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where: v – pulse wave velocity; E – the Young’s modulus of 
the arterial wall; h – the arterial wall thickness; ρ – blood 
density; r – the arterial radius. 

The basic hemodynamic parameters that affect the pulse 
wave velocity, and hence, the pulse waveform is arterial 
stiffness, which in turn, is an effective and reliable prognos-
tic marker of atherosclerosis and endothelial dysfunction 
[5]. Thus it is undeniably very important to create novel 
approach for pulse wave contour analysis in order to esti-
mate the arterial stiffness by using simple, reliable, nonin-
vasive and inexpensive diagnostic methods based on record-
ing and digital processing of arterial pulse waves. 

III. MATERIALS AND METHODS 

Currently in clinical practice for the contour analysis of 
digital pulse waves the reflection index (RI) and the stiff-
ness index (SI) are widely used. These indices are defined 
as follows: 
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where: L is the subject’s height expressed in meters.  
The time of the pulse wave reflection ∆ estimates arteri-

al stiffness and also depends on the length of corresponding 
arterial bed. The variation of arterial path length with a 
patient’s height could be addressed by means of a stiffness 
index defined as height divided by the time of the pulse 
wave reflection. The reflection index RI is determined by 
the intensity of pulse wave reflections and depends on the 
tone of small muscular arteries and impedance mismatches 
in arterial system [1, 3]. 

However using traditional indices for contour analysis 
of the pulse wave for patients with severe arterial stiffness is 
associated with a number of obstacles and difficulties, the 
main of which is the complication of detecting the reflected 
wave maximum (so called dicrotic peak) and the further 
definition of its amplitude and temporal position [6]. Below 
you may see the visual confirmation of this well-known 
phenomenon.  

As an alternative index for the pulse wave contour anal-
ysis we could propose to use the form factor of pulse wave 
defined as follows [8]: 
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where: FF is the form factor; σx'' is the standard deviation of 
the second derivative of the considered pulse waveform; σx' 
is the standard deviation of the first derivative of the con-

sidered pulse waveform; σx is a standard deviation of the 
considered pulse waveform. 

The transition from the time domain to the frequency 
domain by using the spectral Fourier transform allows to 
obtain a clearer assessment of the pulse wave morphological 
characteristics. Given the fact that in practice the pulse 
wave signal processing is realized by software, the transi-
tion to the frequency domain is implemented by means of 
discrete Fourier transforms. In this case the expression for 
the amplitude spectrum of the pulse wave could be deter-
mined as follows: 

21

0

( ) ( )
N j nk

N

n

X k x n e
π− −

=

= ⋅  

where: x(n) is a sample of the pulse wave in time domain; n 
is sample’s number in the time domain; k is sample’s num-
ber in the frequency domain; N is a total number of samples 
in the considered sequence of pulse waves; X(k) is a sample 
of the pulse wave in the frequency domain. 

To obtain novel index for pulse wave morphology as-
sessment we perform Fast Fourier Transform for the se-
quence formed by consecutive replication of a single pulse 
waveform with removed dc component. For accurate extrac-
tion of single pulse waveform from raw biosignal sequence 
the adaptive detector of pule wave beats was used [7]. This 
detector is characterized by small errors in detecting maxi-
mums and onsets of pulse waves, contaminated by various 
types of artifacts and noise of different origin and intensity.  

Analysis of the obtained spectral characteristics for dif-
ferent types of pulse waveforms has shown significant dif-
ferences in the structure of the amplitude spectrum. For 
numerical evaluation of these spectral differences we sug-
gest the use of spectral harmonic index (SHI) defined as the 
amplitude ratio of the first harmonic (As1) to the second 
harmonic (As2): 

1

2

As
SHI

As
=  

For practical studies of different approaches to the pulse 
wave contour analysis it is necessary to collect clinical 
pulse wave recordings from people with various conditions 
of arterial vessels. The pulse wave signals were recorded by 
using certified photoplethysmography device ELDAR 
(“New Devices Ltd”, Samara, Russian Federation) with the 
probe located at the cuticle of forefinger of the right hand, 
sampling rate of 100 Hz, ADC resolution of 10 bits, band-
width of 0,05 – 15 Hz.  

Three groups of volunteers, consisting of 75 people aged 
from 20 to 70 years were examined. The 1st group (Group 
A) consisted of 30 young healthy people aged 20 to 35 
years; the 2nd group (Group B) consisted of 25 people at 
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