
  

 

Abstract— This paper compares whether PPG signals can 

replace ECG signals. With that method, the Welch's method, 

Lomb-Scargle, and Autoregressive algorithms are compared to 

calculate the PRV from the PPG signal and compare the 

similarity with the HRV-PSD. 

I. INTRODUCTION 

Recently, it has become possible to measure various 
biological signals using a smart watch. Using PPG 
(Photoplethysmography) signals, it is possible to obtain Heart 
Rate Variability more simply than conventional ECG 
(Electrocardiograms). This is called Pulse Rate Variability.  

This paper analyzes the degree of PSD (Power Spectral 
Density) correlation between HRV and PRV. 

II. METHODS 

This paper used PhysioNet [1] data. The ECG and PPG 
signals were analyzed and compared with the algorithms of 
Welch's method [2], Lomb-Scargle Periodogram [3], and 
Autoregressive method [4], respectively. All three algorithms 
are spectral estimation algorithms. Welch's method assumes 
periodicity and is suitable for uniformly sampled signals. In 
the case of Lomb-Scargle, it is basically the same as Welch's 
method, but it does not matter if it is not uniform sampling. 
Autoregressive is characterized in that it is linearly configured 
by applying a specific probability to the previous value. HRV 
index for each algorithm is divided into VLF, LF, HF and 
LF/HF according to the frequency range. 

TABLE I.  VALUES OF ECG-PSD AND PPG-PSD 

Algorithm Index ECG-PSD PPG-PSD 

Welch’s Method 

LF 513.737 1766.452 

HF 2160.099 3464.722 

LF/HF 0.238 0.510 

Lomb-Scargle 

Periodogram 

LF 1644.596 1727.138 

HF 2870.653 3491.238 

LF/HF 0.573 0.495 

Autoregressive 

LF 5178.981 5288.861 

HF 10915.164 10968.943 

LF/HF 0.474 0.482 

III. RESULTS 

Table 1 shows the results for each algorithm. Numerically, 
it can be seen that HRV-PSD and PRV-PSD are the most 
similar when calculated with the Autoregressive algorithm. 
However, depending on the data entered, other algorithms 
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may come out better. That is why it is necessary to compare 
the outline and proportions of the graph. As shown in figure 1, 
it was confirmed that the outline of the graph was the most 
similar to the Autoregressive algorithm. 

Figure 1.  Comparison of HRV-PSD analysis graph based on ECG signal 

and PRV-PSD analysis graph based on PPG signal. 

IV. DISCUSSION & CONCLUSION 

As a result, when the HRV-PSD is estimated using the PPG 

signal, the most similar signal can be obtained if the 

Autoregressive algorithm is applied. 

ACKNOWLEDGMENT 

This work was supported by the Korean Ministry of Science 

and ICT and IITP under project contract No. 

2020-0-01970-001 (Development of Smart Patch and 

Multimodal Bio signal Analysis Algorithm for 

Self-monitoring of Infectious Respiratory Diseases) and 

partly supported by the Technology Innovation Program 

(20012658, Development of service design product of 

Everyday life quarantine and digital healthcare for untact 

lifestyle) funded By the Ministry of Trade, Industry & 

Energy(MOTIE, Korea). 

REFERENCES 

[1] https://physionet.org/content/bidmc/1.0.0/ 

[2] Welch, Peter. "The use of fast Fourier transform for the estimation of 

power spectra: a method based on time averaging over short, modified 

periodograms." IEEE Transactions on audio and electroacoustics 15.2 

(1967): 70-73. 

[3] Fonseca, D. S., et al. "Lomb-scargle periodogram applied to heart rate 

variability study." 2013 ISSNIP Biosignals and Biorobotics 

Conference: Biosignals and Robotics for Better and Safer Living 

(BRC). IEEE, 2013. 

[4] Boardman, Anita, Fernando Soares Schlindwein, and Ana Paula 

Rocha. "A study on the optimum order of autoregressive models for 

heart rate variability." Physiological measurement 23.2 (2002): 325. 

Comparison of PSD Correlation between HRV and PRV 

C. Jeong1, W. Hwang2, and Y. Jo3 

Welch's Method Lomb-Scargle Periodogram Autoregressive

ECG

PPG

 

2021 43rd Annual International Conference of the
IEEE Engineering in Medicine & Biology Society (EMBC)
Oct 31 - Nov 4, 2021. Virtual Conference

978-1-7281-1178-0/21/$31.00 ©2021 IEEE 5172


