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Heart rate monitoring during exercise is becoming very popular due to high risk of heart attacks involved in intensive
exercise. Photoplethysmography (PPG) is one such technique which is non-invasive, non- complex, and has higher usability
and portability than electrocardiogram (ECG) technique. PPG signals are captured by a photodetector which records small
variations in the intensity of light sent by a light emitting diode (LED). These intensity variations correspond to the changes
in the volume of blood vessels.
The PPG signals obtained from the device are corrupted by noise, which is generically known as artifact. The artifacts which
occur due to motion make analysis of PPG signals increasingly difficult, hence the most important task in PPG signal
analysis is to suppress the motion artifacts (MA). There are many approaches to motion artifact suppression which employ
time-domain filters. In our study, we chose wavelets to cancel out the motion artifacts. Through extensive experimentation,
we found out that the ‘db4’ filter yields the best results. In this paper, an algorithm is proposed to monitor heart rate
effectively.
PPG data used for analysis was available under IEEE SP Cup 2015. Each data set comprised of six signals- one ECG signal,
two PPG signals, and three accelerometer signals in x, y and z directions. The signals were recorded when the subjects aged
between 18 and 35 ran at different speeds for particular time intervals. The goal is to estimate the heart rate in a timewindow of 8 seconds, with consecutive windows overlapping by 6 seconds. Since the motion artifacts occur is in the same
band as the frequency band of interest (1-3 Hz) of PPG signal, suppression methods relying on the frequency of PPG signal
and frequency of MA would be ineffective, hence wavelets are employed. In this way, partial suppression of MA can be
achieved. To suppress noise, we employ a bandpass filter in a band of 1-3 Hz. Next, a new power spectrum D(f) is computed
after deducting the power spectra of accelerometer signals from the power spectrum of the PPG signal. This new power
spectrum is the power spectrum of pure PPG signal. It is given as:
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Since the PPG signal is periodic in nature, the frequency corresponding to maximum magnitude is the heart rate. This
process is repeated for the entire signal, and then for the entire data set of 5 signals. This results in an array of estimated
heart rates and is compared with the ground-truth heart rates. Post-processing procedures like smoothening is required to
yield better results. If the heart rate falls below 60 BPM and exceeds 180 BPM, the heart rate of previous index is assigned
to the current index. The performance of our algorithm is then evaluated by calculating average error (µ) and standard
deviation (SD) as,   1
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deviation (SD) obtained is in the range of 1-5 BPM (Beats per minute). This highlights the accuracy of our method. These
results can be enhanced further by employing an improved method to suppress the motion artifacts. Fig. 1 shows the
comparison between the true BPMs and estimated BPMs before post-processing, while fig 2 depicts the same comparison,
but after post-processing. The calculated values of µ and SD for DATA01 are shown in Table I.
TABLE I: µ and SD for DATA01
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Fig 1. Comparison between true BPM and
estimated BPM before post-processing

Fig 2. Comparison between true BPM
and estimated BPM after post-processing.

