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ABSTRACT - This paper is designed for the use of cardiac 

health control, psychology, medicine or in any training 

session to analyze the HRV by using many advance 

techniques like Time domain and frequency domain analysis, 

Spectral analysis including fast Fourier transform, 

autoregressive method and Non-linear analysis. Analysis of 

HRV is very popular to characterize the autonomic balance 

and mortality in cardiac patients. Poincare plot plays very 

important role in nonlinear analysis of HRV. Extended 

Poincare plots to measure HRV are very popular nowadays. 

New techniques trigonometric regressive spectral (TRS) and 

wavelet transform have been developed for the future 

research area to analyses the heart rate variability in more 

efficient way. We can use the approach of amplitude domain 

analysis or future research. 
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1. ADVANCE ANALYSIS OF HRV 

INTRODUCTION 

Heart Rate Variability is the physical sensation of variation 

in time between each heartbeat. The variation in beat to 

beat interval is controlled by the nervous system. HRV is 

widely used in many clinical conditions like diabeties, 

heart failure, hypertension and coronary artery disease to 

monitor the treatment results in very efficient way. Time 

domain and frequency domain techniques are very 

traditional to determine the heart rate variability in 

different disease so new methods and techniques are 

developed like Nonlinear and spectral analysis. In this 

paper we are discussed the advance techniques, tool and 

method for analyzing the heart rate Variability. These 

methods are: spectral analysis based on fast Fourier 

transform and autoregressive spectral analysis, Time and 

frequency domain analysis, nonlinear analysis. Poincare 

plots play a very important role to evaluate the 

performance of heart rate variability in Non linear 

analysis. 

2. MATERIALS AND METHODS 

2A. SPECTRAL ANALYSIS OF HRV   

Spectral Analysis of heart rate variability is a non-coercive 

and valuable tool for identifying cardiac autonomic 

activity. Attributes of frequency domain are mainly used in 

spectral analysis like High frequency power (HF) activity 

range between 0.15 to 0.40 HZ which represents 

sympathetic activities, Low frequency power (LF) activity 

range between 0.04 to 0.15 HZ which represents 

modulation of heart rate and LF/HF ratio indicates low 

frequency to high frequency ratio which is used in nervous 

system activities to measure the balance between 

sympathetic and vagal activities in an appropriate and 

efficient manner.  

2B. SPECTRAL ANALYSIS METHODS 

Spectral analysis of HRV is analyzed by two proper 

methods like fast Fourier transform and autoregressive 

models by using many advance software, tools and 

techniques. Fast Fourier algorithm (FTF) is very efficient 

algorithm having low computational cost and 

autoregressive (AR) gives an assessment in the short form 

of periodically waveform. On the basis of comparison of 

both tools we can calculate the difference of both methods. 

Fast Fourier transform has many restrictions in length of 

data and need limitations to implements its application 

while on the other hand autoregressive method has faster 

and shorter result than fast Fourier transform. Matlab 

software is commonly used to measure the results of 

autoregressive methods. When short frames of data are 

used then FTF gives a poor spectrum resolution while 

short frame are used in autoregressive method then it 

produces a very high-resolution spectrum. kubios software 

are used to investigate  the results of autoregressive 

approach and   measure the value of PSD. 
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There have been several autoregressive models in ECG 

signal processing. Burg’s algorithm, the least square 

approach and Yule-Walker method are commonly used [1, 

3]. Each method has its advantages and disadvantages. 

Records than Yule-Walker method, and Burg’s algorithm 

has no implied windowing which distorts spectrum in 

Yule- Walker method [3, 4]. The least square approach has 

improvements in the issues of spectral line splitting and 

the bias in the positioning of spectral peaks, but is less 

stable than Burg’s algorithm [1, 2, and 4]. 

Fig-1: kuibos HRV 

  3. TIME AND FREQUENCY DOMAIN ANALYSIS 

Time domain parameters are associated mostly with the 

overall variability of the R-R intervals over the time of 

recording. They are Mean-R-R, Standard deviation of all 

NN intervals (SDNN), square root of the mean of the sum 

of the squares of differences between adjacent NN 

intervals (RMSSD), number of adjacent NN intervals 

differing more than 50 msec (NN50 count), percentage of 

differences between adjacent NN intervals differing more 

than 50 msec (pNN50 %), RR triangular index, standard 

deviation (STD) of the mean heart rate per minute [6].   

By using various methods, we can measure the HRV of 

each heartbeat. HRV measurement usually based on the 

sequence of RR interval and ignore the fluctuation in PR 

intervals. Useful and effective measurement of HRV is 

known as SDNN (Standard deviation of Normal to Normal 

Interval). By using SDNN, RR interval start and end with a 

PAC (Premature arterial contractions) and PVC 

(Premature Ventricle Contraction) SDDN measured in 

milliseconds over 24 hours. Variables of the SDNN created 

by dividing the 24-hour observing period into 5-minute 

segments are the SDNN index and the SDANN index 

measured in milliseconds. The SDNN index is the mean of 

5minute standard deviations of NN (normal to normal) 

intervals during the 24-hour period while the SDANN 

index is the standard deviation of 5-minute NN interval 

means. Frequency domain is a very complex method that 

elaborates how much of a signal lies between frequencies 

bands. Parasympathetic Nervous system activity 

associated with the frequency domain methods. Frequency 

domain measurement is presented by taking series of 

numbers along time axis and commute fast Fourier 

transform. Fast Fourier transform is an algorithm and tool 

that convert one type of sequence of a function into 

another form of representations. The complex value of FFT 

is computed with the power spectral density (PSD) 

function, denoted by P(f) and P(f) = |X(f)|2.PSD function 

has border effect on PACs and PVCs intervals at all 

frequency’s ranges. 

 

Fig-2: HRV Frequency Domain 

 New techniques trigonometric regressive spectral (TRS) 

and wavelet transform have been developed for the future 

research area to analyses the heart rate variability in more 

efficient way. Instead of traditional time domain and 

frequency domain analysis we can use the approach of 

amplitude domain analysis that how we can use amplitude 

domain for measuring HRV is a very elaborate and wide 

research area 

4. NONLINEAR ANALYSIS OF HRV 

Nonlinear method has been used to measure nonlinear 

properties of HRV. HRV is very helpful to study the 

autonomic nervous system and to assess overall cardiac 

health. Nonlinear analysis methods are to be dissimilar 

from the conventional HRV methods because they do not 
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evaluate the dimensions of variability but slightly the 

quality, scaling and resemblance properties of the signals. 

We can say that they are related with the unpredictability, 

tractability and intricacy of the signal. Invariant and 

informational domain is used to measure the heart rate 

variability in nonlinear analysis. The concepts related to 

chaos theory, the fractal mathematics and the dynamic 

complexity of heart rate variability behavior are still far 

from large application in medical clinical practice, 

although they constitute a fruitful field for research and 

expansion of knowledge in both health and 

disease[7].There are many other nonlinear indices such as 

the Lyapunov Exponent (LE) and Correlation Dimension 

(CD), which also provide information on the 

characteristics of HRV, but their clinical utility has not 

been fully established[7].Poincare plot  is used in  

graphical nonlinear method to identify the characteristics  

of HRV. ... The Poincare plot is a scatter plots in which each 

RR interval from time series RR = {RR1, RR2… RRn, 

RRn+1} were applied against the next RR interval to 

measure the dynamic of HRV. 

 

Fig-3: Visualization of Heart Rate Variability of Long-Term 

Heart Transplant Patient by Transition Networks: A Case 

Report - Scientific Figure on Research gate. 

Available from: 

https://www.researchgate.net/figure/Elements-of-

standard-and-non-linear-HRV-analysis-plot-of-RR-

intervals-time-series_fig2_297656450 [accessed 21 May, 

2020]. 

 

Working principle of heart rate monitor 

This project intends to realize a device that can read the 

human pulse rate from a fingertip. The pulse rate  in the 

unit of beats per minute (BPM) will be displayed by a 16 

by 2 LCD displays. According to the National Institute of 

Health, the average resting heart rate for children 10 years 

and older, and adults (including seniors) is 60 - 100 beats 

per minute. Well-trained athletes is 40 - 60 beats per 

minute. So this device will indicate a too high pulse as well. 

A real-time plot of pulse signal versus time will be 

displayed on a laptop screen. The module is in turn 

connected to the Blue tooth device which then transmits 

the signals to the server, that contains the HRV application 

of Doctor Poly. The hardware consists of a pulse oximetry 

kind of device which is built up of an Arduino and a pulse 

sensor, the pulse sensor detects the blood flow and acts on 

the principle of photodiode and it emits an LED to detect 

the variation or change in the blood volume and every 

spike in the blood volume creates a certain analogous 

reading on the pulse sensor, this reading is then processed 

through the Arduino which is the 2nd part of the 

component hardware , this Arduino filters out the noise 

and amplifies the pulse pressure wave. 

 

5. FUTURE RESEARCH AREAS 

New techniques trigonometric regressive spectral (TRS) 

and wavelet transform have been developed for the future 

research area to analyses the heart rate variability in more 

efficient way. Instead of traditional time domain and 

frequency domain analysis we can use the approach of 

amplitude domain analysis that how we can use amplitude 
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domain for measuring HRV is a very elaborate and wide 

research area. 

Extended Poincare plots allow deep research in the 

dynamic of the heart rate variability. Correlation between 

heart rate variability and Poincare plot is a very broad area 

o research. 

6. RESULTS  

Explore Data for non-null and extreme values  

Females are assigned as 1 and Males are assigned the 

number 2. The Data set contains the Age Sex body weight 

and height of about 30 individuals from Polisetty's clinic 

and the BMR is calculated as per a certain code written 

based on Mifflin-St Jeor Equation and BMI based on a 

standard equation.  

 

Fig-4: Exploration of data 

HRV data was derived from the Docture Poly's prototype 

and spectral analysis is done after signal processing is 

done based on Fourier transform.  

 

Fig-5: Exploration of parameters 

 

Fig-6: Exploration of correlations of BMI and BMR 

From the above it can be inferred that VLF positively 

correlates to both BMI and BMR; LF negatively correlates 

with both BMI and BMR and HF correlates with BMR but 

negatively correlates with BMI. The percentage influence 

of Fourier transform frequencies on BMI and BMR are 

shown in the below figures. 
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Fig-7: Calculation of BMI and BMR values 

CONCLUSION 

Advance analyses of HRV are very essential to measure the 

heart rate variability in different clinical health especially 

in autonomic nervous system. New tools are implemented 

to characterize the heart rate variability in autonomic 

balance and evaluate the HRV on the basis of spectral 

analysis relate to Fourier transform and autoregressive 

models, traditional time and frequency domain, Nonlinear 

methods with Poincare plots. Future research area is 

Poincare plots and amplitude domain analysis. 
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