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Figure 1: Fingertip is attached with pulse oximeter to monitor the blood 

pressure  [1] 
 

 
Figure 2: The acquired PPG signal. 

 
 

 
Figure 3: Systolic and diastolic peaks of PPG signals [2] 

 
APG is the second derivative of PPG signal as shown in 

Figure 4 and it is the acceleration of blood which occurs 
inside the finger. 

 

 
 

Figure 4: The APG signal waveform  [2] 
 
The advantage of APG as compared to PPG signal is that 

it consists of 5 peaks which could increase the accuracy of 

biometric identification system. APG signal consists of four 
systolic and one diastolic waves. The waveforms are the a-
wave (early systolic wave), b-wave (early systolic negative 
wave), c-wave (late systolic re-increasing wave), d-wave 
(late systolic re-decreasing wave) and e-wave (early diastolic 
positive wave). Every wave position indicates the closure of 
aortic valve and blood flow which can be used to define and 
observe heart function [3]. 

The remaining sections in this paper are structured as 
follows; the next section review the related biometric 
identification system based on PPG. Later, Section III, 
elaborates more on the technique of the study which 
comprises of data collection, pre-processing, segmentation 
and classification mechanism. In Section IV, the performance 
of the proposed system is discussed. Lastly, in Section V, the 
study is concluded based on the experimentation and 
outcomes from the earlier section. 
 

II. LITERATURE REVIEW 
 
Current biometric identification system which mostly 

employs the use of fingerprint scan have the possibility to be 
impersonated. Singh et al. in [16] proposed the possibility of 
using PPG as a secondary identification feature to be used 
with the fingerprint scanner. The morphological signal of 
PPG differs from one subject to another however depends on 
the location of the pulse oximeter when the waveform is 
recorded. Therefore, the technique of acquiring PPG signals 
need to be standardized. The data is measured by taking the 
reading of each finger profiles with respect to other finger 
profiles of the same and different subject. The study found 
out that, the correlation of the pulse profile of the same 
subject with the same finger is always higher when compared 
to the same finger with different subject. Besides that, it is 
observed the autocorrelation of the same subject with the 
same finger is mostly higher when compared with the same 
subject with different finger.  

Many researchers recommend the use of PPG signals 
together with other biometric components to enhance the 
security of the system. Unseen internal organs seem to be 
more reliable than visible body parts as the vulnerability and 
the possibility of falsity become the common weakness of 
conventional biometric. Therefore, Salanke et al., in [11] 
also proposed the use of PPG signals as the complementary 
feature to current identification system. The PPG signals 
were recorded with 37 MHz sampling frequency. The 
experiment was conducted with 9 healthy subjects with the 
average age of 34. For each subject, 8 samples were acquired 
where 4 were in relaxed state and the remaining 4 with 
stressed condition. The study aims to identify the changes in 
PPG signals in different states. The results show that, all 
subjects produced identical waveforms during relaxed 
conditions but when distressed, the waveform generated is 
not identical due to motion artifact. Mahalanobis distance is 
used to identify the subjects by generating a matching score 
by the selected features resulting in the smallest distance 
which was considered as a match. However, the study only 
focuses on healthy subjects which at some conditions, this 
technique may not be applicable to people with heart 
abnormalities. 

One of the obstacles faced when recording the PPG signals 
is that there are chances that the signals is being contaminated 
by motion artifact due to the movement of the finger 
connected to the pulse oximeter and surrounding light 
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