VIDEO DATA PROCESSING METHOD AND RELATED DEVICE

RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201910358569.8,
entitled "VIDEO DATA PROCESSING METHOD AND RELATED APPARATUS" and filed on

April 30, 2019, which is incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY
[0002] This application relates to the field of Internet technologies, and in particular, to a
video data processing method and related apparatus.

BACKGROUND OF THE DISCLOSURE

[0003] When watching a network video using a user terminal, a user may watch user texts
or user comments posted by the user or other users on a video playing interface. In an existing user
text display manner, the user text outputted to the video playing interface is often outputted and

displayed by using a fixed text display track in the video playing interface.

SUMMARY
[0004] Embodiments of this application provide a video data processing method and related
apparatus.
[0005] An aspect of the embodiments of this application provides a video data processing

method, applicable to a computer device, the method including:

determining, in response to a trigger operation on a target video, a target pixel in a
key video frame of the target video, and obtaining multimedia information associated with the
target pixel, the key video frame being a video frame in which the trigger operation is located, and

the target pixel being a pixel corresponding to the trigger operation in the key video frame;

identifying a trajectory obtaining request corresponding to the target pixel based on

location information of the target pixel in the key video frame;

obtaining, based on the trajectory obtaining request, target trajectory information
associated with the location information of the target pixel in the key video frame, the target
trajectory information including location information of the target pixel in a next video frame
following the key video frame, the location information of the target pixel in the next video frame
following the key video frame being obtained by tracking the target pixel; and
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displaying, when the next video frame following the key video frame is played, the
multimedia information based on the location information of the target pixel in the next video frame

following the key video frame in the target trajectory information.

[0006] An aspect of the embodiments of this application provides a video data processing

method, applicable to a service server, the method including:

obtaining, in response to a trajectory obtaining request for a target pixel in a key
video frame, trajectory information associated with a target video, the key video frame being a
video frame in the target video, the target pixel being a pixel in the key video frame, the trajectory
information being determined by location information of pixels in each video frame of the target

video; and

screening the trajectory information associated with the target video to obtain target
trajectory information associated with location information of the target pixel in the key video
frame, and returning the target trajectory information, the target trajectory information including
target location information, the target location information being used for triggering display of
multimedia information associated with the target pixel in a next video frame following the key

video frame.

[0007] An aspect of the embodiments of this application provides a video data processing

method, including:

obtaining a first video frame and a second video frame adjacent to each other from a

target video;

determining an average displacement matrix corresponding to the first video frame
based on an optical flow tracking rule corresponding to the target video, pixels in the first video

frame, and pixels in the second video frame;

tracking location information of the pixels in the first video frame based on the
average displacement matrix, and determining location information of pixels being tracked in the

second video frame; and

generating, based on the location information of the pixels in the first video frame
and the location information of the pixels being tracked in the second video frame, trajectory
information associated with the target video, the trajectory information including target trajectory
information used for tracking and displaying multimedia information associated with a target pixel

in the target video.



[0008] An aspect of the embodiments of this application provides a video data processing

apparatus, applicable to a computer device, the apparatus including:

an object determining module, configured to determine, in response to a trigger
operation on a target video, a target pixel in a key video frame of the target video, and obtain
multimedia information associated with the target pixel, the key video frame being a video frame in
which the trigger operation is located, and the target pixel being a pixel corresponding to the trigger

operation in the key video frame;

a request determining module, configured to identify a trajectory obtaining request
corresponding to the target pixel based on location information of the target pixel in the key video

frame;

a trajectory obtaining module, configured to obtain, based on the trajectory obtaining
request, target trajectory information associated with the location information of the target pixel in
the key video frame, the target trajectory information including location information of the target
pixel in a next video frame following the key video frame, the location information of the target
pixel in the next video frame following the key video frame being obtained by tracking the target

pixel; and

a text display module, configured to, when the next video frame following the key
video frame is played, display the multimedia information based on the location information of the
target pixel in the next video frame following the key video frame in the target trajectory

information.

[0009] An aspect of the embodiments of this application provides a video data processing

apparatus, applicable to a service server, the apparatus including:

a request response module, configured to obtain, in response to a trajectory obtaining
request for a target pixel in a key video frame, trajectory information associated with a target video,
the key video frame being a video frame in the target video, the target pixel being a pixel in the key
video frame, the trajectory information being determined by location information of pixels in each

video frame of the target video; and

a trajectory screening module, configured to screen the trajectory information
associated with the target video to obtain target trajectory information associated with location
information of the target pixel in the key video frame, and return the target trajectory information,

the target trajectory information including target location information, the target location



information being used for triggering display of multimedia information associated with the target

pixel in a next video frame following the key video frame.

[0010] An aspect of the embodiments of this application provides a video data processing

apparatus, including:

a first obtaining module, configured to obtain a first video frame and a second video

frame adjacent to each other from a target video;

a matrix obtaining module, configured to determine an average displacement matrix
corresponding to the first video frame based on an optical flow tracking rule corresponding to the

target video, pixels in the first video frame, and pixels in the second video frame;

a location tracking module, configured to track location information of the pixels in
the first video frame based on the average displacement matrix, and determine location information

of pixels being tracked in the second video frame; and

a trajectory generation module, configured to generate, based on the location
information of the pixels in the first video frame and the location information of the pixels being
tracked in the second video frame, trajectory information associated with the target video, the
trajectory information including target trajectory information used for tracking and displaying

multimedia information associated with a target pixel in the target video.

[0011] An aspect of the embodiments of this application provides a computer device,

including: a processor, a memory, and a network interface,

[0012] the processor being connected to the memory and the network interface, the network
interface being configured to provide a data communication function, the memory being configured
to store a computer program, the processor being configured to invoke the computer program to

perform the method according to the one aspect of the embodiments of this application.

[0013] An aspect of the embodiments of this application provides a computer storage
medium, storing a computer program, the computer program including program instructions, the
program instructions, when executed by a processor, performing the method according to the one

aspect of the embodiments of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] To describe the technical solutions of the embodiments of this application or the
existing technology more clearly, the following briefly introduces the accompanying drawings

required for describing the embodiments or the existing technology. Apparently, the accompanying
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drawings in the following description show only some embodiments of this application, and a
person of ordinary skill in the art may still derive other drawings from these accompanying

drawings without creative efforts.

[0015] FIG. 1 is a schematic structural diagram of a network architecture according to an

embodiment of this application.

[0016] FIG. 2 is a schematic diagram of a plurality of video frames in a target video

according to an embodiment of this application.

[0017] FIG. 3 is a schematic scenario diagram of obtaining a target video according to an

embodiment of this application.

[0018] FIG. 4 is a schematic flowchart of a video data processing method according to an

embodiment of this application.

[0019] FIG. 5 is a schematic diagram of obtaining multimedia information according to an

embodiment of this application.

[0020] FIG. 6 is a schematic diagram of full-image pixel tracking according to an

embodiment of this application.

[0021] FIG. 7 is a schematic diagram of tracking bullet comment data in a plurality of

consecutive video frames according to an embodiment of this application.

[0022] FIG. 8 is a schematic diagram of another video data processing method according to

an embodiment of this application.

[0023] FIG. 9 is a method for determining a valid pixel according to an embodiment of this
application.
[0024] FIG. 10 is a schematic diagram of displaying bullet comment data based on

trajectory information according to an embodiment of this application.

[0025] FIG. 11 is a schematic structural diagram of a video data processing apparatus

according to an embodiment of this application.

[0026] FIG. 12 is a schematic structural diagram of a computer device according to an

embodiment of this application.

[0027] FIG. 13 is a schematic structural diagram of another video data processing apparatus

according to an embodiment of this application.



[0028] FIG. 14 is a schematic structural diagram of another computer device according to an

embodiment of this application.

[0029] FIG. 15 is a schematic structural diagram of still another video data processing

apparatus according to an embodiment of this application.

[0030] FIG. 16 is a schematic structural diagram of still another computer device according

to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0031] The technical solutions in the embodiments of this application are clearly described
in the following with reference to the accompanying drawings. Apparently, the embodiments to be
described are merely a part rather than all of the embodiments of this application. All other
embodiments obtained by a person of ordinary skill in the art based on the embodiments of this

application without creative efforts shall fall within the protection scope of this application.

[0032] During playing of an existing online video, a user text displayed in a video playing
interface is independent of video content played on the video playing interface, resulting in that the
displayed user text lacks a correlation with the video content. In addition, when a user needs to send
the user text, a user terminal outputs the acquired user text by using a predetermined text display
track. Therefore, the user text sent by each user is outputted by using the same text display track,

resulting in that it is impossible to comment on the video content in a targeted manner.

[0033] FIG. 1 is a schematic structural diagram of a network architecture according to an
embodiment of this application. As shown in FIG. 1, the network architecture may include a service
server 2000 (or an application server 2000) and a user terminal cluster. The service server 2000 may
be a server cluster formed by a large quantity of servers, for example, a cloud server, or a cloud for
short. The user terminal cluster may include a plurality of user terminals, and as shown in FIG. 1,
may specifically include a user terminal 3000a, a user terminal 3000b, a user terminal 3000c, ...,
and a user terminal 3000n. As shown in FIG. 1, the user terminal 3000a, the user terminal 3000b,
the user terminal 3000c, ..., and the user terminal 3000n may each establish a network connection
to the service server 2000, so that each user terminal can exchange data with the service server 2000

through the network connection.

[0034] As shown in FIG. 1, each user terminal in the user terminal cluster may each be
installed with a target application in an integrated manner. When running in the user terminals, the
target application may exchange data with the service server 2000 shown in FIG. 1 respectively.

The target application may include an application with a video playing function such as a
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multimedia application, a social application, or an entertainment application. For ease of
understanding, in this embodiment of the present application, for example, one of the plurality of
user terminals is used as a target user terminal, and a specific process in which the target user
terminal integrated with the target application exchanges data with the service server 2000 by using
a service data display platform is described. In this embodiment of the present application, the
target user terminal may include a mobile terminal integrated with the target application such as a
personal computer, a tablet computer, a notebook computer, or a smartphone. The service server
2000 may be a backend server of the target application, a service database corresponding to the
backend server may be configured for storing each piece of service data information displayed on
the service data display platform, and the service data information may include Internet information
such as video data. It is to be understood that a plurality of videos may be displayed on the service
data display platform, when triggering one of the plurality of videos in the target user terminal by
using the service data display platform, a target user may obtain video data corresponding to the
video, and the video data may be played in the target user terminal. In addition, video data currently
played in the target user terminal may further be referred to as a target video. The target video is
video data returned by the service server 2000 based on a data loading instruction sent by the target

user terminal.

[0035] The target video may include a plurality of video frames, each video frame may be
referred to as image data, and each video frame corresponds to a playing timestamp (that is, a
moment) in playing duration of the target video, so that when loading and playing the target video,
the target user terminal may display a corresponding video frame in a playing display interface

based on a playing timestamp corresponding to each video frame in the target video.

[0036] The service server 2000 may perform framing processing on each video in a video
set stored in the service database at a video preprocessing stage, to split a plurality of video frames
included in each video into pictures. For ease of understanding, further, FIG. 2 is a schematic
diagram of a plurality of video frames in a target video according to an embodiment of this
application. The target video may be a video A in the service database. As shown in FIG. 2, the
video A may include n video frames, n being a positive integer greater than 0. The service server
2000 may pre-split the n video frames in the video A into n pictures. Every two adjacent pictures in
the n pictures may be referred to as an image pair. For example, as shown in FIG. 2, in this
embodiment of the present application, a video frame corresponding to a first moment shown in
FIG. 2 and a video frame corresponding to a second moment may be referred to as an image pair,
the video frame corresponding to the second moment and a video frame corresponding to a third
moment may be referred to as an image pair, ..., and the video frame corresponding to the (n-1)"
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moment and a video frame corresponding to an n" moment may be referred to as a first image pair.
In other words, for a target video, a plurality of image pairs may be determined from a plurality of
video frames of the target video, and each image pair may include video frames corresponding to

two adjacent moments, that is, each image pair may include two adjacent video frames.

[0037] For ease of understanding, in this embodiment of the present application, a first
image pair in the plurality of image pairs is used as an example. At a video preprocessing stage, in
this embodiment of the present application, one video frame (for example, the video frame
corresponding to the first moment shown in FIG. 2) in the first image pair may be referred to as a
first video frame, and the other video frame (that is, the video frame corresponding to the second
moment) in the image pair may be referred to as a second video frame. Location information of all
pixels in the first video frame in the image pair may be tracked based on an optical flow tracking
rule, to obtain location information of each pixel in the first video frame appearing in the second
video frame. Because each image pair includes two adjacent video frames, location information of
pixels in a first video frame in each image pair that appear in a next video frame may be obtained
through calculation. Finally, motion trajectories of all pixels in the video A in all video frames may
be determined in the service server 2000, and the motion trajectories of the pixels may be

collectively referred to as trajectory information of the pixels.

[0038] The service server 2000 may pre-calculate the trajectory information of all the pixels
in the video A. Therefore, when the target user plays the video A in the target user terminal, the
currently played video A may be referred to as a target video. During playing of the target video, if
the target user needs to track an object, the target user may perform a trigger operation on the object
(that is, a target object) that needs to be tracked in the target user terminal. A pixel corresponding to
the trigger operation is referred to as a target pixel, that is, the target pixel is determined by the
trigger operation performed by the target user on the target object in the currently played video
frame, and the trigger operation may be used for selecting, in the currently played video frame, a
target object that needs to be tracked. In this embodiment of the present application, a video frame
corresponding to the trigger operation may be referred to as a key video frame. In other words, in
this embodiment of the present application, a video frame currently including the target pixel may
be referred to as a key video frame in the target video. It may be understood that the key video
frame may be the video frame corresponding to the first moment in the foregoing embodiment
corresponding to FIG. 2. Optionally, the key video frame may be alternatively the video frame
corresponding to the second moment in the foregoing embodiment corresponding to FIG. 2. This is

not listed one by one herein.



[0039] It is to be understood that in this embodiment of the present application, the key
video frame, a target pixel in the key video frame, and location information of the target pixel may
be sent to the service server 2000 in the foregoing embodiment corresponding to FIG. 1, so that the
service server 2000 may screen, based on the location information of the target pixel in the key
video frame, pre-calculated trajectory information of all pixels in the target video to obtain
trajectory information matching the location information of the target pixel as target trajectory
information. The target trajectory information may include location coordinates of the target pixel
in video frames after the key video frame. Further, the service server 2000 may return the target
trajectory information to the target user terminal, so that when playing a next video frame following
the key video frame, the target user terminal may further determine location information of the
target pixel in the next video frame following the key video frame according to the target trajectory
information, that is, may obtain target location information of the target pixel, and display

multimedia information corresponding to the target object based on the target location information.

[0040] Further, FIG. 3 is a schematic scenario diagram of obtaining a target video according
to an embodiment of this application. As shown in FIG. 3, the target user terminal may be the user
terminal 3000a in the foregoing embodiment corresponding to FIG. 1. As shown in FIG. 3, after the
target user enters the target application, a service data display platform of the target application may
be displayed in the target user terminal (for example, a smartphone), and the service data display
platform may display a video 10a, a video 20a, a video 30a, and a video 40a shown in FIG. 3. When
the target user needs to play the video 30a (the video 30a may be the video A in the foregoing
embodiment corresponding to FIG. 3) shown in FIG. 3 in the target user terminal, the target user
may perform a playing operation on a region in which the video 30a is located (for example, the
target user may perform a click operation on the video 30a), and add target identification
information corresponding to the video 30a into a data loading instruction shown in FIG. 3, so that
the data loading instruction is further sent to an application server having a network connection
relationship with the target user terminal. The application server may be the service server 2000 in
the foregoing embodiment corresponding to FIG. 1. It may be understood that when obtaining the
data loading instruction, the application server may find video data corresponding to the target
identification information from the service database, and the found video data may be collectively
referred to as target data, so that the target data can be sent to a target user terminal shown in FIG.
3, and the target user terminal may play the video data in a video playing interface shown in FIG. 3.
In this case, the target user terminal may refer to the played video 30a selected by the target user as
a target video, that is, in this case, the target user terminal may play each video frame in the video A

according to a playing timestamp shown in FIG. 3.
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[0041] For a specific process in which the target user terminal obtains the target object and
obtains the target trajectory information, reference may be made to implementations provided in the
embodiments corresponding to FIG. 4 to FIG. 7. In addition, the service server 2000 obtains
location information of the pixels in the second video frame. For a specific process of selecting the
target trajectory information corresponding to the target pixel, reference may be made to

implementations provided in the embodiments corresponding to FIG. 8 to FIG. 10.

[0042] FIG. 4 is a schematic flowchart of a video data processing method according to an
embodiment of this application. As shown in FIG. 4, the method may be applicable to the target
user terminal in the foregoing embodiment corresponding to FIG. 1 and may include the following

steps.

[0043] Step S101. Determine, in response to a trigger operation on a target video, a target
pixel in a key video frame of the target video, and obtain multimedia information associated with
the target pixel, the key video frame being a video frame in which the trigger operation is located,

and the target pixel being a pixel corresponding to the trigger operation in the key video frame.

[0044] Specifically, when accessing a target application, the target user terminal may
display a service data display platform used for carrying a plurality of pieces of service data
information on a display surface of the target application. For example, each piece of service data
information on the service data display platform may be a video. The service data information
displayed on the service data display platform may be determined after an application server having
a network connection relationship with the target user terminal performs screening based on user
profile data of a target user (for example, historical behavioral data of the target user). When the
target user performs a playing operation on service data information (for example, a video) on the
service data display platform, video data corresponding to the video may be loaded from a service
database corresponding to the application server, and then the loaded video data may be played in a
video playing interface of the target user terminal. Further, the target user terminal may obtain a
trigger operation performed by the target user on a target object (that is, an object that needs to be
tracked) in the video playing interface during playing of the video data. The trigger operation is, for
example, clicking by using a mouse or touching a point in a target object in a video frame displayed
on a display of the target user terminal. A video frame corresponding to the trigger operation may
be referred to as a key video frame, and a pixel corresponding to the trigger operation in the key
video frame is referred to as a target pixel. Pixels are points in an image (for example, a video
frame). If an image is a picture with a resolution of 640*480, there are 640*480 pixels distributed

on the picture. Generally, the pixels in the image have attributes of a spatial location and a color (or
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grayscale). Meanwhile, the target user terminal may alternatively create a text box in a child
window independent of the video playing interface, so that the target user may input multimedia
information having an association relationship with the target object in the text box. After the target
user inputs the multimedia information in the text box, the target user terminal may obtain the
multimedia information associated with the target object, that is, the multimedia information
associated with the target object may be collectively referred to as a user text or a user comment

inputted by the target user.

[0045] The target user terminal may be a terminal device having a video data playing
function, or the target user terminal may be the user terminal 3000a in the foregoing embodiment
corresponding to FIG. 1. The target user terminal may be understood as a mobile terminal. The
application server may be the service server 2000 in the foregoing embodiment corresponding to

FIG. 1.

[0046] For ease of understanding, further, FIG. 5 is a schematic diagram of obtaining
multimedia information according to an embodiment of this application. As shown in FIG. 5, during
playing of the video 30a in the foregoing embodiment corresponding to FIG. 3, the target user
terminal may use the currently played video 30a as a target video. It may be understood that the
target user may perform a trigger operation on a video frame of a plurality of video frames included
in the video 30a at any moment when the video 30a is played. The target user terminal may use the
video frame corresponding to the trigger operation as a key video frame. For example, as shown in
FIG. 5, the target user may select an object A from a video playing interface 100a shown in FIG. 5
as a target object, and the target user terminal may refer to a video frame currently played in the
video playing interface 100a as the key video frame. In other words, the target user terminal may
use a video frame corresponding to the selection operation (that is, the trigger operation) as the key
video frame, and use a pixel corresponding to the selection operation in the key video frame as a
target pixel. In this case, the target pixel is a pixel in the key video frame in the target video

obtained by the target user terminal.

[0047] As shown in FIG. 5, after the target user performs the trigger operation on the object
A in the video playing interface 100a shown in FIG. 5, a text box shown in FIG. 5 may pop up in a
video playing interface 200a shown in FIG. 5, and the text box may be alternatively referred to as a
dialog box. As shown in FIG. 5, the text box may be understood as a floating window independent
of the video playing interface 200a, and the text box shown in FIG. 5 may have an association
relationship with the object A shown in FIG. 5 (for example, there may be a relative relationship in

a display location with a target pixel in the object A, to construct a correlation between the target
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pixel of the target object in the video 30a and multimedia information associated with the target
object). The implementation of the floating window may be similar or the same as that of the video
playing interface. It is to be understood that in this embodiment of the present application,
multimedia information inputted in the dialog box may include data such as a user text, a user
picture, and a user expression, and the user text (that is, text information), the user picture (that is,
picture information), and the user expression (that is, expression information) inputted by the target
user in the dialog box may be collectively referred to as bullet comment data. The display of the

bullet comment data may be similar to a subtitle.

[0048] Therefore, after the target user inputs text information A in the text box in the video
playing interface 200a shown in FIG. 5, the inputted text information A may be displayed in a video
playing interface 300a shown in FIG. 5. The inputted text information A may be text information
shown in FIG. 5 having a location spacing distance with the target pixel in the object A. The text
information A displayed in the video playing interface 300a may be referred to as bullet comment

data associated with the target object.

[0049] Step S102. Identify a trajectory obtaining request corresponding to the target pixel

based on location information of the target pixel in the key video frame.

[0050] Specifically, the target user terminal may determine location information of the
target pixel in the key video frame, and generate a trajectory obtaining request corresponding to the
target pixel based on a frame number of the key video frame in the target video and the location

information of the target pixel in the key video frame, so that step S103 may be further performed.

[0051] The trajectory obtaining request may be used for instructing the application server to
screen pre-calculated trajectory information corresponding to all pixels in the target video to obtain

trajectory information matching the target pixel.

[0052] Step S103. Obtain, based on the trajectory obtaining request, target trajectory

information associated with the location information of the target pixel in the key video frame.

[0053] The target trajectory information includes location information of the target pixel in
a next video frame following the key video frame, and the location information of the target pixel in

the next video frame following the key video frame is obtained by tracking the target pixel.

[0054] In this embodiment of the present application, the target user terminal may screen,
based on motion trajectories (a motion trajectory of each pixel may be collectively referred to as
trajectory information) of all pixels in all video frames in the target video pre-calculated by the

application server, the motion trajectories corresponding to the pixels to obtain a motion trajectory
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of a pixel matching the target pixel as the target trajectory information associated with the location
information of the target pixel in the key video frame. In other words, when obtaining the target
trajectory information, the target user terminal may quickly determine, based on location
information of the target pixel in a next video frame following the key video frame included in the
target trajectory information, a location spacing distance between the target pixel in the target object
in the foregoing embodiment corresponding to FIG. 5 and the multimedia information associated
with the target object, or a location spacing between the target pixel and the multimedia
information, that is, location information of the multimedia information appearing in the next video

frame following the key video frame may be quickly obtained.

[0055] It may be understood that, the location spacing distance may be understood as a
relative location spacing distance between the target pixel in the key video frame and corresponding
bullet comment data. That is, the location spacing distance may include a relative location spacing
distance in a horizontal (that is, transverse) direction, or may include a relative location spacing
distance in a vertical (that is, longitudinal) direction. Therefore, it may be ensured that when
obtaining the location information of the target pixel in the next video frame following the key
video frame, the target user terminal may quickly obtain location information of the text
information A in the next video frame following the key video frame through calculation based on
the relative location spacing distance. That is, in this case, the location information of the text
information A displayed in the video playing interface 300a in the foregoing embodiment
corresponding to FIG. 5 depends on location information of the target pixel in another video frame
after the key video frame. When the calculation performance of the target user terminal is relatively
general, the target user terminal may obtain trajectory information meeting the location information
of the target pixel in the key video frame as the target trajectory information from an application
server having a network connection relationship with the target user terminal, so that the target user
terminal can further quickly and accurately track the bullet comment data in effective duration
based on location information of the target pixel in the target trajectory information appearing in a
next video frame following the key video frame when obtaining the target trajectory information of
the target pixel pre-calculated by the application server. Therefore, a calculation amount of the
target user terminal can be effectively reduced, to ensure that the bullet comment data can also be
quickly tracked in the case that the calculation performance of the target user terminal is relatively

general.

[0056] The effective duration may be display duration corresponding to bullet comment
data, that is, the target user terminal may track bullet comment data associated with the target object
in the display duration.

13



[0057] It is to be understood that the motion trajectory of each pixel (that is trajectory
information of each pixel) in the target video is determined by location information of each pixel in
each video frame of the target video. For the target video including a plurality of video frames, in
this embodiment of the present application, any two adjacent video frames in the plurality of video
frames may be determined as an image pair. It is to be understood that one of two video frames
included in each image pair determined from the plurality of video frames may be referred to as a
first video frame and the other video frame may be referred to as a second video frame. For an
image pair 1 formed by the video frame corresponding to the first moment and the video frame
corresponding to the second moment in the foregoing embodiment corresponding to FIG. 2, the
video frame corresponding to the first moment in the image pair 1 may be referred to as a first video
frame, and the video frame corresponding to the second moment may be referred to as a second
video frame. Further, all pixels in the first video frame may be tracked based on a pre-calculated
average displacement matrix between the two video frames in the image pair 1, to determine
location information of all the pixels in the first video frame appearing in the second video frame.
Similarly, for an image pair 2 formed by the video frame corresponding to the second moment and
the video frame corresponding to the third moment in the foregoing embodiment corresponding to
FIG. 2, the video frame corresponding to the second moment may be alternatively referred to as a
first video frame, and the video frame corresponding to the third moment may be referred to as a
second video frame. Further, all pixels in the first video frame may be tracked based on a
pre-calculated average displacement matrix between the two video frames in the image pair 2, to
determine location information of all the pixels in the first video frame appearing in the second
video frame. By analogy, in this embodiment of the present application, an average displacement
matrix corresponding to each image pair may be obtained, the average displacement matrix
corresponding to the each image pair may be referred to as an average displacement matrix
corresponding to a first video frame in each image pair, and an average displacement matrix
corresponding to each first video frame may be used for mapping all pixels in a first video frame to
a second video frame, to accurately obtain location information of the pixels obtained through the
mapping in the second video frame. It is to be understood that in this embodiment of the present
application, the average displacement matrix may include a longitudinal average displacement
matrix and a transverse average displacement matrix. Longitudinal coordinate transformation may
be performed on a first longitudinal coordinate value (for example, a y value) of each pixel in the
first video frame by using the longitudinal average displacement matrix, to obtain a second
longitudinal coordinate of a corresponding pixel mapped to the second video frame. Similarly,

transverse coordinate transformation may be performed on a first transverse coordinate value (for
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example, an x value) of each pixel in the first video frame by using the transverse average
displacement matrix, to obtain a second transverse coordinate of a corresponding pixel mapped to
the second video frame. It is to be understood that in this embodiment of the present application, the
first transverse coordinate value and the first longitudinal coordinate value of each pixel in the first
video frame may be referred to as first location information of each pixel in the first video frame,
and the second transverse coordinate value and the second longitudinal coordinate value of each
pixel mapped to the first video frame may be referred to as second location information of each
pixel obtained through the mapping in the second video frame. Because each image pair
corresponds to an average displacement matrix, corresponding second location information may be
obtained through calculation based on first location information of pixels in a first video frame, the
calculated second location information of each pixel obtained through mapping in each second
video frame may be retained, and location information of the same pixel in each video frame may
be integrated, to obtain motion trajectories of all pixels in the video frame, thereby tracking all

pixels in all video frames of the target video.

[0058] It is to be understood that a plurality of videos in the target video displayed in the
foregoing embodiment corresponding to FIG. 2 may be a plurality of consecutive image frames.
Therefore, after the target video shown in FIG. 2 is split, a corresponding video frame number may
be set for each split image frame (that is, a video frame) according to a playing sequence. For
example, a video frame number of a video frame obtained at the first moment may be 1, and the
video frame number 1 may be used for representing that the video frame obtained at the first
moment is a first frame in the target video. Similarly, a video frame number of a video frame
obtained at the second moment may be 2, and the video frame number 2 may be used for
representing that the video frame obtained at the second moment is a second frame in the target
video. By analogy, a video frame number of a video frame obtained at the (n-1)" moment may be
n-1, and the video frame number n-1 may be used for representing that the video frame obtained at
the (n-1)™ moment is a (n-1)® frame in the target video; and a video frame number of a video frame
obtained at the n™ moment may be n, and the video frame number n may be used for representing
that the video frame obtained at the nth moment is an n™ frame in the target video, that is, a lastest

frame in the target video.

[0059] For ease of understanding, in this embodiment of the present application, an image
pair formed by the first frame and the second frame of the plurality of video frames shown in FIG. 2
may be referred to as a first image pair, to describe a specific process in which pixels in the first
frame are transformed into the second frame in a translation manner by using the average
displacement matrix to implement pixel tracking. The first frame in the first image pair is the video
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frame corresponding to the first moment in the foregoing embodiment corresponding to FIG. 2, and
the second frame in the first image pair is the video frame corresponding to the second moment in
the foregoing embodiment corresponding to FIG. 2. Further, FIG. 6 is a schematic diagram of
full-image pixel tracking according to an embodiment of this application. As shown in FIG. 6, an
image pair (1, 2) may be the first image pair. A first video frame in the first image pair may be the
video frame (that is, the first frame) corresponding to the first moment, and a second video frame in
the first image pair may be the video frame (that is, the second frame) corresponding to the second
moment. It is to be understood that a value 1 in the image pair (1, 2) is the video frame number of
the first frame, and a value 2 is the video frame number of the second frame. Therefore, a video
frame number of each video frame in the target video may be used for representing any two
adjacent video frames in the target video. As shown in FIG. 6, a pixel display region 600a may
include all pixels extracted from the first video frame of the image pair. For example, each pixel in
the pixel display region 600a may correspond to a region identifier. The pixel display region 600a
in FIG. 6 is only an example, and the pixel display region 600a may be alternatively referred to as a
pixel region, or the like. It is to be understood that in this embodiment of the present application, for
example, the pixels obtained from the first video frame are 20 pixels, and in the actual situation, a
quantity of pixels obtained from the first video frame is far more than 20 listed in this embodiment
of the present application. It is to be understood that because a plurality of video frames in the same
video are obtained after the same terminal performs image acquisition, a quantity of pixels in each

video frame included in the same video is the same.

[0060] As shown in FIG. 6, after each pixel in the first video frame is obtained, all the
obtained pixels may be collectively referred to as pixels. All pixels in the pixel display region 600a
may be tracked by using an average displacement matrix shown in FIG. 6, and location information
of mapped pixels may be determined in a pixel display region 700a corresponding to the second
video frame. For example, for a pixel A shown in FIG. 6, location information of the pixel A in the
pixel display area 600a shown in FIG. 6 may be coordinate location information of a region
identifier 5, the pixel A may be mapped to the pixel display region 700a shown in FIG. 6 by using
the average displacement matrix, and location information of the pixel A in the pixel display region
700a shown in FIG. 6 may be coordinate location information of a region identifier 10. In this
embodiment of the present application, after the location information of the pixel A in the second
video frame is obtained through calculation, the location information may be stored. Because each
image pair in the target video may correspond to an average displacement matrix, location
information of each pixel in the first video frame mapped to the second video frame may be

calculated. Location information of the same pixel in each image pair appearing in consecutive
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video frames may be integrated, to obtain location information of the pixel A appearing in each
video frame in the target video, and a motion trajectory of the pixel A may be obtained based on the

location information of the pixel A in each video frame in the target video.

[0061] Similarly, for other pixels in all pixels in the video frame, location information of
each pixel in the other pixels in each video frame of the target video may be alternatively
determined by using an average displacement matrix corresponding to each image pair (that is, an
average displacement matrix corresponding to a first video frame in each image pair), and motion
trajectories of the other pixels may be obtained, to implement full-image pixel tracking of all pixels
in the first video frame in each image pair and obtain location information of all pixels of the target
video in each video frame. It is to be understood that in this embodiment of the present application,
trajectory information corresponding to all pixels in the target video may be collectively referred to

as trajectory information corresponding to pixels.

[0062] If the calculation performance of the target user terminal cannot meet a calculation
requirement for tracking a large quantity of pixels, to reduce a calculation amount of the target user
terminal, the motion trajectories of all the pixels in the target video may be pre-calculated by using
an application server having a network connection relationship with the target user terminal.
Therefore, when the target user terminal actually plays the target video, the application server may
receive location information of a target pixel sent by the target user terminal in a key video frame,
screen the pre-calculated trajectory information corresponding to the pixels, to obtain trajectory
information matching the target pixel as target trajectory information, and return the target
trajectory information to the target user terminal, so that the target user terminal may further
perform step S104 based on the obtained target trajectory information. The target pixel is a pixel

selected by a target user in the key video frame.

[0063] Optionally, if the target user terminal has good calculation performance, the motion
trajectories of all the pixels in the target video may be pre-calculated in the target user terminal, so
that when the target user terminal actually plays the target video, trajectory information
corresponding to the pixels may be further screened based on a target pixel selected by a target user
in a target object, to obtain trajectory information matching the target pixel as target trajectory

information, so as to perform step S104.

[0064] Step S104. Display the multimedia information based on the location information of
the target pixel in the next video frame following the key video frame in the target trajectory

information when the next video frame following the key video frame is played.
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[0065] For ease of understanding, further, FIG. 7 is a schematic diagram of tracking bullet
comment data in a plurality of consecutive video frames according to an embodiment of this
application. It is to be understood that in this embodiment of the present application, a plurality of
consecutive video frames for bullet comment tracking may include a currently played key video
frame and unplayed video frames after the key video frame in the target video. For example, as
shown in FIG. 7, when a video frame 10 is used as a key video frame, bullet comment tracking may
be performed on bullet comment data appearing in the video frame 10 in each video frame (for
example, a video frame 20 and a video frame 30) after the key video frame. The video frame 10
shown in FIG. 7 may be the video frame displayed in the video playing interface 300a in the
foregoing embodiment corresponding to FIG. 5, that is, the video frame 10 shown in FIG. 7 may be
a key video frame associated with the target user in a target video currently played in the target user
terminal. In other words, in this embodiment of the present application, the key video frame may be
understood as a video frame corresponding a trigger operation performed when the target user
selects the target object. It is to be understood that in this embodiment of the present application, the
target object may include an object such as a character, an animal, or a plant selected by the target
user through a click operation in a currently played video frame. In other words, the target user
terminal may refer to an object selected by the target user as a target object, may use a pixel
corresponding to a trigger operation in the target object in the key video frame as a target pixel, and
then may obtain trajectory information associated with the target pixel in the target object from
trajectory information of all pixels in the target video pre-calculated by the application server, so
that the obtained trajectory information may be used as target trajectory information corresponding
to the target pixel. The target trajectory information may include location information of the target
pixel in the key video frame, and may further include location information of the target pixel in
each video frame (for example, a next video frame following the key video frame) after the key
video frame. It is to be understood that location information of multimedia information (that is, the
bullet comment data in the foregoing embodiment corresponding to FIG. 5) associated with the
target object (also associated with the target pixel) in each video frame after the key video frame
may be quickly obtained through calculation based on the location information of the target pixel in
each video frame after the key video frame, to quickly track the bullet comment data associated
with the target object, so that when the target user terminal plays a next video frame following the
key video frame, the bullet comment data may be displayed in the next video frame in real time
based on the location information of the bullet comment data in the key video frame obtained
through calculation. The display of the bullet comment data may be similar to the display of a

subtitle.
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[0066] It is to be understood that in this embodiment of the present application, the bullet
comment data is associated with the target object in the key video frame, accompany between the
bullet comment data and the target object may be implemented, that is, a bullet comment inputted
by the user may always follow a to-be-tracked target object for relative motion within valid tracking
duration. For example, in the target video, if there is a target object in a plurality of consecutive
video frames after the key video frame, bullet comment data (that is, the foregoing text information
A) associated with the target object may be displayed based on location information of a target pixel

in the target object in the consecutive video frames.

[0067] The target user terminal may alternatively transmit bullet comment data (multimedia
information) inputted by a user and calculated location information of the bullet comment data in
video frames of a target video to a server. Alternatively, a server may receive a frame number of a
key video frame clicked by a user in a target video, coordinates of a target pixel, and inputted bullet
comment data (multimedia information) that are sent by the target user terminal, calculate target
trajectory information of the target pixel in video frames of the target video, calculate location
information of the bullet comment data in the video frames of the target video based on the target
trajectory information, and store the location information of the bullet comment data. When
receiving information sent by the target user terminal, the server may alternatively receive
information such as an identifier of the target user terminal and/or a user identifier of a user logging
in to a target application on the target user terminal. Subsequently, when another user terminal plays
the target video, the server may send the bullet comment data, the location information of the bullet
comment data in the video frames of the target video, and the user identifier to the another user
terminal, and the another user terminal displays the bullet comment data in the video frames of the

target video according to the location information of the bullet comment data.

[0068] It is to be understood that for any video played in the target user terminal, when a
current moment is a T1 moment, the target user may select an object that the target user thinks need
to be tracked from a currently played video frame. The selected object may be referred to as a target
object. Further, the target user terminal may select trajectory information associated with a target
pixel in the target object based on pre-calculated trajectory information corresponding to all pixels
in the video, to quickly obtain target trajectory information corresponding to the target pixel in the
target object. It is to be understood that pre-calculated trajectory information corresponding to any
one of each pixel in the video may be used for describing location information of the pixel in each
video frame in the video. Therefore, when using a video frame played at the T1 moment as a key
video frame, the target user terminal may obtain a target pixel in the target object in the key video
frame, quickly obtain location information of the target pixel in each video frame after the key
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video frame from target trajectory information corresponding to the target pixel, and display
multimedia information associated with the target object based on the target trajectory information.
It may be understood that if trajectory information formed by the target pixel in each video frame is
a circle, the multimedia information associated with the target object may synchronously follow the
trajectory information in a circle. Therefore, all pixels in the target video are pre-tracked, trajectory
information corresponding to each pixel may be pre-obtained, so that when the target video is
played in the target user terminal, a pixel corresponding to a trigger operation in a target object may
be used as a target pixel based on the trigger operation performed by a target user, to obtain
trajectory information associated with the target pixel as target trajectory information, and
multimedia information associated with the target object may be quickly and accurately tracked

based on the obtained target trajectory information.

[0069] In this way, for different objects in the key video frame, motion trajectories
corresponding to target pixels in the different objects may be obtained, so that bullet comment data
associated with different target objects may move around different trajectories, and a correlation
between the bullet comment data and an object targeted by the bullet comment data is stronger,
thereby enriching a visual display effect of the bullet comment data and improving flexibility of a

display manner of the bullet comment data.

[0070] In this embodiment of the present application, when a trigger operation of the target
user on the target video is obtained, a video frame corresponding to the trigger operation in the
target video may be used as a key video frame, so that a target pixel may be determined from the
key video frame and multimedia information (for example, the multimedia information may be
bullet comment data such as a user text, a picture, or an expression in the target video) associated
with the target pixel and associated with a target object in which the target pixel is located may be
obtained. Further, a trajectory obtaining request corresponding to the target pixel is determined
based on the location information of the target pixel in the key video frame, and target trajectory
information associated with the location information of the target pixel in the key video frame may
be obtained based on the trajectory obtaining request, so that when a next video frame following the
key video frame is played, bullet comment data associated with the target pixel and a target object
in which the target pixel is located can be displayed based on the target trajectory information. In
view of this, in this embodiment of the present application, when a key video frame is determined,
trajectory information of all pixels in the key video frame may be screened to obtain trajectory
information of a target pixel, and the obtained trajectory information of the target pixel is used as
target trajectory information, thereby enriching a display effect of bullet comment data based on the
obtained target trajectory information. For example, for target pixels in different target objects,
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obtained target trajectory information may be different, and the display effect of the bullet comment
data is different. In addition, location information of bullet comment data in each video frame after
the key video frame may be quickly determined based on an association relationship between a
target object and the bullet comment data. In other words, the bullet comment data always changes
with the target object in the target video, thereby enriching a visual display effect of a user text in a
video and implementing a stronger correlation between bullet comment data and a target object or

an object in a commented video.

[0071] For ease of understanding, further, FIG. 8 is a schematic diagram of another video
data processing method according to an embodiment of this application. The method is mainly used
for describing a process of data exchange between a target user terminal and an application server,

and may include the following steps.

[0072] Step S201. Obtain a first video frame and a second video frame adjacent to each

other from a target video.

[0073] Specifically, the application server may determine a plurality of image pairs from a
plurality of video frames included in a target video, and each of the plurality of image pairs is

formed by two adjacent video frames in the target video.

[0074] In other words, the application server may first perform framing processing on the
target video at a stage of performing video preprocessing on the target video, to split a plurality of
video frames in the target video into pictures according to a playing time sequence, that is, the
plurality of video frames arranged based on the playing time sequence shown in FIG. 2 may be
obtained. Each video frame in the target video may be split, to obtain a picture corresponding to
each video frame, that is, an image may be considered as an image frame. Further, the application
server may perform pixel tracking on pixels in two video frames in each image pair by using a
forward-backward optical flow method. For example, for a target video including n video frames,
the application server may determine two video frames with adjacent frame numbers as an image
pair according to a video frame number of each video frame in the target video. In other words, the
application server may determine a video frame with a video frame number of 1 and a video frame
with a video frame number of 2 as an image pair. Similarly, the application server may determine
the video frame with the video frame number of 2 and a video frame with a video frame number of
3 as an image pair. By analogy, the application server may determine the video frame with the

video frame number of n-1 and a video frame with the video frame number of n as an image pair.

[0075] For each image pair in the target video, two video frames in a corresponding image

pair may be described by using a video frame number of each video frame. Therefore, for the target
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video including the n video frames, n-1 image pairs may be obtained, and the n-1 image pairs may
be represented as (1, 2), (2, 3), (3, 4), ..., and (n-1, n). The video frame with the video frame number
of 1 in the image pairs may be referred to as a first frame of the target video, and the video frame
with the video frame number of 2 may be referred to as a second frame of the target video. By
analogy, the video frame with the video frame number of n-1 in the image pairs may be referred to
as a (n-1)" frame of the target video, and the video frame with the video frame number of n may be
referred to as an n™ frame of the target video. Further, the application server may track pixels in
each image pair of the target video by using a cloud forward-backward optical flow method. The
cloud forward-backward optical flow method may be collectively referred to as an optical flow
method, and the optical flow method may be used for calculating a pixel displacement between two

video frames in each image pair.

[0076] It may be understood that each image pair may be formed by two adjacent video
frames. Therefore, one video frame in each image pair may be referred to as a first video frame, and
the other video frame in each image pair may be referred to as a second video frame, so that step

S202 may be further performed.

[0077] For ease of understanding, in this embodiment of the present application, two video
frames in each image pairs obtained from a target video may be collectively referred to as a first
video frame and a second video frame, that is, the application server may obtain a first video frame

and a second video frame adjacent to each other from a target video.

[0078] Step S202. Determine an average displacement matrix corresponding to the first
video frame based on an optical flow tracking rule corresponding to the target video, pixels in the

first video frame, and pixels in the second video frame.

[0079] Specifically, the application server may extract all pixels of the first video frame. All
the extracted pixels may be collectively referred to as pixels. The optical flow tracking rule
corresponding to the target video may include the cloud forward-backward optical flow method or
may include a cloud displacement integration method and a cloud displacement difference method.
It is to be understood that an optical flow operation may be performed on pixels in a first video
frame and pixels in a second video frame in each image pair by using the optical flow tracking rule,
to obtain an optical flow tracking result corresponding to the each image pair, so that a target state
matrix and a target displacement matrix that correspond to the each image pair may be determined
based on the optical flow tracking result. Pixels in a video frame may also be directly tracked by
using the target state matrix and the target displacement matrix, but the tracking result may not be

very accurate. To improve the accuracy of tracking, when displacements of pixels between the first
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video frame and the second video frame are calculated, information of displacements of pixels
around the pixels may be considered. For example, for each pixel in the first video frame, the
application server may select an image block (including the pixel and pixels around the pixel)
around the pixel by using the pixel as a center, and calculate an average displacement of all pixels
in the image block as a displacement of the pixel. The calculation amount of such a processing
manner may be relatively large. According to this embodiment of the present application, a
displacement integral operation may be further performed on the target state matrix and the target
displacement matrix that correspond to the each image pair by using the optical flow tracking rule,
to obtain a state integral matrix and a displacement integral matrix that correspond to the each
image pair. Further, a displacement differential operation may be further performed on the state
integral matrix and the displacement integral matrix that correspond to the each image pair by using
the optical flow tracking rule, to obtain an average displacement matrix corresponding to the each
image pair. In other words, the average displacement matrix that can be used for accurately tracking
location information of pixels in a first video frame in each image pair may be accurately obtained
by using the optical flow tracking rule. The application server can calculate average displacements
of the pixels in the first video frame and the pixels in the second video frame in batches by using the
displacement integral operation and the displacement differential operation, thereby improving an

operation speed and improving efficiency of processing pixels and video frames.

[0080] The cloud forward-backward optical flow method may be used for synchronously
performing forward-backward optical flow calculation on a first video frame and a second video
frame in each image pair, to obtain an optical flow tracking result corresponding to the each image
pair. In other words, the optical flow tracking result obtained by the application server may include
a forward displacement matrix corresponding to the first video frame in each image pair and a
backward displacement matrix corresponding to the second video frame in each image pair. In this
embodiment of the present application, each matrix element in the forward displacement matrix and
the backward displacement matrix may include displacements in two dimensions (for example, (AX,
Ay)). The displacements in the two dimensions may be understood as a displacement (that is, Ax) of
the same pixel in a horizontal direction and a displacement (that is, Ay) of the same pixel in a
vertical direction. It is to be understood that after each image pair in the target video is calculated by
using the optical flow method, a forward horizontal displacement matrix, a forward vertical
displacement matrix, a backward horizontal displacement matrix, and a backward vertical
displacement matrix may be obtained, and the obtained four matrices may be referred to as an
optical flow result. Further, the application server may set an initial state matrix for a first video

frame in each image pair, and then whether pixels in the first video frame in each image pair meet a
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target screening condition may be determined according to the obtained forward displacement
matrix and backward displacement matrix. If there are pixels meeting the target screening condition
in the first video frame, the application server may determine the pixels meeting the target screening
condition as valid pixels, and then correct the initial state matrix corresponding to the first video
frame and the forward displacement matrix according to the determined valid pixels, to obtain a
target state matrix and a target displacement matrix that correspond to the first video frame in each
image pair. Further, the application server may determine an average displacement matrix
corresponding to the first video frame in each image pair by using the cloud displacement
integration method, the cloud displacement difference method, and the obtained target state matrix

and target displacement matrix.

[0081] In this embodiment of the present application, the forward horizontal displacement
matrix and the forward vertical displacement matrix may be collectively referred to as the forward
displacement matrix, and the backward horizontal displacement matrix and the backward vertical
displacement matrix may be collectively referred to as the backward displacement matrix. For ease
of understanding, in this embodiment of the present application, an image pair in a plurality of
image pairs is used as an example to describe a process of obtaining an average displacement matrix
corresponding to the image pair by using a first video frame and a second video frame in the image
pair. The first video frame in the image pair may be the video frame with the video frame number of
1, and the second video frame may be the video frame with the video frame number of 2. Therefore,
an image pair formed by the video frame with the video frame number of 1 and the video frame
with the video frame number of 2 is referred to as an image pair 1, and the image pair 1 may be

represented as (1, 2).

[0082] A forward displacement matrix corresponding to the image pair 1 obtained after
calculation by the optical flow method may include a forward horizontal displacement matrix (for
example, the forward horizontal displacement matrix may be a matrix Qi,2.x) and a forward vertical
displacement matrix (for example, the forward vertical displacement matrix may be a matrix Qi2.y).
It is to be understood that each matrix element in the matrix Qi,2x may be understood as a
displacement of each pixel in the first video frame in the second video frame in a horizontal
direction. That is, each matrix element in the forward horizontal displacement matrix may be
referred to as a first transverse displacement corresponding to each pixel in the first video frame.
Similarly, each matrix element in the matrix Q1,2,y may be understood as a displacement of each
pixel in the first video frame in the second video frame in a vertical direction. That is, each matrix
element in the forward horizontal displacement matrix may be referred to as a first longitudinal

displacement corresponding to each pixel in the first video frame. In other words, sizes of the two
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matrices (that is, the matrix Qi.2x and the matrix Qi.2,y) obtained by the optical flow calculation
method are the same as a size of the first video frame, that is, each matrix element may correspond

to one pixel in the first video frame.

[0083] Similarly, a backward displacement matrix corresponding to the image pair 1
obtained after calculation by the optical flow method may include a backward horizontal
displacement matrix (for example, the backward horizontal displacement matrix may be a matrix
Q2,1x) and a backward vertical displacement matrix (for example, the backward vertical
displacement matrix may be a matrix Q2,1y). It is to be understood that each matrix element in the
matrix Q2,1x may be understood as a displacement of each pixel in the second video frame in the
first video frame in a horizontal direction. That is, each matrix element in the backward horizontal
displacement matrix may be referred to as a second transverse displacement corresponding to each
pixel in the second video frame. Similarly, each matrix element in the matrix Qz,1,y may be
understood as a displacement of each pixel in the second video frame in the first video frame in a
vertical direction. That is, each matrix element in the backward vertical displacement matrix may be
referred to as a second longitudinal displacement corresponding to each pixel in the second video
frame. In other words, sizes of the two matrices (that is, the matrix Q2,1.x and the matrix Qz,1,y)
obtained by the optical flow calculation method are the same as a size of the second video frame,

that is, each matrix element may correspond to one pixel in the second video frame.

[0084] It is to be understood that for each video frame in a target video, a quantity of pixels
in each video frame is the same. Therefore, sizes of the four matrices (that is, the matrix Q1.2.x, the
matrix Q1.2,y, the matrix Q2,1x, and the matrix Q2,1,y) obtained by the optical flow calculation method
that correspond to the image pair 1 are the same. For example, if there are m*n pixels in each video
frame, the sizes of the obtained four matrices may be m*n. In view of this, each matrix element in
the forward horizontal displacement matrix and the forward vertical displacement matrix can
correspond to a corresponding pixel in the first video frame. Therefore, each matrix element in the
forward displacement matrix corresponding to the image pair 1 may represent a displacement of
each pixel in the first video frame in two dimensions in the second video frame. The forward
displacement matrix corresponding to the image pair 1 may be collectively referred to as a forward
displacement matrix corresponding to the first video frame. Similarly, each matrix element in the
backward displacement matrix corresponding to the image pair 1 may represent a displacement of
each pixel in the second video frame in two dimensions in the first video frame. The backward
displacement matrix corresponding to the image pair 1 may be collectively referred to as a

backward displacement matrix corresponding to the second video frame.
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[0085] In view of this, the application server may forward map the pixels in the first video
frame to the second video frame based on the first location information of the pixels in the first
video frame and the optical flow tracking rule, determine, in the second video frame, second
location information of first mapped points obtained through the mapping, and determine the
forward displacement matrix corresponding to the first video frame based on the first location
information of the pixels and the second location information of the first mapped points. Further,
the application server may backward map the pixels in the second video frame to the first video
frame based on the second location information of the pixels in the second video frame and the
optical flow tracking rule, determine, in the first video frame, third location information of second
mapped points obtained through the mapping, and determine the backward displacement matrix
corresponding to the second video frame based on the second location information of the first
mapped points and the third location information of the second mapped points. The first mapped
points and the second mapped points are pixels obtained by mapping pixels in one video frame to

the other video frame in an image pair by using the optical flow method.

[0086] Further, the application server may determine pixels meeting a target screening
condition in the pixels as valid pixels based on the first location information of the pixels in the first
video frame, the forward displacement matrix, and the backward displacement matrix. A specific

process in which the application server determines the valid pixels may be described as follows.

[0087] The application server may obtain a first pixel from the pixels in the first video
frame, determine first location information of the first pixel in the first video frame, and determine,
in the forward displacement matrix, a first transverse displacement and a first longitudinal
displacement that correspond to the first pixel. Further, the application server may forward map the
first pixel to the second video frame based on the first location information of the first pixel and the
first transverse displacement and the first longitudinal displacement that correspond to the first
pixel, and determine, in the second video frame, second location information of a second pixel
obtained through the mapping. Further, the application server may determine, in the backward
displacement matrix, a second transverse displacement and a second longitudinal displacement that
correspond to the second pixel, backward map the second pixel to the first video frame based on the
second location information of the second pixel and the second transverse displacement and the
second longitudinal displacement that correspond to the second pixel, and determine, in the first
video frame, third location information of a third pixel obtained through the mapping. Further, the
application server may determine an error distance between the first pixel and the third pixel based
on the first location information of the first pixel and the third location information of the third
pixel, and determine, according to the first location information of the first pixel and the second
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location information of the second pixel, a correlation coefficient between an image block including
the first pixel and an image block including the second pixel. Further, the application server may
determine pixels of which the error distance is less than an error distance threshold and the
correlation coefficient is greater than or equal to a correlation coefficient threshold in the pixels as

the valid pixels.

[0088] To verify the correctness of the matrix elements in the forward displacement matrix
and the backward displacement matrix in the obtained optical flow tracking result, in this
embodiment of the present application, the matrix elements in the four displacement matrices may
be screened in a matrix transformation manner, that is, the matrix elements with a larger
displacement error at corresponding locations of the corresponding pixels in the four matrices may
be removed by using a change of matrix elements at positions of corresponding pixels in the
constructed initial state matrix, that is, the valid pixels may be determined from the pixels in the

first video frame.

[0089] For ease of understanding, further, FIG. 9 is a method for determining a valid pixel
according to an embodiment of this application. As shown in FIG. 9, before screening the matrix

elements in the four matrices, the application server may first initialize a state matrix S, having the
same size as the first video. In this case, the application server may refer to the state matrix S, as

an initial state matrix. In the initial state matrix, values of matrix elements corresponding to pixels
may be referred to as first values. In this case, the first values in the initial state matrix are all zero.
A change of the values of the matrix elements in the initial state matrix may be used for
representing whether pixels in a first video frame meets a target screening condition, and pixels

meeting the target screening condition may be used as valid tracked pixels (that is, valid pixels).

[0090] As shown in FIG. 9, a first image frame may be the video frame with the video
frame number of 1 in the image pair 1. The pixels in the first video frame may include a first pixel
pl shown in FIG. 9, that is, the first pixel pl may be a pixel in all pixels of the first video frame,
and location information of the first pixel p1 in the first video frame may be referred to as first
location information. Further, the application server may find a first transverse displacement
corresponding to the first pixel pl from a forward horizontal displacement matrix in the forward
displacement matrix, find a first longitudinal displacement corresponding to the first pixel pl from a
forward vertical displacement matrix in the forward displacement matrix, forward map the first
pixel pl to a second video frame shown in FIG. 9 based on the first location information of the first
pixel p1 and the first transverse displacement and the first longitudinal displacement that

correspond to the first pixel p1, and determine, in the second video frame, second location
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information of a second pixel p2 obtained through the mapping. It may be understood that in this
case, the second pixel p2 is a pixel obtained after matrix transformation is performed on the first
pixel pl. Further, the application server may determine, in the backward displacement matrix, a
second transverse displacement and a second longitudinal displacement that correspond to the
second pixel p2, backward map the second pixel p2 to the first video frame shown in FIG. 9
according to the second location information of the second pixel p2 and the second transverse
displacement and the second longitudinal displacement that correspond to the second pixel p2, and
determine, in the first video frame, third location information of a third pixel p1' obtained through
the mapping. It may be understood that in this case, the third pixel p1' is a pixel obtained after

matrix transformation is performed on the second pixel p2 obtained by mapping the first pixel p1.

[0091] Further, the application server may determine, in the first video frame, a location
error ti1' between two locations of the first location information of the first pixel pl and the third
location information of the third pixel p1' obtained after the matrix transformation is performed.
Further, the application server may select an image block 10 with a size of k*k pixels (for example,
8*8 pixels) in the first video frame shown in FIG. 9 by using the first location information of the
first pixel p1 as a center. In addition, as shown in FIG. 9, the application server may similarly select
an image block 20 with a size of k*k pixels in the second video frame shown in FIG. 9 by using the
second location information of the second pixel p2 as a center, and calculate a correlation

coefficient between the two image blocks (the correlation coefficient may be Ni.2).
[0092] A calculation expression of the correlation coefficient N, , is as follows:

i:i:(patch1 a b (patch1))(paz‘ch2 (a,b)—E(patchz))
N,,= ==

\/i k (patc}q a, b (patchl))2 (patch2 (a,b)—E(patchz))2

a=l b=l Formula (1)

—

where patch, (a,b) in formula (1) may represent a pixel value of a pixel at a

location ofa a” rowanda b” column of the image block 10 shown in FIG. 9. The pixel value

may be a grayscale value of a pixel, which is between 0 and 255. E ( patchl) represents an average
pixel value of the image block 10 shown in FIG. 9. patch, (a,b) represent a pixel value of a pixel

atalocation ofa a” rowanda b” column of the image block 20 shown in FIG. 9. E( patch,)

represents an average pixel value of the image block 20 shown in FIG. 9.
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[0093] It may be understood that in this embodiment of the present application, after an
error distance between the first pixel pl and the third pixel p1' shown in FIG. 9 is obtained through
calculation, and the calculated error distance may be compared with a preset error distance. If

t <T, and N,,>=T, (Tsis a set error distance threshold, Ta is a set correlation coefficient

threshold), it represents that the first pixel p1 in the first video frame meets the target screening

condition, so that the first pixel pl may be determined as a valid pixel.

[0094] Further, the application server may set a value of a matrix element at a

corresponding location in the initial state matrix S, corresponding to the first pixel p1 to a second

value. For example, a value of an element corresponding to the first pixel p1 in the initial state

matrix S, may be switched from 0 to 1, to represent that the first pixel p1 in the first video frame
is the valid pixel. Otherwise, if 7, >=T, and/or N, <T,, it represents that the first pixel pl in

the first video frame does not meet the target screening condition. In this case, the application server
may determine that the first pixel pl shown in FIG. 9 is an invalid tracked pixel. That is, the value

of the element corresponding to the first pixel pl in the initial state matrix S, is still 0. Meanwhile,

the application server may further set a value of a matrix element at a corresponding location of the
first pixel p1 in the forward displacement matrix (that is, the matrix Qi.2x and the matrix Qi.2y) to 0,
and determine the forward displacement matrix including the first value as a target displacement
matrix (for example, the forward horizontal displacement matrix Qx: and the forward horizontal
displacement matrix Qy1). That is, matrix elements at locations in the target displacement matrix
may be used for representing a matrix determined after screening and filtering out mistracking

displacements with larger errors from the forward displacement matrix.

[0095] It may be understood that for other pixels shown in FIG. 9, a pixel may be
sequentially selected from the first video frame shown in FIG. 9 as a first pixel, the step of
determining the valid pixel is repeated until all pixels in the first video frame are used as first pixels,
and all valid pixels in the first video frame may be determined. Therefore, matrix elements in the
initial state matrix may be updated based on location information of the valid pixels in the initial
state matrix, and the initial state matrix including the second value may be determined as a target
state matrix S, corresponding to the first video frame. The target displacement matrix (that is, a
target horizontal displacement matrix Qx,1 and a target horizontal displacement matrix Qy.1)
corresponding to the first video frame may be obtained. Similarly, for other image pairs in the
plurality of image pairs, the step of determining the valid pixels in the image pair 1 is repeated, and

a target state matrix and a target displacement matrix that correspond to a first video frame in each

29



image pair in the remaining image pairs may also be obtained. For example, for a plurality of
consecutive video frames with video frame numbers of 1, 2, 3, 4, ..., and n in a target video, a
plurality of formed image pairs may be represented as (1, 2), (2, 3), (3, 4), ..., and (n-1, n). In this
way, for an optical tracking result corresponding to each image pair, a target state matrix Si
corresponding to the image pair (1, 2) and a target displacement matrix Q1 (that is, the target
horizontal displacement matrix Qx,1 and the target vertical displacement matrix Qy.1) corresponding
to the image pair (1, 2) may be finally obtained in the valid pixel determining manner. By analogy,
a target state matrix Sn-1 corresponding to the image pair (n-1, n) and a target displacement matrix
Qn-1 (that is, the target horizontal displacement matrix Qx,n-1 and the target vertical displacement

matrix Qyn-1) corresponding to the image pair (1, 2) may be obtained.

[0096] Further, the application server may perform an integral operation on the target state
matrix S1 and the target displacement matrix Qi that correspond to the image pair 1 by using a cloud
displacement integration method, to obtain a state integral matrix Sin(X, y) and a displacement
integral matrix Qin(X, y) that correspond to the pixels in the first video frame. The displacement
integral matrix Qin(X, y) may include a transverse displacement integral matrix Qx,in(X, y) and a
longitudinal displacement integral matrix Qy.in(X, y). The state integral matrix Sin(X, y), the
transverse displacement integral matrix Qx,in(X, y), and the longitudinal displacement integral matrix

Qy.in(X, y) may be obtained by using the following matrix integral formula:

Sa(xy)= 2 S(x\y)

x'<xy'Sy Formula (2)
Qx’m (x,y): z Qx(x',yl)
x'<x,y'<y Formula (3)
Qy,[n ('x’y) = Z Qy (x"y ')
x'<x,y'Sy Formula (4)

where x and y in formula (2), formula (3), and formula (4) may be used for
representing coordinates of all matrix elements in the state integral matrix and the displacement
integral matrix that correspond to the first video frame, for example, Sin(X, y) may represent a value
of a matrix element of an x™ row and a y™ column of the state integral matrix. In addition, x' and y'
in formula (2), formula (3), and formula (4) may be used for representing coordinates of matrix
elements in the target state matrix and the target displacement matrix, for example, S(x', y') may

represent a value of a matrix element of an x"" row and a y"™ column of the target state matrix.

[0097] Further, the application server may select a target frame with a height of M and a

width of N from the first video frame by using a cloud displacement difference method, and
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perform a displacement differential operation on the three integral matrices obtained by using
formula (2), formula (3), and formula (4) in the target frame, to obtain a state differential matrix
Sdif(X, y) and a displacement differential matrix Quif(X, y) respectively. The target frame is to select
all pixels in a specific region around the pixels to calculate an average displacement. For example, a

size of the target frame is 80*80 pixels.

[0098] The displacement differential matrix Quif(X, y) may include a transverse
displacement differential matrix Qx.dif(X, y) and a longitudinal displacement integral matrix Qy.qif(X,
y). The state integral matrix Sdif(x, y), the transverse displacement differential matrix Qx.dif(X, y),
and the longitudinal displacement integral matrix Qy.qif(X, y) may be obtained by using the
following matrix differential formula (5):

N M N M N M N M
Sdif(x’y):Sin (‘x+?’y+?j_sir1 (‘x—_’y+7J_Siiz ('x_i_?’y_?j—i—Sin ('x—_’ __j
M

N M N N M N M
A =Yin X+t—,y+—|— X,in X——y+—|— X,in X+—y——|*F X,in X—=—7— )V
Qv (x.5) Q,,( > 2JQ,[ v )Q,[ S 2JQ,[ S 2)

N M N M N M N M
i (61)=0 | x+—,y+— -0, .| x——,y+— |-0, | x+—,y—— |+0,, | x——,y——
Qy,dzf( y) 0, [ ) Y 2) 0, ( > y 2j 0, ( > y 2) 0, ( > y 2)

[0099] It may be understood that in this embodiment of the present application, a region in
which the target frame is located in the first video frame may be referred to as a differential region,
and an average displacement matrix corresponding to the first video frame may be determined
based on size information of the differential region, the state integral matrix, the transverse
displacement integral matrix, and the longitudinal displacement integral matrix. That is, M and N in
the displacement differential operation formula are a length value and a width value of the
differential region. x and y in the displacement differential operation formula are respectively
location information of each pixel in the first video frame. An average value of all pixels in the
differential region may be quickly obtained by using the displacement differential operation
formula. For example, for the state integral matrix, the state differential matrix Saif(x, y)
corresponding to the state integral matrix Sin(X, y) may be obtained. For the transverse displacement
integral matrix Qx.in(X, y) and the longitudinal displacement integral matrix Qy,in(X, y), the
transverse displacement differential matrix Qxdif(X, y) and the longitudinal displacement differential

matrix Qy.dif(X, y) may be obtained.

[0100] Further, the application server may determine a ratio of the transverse displacement
differential matrix Qx.dif(X, y) to the state differential matrix Sqif(X, y) as a transverse average

displacement matrix Qxr(X, y), and determine a ratio of the longitudinal displacement differential
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matrix Qy, in(X, y) to the state differential matrix Sdif(X, y) as a longitudinal average displacement

matrix Qy.r(X, y).

Qx iy x’.y
0. (%) =S’df—(+)
a (%) e Formula (6)
O, 4 (XY
Qy,F (X,y): v dif ( )
Sar (x,y )+e Formula (7)

where e in formula (6) and formula (7) is used for representing a relatively small
digit set by a person, for example, 0.001. That is, e in formula (6) and formula (7) is to avoid a case
that values of all matrix elements in the state differential matrix S4if(x, y) are 0, and 0 is directly
divided. Step S203 may be further performed, so that location information of the pixels in the first

video frame appearing in the second video frame may be pre-calculated in the target user terminal.

[0101] Step S203. Track location information of the pixels in the first video frame based on
the average displacement matrix, and determine location information of pixels being tracked in the

second video frame.

[0102] Specifically, the application server may further quickly and accurately track location
information of the pixels in the first video frame appearing in a next video frame (that is, the second
video frame in the image pair 1) based on the average displacement matrix (the average
displacement matrix may include the transverse average displacement matrix Qx,r(X, y) and the
longitudinal average displacement matrix Qy.r(X, y)) obtained in step S203, that is, location
information of pixels obtained by tracking the pixels in the first video frame may be determined in

the second video frame through displacement transformation.

C. (X,y):x+Qx,F (x,y) Formula (8)

C,(x,9)=Q,, (x.5) Formula (9)

where x in formula (8) is a transverse location coordinate of each pixel in the first
video frame, QxF(X, y) is a transverse average displacement matrix corresponding to the first video
frame, and coordinate transformation may be performed on the transverse location coordinate of
each pixel in the first video frame by using formula (8), to obtain a transverse location coordinate of
each pixel in the first video frame in a next video frame. Similarly, y in formula (9) is a longitudinal
location coordinate of each pixel in the first video frame, Qx, y(X, y) is a longitudinal average
displacement matrix corresponding to the first video frame, and coordinate transformation may be

performed on the longitudinal location coordinate of each pixel in the first video frame by using
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formula (9), to obtain a longitudinal location coordinate of each pixel in the first video frame in a

next video frame.

[0103] It may be understood that for each image pair, pixels in a first video frame in a
corresponding image pair may be quickly tracked by using an average displacement matrix
corresponding to a first video frame in each image pair, and location coordinates of pixels being
tracked may be determined in a second video frame in the corresponding image pair, that is,
location information of the pixels being tracked may be determined in the second video frame of the
each image pair. The application server may further store the location information of the pixels

being tracked in each image pair, to further perform step S204.

[0104] Step S204. Generate, based on the location information of the pixels in the first video
frame and the location information of the pixels being tracked in the second video frame, trajectory

information associated with the target video.

[0105] The trajectory information includes target trajectory information used for tracking

and displaying multimedia information associated with a target object in the target video.

[0106] Step S205. Determine, in response to a trigger operation on a target video, a target
pixel in a key video frame of the target video, and obtain multimedia information associated with

the target pixel.

[0107] Step S206. Identify a trajectory obtaining request corresponding to the target pixel

based on location information of the target pixel in the key video frame.

[0108] For a specific implementation of step S205 and step S206, reference may be made to
the description of the target user terminal in the foregoing embodiment corresponding to FIG. 4.

Details are not described herein again.

[0109] Step S207. Obtain, in response to the trajectory obtaining request for the target pixel

in the key video frame, the trajectory information associated with the target video.

[0110] Specifically, the application server may receive a trajectory obtaining request sent by
the target user terminal based on a target pixel in a key video frame, and further obtain trajectory
information associated with all pixels in the target video pre-calculated by the application server, to

further perform step S208.

[0111] Step S208. Screen the trajectory information associated with the target video to
obtain target trajectory information associated with location information of the target pixel in the

key video frame, and return the target trajectory information.
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[0112] Specifically, the application server may obtain a video frame number of the key
video frame in the target video and location information of the target pixel in the key video frame
from the trajectory obtaining request, screen trajectory information associated with the target video
pre-obtained by the application server to obtain trajectory information associated with the target
pixel, refer to the obtained trajectory information as target trajectory information, and further return
the target trajectory information to the target user terminal, so that the target user terminal may
quickly find, based on the frame number of the key video frame, location information of the target
pixel appearing in a next video frame following the key video frame from the received target
trajectory information until location information of the target pixel appearing in each video frame
after the key video frame is obtained. In this case, the target user terminal may form the location
information of the target pixel appearing in each video frame after the key video frame into new
trajectory information. Optionally, it is to be understood that when obtaining the frame number of
the key video frame, the application server may quickly find the location information of the target
pixel appearing in the next video frame following the key video frame from the obtained trajectory
information until the location information of the target pixel appearing in each video frame after the
key video frame is obtained. In this case, the application server may refer to the new trajectory
information formed by the location information of the target pixel appearing in each video frame

after the key video frame as the target trajectory information.

[0113] It may be understood that if the calculation performance of the target user terminal
cannot meet a requirement for tracking an object, when generating the trajectory obtaining request
corresponding to the target pixel, the target user terminal may send the trajectory obtaining request
to the application server, so that the application server may obtain, based on the trajectory obtaining
request, the target trajectory information associated with the location information of the target pixel
in the key video frame, and return the obtained target trajectory information to the target user

terminal.

[0114] Optionally, if the calculation performance of the target user terminal can meet the
requirement for tracking an object, the target user terminal may perform step S201 to step S204 in
the target user terminal, to perform full-image pixel tracking on all pixels in the target video in
advance in the target user terminal and pre-obtain location information of all the pixels in the target
video in each video frame, and perform location integration on the location information of each
pixel in the target video in each video frame, to obtain trajectory information corresponding to each
pixel in the target video. In this case, the target user terminal may directly obtain, based on the

location information of the target pixel in the target object in the key video frame, the target
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trajectory information associated with the location information of the target pixel in the key video

frame in the target user terminal, to further perform step S209.

[0115] The target trajectory information includes location information of the target pixel in
a next video frame following the key video frame, and the location information of the target pixel in

the next video frame following the key video frame is obtained by tracking the target object.

[0116] For example, a plurality of consecutive video frames included in a currently played
video (that is, a target video) are the following six video frames, and the six video frames may be a
video frame a, a video frame b, a video frame c, a video frame d, a video frame ¢, and a video frame
f. Therefore, the application server may pre-process each video frame in the target video at a video
preprocessing stage, that is, may determine, based on the optical flow tracking rule, an average
displacement matrix corresponding to an image pair formed by every two adjacent video frames in
the target video, track all pixels in the first video frame based on an average displacement matrix
corresponding to each image pair (or referred to as an average displacement matrix corresponding
to a first video frame in each image pair), to obtain location information of all the pixels in the first
video frame appearing in a second video frame, and obtain location information of all pixels of the
target video in each video frame (that is, all pixels of the target video in the video frame a, the video
frame b, the video frame c, the video frame d, the video frame e, and the video frame f), that is, may
obtain trajectory information corresponding to all the pixels of the target video based on the
location information of all the pixels of the target video in each video frame. The trajectory
information corresponding to all the pixels of the target video is referred to as trajectory information

associated with the target video.

[0117] In another example, when the application server pre-processes the target video, the
application server may pre-calculate trajectory information corresponding to a pixel A (for example,
the pixel A may be a pixel of all pixels in the target video) in the target video. If the trajectory
information corresponding to the pixel A includes location information of the pixel A in each video
frame (that is, the video frame a, the video frame b, the video frame c, the video frame d, the video
frame e, and the video frame f) of the target video, a key video frame corresponding to a target pixel
in the target user terminal is the video frame c of the target video, the pixel A in a target object in
the video frame ¢ may be further used as the target pixel, and the target pixel may be the pixel A,
the trajectory information of the pixel A may be obtained by screening from the application server,
and location information of the pixel A in each video frame (that is, the video frame d, the video
frame e, and the video frame f) after the key video frame may be obtained based on the obtained

trajectory information of the pixel A.
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[0118] In this embodiment of the present application, if the key video frame is a first video
frame in the target video, target trajectory information obtained by the target user terminal may be
the pre-calculated trajectory information. For example, the key video frame is the video frame a (the
first video frame) in the target video, the target trajectory information obtained by the target user
terminal may include location information of the target pixel in the video frame a, the video frame
b, the video frame c, the video frame d, the video frame e, and the video frame f. Optionally, if the
key video frame is not the first video frame in the target video, the target trajectory information
obtained by the target user terminal may be trajectory information formed by a part of location
information determined from the pre-calculated trajectory information. For example, the key video
frame is the video frame c (that is, not the first video frame) in the target video, the target trajectory
information obtained by the target user terminal may include the location information of the target
pixel in the video frame d, the video frame e, and the video frame f, and the location information of
the target pixel in the video frame d, the video frame e, and the video frame f may be referred to as

the part of location information.

[0119] It may be understood that, optionally, the target user terminal may alternatively refer
to trajectory information (that is, the trajectory information corresponding to the pixel A) including
the location information of the target pixel in the key video frame found by the application server as
target trajectory information collectively. In this case, the target trajectory information may be
considered as the trajectory information corresponding to the pixel A that matches the target pixel
and that is found from all the pixels of the target video. Because the trajectory information may
include the location information of the pixel A in each video frame of the target video, the location
information of the target pixel in each video frame after the key video may also be quickly and

naturally obtained from the trajectory information.

[0120] Step S209. Display the multimedia information based on the location information of
the target pixel in the next video frame following the key video frame in the target trajectory

information when the next video frame following the key video frame is played.

[0121] It may be understood that in this embodiment of the present application, when a
target pixel in a target object selected by a target user may be obtained, trajectory information
associated with location information of the target pixel in the key video frame may be obtained by
screening pre-calculated trajectory information corresponding to all pixels, and the obtained
trajectory information may be referred to as target trajectory information. In this embodiment of the
present application, pixel tracking may be performed on pixels in each video frame in the video in

advance. Therefore, when an average displacement matrix corresponding to a first video frame in
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each image pair is obtained, location information of each pixel in a corresponding video frame in
the video may be quickly obtained. It is to be understood that pre-calculated location information of
each pixel in a corresponding video frame may be used for representing location information of
each pixel in a corresponding video frame in the video currently played in a video playing interface.
Therefore, when obtaining the target pixel in the target object and multimedia information
associated with the target object, the target user terminal may quickly refer to trajectory information
corresponding to the target pixel obtained by screening trajectory information corresponding to all
pixels as target trajectory information, and return the target trajectory information to the target user
terminal, so that the target user terminal may track and display, based on location information of the
target pixel in each video frame after the key video frame carried in the target trajectory
information, the multimedia information (for example, bullet comment data) associated with the

target object.

[0122] It may be understood that if a trajectory formed by the location information of the
target pixel in a plurality of consecutive video frames after the key video frame is a circle, then the

bullet comment data may be tracked and displayed in a circle in the target user terminal.

[0123] For ease of understanding, FIG. 10 is a schematic diagram of displaying bullet
comment data based on trajectory information according to an embodiment of this application. As
shown in FIG. 10, a video frame 100 may include a plurality of objects, for example, may include
an object 1, an object 2, and an object 3 shown in FIG. 10. If a target user uses the object 1 shown
in FIG. 10 in a target user terminal as a target object, the video frame 100 may be referred to as a
key video frame, and a pixel corresponding to a trigger operation performed by the target user in the
target object may be referred to as a target pixel. If the target user terminal has relatively strong
calculation performance, location information of each pixel in each video frame in a target video
may be pre-calculated in the target user terminal, and trajectory information associated with the
target video may be obtained in the target user terminal. For example, trajectory information 1
shown in FIG. 10 may be pre-calculated, that is, location information in the trajectory information 1
is determined by the location information of the pixels in each video frame in the target video.
Therefore, the target user terminal may quickly consider the trajectory information 1 shown in FIG.
10 as target trajectory information based on location information of a target pixel in the object 1,
and quickly track and display, based on location information of the object 1 in the trajectory
information 1 in each video frame (that is, a video frame 200 and a video frame 300 shown in FIG.
10) after the key video frame, multimedia information (that is, bullet comment data 1 shown in FIG.

10 is BBBBB) associated with the target object (that is, the object 1). That is, the bullet comment
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data displayed in the video frame 200 and the video frame 300 shown in FIG. 10 is determined by

location information in the trajectory information 1 shown in FIG. 10.

[0124] It may be understood that trajectory information associated with the target video
shown in FIG. 10 may be alternatively pre-calculated by the application server, so that when the
application server receives a trajectory obtaining request for a target pixel in the object 1, trajectory
information associated with location information of the target pixel in the key video frame may also
be quickly obtained from the trajectory information associated with target video shown in FIG. 10,
that is, full-image pixel tracking is performed on all pixels in the target video in the application
server, and a calculation amount of the target user terminal can be effectively reduced, so that it
may be ensured that when obtaining the trajectory information 1 shown in FIG. 10, the target user
terminal may quickly track and display the bullet comment data 1 shown in FIG. 10 based on the
location information in the trajectory information 1, thereby improving flexibility of display of
bullet comment data. It is to be understood that there may be a plurality of bullet comments
associated with the target object in a video playing interface. However, when the target user
terminal detects that a plurality of bullet comments in the video playing interface overlap, these
overlapped bullet comments may be merged, to retain the latest bullet comment obtained by the

target user terminal among these overlapped bullet comment.

[0125] In this embodiment of the present application, when a trigger operation of the target
user on the target video is obtained, a video frame corresponding to the trigger operation in the
target video may be referred to as a key video frame, so that a target pixel may be determined from
the key video frame and multimedia information (for example, the multimedia information may be
bullet comment data such as a user text, a picture, or an expression in the target video) associated
with the target pixel and associated with a target object in which the target pixel is located may be
obtained. Further, a trajectory obtaining request corresponding to the target pixel is identified based
on the location information of the target pixel in the key video frame, and target trajectory
information associated with the location information of the target pixel in the key video frame may
be obtained based on the trajectory obtaining request, so that when a next video frame following the
key video frame is played, bullet comment data associated with the target pixel and a target object
in which the target pixel is located can be displayed based on the target trajectory information. In
view of this, in this embodiment of the present application, when a key video frame is determined,
trajectory information of all pixels in the key video frame may be screened to obtain trajectory
information of a target pixel, and the obtained trajectory information of the target pixel is used as
target trajectory information, thereby enriching a display effect of bullet comment data based on the
obtained target trajectory information. For example, for target pixels in different target objects,
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obtained target trajectory information may be different, and the display effect of the bullet comment
data is different. In addition, location information of bullet comment data in each video frame after
the key video frame may be quickly determined based on an association relationship between a
target object and the bullet comment data. In other words, the bullet comment data always changes
with the target object in the target video, thereby enriching a visual display effect of a user text in a
video and implementing a stronger correlation between bullet comment data and a target object or

an object in a commented video.

[0126] Further, FIG. 11 is a schematic structural diagram of a video data processing
apparatus according to an embodiment of this application. As shown in FIG. 11, the video data
processing apparatus 1 may be applicable to the target user terminal in the foregoing embodiment
corresponding to FIG. 1. The video data processing apparatus 1 may include: an object determining
module 1101, a request determining module 1102, a trajectory obtaining module 1103, and text

display module 1104.

[0127] The object determining module 1101 is configured to: determine, in response to a

trigger operation on a target video, a target pixel in a key video frame of the target video, and obtain
multimedia information associated with the target pixel, the key video frame being a video frame in
which the trigger operation is located, and the target pixel being a pixel corresponding to the trigger

operation in the key video frame.

[0128] The request determining module 1102 is configured to identify a trajectory obtaining
request corresponding to the target pixel based on location information of the target pixel in the key

video frame.

[0129] The trajectory obtaining module 1103 is configured to obtain, based on the trajectory
obtaining request, target trajectory information associated with the location information of the target
pixel in the key video frame, the target trajectory information including location information of the
target pixel in a next video frame following the key video frame, the location information of the
target pixel in the next video frame following the key video frame being obtained by tracking the

target pixel.

[0130] The text display module 1104 is configured to display the multimedia information
based on the location information of the target pixel in the next video frame following the key video
frame in the target trajectory information when the next video frame following the key video frame

is played.
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[0131] For specific implementations of the object determining module 1101, the request
determining module 1102, the trajectory obtaining module 1103, and the text display module 1104,
reference may be made to the description of step S101 to step S104 in the foregoing embodiment

corresponding to FIG. 4. Details are not described herein again.

[0132] In this embodiment of the present application, when a trigger operation of the target
user on the target video is obtained, a video frame corresponding to the trigger operation in the
target video may be used as a key video frame, so that a target pixel may be determined from the
key video frame and multimedia information (for example, the multimedia information may be
bullet comment data such as a user text, a picture, or an expression in the target video) associated
with the target pixel and associated with a target object in which the target pixel is located may be
obtained. Further, a trajectory obtaining request corresponding to the target pixel is identified based
on the location information of the target pixel in the key video frame, and target trajectory
information associated with the location information of the target pixel in the key video frame may
be obtained based on the trajectory obtaining request, so that when a next video frame following the
key video frame is played, bullet comment data associated with the target pixel and a target object
in which the target pixel is located can be displayed based on the target trajectory information. In
view of this, in this embodiment of the present application, when a key video frame is determined,
trajectory information of all pixels in the key video frame may be screened to obtain trajectory
information of a target pixel, and the obtained trajectory information of the target pixel is used as
target trajectory information, thereby enriching a display effect of bullet comment data based on the
obtained target trajectory information. For example, for target pixels in different target objects,
obtained target trajectory information may be different, and the display effect of the bullet comment
data is different. In addition, location information of bullet comment data in each video frame after
the key video frame may be quickly determined based on an association relationship between a
target object and the bullet comment data. In other words, the bullet comment data always changes
with the target object in the target video, thereby enriching a visual display effect of a user text in a
video and implementing a stronger correlation between bullet comment data and a target object or

an object in a commented video.

[0133] Further, FIG. 12 is a schematic structural diagram of a computer device according to
an embodiment of this application. As shown in FIG. 12, the computer device 1000 may be the
target user terminal in the foregoing embodiment corresponding to FIG. 1. The computer device
1000 may include: a processor 1001, a network interface 1004, and a memory 1005. In addition, the
computer device 1000 may include: a user interface 1003 and at least one communication bus 1002.
The communication bus 1002 is configured to implement connection and communication between
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these components. The user interface 1003 may include a display and a keyboard. Optionally, the
user interface 1003 may further include a standard wired interface and wireless interface.
Optionally, the network interface 1004 may include a standard wired interface and a standard
wireless interface (such as a Wi-Fi interface). The memory 1004 may be a high-speed RAM, or may
be a non-volatile memory, for example, at least one magnetic disk memory. Optionally, the memory
1005 may be at least one storage apparatus that is located far away from the foregoing processor
1001. As shown in FIG. 12, the memory 1005 used as a computer storage medium may include an
operating system, a network communication module, a user interface module, and a device-control

application program.

[0134] In the computer device 1000 shown in FIG. 12, the network interface 1004 may be
configured to provide a network communication function. The user interface 1003 is mainly
configured to provide an input interface for a user. The processor 1001 may be configured to invoke
the device-control application program stored in the memory 1005, to implement the following

operations:

determining, in response to a trigger operation on a target video, a target pixel in a
key video frame of the target video, and obtaining multimedia information associated with the
target pixel, the key video frame being a video frame in which the trigger operation is located, and

the target pixel being a pixel corresponding to the trigger operation in the key video frame;

identifying a trajectory obtaining request corresponding to the target pixel based on

location information of the target pixel in the key video frame;

obtaining, based on the trajectory obtaining request, target trajectory information
associated with the location information of the target pixel in the key video frame, the target
trajectory information including location information of the target pixel in a next video frame
following the key video frame, the location information of the target pixel in the next video frame

following the key video frame being obtained by tracking the target pixel; and

displaying the multimedia information based on the location information of the
target pixel in the next video frame following the key video frame in the target trajectory

information when the next video frame following the key video frame is played.

[0135] It is to be understood that the computer device 1000 described in this embodiment of
the present application can implement the descriptions of the video data processing method in the
foregoing embodiment corresponding to FIG. 4, and can also implement the descriptions of the

video data processing apparatus 1 in the foregoing embodiment corresponding to FIG. 11. Details
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are not described herein again. In addition, the description of beneficial effects of using the same

method are not described herein again.

[0136] In addition, the embodiments of this application further provide a computer storage
medium. The computer storage medium stores a computer program executed by the video data
processing apparatus 1 mentioned above, and the computer program includes program instructions.
When executing the program instructions, the processor can perform the descriptions of the video
data processing method in the foregoing embodiment corresponding to FIG. 4. Therefore, details
are not described herein again. In addition, the description of beneficial effects of using the same
method are not described herein again. For technical details that are not disclosed in the computer
storage medium embodiments of this application, refer to the descriptions of the method

embodiments of this application.

[0137] Further, FIG. 13 is a schematic structural diagram of another video data processing
apparatus according to an embodiment of this application. As shown in FIG. 13, the video data
processing apparatus 2 may be applicable to the application server in the foregoing embodiment
corresponding to FIG. 8. The application server may be the service server 2000 in the foregoing
embodiment corresponding to FIG. 1. The video data processing apparatus 2 may include: a request

response module 1301 and a trajectory screening module 1302.

[0138] The request response module 1301 is configured to obtain, in response to a trajectory
obtaining request for a target pixel in a key video frame, trajectory information associated with a
target video, the key video frame being a video frame in the target video, the target pixel being a
pixel in the key video frame, the trajectory information being determined by location information of

pixels in each video frame of the target video.

[0139] The trajectory screening module 1302 is configured to: screen the trajectory
information associated with the target video to obtain target trajectory information associated with
location information of the target pixel in the key video frame, and return the target trajectory
information, the target trajectory information including target location information, the target
location information being used for triggering display of multimedia information associated with

the target pixel in a next video frame following the key video frame.

[0140] For specific implementations of the request response module 1301 and the trajectory
screening module 1302, reference may be made to the description of step S207 and step S208 in the

foregoing embodiment corresponding to FIG. 8. Details are not described herein again.
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[0141] Further, FIG. 14 is a schematic structural diagram of another computer device
according to an embodiment of this application. As shown in FIG. 14, the computer device 2000
may be the target service server 2000 in the foregoing embodiment corresponding to FIG. 1. The
computer device 2000 may include: a processor 2001, a network interface 2004, and a memory
2005. In addition, the computer device 2000 may include: a user interface 2003 and at least one
communication bus 2002. The communication bus 2002 is configured to implement connection and
communication between these components. The user interface 2003 may include a display and a
keyboard. Optionally, the user interface 2003 may further include a standard wired interface and a
wireless interface. Optionally, the network interface 2004 may include a standard wired interface
and a standard wireless interface (such as a Wi-Fi interface). The memory 2004 may be a
high-speed RAM, or may be a non-volatile memory, for example, at least one magnetic disk
memory. Optionally, the memory 2005 may be at least one storage apparatus that is located far
away from the foregoing processor 2001. As shown in FIG. 14, the memory 2005 used as a
computer storage medium may include an operating system, a network communication module, a

user interface module, and a device-control application program.

[0142] In the computer device 2000 shown in FIG. 14, the network interface 2004 may be
configured to provide a network communication function. The user interface 2003 is mainly
configured to provide an input interface for a user. The processor 2001 may be configured to invoke
the device-control application program stored in the memory 2005, to implement the following

operations:

obtaining, in response to a trajectory obtaining request for a target pixel in a key
video frame, trajectory information associated with a target video, the key video frame being a
video frame in the target video, the target pixel being a pixel in the key video frame, the trajectory
information being determined by location information of pixels in each video frame of the target

video; and

screening the trajectory information associated with the target video to obtain target
trajectory information associated with location information of the target pixel in the key video
frame, and returning the target trajectory information, the target trajectory information including
target location information, the target location information being used for triggering display of
multimedia information associated with the target pixel in a next video frame following the key

video frame.

[0143] It is to be understood that the computer device 2000 described in this embodiment of

the present application can implement the descriptions of the video data processing method in the
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foregoing embodiment corresponding to FIG. 8, and can also implement the descriptions of the
video data processing apparatus 2 in the foregoing embodiment corresponding to FIG. 13. Details
are not described herein again. In addition, the description of beneficial effects of using the same

method are not described herein again.

[0144] In addition, embodiments of this application further provide a computer storage
medium. The computer storage medium stores a computer program executed by the video data
processing apparatus 2 mentioned above, and the computer program includes program instructions.
When executing the program instructions, the processor can perform the descriptions of the video
data processing method in the foregoing embodiment corresponding to FIG. 8. Therefore, details
are not described herein again. In addition, the description of beneficial effects of using the same
method are not described herein again. For technical details that are not disclosed in the computer
storage medium embodiments of this application, refer to the descriptions of the method

embodiments of this application.

[0145] Further, FIG. 15 is a schematic structural diagram of still another video data
processing apparatus according to an embodiment of this application. As shown in FIG. 15, the
video data processing apparatus 3 may be applicable to the service server 2000 in the foregoing
embodiment corresponding to FIG. 1, or may be applicable to the target user terminal in the
foregoing embodiment corresponding to FIG. 1. The video data processing apparatus 3 may
include: a first obtaining module 310, a matrix obtaining module 410, a location tracking module

510, and trajectory generation module 610.

[0146] The first obtaining module 310 is configured to obtain a first video frame and a

second video frame adjacent to each other from a target video.

[0147] The matrix obtaining module 410 is configured to determine an average
displacement matrix corresponding to the first video frame based on an optical flow tracking rule
corresponding to the target video, pixels in the first video frame, and pixels in the second video

frame.

[0148] The matrix obtaining module 410 includes: a first determining unit 4001, a matrix
determining unit 4002, a pixel screening unit 4003, a matrix correction unit 4004, and a second

determining unit 4005.

[0149] The first determining unit 4001 is configured to: obtain the optical flow tracking rule

corresponding to the target video, determine the location information of the pixels in the first video
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frame as first location information, and determine location information of the pixels in the second

video frame as second location information.

[0150] The matrix determining unit 4002 is configured to obtain a forward displacement
matrix corresponding to the first video frame and a backward displacement matrix corresponding to
the second video frame based on the optical flow tracking rule, the first location information of the
pixels in the first video frame, and the second location information of the pixels in the second video

frame.

[0151] The matrix determining unit 4002 includes: a first tracking subunit 4021 and a
second tracking subunit 4022.

[0152] The first tracking subunit 4021 is configured to: forward map the pixels in the first
video frame to the second video frame based on the first location information of the pixels in the
first video frame and the optical flow tracking rule, determine, in the second video frame, second
location information of first mapped points obtained through the mapping, and determine the
forward displacement matrix corresponding to the first video frame based on the first location

information of the pixels and the second location information of the first mapped points.

[0153] The second tracking subunit 4022 is configured to: backward map the first mapped
points in the second video frame to the first video frame based on the second location information
of the pixels in the second video frame and the optical flow tracking rule, determine, in the first
video frame, third location information of second mapped points obtained through the mapping, and
determine the backward displacement matrix corresponding to the second video frame based on the
second location information of the first mapped points and the third location information of the

second mapped points.

[0154] For specific implementations of the first tracking subunit 4021 and the second
tracking subunit 4022, reference may be made to the description of the cloud forward-backward
optical flow method in the foregoing embodiment corresponding to FIG. 8. Details are not

described herein again.

[0155] The pixel screening unit 4003 is configured to determine pixels meeting a target
screening condition in the pixels as valid pixels based on the first location information of the pixels

in the first video frame, the forward displacement matrix, and the backward displacement matrix.

[0156] The pixel screening unit 4003 includes: a first location determining subunit 4031, a
second location determining subunit 4032, a third location determining subunit 4033, an error

determining subunit 4034, and a valid screening subunit 4035.
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[0157] The first location determining subunit 4031 is configured to: obtain a first pixel from
the pixels in the first video frame, determine first location information of the first pixel in the first
video frame, and determine, in the forward displacement matrix, a first transverse displacement and

a first longitudinal displacement that correspond to the first pixel.

[0158] The second location determining subunit 4032 is configured to: forward map the first
pixel to the second video frame based on the first location information of the first pixel and the first
transverse displacement and the first longitudinal displacement that correspond to the first pixel,
and determine, in the second video frame, second location information of a second pixel obtained

through the mapping.

[0159] The third location determining subunit 4033 is configured to: determine, in the
backward displacement matrix, a second transverse displacement and a second longitudinal
displacement that correspond to the second pixel, backward map the second pixel to the first video
frame based on the second location information of the second pixel and the second transverse
displacement and the second longitudinal displacement that correspond to the second pixel, and
determine, in the first video frame, third location information of a third pixel obtained through the
mapping.

[0160] The error determining subunit 4034 is configured to: determine an error distance
between the first pixel and the third pixel based on the first location information of the first pixel
and the third location information of the third pixel, and determine, according to the first location
information of the first pixel and the second location information of the second pixel, a correlation
coefficient between an image block including the first pixel and an image block including the

second pixel.

[0161] The valid screening subunit 4035 is configured to determine pixels of which the
error distance is less than an error distance threshold and the correlation coefficient is greater than

or equal to a correlation coefficient threshold in the pixels as the valid pixels.

[0162] For specific implementations of the first location determining subunit 4031, the
second location determining subunit 4032, the third location determining subunit 4033, the error
determining subunit 4034, and the valid screening subunit 4035, reference may be made to the
description of the specific process of determining the valid pixel in the foregoing embodiment

corresponding to FIG. 8. Details are not described herein again.
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[0163] The matrix correction unit 4004 is configured to correct, based on the valid pixels, an
initial state matrix corresponding to the first video frame and the forward displacement matrix, to

obtain a target state matrix and a target displacement matrix that correspond to the first video frame.

[0164] The matrix correction unit 4004 includes: an initial obtaining subunit 4041, a value

switching subunit 4042, and a displacement setting subunit 4043.

[0165] The initial obtaining subunit 4041 is configured to obtain the initial state matrix
corresponding to the first video frame, a state value of each matrix element in the initial state matrix

being a first value, each matrix element being corresponding to one pixel in the pixels.

[0166] The value switching subunit 4042 is configured to: switch state values of matrix
elements corresponding to the valid pixels from the first value to a second value in the initial state
matrix, and determine the initial state matrix including the second value as the target state matrix

corresponding to the first video frame.

[0167] The displacement setting subunit 4043 is configured to: set, in the forward
displacement matrix, displacements of matrix elements corresponding to the remaining pixels to the
first value, and determine the forward displacement matrix including the first value as the target

displacement matrix, the remaining pixels being pixels other than the valid pixels in the pixels.

[0168] The displacement setting subunit 4043 is specifically configured to: when the
forward displacement matrix includes an initial transverse displacement matrix and an initial
longitudinal displacement matrix, set, in the initial transverse displacement matrix, first transverse
displacements of the matrix elements corresponding to the remaining pixels to the first value, and
determine the initial transverse displacement including the first value as a transverse displacement

matrix corresponding to the first video frame.

[0169] The displacement setting subunit 4043 is further specifically configured to: set, in
the initial longitudinal displacement matrix, first longitudinal displacements of the matrix elements
corresponding to the remaining pixels to the first value, and determine the initial longitudinal
displacement including the first value as a longitudinal displacement matrix corresponding to the

first video frame.

[0170] The displacement setting subunit 4043 is further specifically configured to determine
the transverse displacement matrix corresponding to the first video frame and the longitudinal

displacement matrix corresponding to the first video frame as the target displacement matrix.

[0171] For specific implementations of the initial obtaining subunit 4041, the value

switching subunit 4042, and the displacement setting subunit 4043, reference may be made to the
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description of correcting the initial state matrix and the forward displacement matrix in the

foregoing embodiment corresponding to FIG. 8. Details are not described herein again.

[0172] The second determining unit 4005 is configured to determine the average
displacement matrix corresponding to the first video frame based on the target state matrix and the

target displacement matrix.

[0173] The second determining unit 4005 includes: a first integrating subunit 4051, a second
integrating subunit 4052, a third integrating subunit 4053, and a differential operation subunit 4054.

[0174] The first integrating subunit 4051 is configured to perform a displacement integral
operation on the target state matrix in the first video frame, to obtain a state integral matrix

corresponding to the pixels in the first video frame.

[0175] The second integrating subunit 4052 is configured to perform a displacement integral
operation on a transverse displacement matrix in the target state matrix in the first video frame, to

obtain a transverse displacement integral matrix corresponding to the pixels in the first video frame.

[0176] The third integrating subunit 4053 is configured to perform a displacement integral
operation on a longitudinal displacement matrix in the target state matrix in the first video frame, to
obtain a longitudinal displacement integral matrix corresponding to the pixels in the first video

frame.

[0177] The differential operation subunit 4054 is configured to: determine, in the first video
frame, a differential region corresponding to a displacement differential operation, and determine

the average displacement matrix corresponding to the first video frame based on size information of
the differential region, the state integral matrix, the transverse displacement integral matrix, and the

longitudinal displacement integral matrix.

[0178] The differential operation subunit 4054 includes: a first differential subunit 4055, a
second differential subunit 4056, a third differential subunit 4057, and an average determining

subunit 4058.

[0179] The first differential subunit 4055 is configured to perform a displacement
differential operation on the state integral matrix based on length information and width information
that correspond to the differential region, to obtain a state differential matrix corresponding to the

first image frame.

[0180] The second differential subunit 4056 is configured to perform a displacement
differential operation on the transverse displacement integral matrix and the longitudinal

displacement integral matrix respectively based on the length information and the width information
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that correspond to the differential region, to obtain a transverse displacement differential matrix and

a longitudinal displacement differential matrix that correspond to the first video frame.

[0181] The third differential subunit 4057 is configured to: determine a ratio of the
transverse displacement differential matrix to the state differential matrix as a transverse average
displacement matrix, and determine a ratio of the longitudinal displacement differential matrix to

the state differential matrix as a longitudinal average displacement matrix.

[0182] The average determining subunit 4058 is configured to determine the longitudinal
displacement differential matrix and the longitudinal average displacement matrix as the average

displacement matrix corresponding to the first video frame.

[0183] For specific implementations of the first integrating subunit 4051, the second
integrating subunit 4052, the third integrating subunit 4053, and the differential operation subunit
4054, reference may be made to the description of the cloud displacement integration method and
the cloud displacement difference method in the foregoing embodiment corresponding to FIG. 8.

Details are not described herein again.

[0184] For specific implementations of the first determining unit 4001, the matrix
determining unit 4002, the pixel screening unit 4003, the matrix correction unit 4004, and the
second determining unit 4005, reference may be made to the description of step S202 in the

foregoing embodiment corresponding to FIG. 8. Details are not described herein again.

[0185] The location tracking module 510 is configured to: track location information of the
pixels in the first video frame based on the average displacement matrix, and determine location

information of pixels being tracked in the second video frame.

[0186] The trajectory generation module 610 is configured to generate, based on the
location information of the pixels in the first video frame and the location information of the pixels
being tracked in the second video frame, trajectory information associated with the target video, the
trajectory information including target trajectory information used for tracking and displaying

multimedia information associated with a target pixel in the target video.

[0187] For specific implementations of the first obtaining module 310, the matrix obtaining
module 410, the location tracking module 510, and the trajectory generation module 610, reference
may be made to the description of step S201 to step S204 in the foregoing embodiment

corresponding to FIG. 8. Details are not described herein again.

[0188] Further, FIG. 16 is a schematic structural diagram of still another computer device

according to an embodiment of this application. As shown in FIG. 16, the computer device 3000
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may be applicable to the service server 2000 in the foregoing embodiment corresponding to FIG. 1.
The computer device 3000 may include: a processor 3001, a network interface 3004, and a memory
3005, as well as the video data processing apparatus 3000 may further include: a user interface 3003
and at least one communication bus 3002. The communication bus 3002 is configured to implement
connection and communication between these components. The user interface 3003 may include a
display and a keyboard. Optionally, the user interface 3003 may further include a standard wired
interface and a wireless interface. Optionally, the network interface 3004 may include a standard
wired interface and a standard wireless interface (such as a Wi-Fi interface). The memory 3004 may
be a high-speed RAM, or may be a non-volatile memory, for example, at least one magnetic disk
memory. Optionally, the memory 3005 may be at least one storage apparatus that is located far
away from the foregoing processor 3001. As shown in FIG. 16, the memory 3005 used as a
computer storage medium may include an operating system, a network communication module, a

user interface module, and a device-control application program.

[0189] In the computer device 3000 shown in FIG. 16, the network interface 3004 may be
configured to provide a network communication function. The user interface 3003 is mainly
configured to provide an input interface for a user. The processor 3001 may be configured to invoke
the device-control application program stored in the memory 3005, to implement the following

operations:

obtaining a first video frame and a second video frame adjacent to each other from a

target video;

determining an average displacement matrix corresponding to the first video frame
based on an optical flow tracking rule corresponding to the target video, pixels in the first video

frame, and pixels in the second video frame;

tracking location information of the pixels in the first video frame based on the
average displacement matrix, and determining location information of pixels being tracked in the

second video frame; and

generating, based on the location information of the pixels in the first video frame
and the location information of the pixels being tracked in the second video frame, trajectory
information associated with the target video, the trajectory information including target trajectory
information used for tracking and displaying multimedia information associated with a target pixel

in the target video.
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[0190] It is to be understood that the computer device 3000 described in this embodiment of
the present application can implement the descriptions of the video data processing method in the
foregoing embodiment corresponding to FIG. 8, and can also implement the descriptions of the
video data processing apparatus 3 in the foregoing embodiment corresponding to FIG. 15. Details
are not described herein again. In addition, the description of beneficial effects of using the same

method are not described herein again.

[0191] In addition, embodiments of this application further provide a computer storage
medium. The computer storage medium stores a computer program executed by the video data
processing apparatus 3 mentioned above, and the computer program includes program instructions.
When executing the program instructions, the processor can perform the descriptions of the video
data processing method in the foregoing embodiment corresponding to FIG. 8. Therefore, details
are not described herein again. In addition, the description of beneficial effects of using the same
method are not described herein again. For technical details that are not disclosed in the computer
storage medium embodiments of this application, refer to the descriptions of the method

embodiments of this application.

[0192] A person of ordinary skill in the art may understand that all or some of the processes
of the methods in the embodiments may be implemented by a computer program instructing
relevant hardware. The program may be stored in a computer-readable storage medium. When the
program is executed, the procedures of the foregoing method embodiments are performed. The
foregoing storage medium may include a magnetic disc, an optical disc, a read-only memory

(ROM), a random access memory (RAM), or the like.

[0193] What is disclosed above is merely exemplary embodiments of this application, and
certainly is not intended to limit the scope of the claims 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

1. A video data processing method, applicable to a computer device, characterized by the

method comprising:

determining, in response to a trigger operation on a target video, a target pixel in a key video
frame of the target video, and obtaining multimedia information associated with the target pixel, the
key video frame being a video frame in which the trigger operation is located, and the target pixel

being a pixel corresponding to the trigger operation in the key video frame;

generating a trajectory obtaining request corresponding to the target pixel based on location

information of the target pixel in the key video frame;

obtaining, based on the trajectory obtaining request, target trajectory information associated
with the location information of the target pixel in the key video frame from a service server, the
target trajectory information comprising location information of the target pixel in a next video
frame following the key video frame, the location information of the target pixel in the next video
frame following the key video frame being obtained by tracking the target pixel through an average
displacement matrix between the key video frame and the next video frame following the key video

frame, wherein the average displacement matrix is determined by:

determining location information of pixels in the key video frame as first location
information, and determining location information of pixels in the next video frame following

the key video frame as second location information;

obtaining a forward displacement matrix corresponding to the key video frame and a
backward displacement matrix corresponding to the next video frame following the key video
frame based on a forward-backward optical flow method, the first location information of the
pixels in the key video frame, and the second location information of the pixels in the next

video frame following the key video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based
on the first location information of the pixels in the key video frame, the forward displacement

matrix, and the backward displacement matrix;

correcting, based on the valid pixels, an initial state matrix corresponding to the key video
frame and the forward displacement matrix, to obtain a target state matrix and a target

displacement matrix that correspond to the key video frame; and

52



MCSLLP

determining the average displacement matrix corresponding to the key video frame based

on the target state matrix and the target displacement matrix; and

displaying, when the next video frame following the key video frame is played, the multimedia
information based on the location information of the target pixel in the next video frame following

the key video frame in the target trajectory information.

2. A video data processing method, applicable to a service server, characterized by the method

comprising:

obtaining, in response to a trajectory obtaining request for a target pixel in a key video frame,
trajectory information associated with a target video, the key video frame being a video frame in the
target video, the target pixel being a pixel in the key video frame, the trajectory information being

determined by location information of all pixels in each video frame of the target video; and

screening the trajectory information associated with the target video to obtain target trajectory
information associated with location information of the target pixel in the key video frame, and
returning the target trajectory information, the target trajectory information comprising target
location information, the target location information being used for triggering display of multimedia

information associated with the target pixel in a next video frame following the key video frame;

wherein the target location information is location information of the target pixel in the next
video frame following the key video frame, and is obtained by tracking the target pixel through an
average displacement matrix between the key video frame and the next video frame following the

key video frame, and
wherein the average displacement matrix is determined by:

determining location information of pixels in the key video frame as first location
information, and determining location information of pixels in the next video frame following

the key video frame as second location information;

obtaining a forward displacement matrix corresponding to the key video frame and a
backward displacement matrix corresponding to the next video frame following the key video
frame based on a forward-backward optical flow method, the first location information of the
pixels in the key video frame, and the second location information of the pixels in the next

video frame following the key video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based
on the first location information of the pixels in the key video frame, the forward displacement

matrix, and the backward displacement matrix;
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correcting, based on the valid pixels, an initial state matrix corresponding to the key video
frame and the forward displacement matrix, to obtain a target state matrix and a target

displacement matrix that correspond to the key video frame; and

determining the average displacement matrix corresponding to the key video frame based

on the target state matrix and the target displacement matrix.
3. A video data processing method, characterized by comprising:

obtaining a first video frame and a second video frame adjacent to each other from a target

video;

determining an average displacement matrix corresponding to the first video frame based on a
forward-backward optical flow method, pixels in the first video frame, and pixels in the second

video frame;

tracking location information of the pixels in the first video frame based on the average
displacement matrix, and determining location information of pixels being tracked in the second

video frame; and

generating, based on the location information of the pixels in the first video frame and the
location information of the pixels being tracked in the second video frame, trajectory information
associated with the target video, the trajectory information comprising target trajectory information
used for tracking and displaying multimedia information associated with a target pixel in the target

video;

wherein the determining an average displacement matrix corresponding to the first video frame
based on a forward-backward optical flow method, pixels in the first video frame, and pixels in the

second video frame comprises:

determining the location information of the pixels in the first video frame as first location
information, and determining location information of the pixels in the second video frame as second

location information;

obtaining a forward displacement matrix corresponding to the first video frame and a
backward displacement matrix corresponding to the second video frame based on the forward-
backward optical flow method, the first location information of the pixels in the first video frame,

and the second location information of the pixels in the second video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based on

the first location information of the pixels in the first video frame, the forward displacement matrix,
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and the backward displacement matrix;

correcting, based on the valid pixels, an initial state matrix corresponding to the first video
frame and the forward displacement matrix, to obtain a target state matrix and a target displacement

matrix that correspond to the first video frame; and

determining the average displacement matrix corresponding to the first video frame based on

the target state matrix and the target displacement matrix.

4. The method according to claim 3, characterized in that the obtaining a forward displacement
matrix corresponding to the first video frame and a backward displacement matrix corresponding to
the second video frame based on the forward-backward optical flow method, the first location
information of the pixels in the first video frame, and the second location information of the pixels

in the second video frame comprises:

forward mapping the pixels in the first video frame to the second video frame based on the first
location information of the pixels in the first video frame and the forward-backward optical flow
method, determining, in the second video frame, second location information of first mapped points
obtained through the mapping, and determining the forward displacement matrix corresponding to
the first video frame based on the first location information of the pixels and the second location

information of the first mapped points; and

backward mapping the pixels in the second video frame to the first video frame based on the
second location information of the pixels in the second video frame and the forward-backward
optical flow method, determining, in the first video frame, third location information of second
mapped points obtained through the mapping, and determining the backward displacement matrix
corresponding to the second video frame based on the second location information of the first

mapped points and the third location information of the second mapped points.

5. The method according to claim 3, characterized in that the determining pixels meeting a
target screening condition in the pixels as valid pixels based on the first location information of the
pixels in the first video frame, the forward displacement matrix, and the backward displacement

matrix, comprises:

obtaining a first pixel from the pixels in the first video frame, determining first location
information of the first pixel in the first video frame, and determining, in the forward displacement
matrix, a first transverse displacement and a first longitudinal displacement that correspond to the

first pixel;
forward mapping the first pixel to the second video frame based on the first location
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information of the first pixel and the first transverse displacement and the first longitudinal
displacement that correspond to the first pixel, and determining, in the second video frame, second

location information of a second pixel obtained through the mapping;

determining, in the backward displacement matrix, a second transverse displacement and a
second longitudinal displacement that correspond to the second pixel, backward mapping the
second pixel to the first video frame based on the second location information of the second pixel
and the second transverse displacement and the second longitudinal displacement that correspond to
the second pixel, and determining, in the first video frame, third location information of a third

pixel obtained through the mapping;

determining an error distance between the first pixel and the third pixel based on the first
location information of the first pixel and the third location information of the third pixel, and
determining, according to the first location information of the first pixel and the second location
information of the second pixel, a correlation coefficient between an image block comprising the

first pixel and an image block comprising the second pixel; and

determining pixels between which the error distance is less than an error distance threshold and
the correlation coefficient is greater than or equal to a correlation coefficient threshold in the pixels

as the valid pixels.

6. The method according to claim 3, characterized in that the correcting, based on the valid
pixels, an initial state matrix corresponding to the first video frame and the forward displacement
matrix, to obtain a target state matrix and a target displacement matrix that correspond to the first

video frame comprises:

obtaining the initial state matrix corresponding to the first video frame, a state value of each
matrix element in the initial state matrix being a first value, each matrix element being

corresponding to one pixel in the pixels;

switching state values of matrix elements corresponding to the valid pixels from the first value
to a second value in the initial state matrix, and determining the initial state matrix comprising the

second value as the target state matrix corresponding to the first video frame; and

setting, in the forward displacement matrix, displacements of matrix elements corresponding to
the remaining pixels to the first value, and determining the forward displacement matrix comprising
the first value as the target displacement matrix, the remaining pixels being pixels other than the

valid pixels in the pixels.
7. The method according to claim 6, characterized in that the setting, in the forward
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displacement matrix, displacements of matrix elements corresponding to the remaining pixels to the
first value, and determining the forward displacement matrix comprising the first value as the target

displacement matrix comprises:

when the forward displacement matrix comprises an initial transverse displacement matrix and
an initial longitudinal displacement matrix, setting, in the initial transverse displacement matrix,
first transverse displacements of the matrix elements corresponding to the remaining pixels to the
first value, and determining the initial transverse displacement comprising the first value as a

transverse displacement matrix corresponding to the first video frame;

setting, in the initial longitudinal displacement matrix, first longitudinal displacements of the
matrix elements corresponding to the remaining pixels to the first value, and determining the initial
longitudinal displacement comprising the first value as a longitudinal displacement matrix

corresponding to the first video frame; and

determining the transverse displacement matrix corresponding to the first video frame and the
longitudinal displacement matrix corresponding to the first video frame as the target displacement

matrix.

8. The method according to claim 3, characterized in that the determining the average
displacement matrix corresponding to the first video frame based on the target state matrix and the

target displacement matrix comprises:

performing an integral operation on the target state matrix in the first video frame, to obtain a

state integral matrix corresponding to the pixels in the first video frame;

performing an integral operation on a transverse displacement matrix in the target
displacement matrix in the first video frame, to obtain a transverse displacement integral matrix

corresponding to the pixels in the first video frame;

performing an integral operation on a longitudinal displacement matrix in the target
displacement matrix in the first video frame, to obtain a longitudinal displacement integral matrix

corresponding to the pixels in the first video frame; and

determining, in the first video frame, a differential region of a predetermined size around each
of the pixels, and determining the average displacement matrix corresponding to the first video
frame based on size information of the differential region, the state integral matrix, the transverse

displacement integral matrix, and the longitudinal displacement integral matrix.

9. The method according to claim 8, characterized in that the determining the average

displacement matrix corresponding to the first video frame based on size information of the
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differential region, the state integral matrix, the transverse displacement integral matrix, and the

longitudinal displacement integral matrix comprises:

performing a differential operation on the state integral matrix based on length information and
width information that correspond to the differential region, to obtain a state differential matrix

corresponding to the first video frame;

performing a differential operation on the transverse displacement integral matrix and the
longitudinal displacement integral matrix respectively based on the length information and the
width information that correspond to the differential region, to obtain a transverse displacement
differential matrix and a longitudinal displacement differential matrix that correspond to the first

video frame;

determining a ratio of the transverse displacement differential matrix to the state differential
matrix as a transverse average displacement matrix, and determining a ratio of the longitudinal
displacement differential matrix to the state differential matrix as a longitudinal average

displacement matrix; and

determining the longitudinal displacement differential matrix and the longitudinal average

displacement matrix as the average displacement matrix corresponding to the first video frame.

10. A video data processing apparatus, applicable to a computer device, characterized by the

apparatus comprising:

an object determining module, configured to determine, in response to a trigger operation on a
target video, a target pixel in a key video frame of the target video, and obtain multimedia
information associated with the target pixel, the key video frame being a video frame in which the
trigger operation is located, and the target pixel being a pixel corresponding to the trigger operation

in the key video frame;

a request determining module, configured to generate a trajectory obtaining request
corresponding to the target pixel based on location information of the target pixel in the key video

frame;

a trajectory obtaining module, configured to obtain, based on the trajectory obtaining request,
target trajectory information associated with the location information of the target pixel in the key
video frame, the target trajectory information comprising location information of the target pixel in
a next video frame following the key video frame, the location information of the target pixel in the
next video frame following the key video frame being obtained by tracking the target pixel through

an average displacement matrix between the key video frame and the next video frame following
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the key video frame, wherein the average displacement matrix is determined by:

determining location information of pixels in the key video frame as first location
information, and determining location information of pixels in the next video frame following

the key video frame as second location information;

obtaining a forward displacement matrix corresponding to the key video frame and a
backward displacement matrix corresponding to the next video frame following the key video
frame based on a forward-backward optical flow method, the first location information of the
pixels in the key video frame, and the second location information of the pixels in the next

video frame following the key video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based
on the first location information of the pixels in the key video frame, the forward displacement

matrix, and the backward displacement matrix;

correcting, based on the valid pixels, an initial state matrix corresponding to the key video
frame and the forward displacement matrix, to obtain a target state matrix and a target

displacement matrix that correspond to the key video frame; and

determining the average displacement matrix corresponding to the key video frame based

on the target state matrix and the target displacement matrix; and

a text display module, configured to display, when the next video frame following the key
video frame is played, the multimedia information based on the location information of the target

pixel in the next video frame following the key video frame in the target trajectory information.

11. A video data processing apparatus, applicable to a service server, characterized by the

apparatus comprising:

a request response module, configured to obtain, in response to a trajectory obtaining request
for a target pixel in a key video frame, trajectory information associated with a target video, the key
video frame being a video frame in the target video, the target pixel being a pixel in the key video
frame, the trajectory information being determined by location information of all pixels in each

video frame of the target video; and

a trajectory screening module, configured to screen the trajectory information associated with
the target video to obtain target trajectory information associated with location information of the
target pixel in the key video frame, and return the target trajectory information, the target trajectory
information comprising target location information, the target location information being used for

triggering display of multimedia information associated with the target pixel in a next video frame
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following the key video frame,

wherein the target location information is location information of the target pixel in the next
video frame following the key video frame, and is obtained by tracking the target pixel through an
average displacement matrix between the key video frame and the next video frame following the

key video frame, and
wherein the average displacement matrix is determined by:

determining location information of pixels in the key video frame as first location
information, and determining location information of pixels in the next video frame following

the key video frame as second location information;

obtaining a forward displacement matrix corresponding to the key video frame and a
backward displacement matrix corresponding to the next video frame following the key video
frame based on a forward-backward optical flow method, the first location information of the
pixels in the key video frame, and the second location information of the pixels in the next

video frame following the key video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based
on the first location information of the pixels in the key video frame, the forward displacement

matrix, and the backward displacement matrix;

correcting, based on the valid pixels, an initial state matrix corresponding to the key video
frame and the forward displacement matrix, to obtain a target state matrix and a target

displacement matrix that correspond to the key video frame; and

determining the average displacement matrix corresponding to the key video frame based

on the target state matrix and the target displacement matrix.
12. A video data processing apparatus, characterized by comprising:

a first obtaining module, configured to obtain a first video frame and a second video frame

adjacent to each other from a target video;

a matrix obtaining module, configured to determine an average displacement matrix
corresponding to the first video frame based on a forward-backward optical flow method
corresponding to the target video, pixels in the first video frame, and pixels in the second video

frame;

a location tracking module, configured to track location information of the pixels in the first

video frame based on the average displacement matrix, and determine location information of pixels

60



MCSLLP

being tracked in the second video frame; and

a trajectory generation module, configured to generate, based on the location information of
the pixels in the first video frame and the location information of the pixels being tracked in the
second video frame, trajectory information associated with the target video, the trajectory
information comprising target trajectory information used for tracking and displaying multimedia

information associated with a target pixel in the target video,

wherein the determining an average displacement matrix corresponding to the first video frame
based on a forward-backward optical flow method, pixels in the first video frame, and pixels in the

second video frame comprises:

determining the location information of the pixels in the first video frame as first location
information, and determining location information of the pixels in the second video frame as second

location information;

obtaining a forward displacement matrix corresponding to the first video frame and a
backward displacement matrix corresponding to the second video frame based on the forward-
backward optical flow method, the first location information of the pixels in the first video frame,

and the second location information of the pixels in the second video frame;

determining pixels meeting a target screening condition in the pixels as valid pixels based on
the first location information of the pixels in the first video frame, the forward displacement matrix,

and the backward displacement matrix;

correcting, based on the valid pixels, an initial state matrix corresponding to the first video
frame and the forward displacement matrix, to obtain a target state matrix and a target displacement

matrix that correspond to the first video frame; and

determining the average displacement matrix corresponding to the first video frame based on

the target state matrix and the target displacement matrix.

13. A computer device, characterized by comprising a processor, a memory, and a network

interface,

the processor being connected to the memory and the network interface, the network interface
being configured to provide a data communication function, the memory being configured to store a
computer program, the processor being configured to invoke the computer program to perform the

method according to any one of claims 1, 2, and 3 to 9.

14. A computer-readable storage medium, characterized by storing a computer program, the
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computer program comprising program instructions, the program instructions, when executed by a

processor, causing the method according to any one of claims 1, 2, and 3 to 9 to be performed.
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