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Figure 1. PPG Time series of a healthy human 
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Abstract— Understanding the hemodynamic interactions of 

a non-cardiac system with the main circulatory system is a 

challenging task in modern medicine. In this study the effect 

of gastric myoelectric activity (GMA) on peripheral blood 

volume pulse, acquired by photoplethysmographic (PPG) 

technique during fasting and postprandial states are 

analyzed using wavelets. PPG and Electrogastrogram 

(EGG) signals were acquired simultaneously from 8 healthy 

volunteers for 30 minutes duration in both states. In this 

study the power ratio (PR), which is the ratio between 

powers of the signal in fasting state to the postprandial state, 

was calculated and it changes significantly. The correlation 

coefficient was significantly higher (r = 0.93; P < 0.05) 

between PPG PR value and EGG PR value. PR is a good 

indicator of hemodynamic changes in the main circulatory 

system caused by stimulation of other subsystem. In future 

such analysis can be used as a diagnostic tool for gastric 

disorders which modulate the peripheral circulations. 

 

Index Terms— enteric nervous system, electrogastrography, 

hemodynamics, wavelet transform, Daubechies wavelet 

I.  INTRODUCTION 

Human circulatory system constitutes many different 

subsystems which are complex in nature, connected 

structurally and interacting with each other. 

Hemodynamic in any separate subsystem is determined 

by hemodynamic interactions throughout the whole 

system because it is a closed-loop system. Finding the 

activity of internal visceral organs such as stomach, 

kidney by noninvasive method from the peripheral blood 

volume pulse is a challenging task in the clinical field. 

PPG is a simple, non-invasive, low cost and electro-optic 

technique used for quantification of cardiovascular 

parameters such as heart rate and respiratory rate and 

plays a major role in monitoring such parameters in the 

intensive care unit [1]. PPG signal comprises: an ac 

component which is related to the velocity and 

concentration of moving blood cells and a dc component, 

related to the absorption and scattering properties of the 

tissue. 

It has already been stated that the PPG signal is 

composite in nature and has five different frequency 

components in the interval (0.007–1.5) Hz [3]. Sources of 

these frequency components may be relating to 

respiration, blood pressure control, thermoregulation, 

autonomous nervous system (ANS) and heart 

synchronous pulse waveform. These are not fully 

understood because of the complex nature of the 

cardiovascular system and skin microcirculation where 

regulatory processes of both central and local origin are 

involved. “Fig. 1” shows a typical PPG time series 

measured from index finger after the passage of infra-

red(IR) light (wavelength of 930 nm). “Reference [4]” 

gives a quantitative report of PPG signals from 

abdominal organ measured invasively. This observation 

supports the hypothesis that PPG may be used as a 

monitoring technique for abdominal organ functions. 

Electrogastrography (EGG) is a method of recording 

electrical slow wave of the stomach noninvasively by 

placing surface electrodes. Its normal frequency is about 

3 cycles per minute (0.05Hz). It is believed that the 

interstitial cells of cajal (ICC) of enteric nervous system 

generate the rhythmic depolarizations of the gastric slow 

wave. These recordings display a sinusoidal wave pattern 

as shown in “Fig. 2” that represents with reasonable 

accuracy of the overall internal GMA. Though the PPG 

and EGG signals origin are interconnected by means of 

blood circulation patterns, their relationship has not been 

well explored.  

The objective of this study is to determine the 

possibility of GMA effects in finger PPG signal of 

healthy human during fasting and postprandial states, 

which could be helpful in diagnosing gastric system 

disorders in an easier way.  

II.  WAVELET  TRANSFORM 

The wavelet transform (WT) method was designed for 

nonstationary signals since it incorporates the concept of 

scale into the transform, which gives better time-

frequency resolution: a compressed wavelet for analyzing 

high-frequency details and a dilated wavelet for detecting 
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Figure 3.  Signal Processing stages for PPG and EGG 

signals 

lower frequency underlying trends. Continuous wavelet 

transform (CWT) is defined by,  

 

 

 

where x(t) represents the analyzed signal, a and b 

represent the scaling factor (dilatation/compression 

coefficients) and translation along the time axis (shifting 

coefficients), respectively, and the superscript asterisk 

denotes the complex conjugation. ψa,b(·) is obtained by 

scaling the wavelet at time b and scale a: 

 

 

where ψ(t) represents the wavelet. So the wavelet 

coefficients are plotted in time-scale value in which the 

high scale represents the low frequency and vice versa.  

The present analysis aims at extracting GMA influence 

on PPG signal. The wavelet representation of the data 

enables a good qualitative view on the data. The wavelet 

scale levels are closely related to the frequencies of 

Fourier spectra, called pseudo-frequency. One way to 

calculate this pseudo frequency,  from the center 

frequency,  of the wavelet and using the following 

relationship, 

 

where s is a scale, ∆t is the sampling period. The idea is 

to associate with a given wavelet a purely periodic signal 

of frequency . CWT is shown as a 3-D plot with color-

coded amplitudes which provides the best qualitative 

insight into the processes behind the data. Daubechies 

wavelet (db3) was chosen because it is one of the best 

suitable mother wavelet for PPG and EGG signals [6]. 

A. Subjects 

This study was performed in 8 healthy non-smoking 

and non-athletic male volunteers without symptoms and 

history of gastrointestinal, cardiovascular diseases. The 

mean age was 22.0 ± 2.7 (SD) years (range 20-28 years) 

and the mean body mass index (BMI) was22.3 ± 1.7 (SD) 

(range 19.7-25.3). Informed consent was obtained from 

all volunteers, and the study was approved by the Ethical 

Committee of Indian Institute of Technology Madras. 

B. Data acquisition and Signal Analysis 

We acquired the PPG and EGG signals using a 

standard data acquisition unit MP 35 (SS2L and SS4LA, 

Biopac Systems, Inc, USA). Volunteers were asked not to 

talk and to keep relatively still during the recording time 

in order to avoid motion artifacts. Three surface 

electrodes (Ag-Agcl): are placed over the stomach to 

acquire EGG signal [8]. After resting for 15 minutes in a 

supine position for stabilization, PPG and EGG data were 

recorded as follows. Fasting data were collected after 5 

hours of fasting for 30 minutes. Then  the subjects  were  

asked  to  sit  up,  eat meal (comprised of limited rice, 

fruit slices and one cup of water) and  then again  assume  

supine position. Postprandial data were also collected for 

30 minutes. During these  procedures,  the  subjects 

breathed  spontaneously at more  than  10 cycles/min  (or 

at 12 cycles/min =  0.2  Hz).  The room temperature was 

regulated at 25±1°C. Both the signals were sampled at 

100 Hz. Filtering was done using second-order 

Butterworth filter with a pass band range of 0.01–40 Hz 

for PPG and 0.01–0.3 Hz for EGG signals. 

Signal conditioning techniques used in the study is 

shown in Fig. 3. These were done offline in MATLAB® 

version 7.2 (The MathWorks Co, USA). The CWT of 

PPG signals are shown in Fig 4 and 5. Absolute value 

squared of the wavelet coefficients was calculated for the 

full data of each subject in two different states and 

compared to determine the change of power. The 

frequency range for PPG was kept as (0.01–1.5) Hz and 

for EGG as (0.01–0.25) Hz. The increase in amplitude of 

the CWT coefficients in the postprandial state of EGG 

signal which shows the increase in motility of stomach 

[16]. The CWT of EGG signals are shown in Figure 6 

and 7. All data were expressed as means ± standard 

errors, and P values < 0.05 were considered to be 

statistically significant. Student’s t-test was performed to 

assess the mean power of the wavelet coefficients in two 

different states for their statistical significance. 

III.  RESULTS 

Change in power (i.e., increase in power) in the 

frequency band of 0.01–0.1 Hz is a more reliable index of 

gastric myoelectric activity than the median frequency, 

total power or peak amplitude [5]. 

A. Bench Mark Parameter 

We determined the power ratio which is defined as 

signal power in fasting state to that of postprandial state 

(e.g., rEGG = fasting EGG/postprandial EGG). The 

reason for determining the PR is that the increase in 

power is a good index of increase in GMA in 

postprandial state is a healthy status of stomach because 

Figure 2.   Recorded EGG signal 
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Figure 5.  CWT of Postprandial PPG signal 

Figure 6.  CWT of Fasting EGG signal 

Figure 7.  CWT of Postprandial EGG signal 

 

Figure 5.  CWT of Fasting PPG signal 

in diabetics there is no increase in power [5]. This study 

attempts  to  relate  the parameter PR of EGG and PPG. 

B.  Data Analysis  

The power of postprandial PPG increases significantly 

(P < 0.05) for all the subjects. The EGG power also 

increases in postprandial state (P < 0.05), confirming 

earlier experimental results. The PR value of PPG and 

EGG were positively correlated each other (n = 8, r = 

0.93, P < 0.05). 

IV. DISCUSSION 

There have been many studies on hemodynamic of 

blood flow oscillations and extracting information about 

cardiopulmonary parameters with various degrees of 

accuracies, little attention has been given to the gastric 

activity interactions that naturally exist in the system. 

Though some of the studies [2] show the capability of 

PPG signal variability in ANS, but the influence of 

enteric nervous system is not well explored. The increase 

in EGG power may be due to the increase in splanchnic 

blood supply to the gastric muscle for strong muscle 

contraction during digestion and absorption of nutrients. 

So in order to balance this heart rate increases in the 

postprandial state and also the volume of blood supplied 

to the extremities may be reduced. When the volume of 

blood present in the artery is reduced, more infrared light 

will be transmitted and the amplitude of PPG signal 

increases. So the power of PPG in the postprandial state 

increases. In this work it is revealed that there is a 

significant correlation between PPG PR and EGG PR in 

healthy humans. The hemodynamic changes in the blood 

flow oscillations may be due to interconnectivity between 

the subsystems that exist naturally. 

 

CONCLUSIONS 

 

 This study demonstrated the efficacy of CWT as a 

signal processing technique for analysis of PPG and EGG 

signals. This study primarily indicates a development of 

PPG based technology in diagnosing gastric disorders. It 

is also shown that GMA possibly modulate the peripheral 

circulatory patterns to some extent. This may be due to 

the heart and respiratory functions as well as by local 

mechanisms of resistance control. What we have not been 

able to determine so far in the very first approach is a 

measurement with a large group of volunteers. In future 

PPG technique can also be used as a tool for diagnosing 

the patients with gastric disorders instead of the present 

methods like endoscopy and EGG methods.  
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