-view information data box corresponding to the i track. After the content
consumption device decodes and displays the images in the track based on the view information
corresponding to the i track, the decoded and displayed video can be better matched with a

position of a user, which improves a presentation effect of the immersive video.

[0213] Refer to FIG. 9 which is a schematic structural diagram of a content production

device according to an embodiment of this application. The content production device may refer to
a computer device used by a provider of immersive media. The computer device may be a terminal
or a server. As shown in FIG. 9, the content production device may include a capture device 901, a

processor 902, a memory 903, and an emitter 904.

[0214] The capture device 901 is configured to capture real-world sound-visual scenes to
obtain raw data of immersive media (including audio content and video content synchronized in
time and space). The capture device 901 may include, but is not limited to, an audio device, a
camera device, and a sensor device. The audio device may include an audio sensor, a microphone,
and the like. The camera device may include an ordinary camera, a stereo camera, a light field

camera, and the like. The sensor device may include a laser device, a radar device, and the like.

[0215] The processor 902 (or referred to as a central processing unit (CPU)) is a processing
core of the content production device. The processor 902 is adapted to implement one or more
computer programs, and specifically adapted to load and execute one or more computer programs

so as to realize procedures of the data processing method for immersive media shown in FIG. 4.

[0216] The memory 903 is a storage device in the content production device and configured
to store programs and media resources. It may be understood that the memory 903 herein may
include built-in storage medium in the content production device and certainly may also include an
extended storage medium supported by the content production device. The memory may be a high-
speed RAM, or may be a non-volatile memory, for example, at least one magnetic disk; optionally,
the memory may also be at least one memory far away from the foregoing processor. The memory
provides a storage space, storing an operating system of the content production device. Moreover,
the storage space is further configured to store a computer program. The computer program includes
program instructions, and the program instructions are adapted to be invoked and executed by the
processor to perform the steps in the data processing method for immersive media. In addition, the
memory 903 may be further configured to store an immersive media file formed after processing by

the processor. The immersive media file includes media file resources and MPD.

[0217] The emitter 904 is configured to realize transmission interaction between the content

production device and other devices, and specifically configured to realize transmission of the
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immersive media between the content production device and a content consumption device. That is,
the content production device transmits, through the emitter 904, related media resources of the

immersive media to the content consumption device.

[0218] Referring to FIG. 9 again, the processor 902 may include a converter 921, an
encoder 922, and a wrapper 923.

[0219] The converter 921 is configured to perform a series of conversion processing on
captured video content to make the video content become content suitable for video coding of to-
be-executed immersive media. The conversion processing may include: stitching and projection.
Optionally, the conversion processing further includes regional encapsulation. The converter 921
may convert captured 3D video content into a 2D image, and provide the 2D image for the encoder

for video coding.

[0220] The encoder 922 is configured to perform audio coding on the captured audio
content to form an audio bitstream of the immersive media, and is further configured to perform
video coding on the 2D image obtained through conversion by the converter 921 to obtain a video

bitstream.

[0221] The wrapper 923 is configured to encapsulate the audio bitstream and the video
bitstream into a file container according to a file format (e.g., an ISOBMFF) of the immersive
media to form media file resources of the immersive media. The media file resources may be a
media file or a media file of the immersive media formed by media fragments; and record metadata
of the media file resources of the immersive media according to a file format requirement of the
immersive media by using MPD. An encapsulated file of the immersive media obtained through
processing by the wrapper may be stored in the memory, and provided for the content consumption

device on demand for presentation of the immersive media.

[0222] In an embodiment, the processor 902 invokes one or more instructions in the
memory to perform the steps in the data processing method for immersive media shown in FIG. 5.
Specifically, the memory 903 stores one or more computer programs. The one or more computer
programs are adapted to be loaded by the processor 902 and perform, but not limited to, the

following steps:

[0223] encapsulating the immersive media into M tracks, the immersive media being
formed by images taken by N cameras from different angles of view, images from at least one
camera being encapsulated in one track, the M tracks belonging to a same track group, N and M

being integers greater than or equal to 1; and
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[0224] generating a free-view information data box corresponding to an i track according
to an encapsulation process of w images in the i'" track, the free-view information data box

including view information corresponding to the i track; 1<i<M, and w>1.

[0225] In the embodiments of this application, immersive media are encapsulated into M
tracks, the immersive media are formed by images taken by N cameras from different angles of
view, one track may include images from at least one camera, and the M tracks belong to a same
track group, which realizes a scene of encapsulating an immersive video into a plurality of tracks. In
addition, the content production device generates a free-view information data box for each track,
and indicates view information corresponding to an i track through the free-view information data
box corresponding to the i'" track, for example, a specific view position of the camera, and then
when the content consumption device decodes and displays the images in the track according to the
view information corresponding to the i track, decoded and displayed video can be ensured to

better match a position of a user, which improves a presentation effect of the immersive video.

[0226] In addition, an embodiment of this application further provides a storage medium.
The storage medium is configured to store a computer program. The computer program is

configured to perform the methods provided in the foregoing embodiments.

[0227] An embodiment of this application further provides a computer program product
including instructions, the instructions, when run on a computer, causing the computer to perform

the method according to the foregoing embodiments.

[0228] What is disclosed above is merely exemplary embodiments of this application, and
certainly is not intended to limit the protection scope of this application. Therefore, equivalent
variations made in accordance with the claims of this application shall fall within the scope of this

application.
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CLAIMS

What is claimed is:

1. A data processing method for immersive media, performed by a content consumption
device, the immersive media being formed by images taken by N cameras from different angles of
view, the immersive media being encapsulated into M tracks, images from at least one camera being

encapsulated in one track, N and M being integers greater than 1; the method comprising:

acquiring a free-view information data box corresponding to an i track of the immersive
media, the free-view information data box comprising view information corresponding to the it

track, 1 being an integer greater than or equal to 1 and less than or equal to M; and

decoding images encapsulated in the i track based on the view information in the free-view

information data box.
2. The method according to claim 1, wherein

images from k of the N cameras are encapsulated in the i track, k being an integer greater

than 0;

free-view track group information corresponding to the i track is encapsulated in the i track,
the free-view track group information indicating that the i track and other tracks in which the
immersive media are encapsulated belong to a same track group; the free-view track group

information comprising a first camera identification field and an image type field;

the first camera identification field storing identification information of a j' camera of the k
cameras, the image type field indicating an image type of an image captured by the j" camera, the

image type comprising at least one of a texture image and a depth image.
3. The method according to claim 2, wherein,

based on the i track comprising the texture image and the depth image, the view information

corresponding to the i track comprises a video stitching layout indication field;

in response to the video stitching layout indication field being a first value, the texture image

and the depth image included in the i track are encoded by stitching; and

in response to the video stitching layout indication field being a second value, the texture

image and the depth image included in the i track are separately encoded.
4. The method according to claim 2, wherein

the view information corresponding to the i track further comprises a camera model field;
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in response to the camera model field being a third value, a camera model to which the j®

camera belongs is a first model; and

in response to the camera model field being a fourth value, the camera model to which the j

camera belongs is a second model, the second model being different from the first model.

5. The method according to claim 2, wherein the view information corresponding to the i
track further comprises a guard band width field of the texture image and a guard band width field
of the depth image, the guard band width field of the texture image storing a guard band width used
to encode the texture image in the i track, and the guard band width field of the depth image

storing a guard band width used to encode the depth image in the i track.

6. The method according to claim 2, wherein the view information corresponding to the i
track further comprises a second camera identification field and a camera attribute information

field;
the second camera identification field storing identification information of the j' camera;

the camera attribute information field storing camera attribute information of the j™ camera,
the camera attribute information of the j'" camera comprising at least one of the following: a x-axis
component value, a y-axis component value and a z-axis component value of a position of the j
camera, a X-axis component value and a y-axis component value of a focal length of the j™ camera,

and a width and a height of resolution of the image captured by the j' camera.

7. The method according to claim 2, wherein the view information corresponding to the i
track further comprises an image information field, the image information field storing image
information of the image captured by the j" camera, the image information comprising at least one
of the following: a downsample multiplication factor of the depth image, an offset of an upper left
vertex of the depth image from an origin of a plane frame, and an offset of an upper left vertex of

the texture image from the origin of the plane frame.

8. The method according to claim 2, wherein the view information corresponding to the i
track further comprises a custom camera parameter field, a custom camera parameter type field, and
a custom camera parameter length field; the custom camera parameter field storing an f custom
camera parameter of the j'" camera, f being an integer greater than or equal to 0 and less than h, h
denoting a quantity of custom camera parameters of the j camera; the custom camera parameter
type field storing a parameter type of the f custom camera parameter; the custom camera

parameter length field storing a length of the f" custom camera parameter.

9. The method according to any one of claims 1 to 8, wherein the method further comprises:
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acquiring a signaling description file corresponding to the immersive media, the signaling
description file comprising a free-view camera descriptor corresponding to the immersive media,
the free-view camera descriptor recording camera attribute information corresponding to a video
clip in each track, the video clip in the track being formed by the texture image and the depth image

included in the track;

the free-view camera descriptor being encapsulated in an adaptation set level of a media
presentation description file of the immersive media, or the signaling description file being

encapsulated in a representation level of the media presentation description file.

10. The method according to claim 9, wherein the acquiring a free-view information data box

corresponding to an i track of the immersive media comprises:

selecting, based on the camera attribute information corresponding to the video clip in each
track recorded in the free-view camera descriptor, a candidate camera matching position

information of a user from the N cameras;

transmitting to a content production device a first resource request for acquiring segmented
video from the candidate camera, the first resource request instructing the content production device
to select, based on the view information in the free-view information data box corresponding to
each of the M tracks, the i track from the M tracks and return the free-view information data box
corresponding to the i track, at least one of the texture image and the depth image encapsulated in

the i track being from the candidate camera; and

receiving the free-view information data box corresponding to the i track returned by the

content production device.

11. The method according to claim 9, wherein the acquiring a free-view information data box

corresponding to an i track of the immersive media comprises:

transmitting a second resource request to a content production device based on the signaling
description file and a user bandwidth, the second resource request instructing the content production
device to return M free-view information data boxes of the M tracks, one track corresponding to

one free-view information data box; and

acquiring, based on the view information in the free-view information data box corresponding
to each track and position information of a user, the free-view information data box corresponding

to the i track from the M free-view information data boxes.

12. A media data processing method, performed by a content production device, the method
comprising:
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encapsulating immersive media into M tracks, the immersive media being formed by images
taken by N cameras from different angles of view, images from at least one camera being
encapsulated in one track, the M tracks belonging to a same track group, N and M being integers

greater than or equal to 1; and

generating a free-view information data box corresponding to an i track based on
encapsulation of w images in the i track, the free-view information data box comprising view

information corresponding to the i track; 1 <i <M, and w > 1.

13. The method according to claim 12, wherein the free-view information data box
corresponding to the i track comprises free-view track group information, the free-view track
group information comprising a first camera identification field and an image type field, and the
generating a free-view information data box corresponding to an i track based on encapsulation of

w images in the i track comprises:
determining that the w images are from k cameras, k being an integer greater than 1;

storing identification information of a j camera in the k cameras into the first camera

identification field; and

determining the image type field based on an image type of an image captured by the j®

camera, the image type comprising at least one of a depth image and a texture image.

14. The method according to claim 13, wherein the determining the image type field based on

an image type of an image captured by the j™ camera comprises:

setting the image type field to a second value in response to the image type of the image

captured by the j camera being the texture image;

setting the image type field to a third value in response to the image type of the image captured

by the j™ camera being the depth image; and

setting the image type field to a fourth value in response to the image type of the image

captured by the j'" camera being the texture image and the depth image.

15. The method according to claim 12, wherein the view information corresponding to the i
track comprises a video stitching layout indication field, the w images comprise a texture image and
a depth image, and the generating a free-view information data box corresponding to an i track

according to encapsulation of w images in the i track comprises:

setting the video stitching layout indication field to a first value in response to the texture

image and the depth image included in the i track being encoded by stitching; and
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setting the video stitching layout indication field to a second value in response to the texture

image and the depth image included in the i track being separately encoded.

16. The method according to claim 15, wherein the view information corresponding to the i
track further comprises a camera model field; and the generating a free-view information data box

corresponding to an i track based on encapsulation of w images in the i track comprises:

setting the camera model field to the first value in response to a camera model to which a

camera capturing the w images belongs being a first model; and

setting the camera model field to the second value in response to the camera model to which

the camera capturing the w images belongs being a second model.

17. The method according to claim 16, wherein the view information corresponding to the it
track further comprises a guard band width field of the texture image and a guard band width field
of the depth image, and the generating a free-view information data box corresponding to an i

track based on encapsulation of w images in the i track comprises:

acquiring a guard band width of the texture image used to encode the texture image in the i
track, and storing the guard band width of the texture image into the guard band width field of the

texture image; and

acquiring a guard band width of the depth image used to encode the depth image in the i
track, and storing the guard band width of the depth image into the guard band width field of the
depth image.

18. The method according to claim 17, wherein the view information corresponding to the i
track further comprises a second camera identification field and a camera attribute information
field, and the generating a free-view information data box corresponding to an i track based on

encapsulation of w images in the i track comprises:

storing identification information of a j' camera in the k cameras into the second camera

identification field, k denoting a quantity of cameras that the w images are from; and

acquiring camera attribute information of the j camera, and storing the acquired camera

attribute information into the camera attribute information field;

the camera attribute information of the j' camera comprising any one or more of the following:
a x-axis component value, a y-axis component value, and a z-axis component value of a position of
the j camera, a x-axis component value and a y-axis component value of a focal length of the j™

camera, and a width and a height of resolution of the image captured by the j™ camera.
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19. The method according to claim 18, wherein the view information corresponding to the i
track further comprises an image information field, and the generating a free-view information data

box corresponding to an i track based on encapsulation of w images in the i track comprises:

acquiring image information of the image captured by the j" camera, and storing the acquired
image information into the image information field; wherein the image information comprises one
or more of the following: a downsample multiplication factor of the depth image, an offset of an
upper left vertex of the depth image from an origin of a plane frame, and an offset of an upper left

vertex of the texture image from the origin of the plane frame.

20. The method according to claim 19, wherein the view information corresponding to the i
track further comprises a custom camera parameter field, a custom camera parameter type field, and
a custom camera parameter length field; and the generating a free-view information data box

corresponding to an i track based on encapsulation of w images in the i track comprises:

acquiring an f custom camera parameter, and storing the f" custom camera parameter into the
custom camera parameter field, f being an integer greater than or equal to 0 and less than h, h

denoting a quantity of custom camera parameters of the j camera; and

determining a parameter type of the ' custom camera parameter and a length of the f custom
camera parameter, storing the parameter type of the f custom camera parameter into the custom
camera parameter type field, and storing the length of the f custom camera parameter into the

custom camera parameter length field.
21. The method according to any one of claims 12 to 20, further comprising:

generating a signaling description file corresponding to the immersive media, the signaling
description file comprising a free-view camera descriptor corresponding to the immersive media,
the free-view camera descriptor recording camera attribute information corresponding to a video

clip in each track, the video clip in a track being formed by images encapsulated in the track;

the free-view camera descriptor being encapsulated in an adaptation set level of a media
presentation description file of the immersive media, or the signaling description file being

encapsulated in a representation level of the media presentation description file.
22. The method according to claim 21, further comprising:

transmitting the signaling description file to a content consumption device to instruct the
content consumption device to select, based on the camera attribute information corresponding to
the video clip in each track recorded in the free-view camera descriptor, a candidate camera

matching position of a user from the cameras, and transmitting a first resource request for acquiring
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segmented video from the candidate camera; and

selecting, in response to the first resource request, the i track from the M tracks based on view
information in the free-view information data box corresponding to each of the M tracks, and
transmitting the free-view information data box corresponding to the i track to the content

consumption device.
23. The method according to claim 21, further comprising:

transmitting the signaling description file to a content consumption device to instruct the
content consumption device to transmit a second resource request based on the signaling description

file and a user bandwidth; and

transmitting M free-view information data boxes corresponding to the M tracks to the content
consumption device in response to the second resource request, to instruct the content consumption
device to acquire, based on view information in a free-view information data box corresponding to
each track and position information of a user, the free-view information data box corresponding to

the it track from the M free-view information data boxes.

24. A data processing apparatus for immersive media, the immersive media being formed by
images taken by N cameras from different angles of view, the immersive media being encapsulated
into M tracks, images from at least one camera being encapsulated in one track, N and M being

integers greater than 1; the apparatus comprising:

an acquisition unit configured to acquire a free-view information data box corresponding to an
i" track of the immersive media, the free-view information data box comprising view information
corresponding to the i track, i being an integer greater than or equal to 1 and less than or equal to

M; and
a processing unit configured to decode images encapsulated in the i track based on the view
information in the free-view information data box.

25. A data processing apparatus for immersive media, comprising:

an encapsulation unit configured to encapsulate the immersive media into M tracks, the
immersive media being formed by images taken by N cameras from different angles of view,
images from at least one camera being encapsulated in one track, the M tracks belonging to a same

track group, N and M being integers greater than or equal to 1; and

a generation unit configured to generate a free-view information data box corresponding to an

i track based on encapsulation of w images in the i track, the free-view information data box
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comprising view information corresponding to the i track; 1 <i< M, and w > 1.
26. A computer device, comprising:
a processor, configured to implement one or more computer programs; and

a computer storage medium, storing the one or more computer programs, and the one or more
computer programs being configured to be loaded and executed by a processor to perform the

method according to any one of claims 1 to 23.

27. A computer storage medium, storing a first computer program and a second computer
program, the first computer program, when executed by a processor, implementing the data
processing method for immersive media according to any one of claims 1 to 11; and the second
computer program, when executed by a processor, implementing the data processing method for

immersive media according to any of claims 12 to 23.

28. A computer program product comprising instructions, the computer program product, when

run on a computer, causing the computer to perform the method according to any one of claims 1 to
23.
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