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ABSTRACT 

In today’s world, due to the living styles of the people there is a 

need to check the health issue continuously. People of different 

age groups need to self monitor their physiological body 

parameters regularly in order to control and prevent various 

abnormalities. This paper aimed at designing a noninvasive and 

real time physiological parameters estimation system using 

wavelets. This paper presents a novel algorithm and its real time 

implementation details for denoising highly non stationary PPG 

signals and finding out pulse rate, systolic & diastolic time and 

hence total cardiac cycle. Hence important parameters of 

cardiology can be easily measured at a time from PPG signals 

that can continuously monitor the health of an individual with a 

cardiac disorder. 
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1. INTRODUCTION 

Nowadays there is a need of continuous monitoring of the vital 

body parameters. Photoplthysmographic (PPG) signal is an 

important signal which can give clinical information of various 

vital physiological parameters like blood oxygen saturation, 

pulse rate, blood pressure, cardiac output, respiration rate, 

augmentation index etc.[1] [2] 

The AC component of the PPG pulse is synchronous with the 

beating heart and therefore can be a source of heart rate 

information. As pulse rate is approximately same as that of heart 

rate, it can be measured from PPG signal which is a simpler 

process than measuring heart rate from ECG which has more 

complexity in electrode placement. Similarly total cardiac time 

can be calculated form systolic and diastolic times. The PPG 

signal can be analyzed and smoothened from the extrema points 

to give various other parameters. 

The Biokit Physiograph System is used for capturing PPG 

signals from individual persons which are highly non stationary 

biomedical signals. The signals are captured at 1000 

samples/second/ channel. This paper focuses on the initial work 

to develop physiological parameters monitoring system using 

LabVIEW for real time analysis. 

LabVIEW (Laboratory Virtual Instrumentation Engineering 

Workbench) is a platform and development environment for a 

visual programming language from National Instruments [3]. 

LabVIEW helps create flexible and scalable design, control, and 

test applications. With the help of LabVIEW, we can interface 

with real-world signals; analyze data for meaningful 

information; and share results through intuitive displays and 

reports. 

2.  OVERVIEW OF PPG SIGNALS 

The Photoplethysmography technique used to study pulsatile 

arterial flow presents interesting useful subcomponents of the 

cardiac cycle. Photoplethysmography (PPG) is an optical 

technique which typically operates using infrared light, allowing 

the transcutaneous registration of venous and/or arterial blood 

volume changes in the skin vessels. The complex interaction 

between the heart and connective vasculature are the 

components of the mechanism that generates the PPG signal [4]. 
The right ventricle pumps the blood to the pulmonary circulation 

through the pulmonary arteries. The blood releases carbon 

dioxide and picks up oxygen through gas exchange in the alveoli 

of the lungs. The oxygenated blood then enters the left atrium 

through the pulmonary veins. The blood passes through a valve 

into the left ventricle, which then ejects the blood through the 

aorta and into the arteries. The deoxygenated blood returns from 

the body and enters the right atrium through the veins. The 

contraction of the ventricles is called systole and the relaxation 

period when the ventricles are refilling is called diastole. A 

period of the PPG waveform can be split into two phases. The 

first rising phase indicates the systolic upstroke time. The second 

falling edge indicates the diastolic time. A dicrotic notch is also 

seen. This notch is due to the sudden closing of the aortic valve. 

The main segments of the PPG are shown in the figure below. 

 

Fig.1 A period of PPG 

A PPG signal is obtained by illuminating a part of the body of 

interest and acquiring either the reflected or transmitted light 

[5][6]. A typical PPG signal is made of a large DC component 

that is due to a large part of light from the source passing 

through skin-muscle-bone without coming into contact with 

blood vessel at all and reaching the photo detector, a very small 

component having a very low frequency passes through the 

venous blood and a much smaller component at the frequency of 

heart beat passes through the arterial blood vessels. After the 

systole, blood volume increases in the arteries thereby reducing 

the received light intensity. During diastole, blood volume in the 

arteries decreases and hence in increasing in light transmission. 
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Thus the PPG signal appears pulsatile in nature at the heart rate. 

At a classical measuring site, about 00% of detected signal 

comes from skin-tissues-bone, 0.9% from venous blood and 

about 0.1% from arterial blood volume. The pulsatile portion of 

the PPG arises due to the light passing through arterial blood and 

hence has information contained in the arterial blood flow; heart 

rate, heart rate variability, respiration and blood 

pressure[7][8][9]. 

3. METHODOLOGY 

3.1   Wavelets 

    Wavelets are a powerful tool for the representation and 

analysis of such physiologic waveforms because a wavelet 

has finite duration (compact support) as contrasted with 

Fourier methods based on sinusoids of infinite duration. A main 

goal of wavelet research is to create a set of expansion 

functions and transforms that give informative, efficient, and 

useful description of a function or signal. In applications 

working on discrete signals, one never has to directly deal 

with expansion functions. Discrete wavelet transform (DWT) 

is obtained simply by passing a discrete signal through a 

filter bank. 

Wavelet theory can be understood and developed only by 

using such digital filters [10]. This is the meeting  point   

between  wavelets  and  sub  band  coding  and  the  origin  

of  two  different nomenclatures for the same  concepts. In 

fact, wavelets transform and sub band coding are so closely 

connected that both terms are often used interchangeably. 

Filter banks are structures that allow a signal to be 

decomposed into sub signals through digital filters, typically at 

a lower sampling F ig. 2 show a two-band filter bank. 

 

 

 

  Fig.2 One- level two band perfect reconstruction filter bank 

The DWT analyses the signal at different resolution 

(multiresolution) through the decomposition of the signal into 

several successive frequency bands. The DWT utilizes two set of 

functions ø(t) and Ψ(t), each associated with the low pass and 

the high pass filters respectively[11].These functions have a 

property that they can be obtained as the weighted sum of the 

scaled (Dilated) and shifted version of the scaling function itself: 

                 

 

 

                                                                                 … (1) 

   

                 

 

 

                                                                                   … (2) 

Here, h[n] and g[n] are the half band low pass filter and high 

pass filter respectively. 

3.2   LabVIEW  implementation 

Baseline wandering usually comes from respiration at 

frequencies wandering between 0.15 and 0.3 Hz, and you can 

suppress it by a high pass digital filter. The LabVIEW 

Advance signal processing toolkit provides the WA Detrend VI 

which can remove the low frequency trend of a signal. After the 

removal of baseline wandering, the resulting signals are more 

stationary and explicit than the original signals. However, some 

other types of noise might still affect feature extraction of the 

PPG signal. The noise may be complex stochastic processes 

within a wideband, so we cannot remove them by using 

traditional digital filters [12]. To remove the wideband noises, 

we can use the Wavelet Denoise Express VI. 

This LabVIEW based higher-level Express VI first decomposes 

the PPG signal into several subbands by applying the wavelet 

transform, and then modifies each wavelet coefficient by 

applying a threshold or shrinkage function, and finally 

reconstructs the denoised signal. 

Local maximas can be found out by the concept suppose x=a is a 

point of maxima value of f, if f (a) = 0 and, f(x) changes sign 

from positive to negative as x increases through a, i.e. f(x)>0 at 

every point sufficiently close to and to the left of a, and f(x)<0 at 

every point sufficiently close to and to the right of a.  

Global maxima can be found out from the maximum value 

among the local maximas. 

The Local minimas can be found out by the concept suppose 

x=a is a point of minima value of f, if f (a) = 0 and,  

f(x) changes sign from negative to positive as x increases 

through a, i.e. f(x) < 0 at every point sufficiently close to and to 

the left of a, and f(x) > 0 at every point sufficiently close to and 

to the right of a.  

  Global minima is the maximum value among the local 

minimas. 

 

 

 

Fig.3 block diagram for pulse rate and total cardiac cycle 

estimation in LabVIEW 
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Here the signals are acquired through biokit using DAQ and it is 

given to LabVIEW software for signal processing.  

After preprocessing, pulse rate is estimated from PPG signal 

from peak-peak intervals respectively. Then total cardiac cycle is 

estimated from rising and falling time of PPG signal. 

Here the preprocessed PPG signal is given to multiresolution 

analysis block and A6, D3-D5 coefficients are selected for the 
input to the multiscale peak detection subvi. 

Multiresolution peak detection is based on multiresolution 

wavelet analysis to detect peaks in a signal with specified 

width in number of samples, of peaks. Multiresolution analysis 

is useful for identifying peaks and valleys of noisy signals. This 

method makes wavelet-based peak detection more accurate and 

robust than threshold or curve-fitting-based peak detection 

methods. Signals usually contain both low-frequency 

components and high-frequency components. Low-frequency 

components vary slowly with time and require fine frequency 

resolution but coarse time resolution. High-frequency 

components vary quickly with time and require fine time 

resolution but coarse frequency resolution. Therefore, a 

multiresolution analysis method is useful for analyzing a signal 

that contains both low and high-frequency components. The 

multiresolution analysis method can help us to recognize both 

the long-term trend and short-term variations of a signal. 

Information on the coarser resolution of a signal can help you 

locate the features, such as peaks, in which you are interested. 

Observation of the finer resolution levels can refine the gross 

features and provide more details. 

Hence, Pulse rate is estimated by detecting the peaks of PPG and 

calculating the interval between two consecutive peaks. Then 

pulse rate is given by 60/interval between the peaks. 

 

 

 

Fig.4 block diagram for cardiac cycle estimation 

Here appropriate coefficients are selected for PPG signal using 

multiresolution analysis and then the transition measurement of 

the output signal is done. Systolic and diastolic time is obtained 

from rising and falling time respectively and these times are 

added to give the total cardiac cycle.  

4.RESULT AND ANALYSIS 

In this paper wavelet approximation and thresholding, both 

methods are performed and compared. Discarding all the high-

frequency information in wavelet approximation method, many 

of the original signal's sharpest features may get lost hence 

wavelet thresholding method proved to be a better one which 

involves discarding only the portion of the details that exceeds a 

certain limit. 

 The results from LabVIEW are shown in Fig.5,Fig.6,Fig.7, 

Fig.8,Fig.9,Fig.10,Fig.11.After denoising and baseline 

correction,  pulse peaks are detected. We tested our system and 

pulse rate is estimated from the PPG signal. The total cardiac 

cycle is estimated from the rising and falling time of PPG which 

is near to the theoritical value of total cardiac cycle. 

 

 

                                 Fig.5 noisy PPG signal 

 

                                Fig.6 denoised PPG signal 

 

 

                          Fig.7 Smoothened PPG signal 
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                                     Fig.8 peak array 

 

 

 

 

 

 

 

 

 

 

 

 

                       

 

 

 

Fig.9 maximum and minimum points 

 

 

Fig.10 (a) PPG signal, (b) baseline correct signal, (c) 

denoised signal, (d) Multiresolution analysis (e) PPG peaks 

with estimated ‘Pulse Rate= 68 beats/min’ 

    

 

                   Fig.11. Total cardiac cycle=0.74 sec 
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Table 1.  The measured and estimated heart rate, pulse rate 

and Total cardiac cycle 

SL.NO Heart rate 

(bpm) 

Pulse rate 

(bpm) 

Total cardiac 

cycle 

(sec) 

1 76 75 0.67 

2 67 68 0.73 

3 78 80 0.76 

4 93 95 0.8 

5 94 96 0.82 

6 70.7 68.8 0.74 

 

 5.CONCLUSION 

In this paper, PPG signals are processed using Discrete Wavelet 

Transform. The Wavelet based signal processing allows taking 

advantage of characteristics of time-scale analysis. This wavelet 

approach proved to be an efficient method for PPG signal 

processing and the pulse rate is accurately obtained from PPG 

signal in LabVIEW software.  Also the total cardiac cycle can be 

obtained by finding out the systolic and diastolic time from PPG. 

Hence pulse rate, total cardiac cycle can be measured at one time 

continuously. To make the system more accurate and to 

implement in real time, signals are processed and work is done 

in LabVIEW for better results. 

In future work will be done to extract more information from 

PPG signals and data from various patients will be analyzed for 

better accuracy of the system. 
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