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Abstract:

Photoplethysmography is a non-invasive technique that measures relative blood volume changes in the blood vessels near to
the skin. The early evaluation of the cardiac diseases and respiratory diseases can be done easily through PPG analysis. It
has been used to measure indirectly heart rate, blood oxygen saturation (SPO2) and many other biological parameters. The
proposed methodology is to detect heart rate from the noisy PPG signal using the singular value decomposition (SVD)
method.
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1. Introduction

Photoplethysmography is a physiological signal measured to represent the flow of blood in the arteries below the surface of the
skin. It can obtained by illuminating a part of the body extremities such as index finger or ear lobe with either infrared or red light
and acquiring either the reflected or transmitted light [1] Heart pumps blood through the different arteries of the body in a
rhythmic fashion known as cardiac cycle. This rhythmic flow of blood can be seen in decreasing degrees of clarity in arterial
blood flow up until the level of capillaries. The rhythmic flow is barely apparent after the blood crosses over into the venous
return. Thus it can be said that given a vascular bed the majority of the pulsatile blood flow is due to the arterial blood. Thus PPG
wave represents the flow of blood in the arteries of the area being investigated. PPG contains abundance of information in its
shape, height and timing. The second peak present in each of its period at an instance called “Dichrotic Notch” represents the
closure of the aortic valve after the end of diastole, thus causing a momentary increase in blood volume of the arteries [6]. The
time period between each of the successive periods of the PPG waveform represents the repetition of the cardiac cycle and thus
can be used to calculate the heart rate manually.

The PPG signal has five different frequency components in the interval 0.007-1.5 Hz as it is composite in nature [2]. Sources of
these frequency components may be relating to respiration, blood pressure control, thermoregulation, autonomous nervous system
(ANS) and heart synchronous pulse waveform. only two components dominate the signal out of the five components, one is

due to the pulsatile component corresponding to the blood flow in the vessels, i.e. the arterial pulse, caused by the heartbeat, and
gives an alternating signal (AC component) and the other is, large quasi-DC component that relates to the tissues, bones and to the
average blood volume which gives a steady signal. The DC component varies very slowly due to respiration. The fundamental
frequency of pulsatile AC component is usually around 1 Hz, and varies according to the

heart rate of subject under test. In this paper a new method is introduced to calculate the heart rate from the PPG. The underlying
hypothesis of this methodology is to find the Singular Value Ratio (SVR) of the PPG signal using Singular Value Decomposition
(SVD) method.

2. Databases
The data’s needed for the analysis is taken from the bio kit physiograph using PPG sensor and PPG amplifier. Data’s were taken
for 1 minute duration with a sampling frequency of 100 HZ.

3. Methodology

3.1. Singular Value Decomposition (SVD)

Singular value decomposition (SVD) is an important tool of linear algebra. Singular value decomposition (SVD) can be looked at
from three mutually compatible points of view. It is also a method for transforming correlated variables into a set of uncorrelated
ones that better expose the various relationships among the original data items. SVD is a method for identifying and ordering the
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dimensions along which data points exhibit the most variation. Most important point that emphasizes SVD is that once we have
identified where the most variation is, it is possible to find the best approximation of the original data points using fewer
dimensions. So for data reduction, SVD can be used as a better method.

SVD is based on a theorem from linear algebra which says that a rectangular matrix A can be broken down into the product of
three matrices - an orthogonal matrix U, a diagonal matrix S, and the transpose of an orthogonal matrix V .

Amn: Umn Smn Vnn T

where UTU = 1, V'V = [; the columns of U are orthonormal eigenvectors of AAT , the columns of V are orthonormal eigenvectors
of ATA, and S is a diagonal matrix containing the square roots of Eigen values from U or V in descending order. The fact that
singular values of a given data matrix contains information about the noise level in the data, energy and rank of the matrix is
exploited for signal processing (data compression, noise removal and pattern extraction). We now exploit this feature to remove
motion artifacts from corrupted PPGs.

Generally PPG signal is in synchronous with the ECG signal, so it can provide heart rate information. The value of the heart rate
is not constant, but the PPG signal is a periodic signal with continuous change in period as heart rate changes. The matrix
formation of the PPG signal is done with the frequency of the PPG signal and the expected range of heart rate for each cycle of
data. The SVD of these matrices will reduce the complexity of the data and there by remove the motion artifacts.

Biokit PPG sensor and amplifier

Smgular Value Decomposition{ SVD)
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Figure 1 : Flowchart Of The Proposed Methodology

3.2. Identifying Heart Rate using SVR

SVD is applied to aligned data matrix, the ratio of first two singular values, called singular value ratio (SVR) is computed in each
case of length of signal to be considered as a period for expected range of heart rates. The ratios are then plotted against the period
to obtain graph called SVR spectrum of the signal. From SVR spectrum, the particular value of period for which the SVR is
maximum, is considered as the heart rate. The methodology is clearly explained as flowchart in figure 1.

4. Experimental Result

The signals from biokit physiograph, having continuous recordings of PPG without any breaks for about 1 minute duration each,
and the heart rate of the person which has taken manually were identified for use in assessing the performance of the algorithm

estimation of heart rate to validate the algorithm. The estimated heart rate from PPG signal using SVR is shown in figure 2 and
figure 3.
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Figure 2: Original PPG signal and the SVR trend of signal for first subject
Figure 3: Original PPG signal and the SVR trend of signal for second subject
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The figure 2 shows a heart rate of 72 beats per minute and figure 3 shows a heart rate of 85 beats per minute. Table 1 shows the
comparison of the actual heart rate and the expected heart rate.

Subject Actual heart rate Estimated heart rate
Subject 1 72 72
Subject 2 83 85
Subject 3 77 79
Subject 4 69 70
Subject 5 76 76
Subject 6 78 78

Table 1: Comparison of actual and estimated heart rate

The estimated heart rate is compared with the actual heart rate for six subjects and a good correlation can be seen in the result.

5. Conclusion

Photoplethysmography is a promising technology due to its noninvasiveness, low cost, and simplicity, and. It has potential for
early screening for various atherosclerotic pathologies . The heart rate is the most important parameter present in the PPG signal
and its estimation can be easily done with the help of SVR method. The SVR method gives high correlation with that of actual
output when compared to other techniques.
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