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Abstract
The Heart Rate Variability signal (HRV) measures the spontaneous 
variability between successive beats, as they are revealed by the 
presence of an R wave in the Electrocardiographic ECG signal. 
Recent researches on HRV have suggested that besides traditional 
Linear analysis techniques, the Non-Linear parameters can also 
provide valuable information for the physiological interpretation 
of heart rate fluctuations. The paper focuses on a comprehensive 
characterization of HRV using Fractal Dimension (FD) which is 
computed using two different methods. First, the intrinsic relation 
between Detrended Fluctuation Analysis, Power Law Index and 
Fractal Dimension is utilized to determine the value of FD. In the 
second approach, the results obtained using the proposed method 
is established by computing the value of Fractal dimension using a 
standard approach as proposed by the Higuchi’s algorithm. The aim 
is to establish the proposed method as a standard one for computing 
Fractal dimension and associate it with other existing well-defined 
FD computation techniques.  Current study amongst male and 
female subjects leads us to identify non-linear HRV measures that 
may provide powerful insights into cardio-autonomic activity.
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I. Introduction
Heart Rate Variability (HRV) is defined as the beat-to-beat 
variations in the heart rate attributed to the electrical impulses 
generated by the sino-atrial (SA) node. These variations are 
produced by the influence of the sympathetic and para-sympathetic 
branches of the Autonomic Nervous System (ANS) on the sino-
atrial (SA) node [1]. The various physiological factors which 
modulate the normal rhythm of the heart are reflected by HRV. 
Hence, the analysis of HRV is considered to be a well recognized 
tool both in the investigation of the autonomic control of the 
heart and in the prognostic stratification of cardiological disease 
patients [2].

Fig. 1: R-R Interval Variation

Compared to men, women are at a lower risk of coronary heart 
diseases (CHDs) [3] and serious arrhythmias [4], suggesting 
a salutary difference in autonomic control of heart rate. The 
objective of this present study is to analyze and investigate 
the effect of geographical conditions and living habits in both 

the male and female population of different subjects from two 
different terrains using a popular nonlinear dynamics known as 
Fractal Dimension. The term ‘‘fractal’’ was first introduced by 
Mandelbrot [5]. A fractal is a set of points that when looked at 
smaller scales, resembles the whole set [6]. The concept of fractal 
dimension (FD) that refers to a non integer or fractional dimension 
originates from fractal geometry .The FD emerges to provide a 
measure of how much space an object occupies between Euclidean 
dimensions [7].  The FD of a waveform represents a powerful 
tool for transient detection. This feature has been used in the 
analysis of ECG and EEG to identify and distinguish specific 
states of physiologic function. Many algorithms are available 
to determine the FD of a waveform. In this paper a method is 
proposed to determine Fractal Dimension that makes use of the 
relation between Detrended Fluctuation analysis and Fractal 
Dimension. When applied to geometrical shapes, the term Fractal 
describes the objects consisting of parts that are reduced copies 
of the whole. Biological systems also produce fractal time series 
known as scale-invariant, because they look the same at different 
temporal scales. Scale invariance is a characteristic property of 
power law distribution and power spectrum analysis is generally 
used to examine irregular time-series. The power spectrum is 
expressed as:
P(f) =C.f α                                 (1)
where, P is the power, f is a variable representing frequency, C is 
a constant and α is a scaling exponent that depends on the signal 
correlation properties.
Detrended Fluctuation Analysis (DFA) is an algorithm to assess 
the correlation properties of the non-stationary signals. Fractal or 
self-similar signals exhibit long term-correlations that extend over 
many temporal scales. Fractal correlations give an exponent of 1 
and fractal correlation patterns are also known as 1/f noise. DFA 
applies the theory of random walk to heart rate signal in order to 
assess the correlation patterns and explore exponents with values 
close to 1, which is indicative of scale invariant, fractal variability. 
Thus the power law index α available from DFA and the Fractal 
Dimension D, both can be used to irregularity of the time-series. 
Since, both feature represent the same feature of HRV, a certain 
relationship exists between them, which was exploited by Berry 
[8] and is given by:
D = (5 – α) /2                               (2)
In order to establish the results obtained using the proposed 
method, the value of Fractal Dimension was also computed using 
a standard method as proposed by Higuchi [9] so that comparative 
analysis can be drawn between the two methods.
Higuchi’s algorithm:
Let x(1), x(2),..., x(N) be the time sequence to be analyzed. Then 
we construct k new time series, such that:
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For m = 1, 2, ….,k, where m indicates the initial time value, and k 
indicates the discrete time interval between points, and [a] means 
the integer part of a. For each of the k time series the length Lm 
(k) is computed by,
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where, N is the total length of the data sequence x.
This procedure is repeated for each k ranging from 1 to Kmax, 
obtaining an average length for each k. In the curve of ln[Lm(k)] 
versus ln[1/ k], the slope of the least-squares linear best fit is the 
estimate of the FD.

II. Data Acquisition & Analysis

A. Data Acquisition 
Data acquisition is being carried out using a custom made ECG 
device consisting of the following blocks as shown in Fig.2. Here, 
the DC to DC converter takes the 5V power input from the USB 
based ADC, which gets power from the USB port of the computer 
and then provides an isolated power source for functioning of the 
Pre-amplifier.

Fig. 2: ECG Acqusistion Device

The amplification of the bio-potential signal is done using an 
instrumentation amplifier AD620, the output of which is subjected 
to necessary filters in order to eliminate the noise and provide 
an optimum bandwidth. Finally to provide adequate safety the 
signal is passed through a signal isolation circuit comprising 
of HCNR200 and OP07 operational amplifiers. The output of 
HCNR200 gives the processed ECG signal which is next digitized 
and fed to the computer. The recorded ECG signal for one of the 
subjects is shown in fig. 3.

Fig. 3: ECG recording in Lead I Configuration

In this research reading of the subjects is taken from two groups of 
population from two different terrains. The subjects include males 
and females and belong to either the population from the Hilly 
region and the second group from the Plains. The summarized 
statistics of the population is presented in the tables below (Table 
1 & 2).

Table 1: Baseline Characteristics of Hill Population
Male Female

Number of subjects 150 80
Age 34 ± 13.07 34.1 ± 11.4
Height (Feet) 5.418 ± 0.256 5.012 ± 0.198
Weight (kg) 56.906 ±  0.515 43.204 ± 8.822

Table 2: Baseline Characteristic of Plain Population
Male Female

Number of subjects 50 30
Age 27.68 ± 9.394 28.1 ± 12.2006
Height (Feet) 5.516 ± 0.23 5.196 ± 0.2849
Weight (kg) 62.6653 ±10.38 55.044 ± 7.093

All data’s were recorded in wake state and as well as rest schedule. 
A data collection form was prepared for recording and validation 
(Signature or LTI taken in almost all cases) of the collected data 
in three sections as:

General Survey ,• 
Life Style survey, Work and Activity Schedule• 
Medical Survey• 

For this project we made use of an ECG data acquisition device 
along with a questionnaire to assess the general condition of the 
subject. Afterwards we took help of some standard software for 
processing of the acquired data.

B. Methodology
The experimental procedure is explained to the participants • 
and the questionnaire form is filled up by them.
The ECG reading of subjects is taken by ECG data acquisition • 
device for 5 minutes.
The ECG data is acquired by NI software through PC.• 
Process the ECG data through MATLAB and HRV Analysis • 
software. 
Analyze the processed ECG data for comparing the said two • 
groups and also correlate the two approaches for computation 
of Fractal Dimension in order to establish the results.

C.  Data Analysis
The data of the various recordings are stored as ASCII values in 
one of the components of the software. The R-R interval data of 
the 5 minutes recording were extracted and stored as .txt format 
in a file for future reference. The stored .txt format values are now 
fed to Kubios Software and developed FD computation software 
for evaluation and analysis. In the first approach, the calculation 
of the fractal dimension [10] with the help of R- R interval series 
is done using the developed software to get the mean value of 
M(h) for different value of h. When this value is obtained then 
a graph between M(h) and h in log-log scale is plotted. From 
the slope of the curve computation of H is done and finally the 
fractal dimension FD is calculated using the formula FD = 1/H.   
In the second approach, a new method for computing the Fractal 
dimension is proposed which make use of the relation between the 
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Detrended Fluctuation analysis (DFA), Power Law index (PLI) 
and Fractal Dimension (FD).

Fig. 4: Flowchart for Computing Fractal Dimemnsion

The spectrum of original non-integrated signal is of power law 
form [11], expressed as:
S( f ) ~ 1/ fβ, where β = 2α −1                (5)
Here, β is the Power law index and α is the self-similarity parameter 
obtained from DFA. Also, the fractal dimension is linked to the 
power-law exponent by the following linear relationship [12]:
FD = (5 – β) / 2           (6)
Thus, it is proposed to obtain the value of FD from DFA by utilizing 
the above equations and then compare it with the result obtained 
for FD calculated using Higuchi’s algorithm, in order to establish 
the results obtained using the proposed technique.

III. Results & Discussions
ECG data acquired using NI software was processed in MATLAB 
to obtain the RRI time series for data sets, for all subjects. The 
calculated RRI series was then used to plot the HRV signal, as 
shown in fig. 5 for one of the subjects.

Fig. 5: RRI Time Series Plot for One of the Subjects

From the obtained HRV signal for each of the subjects, the value 
of Fractal Dimension was calculated using the two approaches 
i.e. Higuchi’s algorithm and the proposed method. The results 
obtained using both the methods from the evaluated subjects are 
plotted in two sectors of sexes for each of the two groups of 
population considered in this study. The scatter plot obtained for 
FD values of each of the subjects in the hilly region and plains 
are shown in fig. 6 through 13.

Fig. 6: Distribution of FD for Males from Hilly region using 
Higuchi’s algorithm 

Fig. 7: Distribution of FD for Males from Hilly region using 
Proposed Method 

Fig. 8: Distribution of FD for Females from Hilly region using 
Higuchi’s algorithm

Fig. 9: Distribution of FD for Females from Hilly region using 
Proposed Method
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Fig. 10: Distribution of FD for Males from Plain region using 
Higuchi’s algorithm 

Fig. 11: Distribution of FD for Males from Plain region using 
Proposed Method 

Fig. 12: Distribution of FD for Females from Plain region using 
Higuchi’s algorithm

Fig. 13: Distribution of FD for Females from Plain region using 
Proposed Method

The characterization as available from the plot of Fractal Dimension 
obtained using Higuchi’s Algorithm and proposed method projects 
the mean values to be 1.482 and 1.874 in males whereas for the 

female subjects the mean value obtained is 1.585 and 2.016 
respectively, for the population from the Hilly region. 
Also, the characterization as available from the plot of FD values 
for the population from the Plain region projects the mean values 
to be 1.419 and 1.82 in males whereas for the female subjects the 
mean FD values obtained are 2.276 and 2.131, using the Higuchi’s 
Algorithm and proposed method respectively. The results indicates 
that the both the male and subjects considered in the research are 
healthy. Also a decrease in the mean FD values was obtained for 
males as compared to females for population in both the terrains 
for both the methods considered in the research. The summary of 
the mean values of FD is shown in Tables 3 and 4.

Table 3: Mean FD values obtained using Higuchi’s algorithm and 
proposed method for both the genders in the Hilly region
Higuchi’s Algorithm Proposed Method
Male Female p-value Male Female p-value

1.482 ± 
1.64

1.585± 
1.45

0.078 1.874± 
0.333

2.016 ± 
0.389 0.078

Table 4: Mean FD Values Obtained Using Higuchi’s Algorithm 
and Proposed Method for Both the Genders in the Plain Region
Higuchi’s Algorithm Proposed Method
Male Female p-value Male Female p-value

1.419 ± 
1.05

2.276± 
2.72

0.668 1.820± 
0.297

2.131± 
0.382 0.001

It is clear from t-test results that significant differences at p value 
< 0.05 are found in the case of the Plains and Hills population 
for both the approaches.  Many other measures of HRV are not 
significant at 5% level of significance but variations are significant 
at lower levels of significance (p<0.15).  It was found that there 
were appreciable changes (p <0.05) in values of mean FD for the 
male and female population in each of the terrains and the same 
was exhibited using both the approaches of determining the values 
of Fractal Dimension.
A comparative analysis of the obtained values for Fractal Dimension 
of the male and female subjects in both the terrains using the 
two different methods for computation of Fractal Dimension is 
presented in fig. 14.
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Fig. 14: Comparison of  Mean FD Values of the Male and the 
Female Subjects from Two Different Terrains Using Different 
Approaches

IV. Conclusion
In this paper a comparison of Fractal Dimension using two 
different approaches i.e. Higuchi’s algorithm and relation between 
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DFA and FD is obtained for male and female subjects belonging 
to two different geographical locations has been presented for the 
analysis of non-linear characteristics of Heart Rate Variability. The 
results obtained indicate that both the male and female subjects 
considered in the research are healthy. The Fractal Dimension 
values show a significant difference in values for the male and 
female population. This is evident as a steep decrease in the mean 
FD values was obtained for males as compared to females. The 
higher value of FD in females indicates a more chaotic data and 
it decreases with decrease in variation of RR-interval time series, 
as obtained in the case of male subjects. The average FD value 
obtained using the Higuchi’s algorithm for the male subjects was 
1.482 ± 1.64 & 1.419 ± 1.05 for the Hill and Plains population 
respectively. And for the female subjects the obtained values 
were 1.585 ± 1.45 & 2.276 ± 2.72; thereby distinguishing the 
two different sexes. Similarly, the values of FD obtained using the 
proposed method was found to be 1.874 ± 0.333 & 1.82 ± 0.297 
for the male subjects  and 2.016 ± 0.389 & 2.131 ± 0.382 for the 
female subjects, from the Hill and Plain regions respectively. 
The findings of higher FD in female subjects indicate a more 
complex and variable regulation of heart rate. A higher nonlinear 
behavior was observed in the female subjects irrespective of the 
geographical location to which they belong. Women live longer 
and develop cardiovascular illness at a later age than man, giving 
rise to the hypothesis of a more chaotic and less predictable heart 
rate signal in women. All the male subjects manifest a lower degree 
of chaos in respect to the physiological subjects. The high value of 
variance of female subjects seems to enhance the hypothesis that the 
cardiovascular system regulation is more flexible in physiological 
conditions. Hence, it can be concluded that Non-Linear analysis 
methods such as Fractal Dimension might also be considered as 
powerful tools to explore the cardio-autonomic activity along 
with linear measures of HRV. Thus the results obtained using 
both the methods for computation of FD, indicate a higher value 
incase of the female subjects than those of the males in both the 
terrains, indicating higher irregularities in the former. Thus, from 
the comparative study shown in Fig.14 it can be suggested that the 
functioning of the CVS in female subjects considered in the study 
are in a better condition than those of the male subjects. Also, it 
is observed that the values of Fractal Dimension obtained using 
both the approaches are very close to each other with standard 
deviation as low as 0.101 between them.  The findings indicate an 
alternative approach for computing the Fractal Dimension with 
much lesser computational complexity. 
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