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Abstract 

Abnormal pulse wave is a sign of atrial fibrillation. Aiming at the problems of high noise 
interference and high data dimension after feature extraction in atrial fibrillation 
detection, a support vector machine (SVM) method based on multilevel wavelet 
decomposition was proposed. Atrial fibrillation signals were decomposed by multilevel 
wavelet to obtain the wavelet coefficients, and then the obtained wavelet coefficients 
were extracted through nine statistical parameters to obtain the frequency domain 
features. Finally, the dimensionality reduction detection method based on support 
vector machine was introduced to realize the detection of atrial fibrillation. In order to 
reduce the data dimension, simplify the calculation, improve the detection accuracy, and 
screen out the optimal feature type and the optimal feature set required for AF detection 
and determine the type of atrial fibrillation. Experiments show that the proposed 
method can accurately classify the pulse wave, so as to accurately get whether the patient 
has atrial fibrillation 
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1. Introduction 

With the aging of the population, the incidence of heart disease continues to increase in recent 
years, a serious threat to people's health worldwide. Atrial Fibrillation (AF), commonly referred 
to as Atrial Fibrillation for short, is the most common type of heart disease, and is a common 
persistent arrhythmia. Atrial fibrillation caused by stroke and deterioration of cardiac function 
is an important cause of disability and death. Among the traditional methods for detecting atrial 
fibrillation, the most commonly used is Electrocardiography (ECG) collected by Holter and then 
evaluated by doctors. However, due to the limitations of Holter in detection time, it is easy to 
cause the missed detection situation of ‘no disease occurred during detection and no detection 
occurred during detection’[1]. Photo PlethyamoGraphy (PPG) has many advantages such as non-
invasive detection, stable performance, safe and reliable, strong adaptability, etc. At the same 
time, combined with the rise of portable wearable devices in recent years, it is of great 
significance to use PPG technology to collect atrial fibrillation signals and realize the detection 
of atrial fibrillation through data-driven method[2]. 

In actual life, the incidence of atrial fibrillation may be higher, because some patients are likely 
to miss diagnosis and treatment if the symptoms are not obvious. Therefore, how to accurately 
detect the occurrence of atrial fibrillation in patients has become a priority. Atrial fibrillation 
can be classified into three types due to its onset time: paroxysmal AF usually lasts no more 
than 7 days, and in most cases it can revert spontaneously to Normal sinus rhythm (NSR) within 
48 hours; Persistent atrial fibrillation usually lasts for more than 7 days and requires 
medication or shock to revert to NSR[3]; Permanent atrial fibrillation does not terminate 
spontaneously or will resume after termination. How to realize the primary screening detection 
and type determination of atrial fibrillation has become a key problem to be solved. 
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2. Related work 

In recent years, PPG technology has attracted extensive attention from experts and scholars in 
various medical fields due to its performance advantages in many aspects. In this paper[4], we 
propose a method for heart rate monitoring using PPG technology in sports activities. This 
method uses the multi-measurement vector model in sparse signal recovery to jointly estimate 
the spectrum of PPG signal and simultaneous acceleration signal, which can identify and 
remove the spikes of motion artifact in PPG signal. Blood perfusion was evaluated by 
conventional pulse oximeter estimation of arterial oxygen saturation using pulsed AC and 
continuous DC dual-wavelength PPG signals[5]. Finally, PPG signals were collected from the 
forearms of 21 healthy volunteers to verify the effectiveness of the method. A new low cost, 
small size, portable and easy to use blood flow sensor based on PPG technology was developed 
to evaluate the quality of arteriovenous fistula in hemodialysis patients by non-invasive 
reflective PPG technology[6]. 

With the mature application of PPG technology combined with data-driven method in other 
medical detection, some foreign scholars began to promote this technology to the field of atrial 
fibrillation detection, in order to make up for the shortcomings in the automatic detection of 
atrial fibrillation based on ECG technology[7]. A PPG-based acquisition and AF detection 
algorithm is introduced for smart phones with low computing cost and memory requirements. 
Finally, the detection is completed by sequential forward selection and Support Vector machine 
(SVM) [8]. 

In conclusion, although PPG technology has attracted much attention in recent years, intelligent 
detection of atrial fibrillation based on PPG technology is still a frontier research direction so 
far[9]. Foreign scholars are still in the initial stage of research in this field, while domestic 
research in this field is still a gap. 

3. Proposed method 

Photoelectric volumetric pulse wave (PPG) technology measures changes in blood flow in the 
blood vessels due to the heartbeat by irradiating the skin and measuring changes in light 
absorption or reflection, thereby estimating electrical heart rate signals for AF detection. 
However, due to the movement of the human body or the relative movement between the skin 
and the wearable device in the process of signal collection, the collected signal will be mixed 
with large noise. Therefore, in view of the problems existing in the detection of atrial fibrillation, 
such as high noise interference of atrial fibrillation signal and high data dimension after feature 
extraction. 

3.1. Principal component analysis - SVM 

PCA[10] algorithm can not only be directly used to detect atrial fibrillation, but also PCA is a 
multivariate statistical method that can transform multiple related features into a few 
unrelated features in atrial fibrillation data set. In other words, the dimension-reduction 
processing of high-dimensional features can be carried out under the condition of minimum 
information loss in atrial fibrillation data as far as possible. 

In this article, using PCA - the core of the SVM method to detect atrial fibrillation, is first by PCA 
projection the high dimension of input data to low dimensional data space, in as far as possible 
to maximize the selected principal components variance, maximum limit retains the original 
data feature information and atrial fibrillation under the premise of not related to each other, 
and then the selected principal components as input data to the SVM[11] classification, in order 
to reach the purpose of detecting atrial fibrillation. 

Assume that the input atrial fibrillation data has the characteristics of m dimensions, X =
{𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑚}𝑇 , setΓ1as the first principal component of X, it can be expressed as: 
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Γ1 = 𝜔1𝑋 = 𝜔1,1𝑥1 + 𝜔1,2𝑥2 + ⋯ + 𝜔1,𝑚𝑥𝑚 

Where,𝜔1 is the weight. Because in practice, the usual case is ||𝜔1|| = 1. 

Set ϕ is a vector of covariance matrix, characteristic value of δ1 ≥ δ2 ≥ ⋯ ≥ δ𝑚 ≥ 0, then the 
characteristic vector orthogonal unit P = (𝑝1, 𝑝2, … , 𝑝𝑚)𝑇 satisfy: 

𝑃𝑇𝜙𝑃 = 𝑑𝑖𝑎𝑔((𝛿1, 𝛿2, … , 𝛿𝑚) 

Set Γ2 as the second principal component of X, the second principal components in ||𝜔2|| = 1. 
conditions, can be obtained: 

cov(Γ2, Γ1) = 𝜔2
𝑇𝜙𝑝1 = 𝛿1𝜔2

𝑇𝑝1 

Under normal circumstances, the number of principal components is selected by cross test or 
cumulative contribution rate method. The cumulative contribution rate method means that the 
selection of the number of principal components should refer to its contribution to the feature 
set. The greater the contribution rate is, the more information of the original feature carried by 
the principal component is, and the stronger the ability to explain the original feature is. The 
contribution rate can be expressed as: 

𝜎𝑗 =
𝛿𝑗

∑ 𝛿𝑖𝑖=1
× 100% 

The cumulative contribution rate of the first j principal components is: 

𝜎𝑡𝑜𝑡𝑎𝑙 =
∑ 𝛿𝑖

𝑗
𝑖=1

∑ 𝛿𝑖𝑖=1
× 100% 

The method of selecting the cumulative contribution rate generally requires several tests to 
make the cumulative contribution rate of the first J principal components reach a certain 
proportion (such as 85% or more than 90%). After determining the number of principal 
components, this part of principal components is used as the input data of SVM for classification. 

To sum up, PCA-SVM is an algorithm that obtains the principal components of atrial fibrillation 
data samples based on PCA transform to reduce the data dimension and eliminate the 
correlation between the data, and then classifies the principal components obtained through 
SVM classifier to improve the accuracy of atrial fibrillation detection. 

3.2. Classification of atrial fibrillation based on support vector machine 

Because the principal components obtained by the PCA-SVM algorithm cannot maintain a one-
to-one correspondence relationship with the original features of atrial fibrillation data, and the 
original features cannot be reconstructed by the obtained principal components. Therefore, the 
PCA-SVM algorithm cannot explain the physical significance of the obtained principal 
components in the process of projecting high-dimensional atrial fibrillation data into low-
dimensional data space. 

In order to solve the problem[12] of high data dimension and large noise interference in the 
detection of atrial fibrillation, and to find the optimal feature set, a feature extraction method 
in frequency domain based on multilevel wavelet partition analysis was selected to combine 
with SVM-RFE. Comparing PCA-SVM and SVM-RFE algorithms, both of them are based on SVM 
classifier to reduce the dimension of atrial fibrillation data and eliminate the correlation 
between data to improve the detection accuracy.  
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Figure 1 Detection results for Patients 

As shown in the figure above, NAF is the normal pulse wave, AF is the patient with atrial 
fibrillation. The pulse wave shape of healthy people is stable, while the pulse wave shape of 
patients with atrial fibrillation is not stable. 

4. The experiment 

The Confusion Matrix, also known as the error matrix, is used to determine the classification 
performance of classifiers. As shown in Table 1, the following four basic indicators can be 
obtained: 

Table 1 Confusion matrix 

Confusion matrix 
real 

Positive Negative 

Predictive 
Positive TP FP 

Negative FN TN 

The True value is Positive, and the classification result is the number of positives (True Positive, 
TP). The true value is Positive, and the classification result is the number of Negative (False 
Negative, FN). The true value is Negative, and the number of classifications is Positive (False 
Positive, FP). The True value is Negative, and the classification result is the number of Negative 
(True Negative, TN). 

According to the above four basic indicators, the following three evaluation criteria can be 
obtained: accuracy, sensitivity and specificity. 

Table 2 Detection accuracy (%) of each patient 

patient 
Bior4.4 Coif4 Db4 

F L Ac F L Ac F L Ac 

1 59 5 93.31 21 2 84.54 52 6 95.52 

2 62 4 95.22 45 2 82.84 34 6 96.29 

3 37 5 96.71 16 5 88.90 26 7 97.34 

4 16 4 100.0 19 4 100.0 12 2 100.0 

5 4 1 100.0 30 4 100.0 23 4 100.0 

6 57 5 100.0 33 2 100.0 54 5 100.0 
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7 19 5 97.29 15 3 90.23 12 6 98.32 

8 18 5 100.0 17 1 100.0 35 7 100.0 

9 60 5 96.90 45 3 92.33 45 6 97.23 

10 45 6 95.81 15 4 90.53 34 6 98.56 

Global 38 5 97.52 27 3 92.94 33 6 98.33 

In the above table, bior4.4, coif4 and DB4 represent three kinds of wavelet functions, f 
represents the optimal feature number of each wavelet function, l represents the optimal 
decomposition level, and AC represents the accuracy. In most cases, the best detection results 
can be obtained by feature extraction of PPG signal according to the segmentation time slot of 
10 s. 

5. Conclusion 

For detecting atrial fibrillation atrial fibrillation signal noise existing in the high dimension data 
after the big, feature extraction, atrial fibrillation after signal feature extraction, feature of the 
strong correlation between lead to atrial fibrillation, atrial fibrillation signal cannot be detected 
after the large amount of data and feature extraction such as strong nonlinear relation between 
data, the key problems to be settled urgently before will be proposed in this paper based on 
multilevel wavelet decomposition method of support vector machine (SVM) af detection. It was 
applied to the trial of AF detection based on PPG signal of real patients, and compared with the 
traditional data-driven detection method. Through our method can accurately detect atrial 
fibrillation, through the analysis of pulse wave, we can further achieve the classification of 
different atrial fibrillation. 
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