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(Abstract ‘

With the rapid development of information technology and network technology and the rapid popularization of
computers and intelligent devices, network video media have gradually replaced traditional media and became the
main carrier of information production, storage, dissemination, sharing, and use. However, digital information can
be easily copied, modified, and disseminated, which leads to the problem of network video copyright theft which
is very prominent. Aiming at the copyright problem of sports video, this paper proposes an idea of using LOGO to
identify the copyright of sports video, which can automatically and effectively detect whether the video is genuine
or not. Firstly, encrypted LOGO is added to the video by encryption technology, and then, LOGO recognition
technology is used to distinguish whether the LOGO is missing in the video, so as to distinguish the legitimacy of
the video. In addition, aiming at the shortcomings of traditional LOGO recognition technology, this paper proposes
a LOGO detection and recognition technology based on convolution neural network. This method improves the
traditional histogram algorithm, proposes an analysis algorithm based on non-uniform block HSV histogram, and
introduces region weighting coefficients to extract key frames from the video. Then, the convolution neural
network is used to extract the features of the key frames of the video. Finally, the features of the sample LOGO are
matched to complete the LOGO detection and recognition. Simulation results show that the effect of feature
extraction using convolution neural network is better. Compared with the traditional LOGO recognition technology,
the LOGO detection and recognition technology based on convolution neural network proposed in this paper has
better detection and recognition performance. It effectively detects the LOGO information in the video and realizes
the recognition of whether the video is genuine or not.
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1 Introduction

Today, copyright protection will play a vital role in the
increasingly prominent value of the copyright industry.
As one of the important legal systems that encourage
and protect intellectual innovation; promote economic,
technological, cultural and social development; and en-
hance the country’s core competitiveness, copyright pro-
tection is increasingly important and its role is becoming
more and more prominent. At present, the development
of copyright protection in China has entered a new histor-
ical stage, that is, the creation and use of intellectual
achievements to promote economic development and
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social progress. But now, our country is in the transition
period, so we have encountered many problems. With the
emergence of a large number of network video, the copy-
right problem of massive network video content is becom-
ing more and more prominent. A technology that can
automatically detect pirated videos is urgently needed to
further enhance the efficiency, quality, and intensity of
copyright management.

Our common logo for all kinds of goods is Logo, also
known as the trademark name, which includes text,
graphics, letters, numbers, three-dimensional logo, and
color combinations, as well as the combination of the
above elements. The Logo of the video is the symbol of
the content of the video, which to some extent reflects
the information of the content of the video.

Generally speaking, the following four principles should
be followed in the design of Logo: [1-3]:

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13640-019-0441-8&domain=pdf
mailto:lizhi@nit.zju.edu.cn
http://creativecommons.org/licenses/by/4.0/

Li EURASIP Journal on Image and Video Processing (2019) 2019:46

1. Simplicity: Logo, as a visual language, requires it to
produce instantaneous effects and give a clear first
impression when it comes to the audience. Therefore,
the typical corporate logo is characterized by
simplicity, clarity, and eye-catching features, while
avoiding patterns that are too complex and too con-
cealed. Our survey of the top 500 companies shows
that logos in large companies are designed to be clear
and eye-catching, which makes logos suitable for a
variety of uses and seems to have excellent recogni-
tion from all directions and angles. At the same time,
Logo designers must also consider the effect of Logo
based on different media, in order to achieve commu-
nication convenience and consistency.

2. Uniqueness: The commercial purpose of Logo is to
express the unique character of an enterprise, a
product, or a brand. Logo, as a unique mark, needs
to let consumers recognize the unique quality of
the brand; therefore, Logo design must be novel
and unique, showing the unique personality of
enterprises, products, or brands. For these reasons,
one of the most important things in Logo design is
to avoid being similar to other Logos. The
fundamental principle of logo design is creativity. In
order to design a unique visual image with high
visibility and strong expressive ability, designers
should be good at using various techniques and
eventually design a logo which is easy to recognize
and memorize.

3. Artistry: Logo is not only a commercial logo, but
also carries and conveys brand values. In order to
achieve the above purposes, Logo design must
conform to esthetic principles, so that people watch
not only a Logo process, but also an esthetic
process. The esthetic meaning of Logo is often
expressed through the modeling of Logo. Modeling
beauty is an important artistic feature of Logo. The
modeling elements of Logo include four categories:
point, line, surface, and body. With the help of
these four elements and by mastering the relevant
rules of different forms of modeling, the logo
pattern has the esthetic characteristics independent
of other things, expresses the connotation of the
brand and embodies the spirit of the brand.

4. Development: With the change of the times or the
development of the brand, the content and style
reflected by Logo may not accord with the rhythm
of the times and the change of the brand.
Therefore, the content of Logo should be innovated
so as to keep pace with the times. At present, many
enterprises, including Huawei, have abandoned
outdated logo designs in order to better conform to
the spirit of the times and brand development,
replacing them with logos that are more visually
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expressive and user-friendly in order to further
enhance brand competitiveness.

The key point of Logo detection and recognition algo-
rithm is the invariant feature extraction scheme, so some
researchers have proposed SIFT (scale-invariant feature
transform) feature descriptor [4], SURF (speeded up ro-
bust features) descriptor [5], ORB (oriented FAST and
rotated BRIEF) feature descriptor [6], HOG (histogram of
oriented gradient) feature descriptor [7], LBP (local binary
pattern) feature description operator [8], and Haar feature
description operator [9] for invariant feature extraction.

SIFT features are invariant in rotation, scale, translation,
viewing angle, and brightness and have good robustness
to parameter adjustment. The algorithm can effectively
express the target feature information. The extraction of
local feature points by SIFT algorithm mainly includes
four steps: suspected feature points detection, removal of
pseudo-feature points, matching of feature points’ gradient
and direction, and feature description vector generation.
SURF description operator and ORB feature description
operator are the improvements of SITF description oper-
ator, especially the ORB feature description operator,
which makes the running time of target detection and rec-
ognition algorithm take a qualitative leap. The HOG fea-
ture description operator implements the object feature
description by calculating and counting the gradient histo-
gram of the local region of the image. Haar features can
be divided into four categories: edge features, linear fea-
tures, central features, and diagonal features. These fea-
tures can be combined into feature templates to extract
invariant features, which were first used in face detection
by Papageorgiou et al. [10].

The effect of traditional Logo detection and recognition
method is strongly dependent on the characteristics of
artificial selection. The depth learning model proposed by
Hinton in 2006 breaks this difficulty. He proposed a depth
learning model using multiple hidden layers to learn
high-level representations [11] and mentioned that deep
neural networks could be used to automatically learn
high-level features from large amounts of data. Compared
with the characteristics of traditional methods, the deep
learning model has richer self-learning features, higher
abstraction level, and stronger expressive ability. Common
deep learning models include deep learning models based
on Restricted Boltzmann Machine (RBM) [12, 13], deep
learning models based on autoencoder [14—16], and deep
learning models based on the convolution neural network
(CNN) [17-19].

With the continuous development of deep learning
technology, researchers have found that using the deep
learning model based on convolution neural network for
target detection and recognition, the accuracy can be
greatly improved. In particular, the R-CNN (regions with
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CNN features) algorithm proposed by Girshick R in
2014 [20] has made breakthroughs in the application of
deep learning in the field of target detection and recog-
nition. In the R-CNN algorithm, the selective search
algorithm is used to generate candidate regions instead
of the traditional “pyramid” sliding window mechanism.
In the whole network architecture of the R-CNN algo-
rithm, the author uses Alex Net and VGG16 deep neural
networks to build the target detection and recognition
framework, and at the end of the network, BBox regres-
sion is used to improve the accuracy of the detection
and recognition algorithm on the data set.

Aiming at the current problem of copyright piracy of
network video, this paper applies logo recognition tech-
nology to the copyright identification of sports video
and proposes an idea of video copyright identification
using LOGO, which can automatically and effectively
detect whether the video is genuine or not. The specific
contributions of this paper are as follows:

1. Encryption technology is used to add encrypted
LOGO to the video, and then, LOGO recognition
technology is used to distinguish whether the
LOGO is missing in the video, so as to distinguish
the legitimacy of the video.

2. The key frames are extracted from the video, the
traditional histogram algorithm is improved, and
the analysis algorithm based on uneven block
HSV histogram is proposed, and the region
weighting coefficient is introduced, which
highlights the importance of the feature of the
center region of the image. The algorithm can
achieve fast and good key frame extraction,
greatly reduce the number of frames, and
improve the processing speed.

3. To overcome the shortcomings of traditional
LOGO recognition technology, this paper proposes
a LOGO detection and recognition technology
based on convolution neural network. This method
uses convolution neural network to extract features
of key frames of video and then matches the
features of sample LOGO to complete the LOGO
detection and recognition.

2 Proposed method

2.1 Video key frame extraction

2.1.1 Basic idea of algorithm

The basic idea of non-uniform block HSV histogram al-
gorithm is to divide the image into several blocks and
then extract its color histogram for each block, so that
the extracted color histogram can better represent the
color distribution in the image. Because pixels in differ-
ent regions have different contributions to the image,
the block histogram algorithm here does not simply
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divide the image into several uniform blocks, but divide
the image into blocks of different sizes. In an image, the
pixels that reflect the content of the image are basically
concentrated in the middle of the image, and the contri-
bution of the pixels in the surrounding area to the con-
tent of the image is slightly smaller.

The reason why the uneven block HSV histogram al-
gorithm can be applied here mainly considers the advan-
tages of the improved histogram algorithm:

1. The statistical process considers the change of local
features and is more sensitive to the change of local
features, so it is more scientific when it is used in
the process of key frame extraction.

2. Because the image is divided into blocks for
processing, multi-threading method can be
introduced to speed up the processing.

3. Introducing weighting and discarding the edge and
corner area of the image, highlighting the importance
of the central area of the image, which is conducive
to the video focus on the feature transformation of
the central area of the image, so as to draw a
conclusion.

2.1.2 Color space change

HSV color space is a kind of color representation in
computer vision. The hue (H) is very similar to human
visual angle, and the sensitive program of the precise hu-
man eye to color is much weaker than that of the human
eye to brightness. Therefore, in order to better under-
stand and analyze color processing, computer vision is
usually using HSV color space. In HSV color space, each
component is processed separately and is independent
of each other. It is not like RGB color space. Although
there are three channels, the three channels are worth
getting from the color of one pixel. That is to say, the
three channels are not independent of each other. The
three channels must exist at the same time to form the
effect. HSV color space can be described by a conical
space model, which is very complex and difficult to de-
scribe. However, this model has its unique advantages,
that is, it can really clearly show the changes in hue,
brightness, and saturation. Therefore, in the HSV color
space, the workload of image analysis and processing
can be greatly simplified. The combination of HSV hues
and saturation is often called chromaticity, which is used
to indicate the type and depth of the color. They can be
conveniently used in HSV color space. They can be
processed separately and are independent of each other.
Space and RGB color space are only different represen-
tations of the same physical quantity, so there is a trans-
formation relationship between them. The transfer
formula is shown in formula (1):
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In formula (1), max and min are the maximum and
minimum values in R, G, and B channels. It is easy to
convert RGB color space to HSV color space by the
above formula.

In experiments, Euclidean distance is often used. Eu-
clidean distance is mainly used to calculate the distance
between two points. For the data of multi-dimensional
spatial characteristics, it can also be well used. The cal-
culation formula of Euclidean distance is as follows:

n

dist = Z (x1i—20:)° (4)

i=1

Among them, # is the data dimension, and xy; is the i
data of the first point, and x,; is the i data of the second
point. But occasionally, dist/# is used instead of dist, be-
cause the results calculated from multi-dimensional data
may be larger, so the Euclidean distance divided by its
dimension is chosen to display the final result.

2.1.3 Algorithm implementation

In order to obtain a more coherent histogram, we divide
the component values of HSV color space into larger in-
tervals. In general, the value of the H component is 0 -
360" and the value of S is 0—1. But here, in order to fa-
cilitate the calculation of data, we reduce the error and
use the following criteria: The H value range is 0~180,
and the S value range is 0~255. In the experiment, we
divide the H component into 16 intervals, divide the S
component into 8 intervals, so that an image can be rep-
resented by 128-dimension vectors. Then, the Euclidean
distance of 128-dimension vector of color feature corre-
sponding to two frames can be calculated when the
similarity of the two frames is compared. The similarity
of the two frames can be judged by the threshold value
of the distance. If the threshold value is exceeded, the
shot switching will occur; otherwise, the shot switching
will not occur.

Histogram extraction algorithm is as follows:
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Read the image file

Get image size

w = pic.width; 1 = pic.width

The cvCvtColor function is called to convert the

image to the HSV color space

5. The cvCvtpixplane function is invoked, and the HSV
color is output to the specified array according to the
three color channels of H, S, and V'

6. Create histograms, set them into two dimensions,
and divide each dimension equally

7. Histogram statistics for four surrounding areas

8. Calculate the histogram according to the two plane
data of H and S, plus the weight of 0.8

9. The histogram of the statistical center region, with
a weight of 1.2

10. The histogram is merged together according to the
contribution value of the two parts to the image

11. The maximum value of histogram statistics is
obtained, which is used to display histogram
dynamically

12. Setting histogram and displaying histogram image

13. Output histogram and save histogram data for

subsequent processing.

B W

As long as the appropriate threshold of Euclidean dis-
tance is selected, the key frame extraction based on
non-uniform block HSV histogram method can basically
meet the requirements. Therefore, some experiments are
needed to obtain the most appropriate distance thresh-
old before the key frame extraction.

2.2 Image preprocessing

2.2.1 Image enhancement

Generally, spatial or frequency domain methods are used
in image enhancement. The principle of spatial method is
to enhance the image effect by converting the pixels in the
image [21-23]. The formula is described as follows:

g(x,y) = f(x,) x h(x,7) (5)

where f{x,y) is the original image, /(x,y) is a space conver-
sion function, and g(x, y) represents the processed image.

Compared with the spatial domain method, the fre-
quency domain method is an indirect image enhancement
method. The basic principle of the frequency domain
method is to use some algorithms in the image frequency
domain to perform some operations on the image trans-
formation value and then change it back to the spatial do-
main. For example, the Fourier transform is used to
transform the image into its frequency domain, and then,
some filtering correction is made to the spectrum of the
image. Finally, the filtered image is inversely changed to
its spatial domain to enhance the image.
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(@) Original image

Fig. 1 Grayscale of original video frame. a Original image. b Grayscale processing

(b)GrayscaIe processing

In this paper, we use image grayscale transformation,
histogram equalization, and image 2 values to enhance
image processing.

2.2.2 Image denoising

Because noise pollution seriously affects the quality of im-
ages, it is necessary to take appropriate methods to re-
move the image drying. It is very important to suppress
the various interference signals which degrade the image,
enhance the useful signals in the image, and correct the
observed different images under the same constraint con-
ditions. There are many algorithms for image denoising
currently, and there are mainly three classical algorithms.

1. Gauss filtering method [24]: Gauss filter is a kind of
linear smoothing filter, which is suitable for filtering
Gaussian white noise. Gauss filter method has been
widely used in the preprocessing stage of image
processing. The pixel value of each pixel in the
image is calculated by Gaussian filtering operation,
the result is obtained by weighting the pixel gray
value and other pixel gray values in the
neighborhood of the pixel itself, and the weighted
average weighting coefficient is obtained by
sampling and normalizing the two-dimensional
discrete Gaussian function.

2. Mean filtering method [25]: Mean filtering is also
called linear filtering, and its main method of
calculation is the neighborhood average method. The
basic principle of mean filter is to replace each pixel
value of the original image with the mean value, that

is, to treat the current pixel point (x, ), select a
template, which is composed of several neighboring
pixels, calculate the mean value of all pixels in the
template, and then give the mean value to the
current pixel point (x, y), which is the gray value
g(x, y) of the processed image at this point. That
is, glx,y) = 1/m X fix, y), where m is the total
number of pixels in the template containing the
current pixels. This method can smooth the
image and is fast, and the algorithm is simple.

3. Median filtering method [26]: Median filtering is
a nonlinear filtering technique, which sets the
gray value of each pixel to the median value of
all pixels in a neighborhood window of the point.
The main principle is to sort the odd number of
data from a sampling window in the image and
then take the intermediate value after sorting as
the gray value of the current pixel.

2.3 Feature extraction and recognition

The feature extraction stage mainly refers to the process of
extracting the eigenvalue of the image input into convolu-
tion neural network. In the feature extraction stage, each
candidate region will undergo several convolution operations
and pooling operations in convolution neural network, so as
to compute and extract the target features. Convolution can
effectively extract the invariant features from the image,
while pooling can reduce the dimension of the input image
without changing the features. Finally, the network will use
these invariant features to classify the target.

(a)Original image

Fig. 2 Logo image grayscale. a Original image. b Grayscale processing

(b)Grayscale processing
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(a)Join logo

Fig. 3 Video frames are added to the logo and hidden logo. a Join logo. b Hidden logo

(b)idden logo

There are three main reasons for using an abstract
neural network to abstract feature computation and extrac-
tion: Firstly, because of the inherent characteristics of con-
volution layer and pool layer of convolution neural
network, image translation and other operations will not
cause changes in convolution characteristics. Secondly, the
use of convolution neural network to extract the independ-
ent learning features can avoid the use of artificial selection
of fixed features, thus avoiding feature extraction as the
bottleneck and ceiling of the later enhancement algorithm.
Third, the size of eigenvectors of convolution layer, pool
layer, and output layer can be controlled freely. The dimen-
sion of eigenvectors can be reduced when overfitting occurs
in training, and the output of convolution layer can be im-
proved when underfitting. Compared with other networks,
convolution neural network has higher flexibility.

The basic network structure of convolution neural net-
work can be divided into four parts: input layer, convo-
lution layer, full connection layer, and output layer. The
following sections describe the network parts in detail.

2.3.1 Input layer

Convolution input layer can act directly on the original
input data; for the input layer image, the input data is
the pixel value of the image.

2.3.2 Convolution layer

Convolution layer of convolution neural network, also
known as feature extraction layer, consists of two parts.
The first part is the real convolution layer in which the
main role is to extract the input data features. The charac-
teristics of each of the different convolution kernels extract-
ing input data are different. The more the convolution
layer’s convolution kernels, the more features of the input
data can be extracted. The second part is the pooling layer,
also known as the downsampling layer, in which the main
purpose is to retain useful information on the basis of redu-
cing the amount of data processing and speed up the train-
ing network. Generally, convolutional neural networks
contain at least four layers of convolution (in this case, the
real convolution layer and the lower sampling layer are col-
lectively called convolution layer), namely convolution layer,
pooling layer, convolution layer, and pooling layer. The
more the convolution level, the more abstract features can
be extracted on the basis of the previous layer.

2.3.3 Fully connected layer

It can contain several full connection layers, which is ac-
tually the hidden layer of multilayer perceptron. Nor-
mally, the ganglion points in the posterior layer are
connected to each ganglion point in the anterior layer,
and there is no connection between the neuron nodes in

‘4“.('

(a)Noise image

Fig. 4 Image denoising processing. a Noise image. b Denoised image

‘.‘_v "’“
(b)Denoised image
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(a) Before binarization

Fig. 5 Image binarization processing. a Before binarization. b After binarization

' v M

(b)After binarization

the same layer. Each layer of neuron node propagates
forward through the weight of the connection line, and
the weighted combination obtains the input of the next
layer of neuron node.

2.3.4 Output layer
The number of neural nodes in the output layer is set
according to specific application tasks. If it is a classifica-
tion task, the output layer of convolution neural network
is usually a classifier.

In order to match the features of the sample logo and
realize the logo recognition, the SVM classifier is used
for the binary classification operation.

3 Results and discussions

The sports video used in this simulation comes from the
network, such as Tencent video, Youku video, and Aichi
video. It adds an encrypted logo, and these pictures are
downloaded from common media, not a special picture
library, so it has a strong universality. The key pixels of
the video keyframe are 500 x 334, and the pixel of logo
is 50 x 45.

Before the simulation experiment, we need to add the
logo to the video and encrypt it. First, the original pic-
ture of the video frame is grayed out, as shown in Fig. 1.
Figure 1la is the original image, and Fig. 1b is the result
of the graying process; it can be seen that the image in-
formation is basically retained, but the image is reduced
from three dimensions to two dimensions. Figure 2 is a
grayscale process of the logo designed herein, wherein
Fig. 2a is an original image, and Fig. 2b is a result image
after grayscale processing.

After graying the video frame image and the logo
image, this paper adds the logo image to the video frame
image and obtains Fig. 3a, then hides the logo, which is
easy to keep a secret and does not affect the viewing ef-
fect. The hidden result is shown in Fig. 3b. Combining
with Fig 1b and Fig. 3b, it can be seen that after adding
logo, after security processing, the gray image of the ori-
ginal image is not different from the naked eye, so it is

feasible to add logo and secret operation, which shows
the feasibility of the operation of this paper and lays a
foundation for the following experimental simulation.

After the key frame is selected for the video, the image
is obtained. In order to highlight the logo feature in the
key frame image, the image is strengthened, the unim-
portant information is weakened or removed, the logo
information is strengthened, and the key frame image is
transformed into a more useful image, which is conveni-
ent for extracting the feature information of the image
by using the convolutional neural network.

In the image processing process, the existence of noise
is inevitable. In this paper, denoising processing is also
needed in the preprocessing process. The result is shown
in Fig. 4. It can be seen from the figure that after adding
Gaussian noise, the picture information is blurred, which
is unfavorable for the subsequent processing of the
image, and after the denoising process, the gray image
information is effectively restored, thereby avoiding the
noise influence during the processing.

After the denoising process, the image is binarized, and
the result is shown in Fig. 5, wherein Fig. 5a is an image
before binarization processing, and Fig. 5b is a binarized
image. It can be seen from Fig. 5 that after the grayscale
processing of the image, there are 256 Gy levels, and the
appropriate threshold is selected to divide the gray level of
the grayscale image into two parts, thereby obtaining the
binarization of the image. It keeps the region of interest in
the image to the greatest extent and shields all the irrele-
vant information. In addition, it can be seen that after bi-
narization, the data volume of the algorithm is less, and
the sensitive region of the image can be highlighted, and
the gray level of the whole image is reduced to the binary

Table 1 Effect of different logo recognition methods
Method

Feature extraction based on convolution neural network — 91.7

Accuracy (%)

Feature extraction based on SITF algorithm 884

Feature extraction based on template matching 82.1
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Feature extraction based on convolution neural network

Fig. 6 Comparison of three kinds of feature extraction methods

Feature extraction based on SITF algorithm

Different logo recognition methods

Feature extraction based on template matching

dimension, which makes the subsequent feature extraction
algorithm work greatly simplified.

In order to show the superiority of using convolution
neural network to extract feature information, this paper
compares it with the logo recognition method based on
template matching and the logo recognition method
based on SIFT algorithm. The data is processed by the
average value of 100 times. The comparison result is
shown in Table 1. The effect comparison chart is shown
in Fig. 6. Combining Table 1 and Fig. 6, we can see that
the feature extraction method based on convolution
neural network has the highest accuracy, the feature ex-
traction method based on SIFT algorithm takes the sec-
ond place, and the feature extraction method based on
template matching is the worst. SIFT features have scale
invariance, many matching points, good performance,
more stable, and other excellent performance. However,
the accuracy of logo recognition based on convolution
neural network feature extraction method is 3.3% higher
than that based on template matching method, and the
accuracy of logo recognition is 9.6%. It can be seen that
the feature extraction using the convolutional neural
network has good performance because of the inherent
characteristics of the convolutional neural network
convolutional layer and the pooled layer, so that the
translation of the image does not cause changes in the
convolution characteristics. And using the autonomous
learning feature extraction of the convolutional neural
network can avoid the use of artificially selected fixed
features, thereby avoiding the feature extraction becom-
ing the bottleneck and ceiling of the effect of the later
lifting algorithm. In addition, it can reduce the dimen-
sion of feature vectors when overfitting occurs in train-
ing and improve the output of convolution layer when
underfitting, which makes convolution neural network
more flexible.

A video with a logo is selected to test the encrypted video.
The logo is intact with positive samples, and the logo is
destroyed with negative samples. Video logo detection

experiment is carried out through three video sample li-
braries. The positive and negative samples in sample 1 are
100, the positive and negative samples in sample 2 are 500,
and the positive and negative samples in sample 3 are 1000.
In addition, this paper uses the precision, accuracy, recall,
and comprehensive evaluation index F1 to evaluate the per-
formance of the algorithm. The precision, accuracy, and re-
call rate are all information retrieval. The accuracy rate is
the ratio of the relevant samples detected by the system to
the total number of samples detected by the system, while
the recall rate is the ratio of the relevant samples detected
by the system to the total number of samples related to the
system. The accuracy rate and recall rate are interrelated.
In general, the accuracy rate is how much the retrieved
sample is accurate, and the recall rate is how many accurate
samples are retrieved. The F1 value is a comprehensive
index that combines these two indicators to reflect the
overall index. Of course, we hope that the higher the accur-
acy and recall, the better, so that its comprehensive evalu-
ation index F1 will be higher. The accuracy rate is
expressed in B and the recall rate is expressed in R. The
definition of F1 is as follows:

_ZXPXR

F1= 6
P+R (©)

where P denotes the accuracy and R denotes the recall
rate.

Table 2 Simulation test results

Sample  The number The number Precision Accuracy Recall F1
grouping of positive  of negative  rate rate rate value
samples samples
detected detected
correctly correctly
1 89 92 0.905 0912 0.899  0.906
2 457 461 0918 0.931 0918 0924
3 919 927 0923 0.926 0911 0918
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The results of the simulation test are shown in Table 2,
and the histogram of four performance indicators is
shown in Fig. 7.

Combining Table 2 and Fig. 7, we can see that the per-
formance of three groups of samples is not very differ-
ent, among which the precision rate of three groups of
samples is 91.5%, the accuracy rate is 92.3%, and the re-
call rate is 90.9%, which shows that the logo recognition
copyright detection method based on convolutional
neural network has not only good stability, but also good
recognition performance. In addition, from the value of
the comprehensive evaluation index F1, the F1 values of
the three groups of samples are more than 90%, with an
average of 91.6%. This shows that the method of copy-
right piracy detection designed in this paper is effective.
In summary, the analysis shows that the logo recognition
copyright detection method based on convolutional
neural network designed in this paper has good stability
and recognition performance.

4 Conclusions

Nowadays, network video has spread all over the coun-
try, but because it is easy to be copied, modified, and
disseminated, the problem of copyright theft of network
video is very prominent. Aiming at the copyright prob-
lem of sports video, this paper proposes a logo recogni-
tion technology based on convolution neural network
and uses the method of adding encrypted logo to the
video to realize the video copyright detection function
and automatically and effectively detect whether the
video is genuine. In this paper, the analysis algorithm
based on non-uniform block HSV histogram is adopted,
the region weighting coefficient is introduced to extract
the key frame from the video, and the key frame of the
video is simulated. The simulation results show that the
image preprocessing method proposed in this paper can
effectively enhance the image feature information and

highlight the key areas, and by comparing with several
commonly used methods for logo recognition and detec-
tion, we can see that the logo recognition technology
based on convolution neural network proposed in this
paper has better performance. Finally, the effectiveness
and superiority of this method are illustrated by the
simulation of video with encrypted logo.
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