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Abstract 

In this essay, the real-time images collected by cameras are as the input of the 
Convolutional Neural Network which is the seven-layer network based on the MobileNet-
v2 and the application of template matching for the portrait division. The addition of the 
3D standard model into the standard database assists in the judgement, which results in 
the increase of the final identification accuracy which reaches 94%. Once the 
output vector is identified, this essay conducts the second judgement for the actions that 
exceed the threshold and standard error database. As a result, the analysis report would 
be formed based on the preceding stages. 
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1. Introduction 

Nowadays, badminton has become a very popular sport, therefore, the movement analysis of 
badminton has become a huge demand for many people. At present, the common analysis is 
usually based on the visual observation and empirical inference rather than the system of 
motion analysis. The observation by solely watching has plenty of disadvantages including the 
strong subjectivity and low efficiency. As a result, it is of great importance to directly analyze 
the badminton motions by the intervention of computer. 

With the popularization of the application of the Convolutional Neural Network, there are 
various new methods of image processing, meanwhile, the methods for implementing behavior 
processing have also emerged slowly. The literature [1] to [4] give a description of the content 
related to the human behavior recognition. Based on the high-speed development of the deep 
learning technology and a wide range of light weight network model design, the literature [3] 
to [4] give a specific description of particular content based on the original Mobilenet-v2. This 
essay promotes a real-time analysis and processing system for the Badminton posture based 
on Mobilenet. The system automatically generates the frequency and standard degree of 
individual playing posture through machine learning method. 

A database of the common standard and common error actions is required in this system which 
is based on the generation database for a large number of screen-shots and images; additionally, 
the common standard actions and error actions would be modeled for standardization. What’s 
more, the system also needs to collect the players’ pictures from multiple angles simultaneously 
to increase the recognition probability. 
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2. The Establishment and Optimization of Database 

For the part of standard database. The system selects the standard and correct posture pointed 
out in the teaching videos, classifies the posture into top shot, side shot, upright serve, bent pick 
and lunge, and based on the 3D modeling in the MAYA software, represents multiple pictures 
from above 5 angles and extends the training set for the neural network, increasing its 
standardization. The collection of the images of players from various angles corresponds the 
results collected online by the camera, increasing the probability of correct identification. 

According to figure 1, the separate and specific description of the model from five angles. The 
five pictures are in line with the right, the left, the back, the right back and the left back. 

 

 
Image 1. 3D modeling 

 

First, the pictures could be obtained from the teaching videos and illustrations, and then two 
samples (the positive and negative samples) with the same characteristics are selected as 
independent data sets. In total, ten independent data sets are needed. The positive samples 
select the standard and correct postures pointed in the teaching videos and the images will be 
classified into five angles. The negative samples select the common error posture and will be 
classified into top shot, side shot, upright serve, bent pick and lunge. Then the two types of 
samples should be stored separately. Finally, through the 3D modeling in the MAYA software, 
the images from the above five angles were repeatedly taken from several models of standard 
postures as a training set to demonstrate and expand the neural network. This step enhances 
database normalization by selecting the highest similarity as the result of the corresponding bit 
of the output vector. 

When the tested personnel conduct the technical action, they inevitably go through the three 
processes including the preparation action - technical action - end action. After investigation, it 
is found that these three processes can be simplified into three standing states: nearly upright 
state - not upright state - nearly upright state. Whether the detection is in an upright state can 
be determined by human body detection based on HOG+SVM. If a human body is detected, the 
current frame is not considered to be the key frame containing the technical action. The change 
from human body that can be detected to human body that cannot be detected indicates that 
the action has started. Save the frame as a picture. The transformation from undetectable 
human body to detectable human body indicates that the action has been completed, stop 
saving frames, and send the saved images to the real-time analysis system. 

3. Motion Detection Technique 

In Badminton playing, the time slice that reflect the level of the tested personnel is much less 
than 1s. Meanwhile, the frequency of the action is less than 5s. Therefore, in the video stream 
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data collected, a vast majority of frames are useless for judging the level of the players, and 
transferring all the frames to the analysis system would be a huge waste of time and effort. 

When the tested personnel conduct the technical actions, they would go through the three 
processes including preparation action, technical action and the end action. According to the 
related research, the three processes could be simplified into three standing phases, namely, 
approximately upright, non-upright and approximately upright. We can apply the HOG+SVM 
human detection to detect and judge whether their actions are the upright positions or not. If 
the human body is detected, then the current frame is not considered to be the key frame 
containing the technical actions. The transformation from the frame containing the detected 
human body to that containing the undetected human body indicates the start of an action and 
the frames should be saved as pictures. On the contrary, the transformation from the frame 
containing the undetected human body to that containing the detected human body indicates 
the end of an action when the frames collection process should end. In the final stage, the saved 
images would be sent to the real-time analysis system. 

 

 
Image 2. Approximately upright -- Non-upright -- Approximately upright 

4. Real-time Analysis System 

4.1. Algorithm Description 

During the real-time evaluation phase, the camera is used to collect and screen photos of 
players from five angles. Based on a simple Mobilenet-V2 modified Convolutional Neural 
Network, the images from each angle are matched twice with the common standard and error 
databases. The specific approach is to normalize the images from each angle to make the gray 
value of each point between -1 and 1. Then, the normalized images will achieve the 
segmentation of the characters and the background by using the template matching method. 
After that, the weights are updated by SoftMax transfer function to extract the action features 
of the characters. At the end of the process, the images are compared with the eigenvalue of 
each action in the standard database to achieve the output including the probability of matching 
the picture with five poses and the probability of matching with five wrong poses. 

 In the analysis stage, the output vector of the conventional neural network would be analyzed. 
Firstly, the sum of the output vector results should be normalized and and the results are judged. 
If the matching degree between the five postures and the standard postures is less than 0.42, 
without referring to the matching degree of the common wrong postures, it is considered that 
the actions are not matched to any database, and the results will not be recorded. If the 
maximum matching degree with the standard posture is greater than 0.42 and less than 0.76, 
the matching degree of common wrong posture is considered to be matched but not standard. 
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If the maximum matching degree with the standard posture is greater than 0.76 and the 
maximum matching degree of common wrong posture is greater than 0.61, the posture is 
considered as a common wrong posture. If the maximum matching degree with the standard 
posture is greater than 0.76, and the maximum matching degree of common wrong posture is 
less than 0.61, the posture is considered as the standard posture. 

4.2. Neural Network Structure 

The internal structure of the neural network of Badminton posture real-time analysis and 
processing system based on the Mibilenet. (Image 3) 

 
Image 3. Neural network structure 

 

The training part process of CNN is as follows: Firstly, build CNN and initialize the weight matrix, 
and then import the standard database, which is composed of the players’ photos that meet the 
requirements on the Aiyuke website and the major events. Before entering the neural network, 
preprocess the image matrix and constrain the values of each element of the matrix between -
1 and 1. 

 

y =  
(ymax−ymin)∗(x−xmin)

(xmax−xmin)
 +  ymin                                                   (1) 

 

The normalized matrix is implemented through template matching method to realize the image 
segmentation. The key point is to make use of the feature that the adjacent pixel values within 
the figure contour have little difference but the difference between inside and outside is large, 
that is, the player's clothing and skin color are significantly different from the background of 
the scene, so as to avoid the interference of site factors on human behavior in an effective way. 
Through the error estimation function tanh, the initial weight was modified after the first neural 
network has been updated. 

 

tanh(x) =
𝑒𝑥−𝑒−𝑥

𝑒𝑥+𝑒−𝑥
                                                                      (2) 

 

𝑊𝑛𝑒𝑤 = 𝑊𝑝𝑟𝑒 − tanh (𝑥)                                                             (3) 
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Save the trained network model locally and wait for the camera photos to be extracted from the 
local test database. 

The processing process of the neural network model is as follows: the images collected by the 
camera are in order read in, and the gray value matrix is used as the input of the convolutional 
neural network. Before entering the neural network, the matrix is preprocessed, and then the 
normalized matrix is segmented. Then segment image matrix through a total of three 
bottleneck module in turn. The transfer function is SoftMax. 

 

a =  
exp(n)

sum(exp(n))
                                                                             (4) 

 

In the convolutional layer, the convolution function can not only extracted the global 
eigenvalues, but also reduce the size of the matrix effectively. The convolution kernel is used to 
conduct the dimensionality reduction to the original images. 

 

c(n1, 𝑛2) = ∑ ∑ a(k1, 𝑘2)b(n1 − 𝑘1, 𝑛2 − 𝑘2)∞
𝑘2=−∞

∞
𝑘1=−∞                           (5) 

 

The matching probability and matching degree of the image matrix and five standard postures 
are obtained in the output layer. When comparing them with the standard postures, the weights 
of different actions from different angles are different: for example, for the smash action, the 
weights of the left and right sides should be significantly higher than those of the other three 
angles. This method is also used in the five common wrong postures. 

4.3. Computational Results 

Table 1 is the tabular results of the real-time analysis and processing system of badminton 
posture based on Mobilenet, and the results obtained from 120 tests are intercepted below. The 
indicators include frequency and standard rate without showing the accuracy of common 
errors. According to statistics, there were a total of 126 actions in this period, and the number 
of correct ones was 107. After several statistics, it is found that the system's key frame 
acquisition rate is above 94%, and the accuracy rate of image judgment is above 85%. 

 

Table 1. The results 

Postures occurrence number frequency standardized rate 

Top shot 58 48.33% 63.79% 

side-arm stroke 18 15.00% 27.78% 

Up-right 29 24.17% 75.86% 

Lift the ball 6 5.00% 50.00% 

Lunges play 9 7.50% 22.22% 

Test number 120 

 

The occurrence frequency can be compared with the big data of database to show the relative 
preference of players. Since the standard rates of different movements are different, they can 
be compared with the recommended index of the database to judge the frequency of players' 
choice of different hitting modes. 

The standard rate can relatively reflect the players' familiarity with various playing methods 
and provide reference for the later training. For example, in many cases, the standard rate of 
serving a ball is bound to be higher, and because of limited exercise, the posture of catching and 
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rubbing the ball might be not standard. Therefore, a recommended value can also be given 
through long-term use. 

5. Summary 

In this paper, 3D standard model is added to the standard database to improve the recognition 
rate and specification. The real-time key frame acquisition is realized, and the collection rate is 
above 94%. With the help of the standard database, the 7-layer network based on mobilenet-
v2 is used to make the second judgments, and the accuracy rate of image judgment can be 
guaranteed to be above 85%. 
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