VIDEO MATCHING METHODS AND APPARATUSES, AND
BLOCKCHAIN-BASED INFRINGEMENT EVIDENCE
STORAGE METHODS AND APPARATUSES

TECHNICAL FIELD

[0001] The present document relates to the field of computer technologies, and in
particular, to video matching methods and blockchain-based infringement evidence

storage methods and apparatuses.

BACKGROUND

[0002] Currently, when infringement positioning is performed on a certain suspected
infringement video, a plurality of types of features are first extracted from the video
and then a search engine performs retrieval, to obtain matching results of a plurality of
candidate videos matching the video. When final infringement positioning is performed
on the suspected infringement video, a similarity between each of the plurality of
candidate videos and the suspected infringement video needs to be calculated separately.
Mismatching and missed matching between a plurality of types of features of videos
need to be coped with based on a high robustness algorithm, and infringement
positioning of a plurality of video segments is supported.

[0003] However, the existing video matching methods are easily affected by noise of
a feature retrieval result, and efficiency of matching between videos decreases sharply
as video duration increases. In addition, storage of the infringement video and
infringement evidence of the infringement video is an urgent problem to resolve for the

industry.

SUMMARY

[0004] Embodiments of the present specification provide video matching methods and
blockchain-based infringement evidence storage methods and apparatuses, to cope with

mismatching and missed matching between a plurality of types of features of videos,
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and support infringement positioning of a plurality of video segments, so as to improve
video matching efficiency, and reduce manual audit costs.

[0005] To resolve the technical problems described above, the one or more
embodiments of the present specification are implemented as follows: According to a
first aspect, a video matching method is provided, including: retrieving a candidate
video similar to a target video from a video database based on a plurality of feature
vectors of the target video; constructing a time domain similarity matrix feature map
between the target video and the candidate video based on the target video and the
candidate video; using the time domain similarity matrix feature map as an input into a
deep learning detection model, to output a video segment matching the target video in
the candidate video and a corresponding similarity; and uploading infringement
evidence including an abstract of the target video, the video segment matching the target
video in the candidate video, and the corresponding similarity to a blockchain when the
similarity corresponding to the video segment matching the target video in the candidate
video is greater than or equal to a predetermined similarity threshold.

[0006] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0007] According to a second aspect, a blockchain-based video infringement evidence
storage method is provided, including: obtaining a plurality of feature vectors of a target
video; retrieving a candidate video similar to the target video from a video database
based on the plurality of feature vectors of the target video; constructing a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video; and using the time domain similarity matrix
feature map as an input into a deep learning detection model, to output a video segment
matching the target video in the candidate video and a corresponding similarity. The
deep learning detection model is obtained through training based on time domain
similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video

includes a video segment matching the query video in the sample video in the
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corresponding candidate video and an infringement flag.

[0008] According to a third aspect, a blockchain-based infringement evidence storage
apparatus is provided, including: a candidate video retrieval module, configured to
retrieve a candidate video similar to a target video from a video database based on a
plurality of feature vectors of the target video; a feature map construction module,
configured to construct a time domain similarity matrix feature map between the target
video and the candidate video based on the target video and the candidate video; a
model output module, configured to use the time domain similarity matrix feature map
as an input into a deep learning detection model, to output a video segment matching
the target video in the candidate video and a corresponding similarity; and an evidence
uploading module, configured to upload infringement evidence including an abstract of
the target video, the video segment matching the target video in the candidate video,
and the corresponding similarity to a blockchain when the similarity corresponding to
the video segment matching the target video in the candidate video is greater than or
equal to a predetermined similarity threshold.

[0009] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0010] According to a fourth aspect, a video matching apparatus is provided,
including: a feature vector acquisition module, configured to obtain a plurality of
feature vectors of a target video; a candidate video retrieval module, configured to
retrieve a candidate video similar to the target video from a video database based on the
plurality of feature vectors of the target video; a feature map construction module,
configured to construct a time domain similarity matrix feature map between the target
video and the candidate video based on the target video and the candidate video; and a
model output module, configured to use the time domain similarity matrix feature map
as an input into a deep learning detection model, to output a video segment matching
the target video in the candidate video and a corresponding similarity. The deep learning
detection model is obtained through training based on time domain similarity matrix
feature maps of a plurality of groups of sample videos and corresponding labels, the

sample video includes a query video and a candidate video corresponding to the query
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video, and the label corresponding to the sample video includes a video segment
matching the query video in the sample video in the corresponding candidate video and
an infringement flag.

[0011] According to a fifth aspect, an electronic device is provided, including: a
processor; and a storage, configured to store a computer-executable instruction. When
the computer-executable instruction is executed, the processor is enabled to perform the
following operations: retrieving a candidate video similar to a target video from a video
database based on a plurality of feature vectors of the target video; constructing a time
domain similarity matrix feature map between the target video and the candidate video
based on the target video and the candidate video; using the time domain similarity
matrix feature map as an input into a deep learning detection model, to output a video
segment matching the target video in the candidate video and a corresponding similarity;
and uploading infringement evidence including an abstract of the target video, the video
segment matching the target video in the candidate video, and the corresponding
similarity to a blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold.

[0012] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0013] According to a sixth aspect, a computer-readable storage medium is provided.
The computer-readable storage medium stores one or more programs, and when the one
or more programs are executed by an electronic device including a plurality of
application programs, the electronic device is enabled to perform the following
operations: retrieving a candidate video similar to a target video from a video database
based on a plurality of feature vectors of the target video; constructing a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video; using the time domain similarity matrix
feature map as an input into a deep learning detection model, to output a video segment
matching the target video in the candidate video and a corresponding similarity; and

uploading infringement evidence including an abstract of the target video, the video
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segment matching the target video in the candidate video, and the corresponding
similarity to a blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold.

[0014] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0015] According to a seventh aspect, an electronic device is provided, including: a
processor; and a storage, configured to store a computer-executable instruction, where
when the computer-executable instruction is executed, the processor is enabled to
perform the following operations: obtaining a plurality of feature vectors of a target
video; retrieving a candidate video similar to the target video from a video database
based on the plurality of feature vectors of the target video; constructing a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video; and using the time domain similarity matrix
feature map as an input into a deep learning detection model, to output a video segment
matching the target video in the candidate video and a corresponding similarity. The
deep learning detection model is obtained through training based on time domain
similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0016] According to an eighth aspect, a computer-readable storage medium is
provided. The computer-readable storage medium stores one or more programs, and
when the one or more programs are executed by an electronic device including a
plurality of application programs, the electronic device is enabled to perform the
following operations: obtaining a plurality of feature vectors of a target video; retrieving
a candidate video similar to the target video from a video database based on the plurality
of feature vectors of the target video; constructing a time domain similarity matrix

feature map between the target video and the candidate video based on the target video
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and the candidate video; and using the time domain similarity matrix feature map as an
input into a deep learning detection model, to output a video segment matching the
target video in the candidate video and a corresponding similarity. The deep learning
detection model is obtained through training based on time domain similarity matrix
feature maps of a plurality of groups of sample videos and corresponding labels, the
sample video includes a query video and a candidate video corresponding to the query
video, and the label corresponding to the sample video includes a video segment
matching the query video in the sample video in the corresponding candidate video and
an infringement flag.

[0017] The technical solutions used in the one or more embodiments of the present
specification can be used to achieve at least the following technical effects: When
infringement positioning is performed on the target video, the candidate video similar
to the target video can be retrieved from the video database based on the plurality of
feature vectors of the target video; the time domain similarity matrix feature map
between the target video and the candidate video is constructed based on the target
video and the candidate video; the time domain similarity matrix feature map is used as
the input into the deep learning detection model, to output the video segment matching
the target video in the candidate video and the corresponding similarity; and the
infringement evidence including the abstract of the target video, the video segment
matching the target video in the candidate video, and the corresponding similarity is
uploaded to the blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to the
predetermined similarity threshold. According to the method provided in the one or
more embodiments of the present specification, the deep learning detection model is
used, so that a plurality of any infringement segments of a possible infringement video
can be detected in terms of infringement positioning efficiency, and infringement video
detection efficiency can be greatly improved through vector retrieval in combination
with the detection model. In addition, manual audit costs are further reduced. In addition,
the abstract of the target video with an infringement, the video segment matching the
target video in the candidate video, and the corresponding similarity are uploaded to the
blockchain based on a non-tamperable characteristic of the blockchain, so that evidence
that the target video has the infringement is obtained from the blockchain when the

infringement evidence needs to be provided.



BRIEF DESCRIPTION OF DRAWINGS

[0018] The accompanying drawings described here are intended to provide a further
understanding of the present specification, and constitute a part of the present
specification. The illustrative embodiments of the present specification and descriptions
thereof are intended to explain the present specification, and do not constitute
limitations on the present specification. In the accompanying drawings:

[0019] FIG. 1 is a schematic diagram illustrating an implementation procedure of a
blockchain-based infringement evidence storage method, according to one or more
embodiments of the present specification;

[0020] FIG. 2 is a schematic diagram illustrating an implementation procedure of a
video matching method, according to one or more embodiments of the present
specification;

[0021] FIG. 3 is a schematic flowchart illustrating a scenario to which a video
matching method is applied, according to one or more embodiments of the present
specification;

[0022] FIG. 4 is a schematic diagram illustrating a time domain similarity matrix
feature map drawn in a video matching method, according to one or more embodiments
of the present specification;

[0023] FIG. 5 is a schematic diagram illustrating a structure of a blockchain-based
infringement evidence storage apparatus, according to one or more embodiments of the
present specification;

[0024] FIG. 6 is a schematic diagram illustrating a structure of a video matching
apparatus, according to one or more embodiments of the present specification;

[0025] FIG. 7 is a schematic diagram illustrating a structure of an electronic device,
according to one or more embodiments of the present specification; and

[0026] FIG. 8 is a schematic diagram illustrating a structure of another electronic

device, according to one or more embodiments of the present specification.

DESCRIPTION OF EMBODIMENTS

[0027] To make the objectives, technical solutions, and advantages of the present
document clearer, the following clearly and completely describes the technical solutions

of the present specification with reference to specific embodiments of the present



specification and corresponding accompanying drawings. Clearly, the described
embodiments are a part rather than all of the one or more embodiments of the present
document. All other embodiments obtained by a person of ordinary skill in the art based
on the one or more embodiments of the present specification without creative efforts
shall belong to the protection scope of the present document.

[0028] The following describes the technical solutions provided in the one or more
embodiments of the present specification in detail with reference to the accompanying
drawings.

[0029] For an infringement video and evidence storage of infringement evidence of
the infringement video, it is an urgent problem to be resolved for the industry. In one or
more embodiments of the present specification, a blockchain is introduced, and related
information of a target video, related information of a candidate video, and information
about whether the target video has an infringement are written to the blockchain based
on a non-tamperable characteristic of the blockchain, to ensure credibility of
infringement information in the blockchain, and quickly provide evidence of whether
the target video has the infringement. Specifically, FIG. 1 is a schematic diagram
illustrating an implementation procedure of a blockchain-based video infringement
evidence storage method, according to one or more embodiments of the present
specification. The following steps are included.

[0030] S110: Retrieve a candidate video similar to a target video from a video
database based on a plurality of feature vectors of the target video.

[0031] S120: Construct a time domain similarity matrix feature map between the
target video and the candidate video based on the target video and the candidate video.
[0032] S130: Use the time domain similarity matrix feature map as an input into a
deep learning detection model, to output a video segment matching the target video in
the candidate video and a corresponding similarity.

[0033] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0034] S140: Upload infringement evidence including an abstract of the target video,

the video segment matching the target video in the candidate video, and the
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corresponding similarity to a blockchain when the similarity corresponding to the video
segment matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold.

[0035] The predetermined similarity threshold can be obtained based on an empirical
value, to describe whether the target video has an infringement. For example, the
predetermined similarity threshold can be set to 60%. It should be understood that,
because storage space in the blockchain is limited, to store the infringement evidence
of the target video in the one or more embodiments of the present specification, the
target video can be converted into a series of hash values based on a hash encryption
algorithm, the hash value of the target video, the video segment matching the target
video in the candidate video, and the corresponding similarity are uploaded to the
blockchain, and a node having an evidence storage permission performs a consensus
operation on the infringement evidence in the blockchain, and then records the
infringement evidence in a newly generated block after a consensus. When the
infringement evidence needs to be obtained, infringement evidence including the hash
value of the target video can be downloaded from the blockchain based on the hash
value of the target video.

[0036] For a specific implementation of related steps in the embodiment shown in FIG.
1, references can be made to a specific implementation of corresponding steps in the
embodiment shown in FIG. 2. Details are omitted here in one or more embodiments of
the present specification.

[0037] When infringement positioning is performed on the target video, the candidate
video similar to the target video can be retrieved from the video database based on the
plurality of feature vectors of the target video; the time domain similarity matrix feature
map between the target video and the candidate video is constructed based on the target
video and the candidate video; the time domain similarity matrix feature map is used as
the input into the deep learning detection model, to output the video segment matching
the target video in the candidate video and the corresponding similarity; and the
infringement evidence including the abstract of the target video, the video segment
matching the target video in the candidate video, and the corresponding similarity is
uploaded to the blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to the
predetermined similarity threshold. The deep learning detection model is obtained

through training based on time domain similarity matrix feature maps of a plurality of
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groups of sample videos and corresponding labels, the sample video includes a query
video and a candidate video corresponding to the query video, and the label
corresponding to the sample video includes a video segment matching the query video
in the sample video in the corresponding candidate video and an infringement flag.
According to the method provided in the one or more embodiments of the present
specification, the abstract of the target video with an infringement, the video segment
matching the target video in the candidate video, and the corresponding similarity are
uploaded to the blockchain based on a non-tamperable characteristic of the blockchain,
so that evidence that the target video has the infringement is obtained from the
blockchain when the infringement evidence needs to be provided.

[0038] As described in the background, when infringement positioning is performed
on an infringement video, a plurality of types of feature vectors need to be extracted
from the infringement video. After a designated search engine performs retrieval, an
obtained vector retrieval result includes matching results of N candidate videos. A
similarity between the infringement video and each of these results needs to be
calculated, and infringement positioning is performed. Here, mismatching and missed
matching between feature vectors need to be coped with based on a high robustness
algorithm, and high efficiency is needed if the search result includes a large set of videos
roughly sorted by the search engine.

[0039] In addition, the video matching algorithm further needs to support
infringement positioning of a plurality of video segments, to reduce manual audit costs.
However, commonly used solutions such as a dynamic programming algorithm and a
CCF competition are easily affected by noise of a feature vector retrieval result, and are
not robust enough. In addition, video matching efficiency sharply decreases as duration
of the infringement video increases.

[0040] In one or more embodiments of the present specification, to resolve an existing
problem that infringement video detection efficiency and accuracy are low, a video
matching method is further provided. A plurality of feature vectors of a target video can
be obtained; a candidate video similar to the target video is retrieved from a video
database based on the plurality of feature vectors of the target video; a time domain
similarity matrix feature map between the target video and the candidate video is
constructed based on the target video and the candidate video; and the time domain
similarity matrix feature map is used as an input into a deep learning detection model,

to output a video segment matching the target video in the candidate video and a
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corresponding similarity. The deep learning detection model is obtained through
training based on time domain similarity matrix feature maps of a plurality of groups
of sample videos and corresponding labels, the sample video includes a query video
and a candidate video corresponding to the query video, and the label corresponding to
the sample video includes a video segment matching the query video in the sample
video in the corresponding candidate video and an infringement flag.

[0041] According to the method provided in the one or more embodiments of the
present specification, the deep learning detection model is used, so that a plurality of
any infringement segments of a possible infringement video can be detected in terms
of infringement positioning efficiency, and infringement video detection efficiency can
be greatly improved through vector retrieval in combination with the detection model.
In addition, manual audit costs are further reduced.

[0042] An execution body of a video method provided in the one or more
embodiments of the present specification can include but is not limited to at least one
of apparatuses such as a personal computer and a server that can be configured to
perform the method provided in the one or more embodiments of the present invention.
[0043] For ease of description, the following describes an implementation of the
method by using an example in which the execution body of the method is a server that
can perform the method. It can be understood that, that the execution body of the
method is the server is merely an example description and should not be construed as a
limitation on the method.

[0044] Specifically, a schematic diagram illustrating an implementation procedure of
a video matching method according to one or more embodiments of the present
specification is shown in FIG. 2. The method includes S210: Obtain a plurality of
feature vectors of a target video.

[0045] The target video can be specifically a suspected infringement video, and the
candidate video described later can be used as infringement evidence of the suspected
infringement video.

[0046] Optionally, the obtaining a plurality of feature vectors of a target video can
specifically be dividing the target video into a plurality of video segments, and then
extracting one or more types of feature vectors for each video segment. Alternatively,
frame extraction can be performed on the target video to obtain a plurality of video
frames. A key frame can be extracted from the target video, or the plurality of video

frames can be randomly extracted from the target video, or one video frame can be
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extracted from the target video every predetermined time period, to obtain the plurality
of video frames; and one or more types of feature vectors can be extracted from the
extracted video frames. One feature vector corresponds to one feature extraction
algorithm.

[0047] Therefore, the plurality of feature vectors of the target video can specifically
include a plurality of feature vectors corresponding to a plurality of video segments or
video frames of the target video, and one video segment or video frame corresponds to
one feature vector; or the plurality of feature vectors of the target video can further
include a plurality of types of feature vectors of the target video that are extracted based
on a plurality of feature extraction algorithm; or the plurality of feature vectors of the
target video can further include a plurality of feature vectors respectively extracted from
a plurality of video segments or video frames of the target video based on a plurality of
feature extraction algorithms, and one video segment or video frame corresponds to a
plurality of types of feature vectors.

[0048] S220: Retrieve a candidate video similar to the target video from a video
database based on the plurality of feature vectors of the target video.

[0049] The video database includes a large amount of videos, each video corresponds
to one or more types of feature vectors, and one feature vector corresponds to one
feature extraction algorithm.

[0050] Optionally, a feature vector matching each feature vector of the target video
can be retrieved from the video database based on each of the plurality of feature vectors
of the target video, and then a video corresponding to the matched feature vector can
be determined as a candidate video. Specifically, the retrieving a candidate video similar
to the target video from a video database based on the plurality of feature vectors of the
target video includes: obtaining a feature vector retrieval result similar to the plurality
of feature vectors of the target video from the video database; and obtaining the
candidate video similar to the target video from the video database based on the feature
vector retrieval result similar to the plurality of feature vectors of the target video.
[0051] The feature vector retrieval result similar to the plurality of feature vectors of
the target video can specifically include the first several feature vectors that match all
the feature vectors, or one feature vector that best matches all the feature vectors. For
example, the first k feature vectors that match all of the plurality of feature vectors of
the target video can be separately obtained from the video database, and then m

candidate videos corresponding to the first k feature vectors are determined, where m
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is less than or equal to k and m is greater than or equal to 1. When m=k, it indicates that
the k feature vectors are from k different candidate videos, and when m=1, it indicates
that the k feature vectors are from the same candidate video. Alternatively, one feature
vector that best matches all of the plurality of feature vectors of the target video can be
separately obtained from the video database, and then a candidate video corresponding
to the best matched feature vector is determined. That is, the feature vector retrieval
result may correspond to a plurality of matching feature vectors of one candidate video,
or may be different matching feature vectors of a plurality of candidate videos.

[0052] FIG. 3 is a schematic diagram illustrating an actual scenario to which a video
matching method provided in one or more embodiments of the present specification is
applied. In FIG. 3, ql to gn are the plurality of feature vectors of the target video, and
V3 and Vi are vector retrieval results that are of two candidate videos similar to the
target video and that are retrieved from the video database. On a left side of the figure,
V3,q1 is a value of a similarity between matched positions of the candidate video V3 and
the feature vector q1 of the target video, V3,q2 is a value of a similarity between matched
positions of the candidate video V3 and the feature vector q2 of the target video, V3,q
is a value of a similarity between matched positions of the candidate video V3 and the
feature vector qn of the target video. On a right side of the figure, V1,q1 is a value of a
similarity between matched positions of the candidate video Vi and the feature vector
ql of the target video, and V1,qn is a value of a similarity between matched positions of
the candidate video V1 and the feature vector gn of the target video.

[0053] S230: Construct a time domain similarity matrix feature map between the
target video and the candidate video based on the target video and the candidate video.
[0054] It should be understood that, because a vector retrieval result between the
plurality of feature vectors of the target video and a plurality of feature vectors of the
candidate video can include matched positions (namely, similar positions) of the feature
vector of the target video and the feature vector of the candidate video and a similarity
between the corresponding positions in FIG. 3, to help a deep learning detection model
accurately learn of matched video segments of the target video and the candidate video
and a corresponding similarity, the time domain similarity matrix feature map is
constructed based on the vector retrieval result between the target video and the
candidate video in the one or more embodiments of the present specification.
Specifically, the constructing a time domain similarity matrix feature map between the

target video and the candidate video based on the target video and the candidate video
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includes: constructing a similarity matrix between the plurality of feature vectors of the
target video and the plurality of feature vectors of the candidate video based on the
vector retrieval result between the plurality of feature vectors of the target video and
the plurality of feature vectors of the candidate video; and constructing the time domain
similarity matrix feature map between the target video and the candidate video in a time
domain dimension based on the similarity matrix between the plurality of feature
vectors of the target video and the plurality of feature vectors of the candidate video.
[0055] When there is one candidate video, a distribution of the similarity matrix
between the plurality of feature vectors of the target video and the plurality of feature
vectors of the candidate video is drawn on a two-dimensional feature map in the same
time domain dimension based on the similarity matrix between the plurality of feature
vectors of the target video and the plurality of feature vectors of the candidate video.
FIG. 4 shows the time domain similarity matrix feature map that is between the target
video and the candidate video and that is drawn in the video matching method provided
in the one or more embodiments of the present specification. In FIG. 4, an abscissa is a
time domain axis of the target video, an ordinate is a time domain value of the candidate
video, a triangular pattern corresponds to one feature vector of the target video and the
candidate video, a square pattern corresponds to another feature vector of the target
video and the candidate video, and a value of each pattern is a similarity score in the
vector retrieval result. In actual applications, to improve video matching efficiency,
different feature vectors can be drawn in the same time domain similarity matrix feature
map.

[0056] Alternatively, different feature vectors can be drawn in different time domain
similarity matrix feature maps. That is, on a left side of a lower half in FIG. 3, a time
domain similarity matrix feature map obtained by drawing each feature vector can be
used as an input into one channel of the deep learning detection model. Therefore, when
the plurality of feature vectors of the target vector includes a plurality of types of feature
vectors, a plurality of time domain similarity matrix feature maps exist and are used as
inputs of a plurality of channels of the deep learning detection model.

[0057] Optionally, to help the deep learning detection model accurately and efficiently
determine similar video segments between the target video and the candidate video and
a corresponding similarity, the time domain similarity matrix feature map between the
target video and the candidate video can be constructed based on a time domain

mapping relationship between the target video and the candidate video in the one or

14



more embodiments of the present specification. Specifically, the constructing the time
domain similarity matrix feature map between the target video and the candidate video
in a time domain dimension based on the similarity matrix between the plurality of
feature vectors of the target video and the plurality of feature vectors of the candidate
video includes: drawing the similarity matrix between the plurality of feature vectors
of the target video and the plurality of feature vectors of the candidate video on the two-
dimensional feature map based on the time domain mapping relationship between the
target video and the candidate video, to obtain the time domain similarity matrix feature
map between the target video and the candidate video.

[0058] Optionally, when there are a plurality of candidate videos, the drawing the
similarity matrix between the plurality of feature vectors of the target video and a
plurality of feature vectors of each of the candidate video on the two-dimensional
feature map based on the time domain mapping relationship between the target video
and the candidate video, to obtain the time domain similarity matrix feature map
between the target video and the candidate video includes: drawing a similarity matrix
between the plurality of feature vectors of the target video and a plurality of feature
vectors of each of a plurality of candidate videos on each of a plurality of two-
dimensional feature maps based on a time domain mapping relationship between the
target video and the plurality of candidate videos, to obtain a plurality of time domain
similarity matrix feature maps between the target video and the plurality of candidate
videos; and splicing the plurality of time domain similarity matrix feature maps between
the target video and the plurality of candidate videos, to obtain a time domain similarity
matrix feature map between the target video and the plurality of candidate videos.
[0059] When there are a plurality of candidate videos, the similarity matrix between
the plurality of feature vectors of the target video and the plurality of feature vectors of
each of a plurality of candidate videos can be drawn on each of the plurality of two-
dimensional feature maps, to obtain the plurality of time domain similarity matrix
feature maps between the target video and the plurality of candidate videos. To improve
learning efficiency of the deep learning detection model, the plurality of time domain
similarity matrix feature maps can be spliced, to obtain one time domain similarity
matrix feature map. For example, when there are four candidate videos, four time
domain similarity matrix feature maps between the target video and the four candidate
videos are obtained, then the four time domain similarity matrix feature maps are

spliced to obtain a 2 x 2 time domain similarity matrix feature map, and the 2 x 2 time
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domain similarity matrix feature map is used as an input into the deep learning detection
model.

[0060] S240: Use the time domain similarity matrix feature map as an input into the
deep learning detection model, to output a video segment matching the target video in
the candidate video and a corresponding similarity.

[0061] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, a label corresponding to the sample video includes a
video segment matching the query video in the sample video in the corresponding
candidate video and an infringement flag, and the infringement flag is used to identify
whether the matched video segment has an infringement. It should be understood that
there can be one or more candidate videos corresponding to the query video. When
there are a plurality of candidate videos corresponding to the query video, the sample
video includes the query video and a plurality of candidate videos corresponding to the
query video, and the label corresponding to the sample video includes a video segment
matching the query video in the sample video in each corresponding candidate video
and the infringement flag. Specifically, the label corresponding to the sample video
includes the video segment and a corresponding label, and the label indicates
infringement or non-infringement.

[0062] It should be understood that, during training of the deep learning detection
model, a label corresponding to a sample video for training the deep learning detection
model is usually a discrete label, namely, "yes" or "not", and a corresponding label in
the one or more embodiments of the present specification is "infringement" or "non-
infringement”. When the deep learning detection model performs prediction, a
detection box position [x1, y1, x2, y2] and a confidence corresponding to [x1, y1, x2,
y2] are output, where [x1, x2] corresponds a matching time segment in the target video,
and [y1, y2] corresponds a matching time segment in the candidate video, and the
confidence is used to represent a similarity between matching time segments.

[0063] A time domain similarity matrix feature map of each group of sample videos
is a time domain similarity matrix feature map between this group of query videos and
a corresponding candidate video, and a way of obtaining the time domain similarity
matrix feature map is the same as the previous way of obtaining the time domain

similarity matrix feature map. Details are omitted in the present specification.
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[0064] Optionally, the deep learning detection model in the one or more embodiments
of the present specification includes but is not limited to the following models: a faster
convolution neural network based candidate region detection model Faster R-CNN, a
masked convolutional neural network based candidate region detection model mask R-
CNN, a real-time object detection model YOLO, and a single multi-box detection
model SSD.

[0065] A training process of the deep learning detection model Faster R-CNN is as
follows: entering a test image; entering an entire picture into a convolutional neural
network, to extract a feature; and generating a stack of anchor boxes based on an RPN,
cropping and filtering the anchor boxes, and determining, by using softmax, that
anchors belong to a foreground (foreground) or a background (background), that is, are
an object or are not an object, which is a binary classification process. In addition,
another branch of bounding box regression is used to modify the anchor box, to form a
more accurate proposal (note: being more accurate relative to that of a next time of
bounding box regression of a fully connected layer). A proposed window is mapped
onto a last layer of a convolutional feature map of the convolutional neural network.
Each Rol pooling layer is used to enable each Rol to generate a fixed-size feature map.
A classification probability and bounding box regression are jointly trained by using
Softmax Loss (detecting the classification probability) and Smooth L1 Loss (detecting
the bounding box regression).

[0066] The deep learning detection model mask R-CNN is obtained by using the
Faster R-CNN as a prototype and adding one branch to be used for a segmentation task.
That is, each proposal box of the Faster R-CNN performs semantic segmentation by
using an FCN (fully convolutional neural network, where a fully connected layer in the
convolutional neural network is converted into convolutional layers). The segmentation
task and positioning and classification tasks are performed simultaneously.

[0067] The deep learning detection model YOLO (You Only Look Once) is an object
detection model. YOLO has a concise architecture based on a CNN and the anchor box,
and is a real-time object detection technology for a common use problem. YOLO
divides an image into 13x13 cells: Each cell is responsible for predicting five bounding
boxes. The bounding box describes a rectangle that surrounds an object. The YOLO
further outputs a confidence (namely, the similarity in the one or more embodiments of
the present specification), to indicate a degree at which a predicted bounding box

actually includes a certain object. A previous detection system performs detection by
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using a classifier or a locator, a model is applied to a plurality of positions and scales of
the image, and a high score region of the image is used as a detection target. YOLO
uses completely different methods. YOLO applies a single neural network to the entire
image. The network divides the image into regions, predicts a bounding box and a
probability of each region, and allocates weights to all bounding boxes based on a value
of the probability.

[0068] Compared to the Faster R-CNN, there is no process in which the SSD generates
the proposal, to greatly improve a detection speed. For detection of targets of different
sizes, a convolutional method is to convert the image into different sizes (image
pyramid), separately perform detection, and finally combine results (NMS). An SSD
algorithm is to perform combination by using feature maps of different convolutional
layers, to achieve the same effect. A main network structure of the algorithm is VGG16.
Last two fully connected layers are changed to convolutional layers, and then four
convolutional layers are added to construct a network structure. Convolution is
respectively performed on outputs (feature map) of five different convolution layers by
using two different 3 x 3 convolution cores, one convolution core outputs a confidence
used for classification, and each default box generates confidences of 21 classes; and
one convolution core outputs localization used for regression, and each default box
generates four coordinate values (x, y, w, h).

[0069] Optionally, the using the time domain similarity matrix feature map as an input
into the deep learning detection model, to output a video segment matching the target
video in the candidate video and a corresponding similarity includes: using the time
domain similarity matrix feature map as the input into the deep learning detection model,
to output an interval range of the video segment matching the target video in the
candidate video in the time domain dimension and a similarity between the target video
and the matched video segment.

[0070] Specifically, the deep learning detection model outputs a detection box
position on each time domain similarity matrix feature map and a confidence, to
perform infringement positioning on the target video. The interval range of the video
segment matching the target video in the candidate video in the time domain dimension
can be specifically the detection box position: [x1, y1, x2, y2], where [x1, x2] is a time
segment in the target video, [yl, y2] is a time segment in the candidate video, and the
similarity between the matched video segments can be specifically represented by using

the confidence. As shown on a right side of the lower half in FIG. 3, after the time
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domain similarity matrix feature map is used as the input into the deep learning
detection model, a detection box matching the target video in the candidate video and
a similarity between the matched detection boxes can be output.

[0071] When infringement positioning is performed on the target video, the plurality
of feature vectors of the target video can be obtained, the candidate video similar to the
target video is retrieved from the video database based on the plurality of feature vectors
of the target video; the time domain similarity matrix feature map between the target
video and the candidate video is constructed based on the target video and the candidate
video; and the time domain similarity matrix feature map is used as the input into the
deep learning detection model, to output the video segment matching the target video
in the candidate video and the corresponding similarity. The deep learning detection
model is obtained through training based on the time domain similarity matrix feature
map of a plurality of groups of sample videos and the corresponding label, the sample
video includes a query video and the candidate video corresponding to the query video,
and the label corresponding to the sample video includes the video segment matching
the query video in the sample video in the corresponding candidate video and the
infringement flag. According to the method provided in the one or more embodiments
of the present specification, the deep learning detection model is used, so that a plurality
of any infringement segments of a possible infringement video can be detected in terms
of infringement positioning efficiency, and infringement video detection efficiency can
be greatly improved through vector retrieval in combination with the detection model.
In addition, manual audit costs are further reduced.

[0072] FIG. 5 is a schematic diagram illustrating a structure of a blockchain-based
infringement evidence storage apparatus 500, according to one or more embodiments
of the present specification. The apparatus 500 includes: a candidate video retrieval
module 510, configured to retrieve a candidate video similar to a target video from a
video database based on a plurality of feature vectors of the target video; a feature map
construction module 520, configured to construct a time domain similarity matrix
feature map between the target video and the candidate video based on the target video
and the candidate video; a model output module 530, configured to use the time domain
similarity matrix feature map as an input into a deep learning detection model, to output
a video segment matching the target video in the candidate video and a corresponding
similarity; and an evidence uploading module 540, configured to upload infringement

evidence including an abstract of the target video, the video segment matching the target
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video in the candidate video, and the corresponding similarity to a blockchain when the
similarity corresponding to the video segment matching the target video in the candidate
video is greater than or equal to a predetermined similarity threshold.

[0073] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0074] A video matching apparatus 500 can implement the method in the method
embodiments in FIG. 1 and FIG. 2. For details, references can be made to the
blockchain-based infringement evidence storage method and the video matching
method in the embodiment in FIG. 1 and FIG. 2. Details are omitted.

[0075] FIG. 6 is a schematic diagram illustrating a structure of a video matching
apparatus 600, according to one or more embodiments of the present specification. The
apparatus 600 including: a feature vector acquisition module 610, configured to obtain
a plurality of feature vectors of a target video; a candidate video retrieval module 620,
configured to retrieve a candidate video similar to the target video from a video database
based on the plurality of feature vectors of the target video; a feature map construction
module 630, configured to construct a time domain similarity matrix feature map
between the target video and the candidate video based on the target video and the
candidate video; and a model output module 640, configured to use the time domain
similarity matrix feature map as an input into a deep learning detection model, to output
a video segment matching the target video in the candidate video and a corresponding
similarity. The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0076] Optionally, in an implementation, the candidate video retrieval module 620 is
configured to: obtain a feature vector retrieval result similar to the plurality of feature
vectors of the target video from the video database; and obtain the candidate video

similar to the target video from the video database based on the feature vector retrieval
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result similar to the plurality of feature vectors of the target video.

[0077] Optionally, in an implementation, the feature map construction module 630 is
configured to: construct a similarity matrix between the plurality of feature vectors of
the target video and a plurality of feature vectors of the candidate video based on a
vector retrieval result between the plurality of feature vectors of the target video and a
plurality of feature vectors of each of the candidate video; and construct the time
domain similarity matrix feature map between the target video and the candidate video
in a time domain dimension based on the similarity matrix between the plurality of
feature vectors of the target video and the plurality of feature vectors of the candidate
video.

[0078] Optionally, in an implementation, the feature map construction module 630 is
configured to: draw the similarity matrix between the plurality of feature vectors of the
target video and the plurality of feature vectors of the candidate video on a two-
dimensional feature map based on a time domain mapping relationship between the
target video and the candidate video, to obtain the time domain similarity matrix feature
map between the target video and the candidate video.

[0079] Optionally, in an implementation, when there are a plurality of candidate
videos, the feature map construction module 630 is configured to: draw a similarity
matrix between the plurality of feature vectors of the target video and a plurality of
feature vectors of each of a plurality of candidate videos on each of a plurality of two-
dimensional feature maps based on a time domain mapping relationship between the
target video and the plurality of candidate videos, to obtain a plurality of time domain
similarity matrix feature maps between the target video and the plurality of candidate
videos; and splice the plurality of time domain similarity matrix feature maps between
the target video and the plurality of candidate videos, to obtain a time domain similarity
matrix feature map between the target video and the plurality of candidate videos.
[0080] Optionally, in an implementation, the model output module 640 is configured
to use the time domain similarity matrix feature map as the input into the deep learning
detection model, to output an interval range of the video segment matching the target
video in the candidate video in a time domain dimension and a similarity between the
target video and the matched video segment.

[0081] Optionally, in an implementation, the deep learning detection model includes
at least one of the following: a faster convolution neural network based candidate region

detection model Faster R-CNN, a masked convolutional neural network based
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candidate region detection model mask R-CNN, a real-time object detection model
YOLO, and a single multi-box detection model SSD.

[0082] The video matching apparatus 600 can implement the method in the method
embodiments in FIG. 2 to FIG. 4. For details, references can be made to the video
matching method in the embodiments in FIG. 2 to FIG. 4. Details are omitted.

[0083] FIG. 7 is a schematic diagram illustrating a structure of an electronic device,
according to one or more embodiments of the present specification. Referring to FIG.
7, in terms of hardware, the electronic device includes a processor, and optionally,
further includes an internal bus, a network interface, and a storage. The storage may
include memory, for example, a high-speed random-access memory (RAM), or may
further include a non-volatile memory, for example, at least one magnetic disk memory.
Certainly, the electronic device may further include hardware needed for another
service.

[0084] The processor, the network interface, and the storage can be connected to each
other through the internal bus. The internal bus can be an industry standard architecture
(ISA) bus, a peripheral component interconnect (PCI) bus, an extended industry
standard architecture (EISA) bus, etc. The bus can be classified into an address bus, a
data bus, a control bus, etc. For ease of representation, the bus is indicated by using
only one double-headed arrow in FIG. 7. However, it does not mean that there is only
one bus or only one type of bus.

[0085] The storage is configured to store a program. Specifically, the program can
include program code, and the program code includes a computer operation instruction.
The storage can include memory and a non-volatile memory, and provide instructions
and data to the processor.

[0086] The processor reads a corresponding computer program from the non-volatile
memory, and runs the computer program in the memory, to form a blockchain-based
infringement evidence storage apparatus in terms of a logical layer. The processor
executes the program stored in the storage, and is specifically configured to perform
the following operations: retrieving a candidate video similar to a target video from a
video database based on a plurality of feature vectors of the target video; constructing
a time domain similarity matrix feature map between the target video and the candidate
video based on the target video and the candidate video; using the time domain
similarity matrix feature map as an input into a deep learning detection model, to output

a video segment matching the target video in the candidate video and a corresponding
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similarity; and uploading infringement evidence including an abstract of the target
video, the video segment matching the target video in the candidate video, and the
corresponding similarity to a blockchain when the similarity corresponding to the video
segment matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold.

[0087] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0088] The blockchain-based infringement evidence storage method disclosed in the
embodiment shown in FIG. 1 in the present specification can be applied to the processor
or implemented by the processor. The processor may be an integrated circuit chip and
has a signal processing capability. In an implementation process, steps in the previous
method can be completed by using an integrated logic circuit of hardware in the
processor, or by using instructions in a form of software. The processor can be a general
purpose processor, including a central processing unit (CPU), or a network processor
(NP); or can be a digital signal processor (DSP), an application-specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or another programmable logic
device, a discrete gate or a transistor logic device, or a discrete hardware component.
The processor can implement or perform the methods, the steps, and logical block
diagrams that are disclosed in one or more embodiments of the present specification.
The general purpose processor can be a microprocessor, or the processor can be any
conventional processor, etc. The steps of the methods disclosed in one or more
embodiments of the present specification can be directly performed and completed by
a hardware decoding processor, or can be performed and completed by using a
combination of hardware and software modules in the decoding processor. The software
module can be located in a mature storage medium in the field, for example, a random
access memory, a flash memory, a read-only memory, a programmable read-only
memory, an electrically erasable programmable memory, or a register. The storage
medium is in the storage, and the processor reads information in the storage and
completes the steps in the previous method with reference to hardware of the processor.

[0089] The electronic device can further perform the blockchain-based infringement
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evidence storage method in FIG. 1. Details are omitted here in the present specification.
[0090] Certainly, in addition to a software implementation, another implementation of
the electronic device is not excluded in the present specification, for example, a logic
device or a combination of software and hardware. In other words, the execution body
of the following processing procedure is not limited to each logic unit, and can be
hardware or a logic device.

[0091] An embodiment of the present specification further provides a computer-
readable storage medium. The computer-readable storage medium stores one or more
programs, the one or more programs include an instruction, and when the instruction is
executed by a portable electronic device including a plurality of application programs,
the portable electronic device is enabled to perform the method in the embodiment
shown in FIG. 4, and is specifically to perform the following operations: retrieving a
candidate video similar to a target video from a video database based on a plurality of
feature vectors of the target video; constructing a time domain similarity matrix feature
map between the target video and the candidate video based on the target video and the
candidate video; using the time domain similarity matrix feature map as an input into a
deep learning detection model, to output a video segment matching the target video in
the candidate video and a corresponding similarity; and uploading infringement
evidence including an abstract of the target video, the video segment matching the target
video in the candidate video, and the corresponding similarity to a blockchain when the
similarity corresponding to the video segment matching the target video in the candidate
video is greater than or equal to a predetermined similarity threshold.

[0092] The deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video includes a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
includes a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

[0093] FIG. 8 is a schematic diagram illustrating a structure of an electronic device,
according to one or more embodiments of the present specification. Referring to FIG.
8, in terms of hardware, the electronic device includes a processor, and optionally,
further includes an internal bus, a network interface, and a storage. The storage may
include memory, for example, a high-speed random-access memory (RAM), or may

further include a non-volatile memory, for example, at least one magnetic disk memory.
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Certainly, the electronic device may further include hardware needed for another
service.

[0094] The processor, the network interface, and the storage can be connected to each
other through the internal bus. The internal bus can be an industry standard architecture
(ISA) bus, a peripheral component interconnect (PCI) bus, an extended industry
standard architecture (EISA) bus, etc. The bus can be classified into an address bus, a
data bus, a control bus, etc. For ease of representation, the bus is indicated by using
only one double-headed arrow in FIG. 8. However, it does not mean that there is only
one bus or only one type of bus.

[0095] The storage is configured to store a program. Specifically, the program can
include program code, and the program code includes a computer operation instruction.
The storage can include memory and a non-volatile memory, and provide instructions
and data to the processor.

[0096] The processor reads a corresponding computer program from the non-volatile
memory, and runs the computer program in the storage, to form a video matching
apparatus in terms of a logical layer. The processor executes the program stored in the
storage, and is specifically configured to perform the following operations: obtaining a
plurality of feature vectors of a target video; retrieving a candidate video similar to the
target video from a video database based on the plurality of feature vectors of the target
video; constructing a time domain similarity matrix feature map between the target
video and the candidate video based on the target video and the candidate video; and
using the time domain similarity matrix feature map as an input into a deep learning
detection model, to output a video segment matching the target video in the candidate
video and a corresponding similarity. The deep learning detection model is obtained
through training based on time domain similarity matrix feature maps of a plurality of
groups of sample videos and corresponding labels, the sample video includes a query
video and a candidate video corresponding to the query video, and the label
corresponding to the sample video includes a video segment matching the query video
in the sample video in the corresponding candidate video and an infringement flag.
[0097] Based on the electronic device provided in the one or more embodiments of
the present specification, it can be understood that, when infringement positioning is
performed on the target video, the plurality of feature vectors of the target video can be
obtained; the candidate video similar to the target video is retrieved from the video

database based on the plurality of feature vectors of the target video; the time domain
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similarity matrix feature map between the target video and the candidate video is
constructed based on the target video and the candidate video; and the time domain
similarity matrix feature map is used as the input into the deep learning detection model,
to output the video segment matching the target video in the candidate video and the
corresponding similarity. A plurality of any infringement segments of a possible
infringement video can be detected in terms of infringement positioning efficiency, and
infringement video detection efficiency can be greatly improved through vector
retrieval in combination with the detection model. In addition, manual audit costs are
further reduced.

[0098] The video matching method disclosed in the embodiments shown in FIG. 2 to
FIG. 4 is applicable to the processor, or can be implemented by the processor. The
processor may be an integrated circuit chip and has a signal processing capability. In an
implementation process, steps in the previous method can be completed by using an
integrated logic circuit of hardware in the processor, or by using instructions in a form
of software. The processor can be a general purpose processor, including a central
processing unit (CPU), or a network processor (NP); or can be a digital signal processor
(DSP), an application-specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or another programmable logic device, a discrete gate or a transistor logic
device, or a discrete hardware component. The processor can implement or perform the
methods, the steps, and logical block diagrams that are disclosed in one or more
embodiments of the present specification. The general purpose processor can be a
microprocessor, or the processor can be any conventional processor, etc. The steps of
the methods disclosed in one or more embodiments of the present specification can be
directly performed and completed by a hardware decoding processor, or can be
performed and completed by using a combination of hardware and software modules in
the decoding processor. The software module can be located in a mature storage
medium in the field, for example, a random access memory, a flash memory, a read-
only memory, a programmable read-only memory, an electrically erasable
programmable memory, or a register. The storage medium is in the storage, and the
processor reads information in the storage and completes the steps in the previous
method with reference to hardware of the processor.

[0099] The electronic device can further perform the video matching method in FIG.
2 to FIG. 4. Details are omitted here in the present specification.

[0100] Certainly, in addition to a software implementation, another implementation of
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the electronic device is not excluded in the present specification, for example, a logic
device or a combination of software and hardware. In other words, the execution body
of the following processing procedure is not limited to each logic unit, and can be
hardware or a logic device.

[0101] An embodiment of the present specification further provides a computer-
readable storage medium. The computer-readable storage medium stores one or more
programs, the one or more programs include an instruction, and when the instruction is
executed by a portable electronic device including a plurality of application programs,
the portable electronic device is enabled to perform the method in the embodiments
shown in FIG. 2 to FIG. 4, and is specifically to perform the following operations:
obtaining a plurality of feature vectors of a target video; retrieving a candidate video
similar to the target video from a video database based on the plurality of feature vectors
of the target video; constructing a time domain similarity matrix feature map between
the target video and the candidate video based on the target video and the candidate
video; and using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity. The deep learning detection model is
obtained through training based on time domain similarity matrix feature maps of a
plurality of groups of sample videos and corresponding labels, the sample video
includes a query video and a candidate video corresponding to the query video, and the
label corresponding to the sample video includes a video segment matching the query
video in the sample video in the corresponding candidate video and an infringement
flag.

[0102] In conclusion, the previous descriptions are only preferred embodiments of the
present specification, but are not intended to limit the protection scope of the present
specification. Any modification, equivalent replacement, or improvement made without
departing from the spirit and principle of one or more embodiments of the present
specification shall fall within the protection scope of the one or more embodiments of
the present specification.

[0103] The system, apparatus, module, or unit described in the previous embodiments
can be specifically implemented by using a computer chip or an entity, or implemented
by using a product having a certain function. A typical implementation device is a
computer. Specifically, the computer can be, for example, a personal computer, a laptop

computer, a cellular phone, a camera phone, a smart phone, a personal digital assistant,
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a media player, a navigation device, an email device, a game console, a tablet computer,
a wearable device, or a combination of any of these devices.

[0104] The computer readable medium includes persistent, non-persistent, movable,
and unmovable media that can implement information storage by using any method or
technology. Information can be a computer readable instruction, a data structure, a
program module, or other data. A computer storage medium includes but is not limited
to a phase change memory (PRAM), a static random access memory (SRAM), a
dynamic random access memory (DRAM), a random access memory (RAM) of another
type, a read-only memory, an electrically erasable programmable read-only memory
(EEPROM), a flash memory or another memory technology, a compact disc read-only
memory (CD-ROM), a digital versatile disc (DVD), or another optical storage, a
cassette, a cassette magnetic disk storage, or another magnetic storage device or any
other non-transmission medium. The computer storage medium can be configured to
store information that can be accessed by a computing device. Based on the description
in the present specification, the computer readable medium does not include a transitory
computer-readable media (transitory media), for example, a modulated data signal and
carrier.

[0105] It is worthwhile to further note that in the present specification, the terms
"include", "comprise", or any other variant thereof is intended to cover a non-exclusive
inclusion, so that a process, a method, an article, or a device that includes a list of
elements not only includes those elements but also includes other elements which are
not expressly listed, or further includes elements inherent to such a process, method,
article, or device. An element limited by "includes a ..." does not, without more
constraints, exclude the existence of additional identical elements in the process,
method, article, or device that includes the element.

[0106] The one or more embodiments in the present specification are described in a
progressive way. For same or similar parts in the one or more embodiments, reference
can be made to each other. Each embodiment focuses on a difference from other
embodiments. Particularly, a system embodiment is similar to a method embodiment,
and therefore, is described briefly. For related parts, references can be made to partial

descriptions in the method embodiment.
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CLAIMS

What is claimed is:

1. A blockchain-based infringement evidence storage method, comprising:

retrieving a candidate video similar to a target video from a video database based
on a plurality of feature vectors of the target video;

constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video;

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity; and

uploading infringement evidence comprising an abstract of the target video, the
video segment matching the target video in the candidate video, and the corresponding
similarity to a blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

2. A video matching method, comprising:

obtaining a plurality of feature vectors of a target video;

retrieving a candidate video similar to the target video from a video database based
on the plurality of feature vectors of the target video;

constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video; and

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and

corresponding labels, the sample video comprises a query video and a candidate video
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corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

3. The method according to claim 2, wherein the retrieving a candidate video
similar to the target video from a video database based on a plurality of feature vectors
of the target video comprises:

obtaining a feature vector retrieval result similar to the plurality of feature vectors
of the target video from the video database; and

obtaining the candidate video similar to the target video from the video database
based on the feature vector retrieval result similar to the plurality of feature vectors of
the target video.

4. The method according to claim 3, wherein the constructing a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video comprises:

constructing a similarity matrix between the plurality of feature vectors of the
target video and a plurality of feature vectors of the candidate video based on a vector
retrieval result between the plurality of feature vectors of the target video and a plurality
of feature vectors of each of the candidate video; and

constructing the time domain similarity matrix feature map between the target
video and the candidate video in a time domain dimension based on the similarity
matrix between the plurality of feature vectors of the target video and the plurality of
feature vectors of the candidate video.

5. The method according to claim 4, wherein the constructing the time domain
similarity matrix feature map between the target video and the candidate video in a time
domain dimension based on the similarity matrix between the plurality of feature
vectors of the target video and a plurality of feature vectors of each of the candidate
video comprises:

drawing the similarity matrix between the plurality of feature vectors of the target
video and the plurality of feature vectors of the candidate video on a two-dimensional
feature map based on a time domain mapping relationship between the target video and
the candidate video, to obtain the time domain similarity matrix feature map between
the target video and the candidate video.

6. The method according to claim 5, wherein when there are a plurality of

candidate videos, the drawing the similarity matrix between the plurality of feature
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vectors of the target video and a plurality of feature vectors of each of the candidate
video on a two-dimensional feature map based on a time domain mapping relationship
between the target video and the candidate video, to obtain the time domain similarity
matrix feature map between the target video and the candidate video comprises:

drawing a similarity matrix between the plurality of feature vectors of the target
video and a plurality of feature vectors of each of a plurality of candidate videos on
each of a plurality of two-dimensional feature maps based on a time domain mapping
relationship between the target video and the plurality of candidate videos, to obtain a
plurality of time domain similarity matrix feature maps between the target video and
the plurality of candidate videos; and

splicing the plurality of time domain similarity matrix feature maps between the
target video and the plurality of candidate videos, to obtain a time domain similarity
matrix feature map between the target video and the plurality of candidate videos.

7. The method according to claim 2 or 6, wherein the using the time domain
similarity matrix feature map as an input into a deep learning detection model, to output
a video segment matching the target video in the candidate video and a corresponding
similarity comprises:

using the time domain similarity matrix feature map as the input into the deep
learning detection model, to output an interval range of the video segment matching the
target video in the candidate video in a time domain dimension and a similarity between
the target video and the matched video segment.

8. The method according to claim 2, wherein the deep learning detection model
comprises at least one of the following: a faster convolution neural network based
candidate region detection model Faster R-CNN, a masked convolutional neural
network based candidate region detection model mask R-CNN, a real-time object
detection model YOLO, and a single multi-box detection model SSD.

9. A blockchain-based infringement evidence storage apparatus, comprising:

a candidate video retrieval module, configured to retrieve a candidate video similar
to a target video from a video database based on a plurality of feature vectors of the
target video;

a feature map construction module, configured to construct a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video;

a model output module, configured to use the time domain similarity matrix
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feature map as an input into a deep learning detection model, to output a video segment
matching the target video in the candidate video and a corresponding similarity; and

an evidence uploading module, configured to upload infringement evidence
comprising an abstract of the target video, the video segment matching the target video
in the candidate video, and the corresponding similarity to a blockchain when the
similarity corresponding to the video segment matching the target video in the candidate
video is greater than or equal to a predetermined similarity threshold, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

10. A video matching apparatus, comprising:

a feature vector acquisition module, configured to obtain a plurality of feature
vectors of a target video;

a candidate video retrieval module, configured to retrieve a candidate video similar
to the target video from a video database based on the plurality of feature vectors of the
target video;

a feature map construction module, configured to construct a time domain
similarity matrix feature map between the target video and the candidate video based
on the target video and the candidate video; and

a model output module, configured to use the time domain similarity matrix
feature map as an input into a deep learning detection model, to output a video segment
matching the target video in the candidate video and a corresponding similarity, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

11. An electronic device, comprising:

a processor; and

a storage, configured to store a computer-executable instruction, wherein when the
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computer-executable instruction is executed, the processor is enabled to perform the
following operations:

retrieving a candidate video similar to a target video from a video database based
on a plurality of feature vectors of the target video;

constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video;

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity; and

uploading infringement evidence comprising an abstract of the target video, the
video segment matching the target video in the candidate video, and the corresponding
similarity to a blockchain when the similarity corresponding to the video segment
matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

12. A computer-readable storage medium, wherein the computer-readable storage
medium stores one or more programs, and when the one or more programs are executed
by an electronic device comprising a plurality of application programs, the electronic
device is enabled to perform the following operations:

retrieving a candidate video similar to a target video from a video database based
on a plurality of feature vectors of the target video;

constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video;

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity; and

uploading infringement evidence comprising an abstract of the target video, the
video segment matching the target video in the candidate video, and the corresponding

similarity to a blockchain when the similarity corresponding to the video segment
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matching the target video in the candidate video is greater than or equal to a
predetermined similarity threshold, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

13. An electronic device, comprising:

a processor; and

a storage, configured to store a computer-executable instruction, wherein when the
computer-executable instruction is executed, the processor is enabled to perform the
following operations:

obtaining a plurality of feature vectors of a target video;

retrieving a candidate video similar to the target video from a video database based
on the plurality of feature vectors of the target video;

constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video; and

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the
corresponding candidate video and an infringement flag.

14. A computer-readable storage medium, wherein the computer-readable storage
medium stores one or more programs, and when the one or more programs are executed
by an electronic device comprising a plurality of application programs, the electronic
device is enabled to perform the following operations:

obtaining a plurality of feature vectors of a target video;

retrieving a candidate video similar to the target video from a video database based

on the plurality of feature vectors of the target video;
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constructing a time domain similarity matrix feature map between the target video
and the candidate video based on the target video and the candidate video; and

using the time domain similarity matrix feature map as an input into a deep
learning detection model, to output a video segment matching the target video in the
candidate video and a corresponding similarity, wherein

the deep learning detection model is obtained through training based on time
domain similarity matrix feature maps of a plurality of groups of sample videos and
corresponding labels, the sample video comprises a query video and a candidate video
corresponding to the query video, and the label corresponding to the sample video
comprises a video segment matching the query video in the sample video in the

corresponding candidate video and an infringement flag.
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