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Abstract 

The Electromyography (EMG) signal is the superposition of the action potential of the 
motional unit in many muscle fibers in time and space, while the Surface Electromyography 
(sEMG) signal is the comprehensive effect of the EMG of the superficial muscle and the 
electrical activity of the nerve stem on the skin Surface, which can reflect the activity of the 
neuromuscular to a certain extent.As a painless, non-traumatic and convenient sEMG 
detection method, sEMG signal has been widely used in gesture recognition, rehabilitation 
medicine, human-computer interaction control and other fields. In the human upper limb 
MYO armlets acquisition forearm muscle electrical signals, after extracting the average 
absolute value, the number of passing zero, the wave length of the three time domain 
features, through the Support Vector Machine (Support Vector Machine, SVM) classifier to 
classify the collected sEMG recognition, the experimental results show that the SVM 
classifier can better identify the 4 kinds of gestures, the average recognition rate is 97.3%. 
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1. Introduction 

Human motion recognition technology is a kind of technology to identify human motion by collecting 
relevant information generated by human motion through sensors. SEMG can reflect the motion state 

of muscles and contains abundant information. Different types of motion have different sEMG[1], 

therefore, sEMG has good practical value in human-computer interaction, rehabilitation medicine, 

sports science and other fields. 

With the continuous in-depth study of sEMG, some achievements have been made at home and 
abroad. Document [2] collects four sEMG from four forearm muscles, extracts five features, classifies 

and recognizes sEMG by BP neural network, and achieves high recognition accuracy. Document [3] 

combines five characteristic parameters of signals and classifies and recognizes them by LDA 

classifier, which verifies that good results can be achieved under different feature combinations and 

dimensions. Based on the EMG control of the exoskeleton of the assistant robot, the linear 

discriminant analysis method based on Bayesian decision-making is used to discriminate the types of 

motion, and the average online recognition rate of the five types of actions reaches more than 95%. 

However, researchers should not only consider the accuracy of recognition, but also consider the real-

time, difference and other issues, and conduct more in-depth research. 

In this paper, the EMG signals generated by upper limb movements are collected by MYO arm ring. 
Four kinds of gestures are recognized by SVM classifier, and good classification results are achieved. 
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2. Design of experimental system 

After the signal data collected by MYO arm ring is transmitted from Bluetooth to the computer, the 
data are processed and identified. The design steps of the experimental system are shown in Figure 1, 

which mainly includes three parts: starting point detection, feature extraction and pattern recognition. 

 
Figure 1 system design flow chart 

2.1 Signal acquisition 

In order to obtain the surface EMG signal, it is necessary to convert the bioelectric signal generated 
by the human body into the voltage signal in the circuit[5]. At present, a variety of myoelectric signal 

acquisition equipment has been developed at home and abroad to collect surface myoelectric signals. 

For example, the Trigno16 channel wireless myoelectric signal collection system developed by 

Delsys company can receive the signal of myoelectric signal sensor within 40 meters. MYO armband, 

developed by Thalmic Labs, Canada, is made up of 8 sensors arranged at equal distances by spring 

buckle, which enables the armband to be worn effectively on the arm. It is used to detect the 

electromyographic signals generated by body movements, and then transmit the collected signal data 

to the computer with bluetooth technology, as shown in figure 2. 

 
Figure 2 MYO armband 

The relevant principle is to detect the bioelectric changes caused by the muscle movement of the 
wearer's arm through the built-in biosensor on the ring belt. The bioelectric signals of these changes 

can be used to determine the wearer's idea. After the data is sent to the computer for processing, the 

results can be used to control various devices.The signal quality of the armband is good, the 

interference is small, and the equipment itself is cheap, so it is very suitable as a control source. 

In consideration of the feasibility and convenience of experimental operation, this paper collected the 
surface electromyographic signals generated by the four gestures of open palm, open palm, closed 

fist and open hand through MYO armband as experimental data for experimental exploration, as 

shown in figure 3.It is stipulated that figure (a) is the state of relaxation and figure (b) - figure (e) is 

four gestures. In the process of data collection, it is stipulated that relaxation - action - relaxation is a 

complete action, and each action is repeated 48 times completely. 

 
Figure a Relax 
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Figure b wrist extension 

 
Figure c wrist flexion 

 
Figure d his fist 

 
Figure e open hand 

Figure 3 Schematic diagram of four gestures 

2.2 Feature extraction 

Feature selection is the key to action pattern recognition.sEMG carries information of different 
gestures [6].The purpose of feature extraction is to distinguish different gestures as far as possible 

and represent them through a certain feature data of sEMG.At present, the main feature extraction 

methods in EMG signal classification include time-domain feature, frequency-domain feature and 

time-frequency feature.Because time-domain features can also obtain better classification 

characteristics, and have the advantages of less computation and rapid acquisition, this paper selected 

time-domain features as the classification criteria, which are the average absolute value (MAV), the 

number of zero crossing (ZC), and the waveform length (WL). 

The average absolute value is shown in formula (1): 

𝑀𝐴𝑉 =
1

𝑁
∑ |𝑥(𝑖)|𝑁

𝑖=1                                                               (1) 

The number of zero crossing is shown in formula (2) : 

{
ZC =

1

𝑁
∑ 𝑓𝑘

𝑁−1
𝐾=1

𝑓𝑘 = {
1  𝑥𝑘𝑥𝑘+1 < 0, |𝑥𝑘 − 𝑥𝑘+1| > 휀
0  𝑒𝑙𝑠𝑒

                                    (2) 

The waveform length is shown in formula (3) : 

𝑊𝐿 = ∑ |𝑥(𝑖 + 1) − 𝑥(𝑖)|𝑁−1
𝑖=1                                                       (3) 

During the experiment, 24-dimensional feature sample data of one action was extracted for the 

experiment (namely, three time-domain features were extracted from each channel of MYO armband). 

2.3 SVM classifier 

Pattern classification refers to the process of classifying input eigenvectors through a classifier, which 

is a mathematical model that identifies input eigenvectors according to certain mathematical 

algorithms and outputs the types to which these eigenvectors belong.The classifier selected in this 
paper is support vector machine (SVM).SVM is put forward by Vapnik in 1995 a supervised machine 

learning method, is used to solve the small sample, nonlinear and high dimensional feature 

classification problem, its basic principle is: the binary classification problems of non-linear feature 

mapped to high-dimensional space, makes the nonlinear characteristics in the high-dimensional space 

linear separable, and then build in high dimensional space classification hyperplane to sample [7], its 

essence is through optimizing algorithm, seek geometry in the feature space interval biggest 
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hyperplane.As shown in FIG. 3.1, how to effectively separate the two types of samples with two 

different types of samples? As shown in FIG. 3.1, multiple lines exist to separate the two types of 

coordinates. The following rules are defined: if a segmented line is too close to the coordinate point, 

it will be affected by noise, and it is not optimal.Therefore, the goal is to find a dividing line as far 

from all sample points as possible, as shown in figure 3.2. 

 
Figure 3.1 Schematic diagram of SVM principle 

 
Figure 3.2 Schematic diagram of SVM principle 

Suppose the hyperplane is 𝑓(𝑥), and its expression is shown in formula (4) : 

𝑓(𝑥) = 𝑤 ∗ 𝑥 + 𝑏                                                                    (4) 

𝛿𝑖  is defined as the geometric distance from the eigenvector 𝑥𝑖  to the hyperplane, as shown in 
equation (5) : 

𝛿𝑖 =
1

‖𝑤‖
|𝑓(𝑥𝑖)|                                                                         (5) 

in this expression ‖𝑤‖ is the 2-norm of 𝑤. 

In order to obtain the maximum geometric interval, ‖𝑤‖  is required to be the minimum. The 

minimum ‖𝑤‖ is defined as 𝑚𝑖𝑛
1

2
‖𝑤‖2, and an optimization function with constraints is obtained 

due to the existence of constraint conditions: 

{
𝑚𝑖𝑛

1

2
‖𝑤‖2

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑦𝑖(𝑤 ∗ 𝑥 + 𝑏) − 1 ≥ 0
                                                 (6) 

The above problems can be transformed into unconstrained functions by introducing Lagrangian 
operators: 

L(𝑤, 𝑏, 𝑎) =
1

2
‖𝑤‖2 − ∑ 𝛼𝑖(𝑦𝑖(𝑤 ∗ 𝑥𝑖 + 𝑏) − 1)𝑚

𝑖=1                                 (7) 

in the expression, 𝑚 is the number of training samples. 

After the Lagrangian multiplier is introduced, the optimization function is transformed into: 

𝑚𝑖𝑛 (𝑤, 𝑏)𝑚𝑎𝑥(𝑎𝑖 ≥ 0)𝐿(𝑤, 𝑏, 𝑎)                                                      (8) 

This optimization function satisfies the KKT (Karush Kuhn Tucher) condition, and the optimization 
problem is transformed into an equivalent dual problem by Lagrangian duality.According to the dual 

complementarity in KKT condition: 
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𝑎𝑖(𝑦𝑖(𝑤 ∗ 𝑥 + 𝑏)) = 0                                                                (9) 

If 𝑎𝑖 > 0 ,then 𝑦𝑖(𝑤 ∗ 𝑥 + 𝑏) =1, the point is on the support vector, otherwise if 𝑎𝑖 = 0 ,then 

𝑦𝑖(𝑤 ∗ 𝑥 + 𝑏) ≥1, the sample has been correctly classified or on the support vector. 

Due to the advantages of SVM classifier such as strong adaptability and generalization ability, 
effective solution of non-linearity and small sample size, this paper selects SVM classifier for pattern 

recognition of EMG signals. 

3. Analysis of experimental results 

3.1 Collect data 

Experiment acquisition a healthy person's gestures of sEMG, first of all let the arms in the process of 

signal acquisition is in a state of relaxation, and keep arms try to maintain a stable state in the 

experimental process, reduce the influence of the external factors on the experiment, and muscle by 

muscle relaxation began to do the action, to return to the relaxed, each action do 48, the experimental 

data collected in 4 different actions.Figure 5 is the waveform of myoelectric signals collected by the 
MYO armband. The eight waveforms in the figure correspond to the myoelectric signals of the eight 

muscles collected by the armband. Figure 6 is part of the data collected. 

 
Figure 5 Eight channel raw data waveforms 

 
Figure 6 Original data 

3.2 Feature extraction 

For example, in section 1.2, the absolute mean value, the number of zero crossings and the waveform 
length of each channel data are extracted, and then there are 24 channels of data in total, as shown in 

Figure7. 
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Figure 7 Data with extracted features 

3.3 Action classification experiment results 

In SVM classifier, the extracted feature data is called. The data contains 192 samples, each sample 
contains three features. The first 15 of the four actions are used as test sets, and the remaining 33 data 

are used as test sets. The classification result of test sets reaches 97.73%, as shown in Figure 8, among 

category labels 1,2,3,4 correspond to four movements: wrist extension, wrist flexion, his fist and open 

hand. It can be seen that SVM classifier has better classification effect and can be applied to the 

recognition of upper limb movements. 

  
Figure 8 classification results with 15 test sets 

4. Summary and prospect 

In this paper, three time-domain features are extracted: average absolute value, number of zero 

crossings and waveform length. The signal data are classified and identified by SVM classifier, and 

the accuracy rate is up to 97.73%. However, there are many shortcomings. This paper does not take 

into account the specificity among individuals, the diversity of actions and the real-time processing, 
which need to be addressed in the later work. 
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