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1.0
1.1

OVERVIEW
Introduction

The Centralized Heart Rate Variability Analysis System (cHRV) is a centralized information technology
based system to analyze the naturally occurring beat-to-beat changes in the heart rate. This system is
primarily designed to be used by doctors, specialists, researchers: Physiologists, Pharmacologists,
Cardiologists, Endocrinologists, Neurologists, Psychiatrists, and Anesthesiologists. This system is designed
to perform state of art analysis of ECG data in the time domain, frequency domain and Poincare analysis.
The main features of cHRV are as follows:

i.
ii.
iii.

iv.

Centralization/ Patient’s Database: Database of HRV analysis of patients/ citizens is
maintained for preventive and curative care.
Analysis (Time Domain, Frequency Domain and Poincare):
Data Export/ Report: It is possible to generate and save HRV analysis and statistical results
into different format like PDF, Word, PowerPoint, Excel, Text or CSV. These results are easily
readable and printable.
Statistical Analysis: The user can analyze the number of patients registered by him over the
years. The patient’s data can be compared in terms of gender, age and their registration year
too.

The purpose of the system is to make this technology available to remote places and simultaneously to build
up a national database on Heart Rate Variability Analysis and associated health data. This is a stepping
stone to many such digitization and centralization efforts which will help the research community, doctors,
and public health administrators in planning and decision making on delivery of long term as well as
emergency health services in the country.

1.2

System Architecture

The R functions written in RStudio IDE are published in OpenCPU server. Then OpenCPU Server process
the data and return a JSON data with appropriate results. The application then receive the JSON from
OpenCPU and display the result on web.

Figure 1.1: cHRV System Architecture
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1.3

System Configuration
i.

R version 3.0 or higher: A software programming language for statistical computing and graphics.
It is an integrated suite of software facilities for data manipulation, calculation and graphical
display.
ii. R Studio: It is an integrated development environment for R language. It includes a console,
syntax-highlighting editor that supports direct code execution, as well as tools for plotting, history,
debugging and workspace management. RStudio is available in open source and commercial
editions and runs on the desktop (Windows, Mac, and Linux) or in a browser connected to RStudio
Server or RStudio Server Pro (Debian/Ubuntu, RedHat/CentOS, and SUSE Linux).
iii. MySQL 5.0 or higher: It is a relational database management system. Its official development
environment is MySQL Workbench. This workbench enables users to graphically administer
MySQL databases and visually design database structures.
iv. High End browser: A browser is required to access the cHRV application. Javascript should be
enabled on the browser to view the results generated by the system.

1.4

User Access Levels

The user access levels of the application is based on
the organization architecture where there will be
multiuser login facility is available based on roles of
the user like nurse, technician, doctor, researcher,
etc. The accessing levels for the application can be
very well understood by the diagram on the right.
The user can select his user type at the time of
registration. Based on his identity, services will be
provided to him/her.
Figure 1.2: User Access Levels

1.5

Acronyms and Abbreviations
cHRV
ECG
SQL
R
IDE
JQuery
JSON

Centralized Heart Rate Variability Analysis System
Electrocardiagram
Structured Query Language
Programming Language
Integrated Development Environment
Java Script Library
Java Script Object Notation
Table 1.1: Acronyms and Abbreviations

1.6

Structure of the Guide

The aim of this guide is to help the user to get started with centralized application on cHRV. It should not,
however, be thought of as being an easy to follow step by step manual, but more like a reference material
from which you can probably find answers to your problems related to HRV analysis or usability of the
software. The structure of this guide is as follows.
After the overview chapter, from where you will find useful information about the system, an introduction
to heart rate variability is given in Chapter 2.
In Chapter 3, the analysis methods included in the software are described. The descriptions of the methods
are divided into time-domain, frequency-domain and nonlinear categories and a summary of the methods
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is given at the end of the chapter. For most of the methods, exact formulas for the different variables are
given and possible parameter selections are pointed out.
In Chapter 4, the description of the features and usage of the application is given. So if you want to learn
how to use all the functionalities of the software, this is the chapter to read!
In Chapter 5, benchmarking of cHRV system is done with HRV_soft software. The comparative results are
provided.
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2.0

HEART RATE VARIABILTY

HRV is a measure of the naturally occurring beat-to-beat variations in heart rate. These intervals are also
known as R-R intervals. HRV analysis is a powerful, non-invasive measure of autonomic nervous-system
function and an indicator of neurocardiac fitness. The Heart rate is being regulated by the two limbs of the
autonomic nervous system i.e. sympathetic and parasympathetic system. The balance between the two
determines the heart rate and is subjected to variation on beat to beat basis even under resting condition.
These beat to beat variations in the heart rate can easily be over look by the analysis of the heart rate
variability (HRV). An extensive HRV normal/patients database provides data on the HRV of healthy
individuals and how HRV varies with age and gender and on the use of HRV analyses to assess alterations
in autonomic function in conditions.

Figure 2.1: Beat-to-Beat Intervals

The heart rate is a significant indicator of one’s state of health around hundreds of years. However with the
advancement of science and technology, it is being seen that the interval between the successive heart beats
varies substantially from beat to beat. The degree of variability that exists was also found to be reflective
of one’s autonomic balance and degree of homoeostasis.
The clinical importance of HRV became appreciated in the late 1980s, when it was confirmed that HRV
was a strong and independent predictor of mortality after an acute myocardial infarction. With the
availability of new, digital, high-frequency, 24-hour, multichannel ECG recorders, HRV has the potential
to provide additional valuable insight into physiological and pathological conditions and to enhance risk
stratification.
HRV is regulated by the autonomic nervous system (ANS). The autonomic nervous system controls the
body’s visceral functions, including action of the heart, movement of the gastrointestinal tract and secretion
by different glands, among many other vital activities. It is well known that mental and emotional states
directly affect the ANS. The research studies have examined the influence of emotions on the ANS utilizing
the analysis of heart-rate variability. The HRV serves as a dynamic window into autonomic function and
balance. While the rhythmic beating of the heart at rest was once believed to be monotonously regular, we
now know that the rhythm of a healthy heart under resting conditions is actually surprisingly irregular.
These moment-to-moment variations in heart rate are easily overlooked when average heart rate is
calculated. Heart-rate variability (HRV), derived from the electrocardiogram (ECG), is a measurement of
these naturally occurring, beat-to-beat changes in heart rate.
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2.1

Clinical Significance & Social Impact

Reduced HRV has been shown to be a predictor of mortality after myocardial infarction although others
have shown that the information in HRV relevant to acute myocardial infarction survival is fully contained
in the mean heart rate. A range of other outcomes/conditions may also be associated with modified (usually
lower) HRV, including congestive heart failure, diabetic neuropathy, depression, post-cardiac transplant,
susceptibility to SIDS and poor survival in premature babies.
In the field of psychophysiology, there is interest in HRV. For example, HRV is related to emotional
arousal. High-frequency (HF) activity has been found to decrease under conditions of acute time pressure
and emotional strain and elevated state anxiety, presumably related to focused attention and motor
inhibition. HRV has been shown to be reduced in individuals reporting a greater frequency and duration of
daily worry. In individuals with post-traumatic stress disorder (PTSD), HRV and its HF component (see
below) is reduced compared to controls whilst the low-frequency (LF) component is elevated. Furthermore,
unlike controls, PTSD patients demonstrated no LF or HF reactivity to recalling a traumatic event.
The Polyvagal Theory derives from a psycho-physiologic imputation of importance to HRV. This theory
emphasizes the role of heart rate variability in understanding the magnitude and nature of vagal outflow to
the heart. This theory decomposes heart rate variability based on frequency domain characteristics with an
emphasis on respiratory sinus arrhythmia and its transmission by a neural pathway that is distinct from
other components of HRV. There is anatomic and physiological evidence for a polyvagal control of the
heart.

2.2

Recording and Processing the ECG signal

Figure 2.2:

Flow chart summarizing individual steps used when recording and processing the ECG signal in order to
obtain data for HRV analysis

In order to standardize physiological and clinical studies, two types of recordings should be used whenever
possible: (a) short-term recordings of 5 min made under physiologically stable conditions processed by
frequency–domain methods, and/or (b) nominal 24-h recordings processed by time–domain methods.
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When using long-term ECGs in clinical studies, individual, subjects should be recorded under fairly similar
conditions and in a fairly similar environment

2.3

RR Series Derivation

Raw ECG signal mainly consists of different types of noise namely frequency interference, baseline drift,
electrode contact noise, muscle noise, internal amplifier noise induced to ECG signals that result from
movement of electrode. Equiripple bandpass filter technique have been used in the proposed algorithm to
remove outliers from signal.
After removal of outliers, signal is compared with the computed value to detect or derive the R-peaks value
and after that the difference between two R-peaks i.e. RR interval is calculated.
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3.0 HRV ANALYSIS METHODS

User Manual

Page - 9

Centralized Heart Rate Variability Analysis System

3.0
3.1

HRV ANALYSIS METHODS
Time Domain Analysis

The time-domain methods are the simplest to perform since they are applied straight to the series of
successive RR interval values and include the mean normal-to-normal (NN) intervals during the entire
recording and statistical measures of the variance between NN intervals. The most evident such measure is
the mean value of RR intervals (RR) or, correspondingly, the mean HR (HR). In addition, several variables
that measure the variability within the RR series exist, some of these are:
S.No.
1.

Statistical
Measures
CoV(%)

2.

SDNN(ms)

3.

RMSSD(ms)

4.

SDSD(ms)

5.

NN50 count

6.

pNN50(%)

Variable unit description

Physiological Description

The coefficient of variance RR
intervals
The standard deviation of all NN
intervals
The square root of the mean of the sum
of the squares of differences between
adjacent NN intervals
The standard deviation of differences
between adjacent NN intervals
Number of a pair of adjacent NN
intervals differing by more than 50 ms
in the entire recording
NN50 count divided by the total
number of NN intervals

Reflects the overall parasympathetic
and sympathetic influences on HRV
Reflects the overall parasympathetic
and sympathetic influences on HRV
Reflects parasympathetic activity

Reflects parasympathetic activity
Reflects parasympathetic activity

Reflects parasympathetic activity

Figure 3.1: Time Domain Analysis
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3.2

Frequency Domain Analysis

The frequency domain analysis was done using FFT algorithm, the following measures were
obtained:
S.no.
1.
2.
3.
4.
5.
6.

Statistical Measures
Total Power
High Frequency (HF; frequency
band= 0.15-0.4 Hz)
Low Frequency (LF; frequency
band= 0.04-0.15 Hz)
LF/HF
LF Norm
HF Norm

Physiological Description
Comprise HF and LF
Corresponds to parasympathetic activity
Corresponds mainly to sympathetic along with some
contribution
Represents the sympathovagal balance
Emphasizes changes in sympathetic regulation
emphasizes changes in parasympathetic regulation

Figure 3.2: Frequency Domain Analysis
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3.3

Non-Linear Analysis

Poincare Plot: The plot provides summary
information as well as detailed beat to beat
information on the behavior of the heart.

SD1: It denotes instantaneous beat to
beat variability

SD2: It denotes continuous beat to beat
variability

SD1/SD2: It denotes the randomness in
the HRV.

HRV Triangular index: Total number of
Figure 3.3: The idea of an ellipse fitted to the Poincare plot and
all RR intervals divided by the height of
descriptors SD1 and SD2
histogram
of all RR intervals measured on
a discrete scale.

TINN: Triangular interpolation of NN interval histogram is the baseline width of the
distribution measured as a base of a triangle, approximating the NN interval distribution
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4.0 APPLICATION DESCRIPTION
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4.0
4.1

APPLICATION DESCRIPTION
Application Workflow

The following flowchart will help the users to understand the process of using the cHRV system.

Figure 4.1: Workflow of cHRV Application

4.2

Registration and Login Workflow

To register in cHRV system, the user’s organization must be there in the list. If not, then someone from that
organization has to register first as an organization administrator. The organization administrator has to
verify his details through e-mail and will also be activated by the Super Administrator. Now, the users of
that organization can register as a doctor/researcher/technician/nurse in the cHRV application system.
These users also has to verify their account through e-mail and will be activated by their organization
administrator. Now, the registered user can login into the cHRV system to perform HRV tests and use the
services.
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Figure 4.2: Registration Workflow

Figure 4.3: Login Workflow
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4.3

User Interface

i.
Home Page: This is the first page seen after entering the following address in the browser:
https://chrv.medialabasia.in. This page has number of menu options (About HRV, Our Associates,
Publications, Help and Contact), Login facility and provides latest news related to HRV.

Figure 4.4: Home Page

The user can register him/her by clicking on the register option and can register as a doctor, nurse, researcher
or a technician. The user has to provide his personal and contact information during registration.

Figure 4.5: Registration Page

After this, an activation link will be automatically send to the user on the registered e-mail id. The user has
to click on the link to enable his account. In addition to it, the organization administrator will also receive
an e-mail regarding a new user registration in his organization. Once the administrator authenticates the
user, he/she can login into the cHRV System with his username and password.
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Figure 4.6: Login Section

The system also provides the facility to get the password in case the user forgets it. He/she just has to
provide basic information and his credentials will be automatically mailed to him/her.

Figure 4.7: Forgot Password

There is another section adjacent to login section, i.e. Latest News. It
displays the recent news related to Heart Rate Variability in terms of
latest research work, conferences etc. The home page also has a menu
bar with the following sub-sections: About HRV, Our Associates,
Publications, Help and Contact.

Figure 4.8: Latest News Section

Figure 4.9: Menu Bar on Home Page
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a.
About HRV: This page clearly provides an overview about the heart rate variability, its
physiological basis and parameters i.e. Time Domain Analysis, Frequency Domain Analysis and Poincare
Analysis.

Figure 4.10: About HRV Page

b.
Our Associates: A drop down menu displays the list of associated organizations for this system.
The organizations are: Ministry of Electronics and Information Technology, All India Institute of Medical
Sciences, Media Lab Asia and National Institute of Mental Health and Neurosciences. The user can click
on any organization to know more about it.

Figure 4.11: Sub-menu List of Our Associates
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c.
Publications: This page displays a list of research papers related to heart rate variability. The paper
title and the authors are mentioned. On clicking ‘View’ button, the user will be directed to the website from
where the paper can be downloaded.

Figure 4.12: List of Publications

d.
Help: The help page shows the process flow of the system with a list of frequently asked questions
and a video to understand the working of the system. In addition, it has links to see the user manual, RR
file data and gallery. RR file data provides HRV analysis data and an option to save it in csv file.

Figure 4.13: Help Page
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e.
Contact: This is the last option in the menu section. It provides the contact information of the
associated organizations for cHRV system. This page also has the feedback form. Any user can provide
his/her valuable feedback by providing the details.

Figure 4.14: Contact Information

ii.
Dashboard: After successfully logging in to the system, the user will be directed to his/her
dashboard. This page displays the number of HRV tests done by the user, reports generated and the number
of his patients those were healthy or unhealthy at the time of HRV test. To see the details, user can click on
‘View Details’.

Figure 4.15: Dashboard
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The details include patient’s name, gender, visit date and time, diagnosis status and the report. The report
can be viewed only if it has been uploaded by the user.

Figure 4.16: HRV Test Details

The dashboard also provides the statistical information for the records and reports being generated by the
user. It also provides the functionality to manage events using Event Calendar.
iii.
Records: The records menu has a sub-menu based on the logged-in user. If the user is a doctor,
then the following sub-menus will be displayed: View Record, New Record and Referred Reports. The submenu ‘Referred Reports’ is available to only users registered as a doctor.
A new patient can be registered by clicking New Record menu. The user has to enter the details and click
on Register button.

Figure 4.17: New Patient Registration

When the user receives the report from one of the doctors from his own organization, then that report is
visible in the Referred Reports sub-menu. There is a list of all the forwarded reports with their status and
the name of the person who has forwarded that report with his/her comments. If the user does not put his
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comments on a particular report, then it is marked as ‘Not Viewed’ else marked as ‘Viewed’. For doing
so, the user can put comments by clicking on the Add Comment button at the bottom of the report. The
referred report data can also be saved in either csv format or text and can also print the report.

Figure 4.18: Referred Reports

View Record displays a list of patients registered by the user. The patient’s name, gender, date of birth and
registration date is displayed. To see more details of a patient, click on that particular row.

Figure 4.19: List of records
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Now, click on a record to see the visit details of that patient.

Figure 4.20: Demographic Summary and Visit Details of a Patient

Click on a visit to see the encounter details.

Figure 4.21: Encounter Details of a visit
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The patient’s detail can also be updated after clicking Update Details button.

Figure 4.22: Update Patient Details

For creating details for a new encounter, click on New Follow up option and fill the data in the fields by
moving onto next pages.

Figure 4.23: New Follow Up

File Types supported by cHRV application:
Before generating the report, the user has to upload a file. Two types of file can be uploaded: RR Interval
file or HRV_Soft file.
i.
HRV_Soft file: This is a file generated from HRV_Soft software (desktop based) mainly used in
AIIMS for HRV analysis. The extension of this file is “.hbpx”. The following listing is an example:
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202.000
3295.000
6353.000
9673.000

685.000
3822.000
6853.000
………..

1184.000
4340.000
7425.000
………..

1726.000
4799.000
7988.000

2278.000
5282.000
8538.000

2795.000
5834.000
9113.000

ii. RR Interval file: This is a file that contains RR intervals without any header or footer. These RR
intervals can be from any of the software that is used to generate RR intervals. This file must have an
extension of “.rri”. To save a file in .rri format, one should take intervals in text file and can save that text
file with an extension of “.rri”. The next listing is an example:
824
824
819
790
780
782
786
791
770
After selecting the file and the file type, fill the other details too and then click on Save and Proceed option.

Figure 4.24: Upload ECG file and proceed

A report showing the demographic and clinical summary of the patient along with the graphical
representation of the HRV parameters will be displayed. Add the comments and impression at the bottom
of the report and forward it to the doctor in the list. Now click on Generate Report to get a complete medical
report of the patient.
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Figure 4.25: Add Comments and Impression

HRV Test Report will be generated with the following options at the bottom. The user can go back to the
Visit List, Follow-up List or can add more comments. The report summary can also be downloaded in
text file or .csv file format.
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Figure 4.26: HRV Test Report

Now click on Print option to print the report.

iv.

Services: The Services menu has two sub-menus: Export Patient Data and Publications. The
patient’s data can be downloaded in CSV format by directly clicking on ‘Export Patient Data’ sub-menu.

Figure 4.27: Services

The Publications sub-menu displays a list of research papers with the links to visit and view the publication.
Moreover, there is an option to request for adding a new publication. This request will be directed to the
administrator. Only after verification and approval, the new publication will be added to the list by the
administrator.
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Figure 4.28: Publication Management

v.
Scholar: This page allows the user to search any journal by just entering its name or a keyword. A
specific journal can be searched by its name or specifying the year range using Refine Search Option.

Figure 4.29: Journal Search
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The user can submit request to add a journal which is missing and should be added by entering the journal
name and his/her e-mail id.

Figure 4.30: Add Journal Request

vi.

Profile icon

Figure 4.31: Profile icon sub-menus

The Profile displays the user’s profile and an option to edit the profile.

Figure 4.32: User’s Profile

There is a facility to update user’s current password and to view Login History.
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Figure 4.33: Change Password

The Login History page displays the visit details of the user with the following parameters: Browser
version, Browser language, Platform used, cookies status etc.

Figure 4.34: Login History
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5.0
5.1

BENCHMARKING
Background

HRV analysis is a powerful, non-invasive measure of autonomic nervous-system function and an
indicator of neuro-cardiac fitness. There are several softwares that perform HRV analysis: Kubios
HRV, PhysioNet’s toolkit for MatLab, aHRV and many others. The major issue lies in the cost of these
softwares and these softwares are limited for the research purpose only. Thus, there is need to develop
an innovative knowledge management framework for intra and inter institutional collaboration, crossdisciplinary, knowledge sharing system to empower medical practitioners, researchers and academics
across the country for collaborative research and improved healthcare delivery.

5.2

Comparison with HRV_soft

Here, we are reporting the comparison of 100 subjects whose RR interval data has analyzed using
HRV_soft and open source HRV software. For comparison of the two softwares Bland Altman and
Spearman correlation statistical analysis was used.
The two softwares were compared in time domain, frequency domain and by non- linear method. Time
domain measures i.e.nn50, SDSD shows a no bias (0.00) whereas, SDNN shows a bias of -0.04.
Frequency domain measures i.e. LFn showed a bias of 0.002, HFn -0.0016 and LF/HF ratio
0.00028.Nonlinear measures showed a minimal bias of 0.00028. HRV parameters analyzed from HRV_
soft (indigenous software) and open source HRV were comparable and can be used for HRV analysis.

5.3

Results

i. Time domain: The data from the healthy subject was taken and RR interval was enter into two
different software (cHRV and HRV_soft). Spearman Correlation test and Bland Altman analysis was
used for statistical analysis. The parameters used for time domain analysis were: SDSD; SDANN;
pNN50.
Parameters

Spearman correlation

Bland Altman

SDSD

1.0

0.0

SDANN

0.9

0.04

pN50

1.0

0.02

NN50

1.0

0.0
Table5.1:Time Domain Measures
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ii. Frequency domain: The parameters used for frequency domain analysis were: HF abs; LF abs; HF
nu; LF nu; total power; LF/HF ratio. Spearman Correlation test and Bland Altman analysis was used
for statistical analysis.

Parameters

Spearman correlation

Bland Altman

HF abs

1.0

-10

HF nu

0.9

0.01

LF abs

1.0

-0.55

LF nu

0.9

-0.02

Total power

1.0

-15.7

LF/HF ratio

0.9

-0.00

Table 5.2: Frequency Domain Measures

iii. Poincare analysis: The parameters used for Poincare analysis were: TINN; HRV triangular index;
SD1; SD2; SD1/SD2 ratio.
Parameters

Spearman
correlation

Bland Altman

SD1

1.0

0.04

SD2

1.0

0.12

SD Ratio

0.9

-0.00

TINN

0.9

-0.03

Table 5.3: Poincare Measures
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