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ABSTRACT  

This paper elaborates on the recognition of identical and fraternal twins by using photo plethysmogram (PPG) 
signals as an alternative to current techniques of identifying twins for biometric purposes. Based on our knowledge, the 
study on PPG based biometric for identical and fraternal twins is under-researched. Thus, this issue will be the main focus 
of our study. PPG samples of nine subjects consisting of two identical twins and another two fraternal twins were collected 
for experimentation procedures. Next, a low pass filter was used to remove the noise in the signal. Then, the feature 
extraction process is performed by selecting unique features of PPG signals from an individuals and later classifying the 
datasets using Naïve Bayes (NB) and Multilayer Perceptron (MLP). Based on the experimentation results, classification 
accuracies of 97.2% and 93.5% were achieved from the overall dataset and 97.9% of accuracies were achieved from 
identical twin while 96.7% and 98.3% were achieved from fraternal twins when using NB and MLP respectively. The 
output of the study suggests the capability of the proposed system to identify the identical and fraternal twins which can act 
as a compliment to existing recognition approaches. 
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INTRODUCTION 

Twins are unique and consists of two or more 
individuals with the same parent, same timeline of 
pregnancy and comes from the same womb. Twins may or 
may not look similar in terms of their physical appearance. 
There are two types of twins which are identical and 
fraternal twins. Identical twin is a type of twin which is 
produced by one zygote fertilized by a single egg with a 
single sperm that then divides into two separate embryos. 
Whereas, fraternal twin is a type of twin that is created 
when two eggs are fertilized by two sperms and forming 
two zygotes [1]. Figure-1 illustrates the differences of 
identical and fraternal twins. The easiest way to 
differentiate between these types of twins is by looking at 
their physical appearance, where the fraternal twin are 
more slightly different with their other twin. However, for 
identical twins, it is hard to differentiate them since their 
appearance are more similar to each other [2]. 
 

 
 

Figure-1. Difference of identical and fraternal twins [2]. 
 

In certain cases, it is easy for a twin to cheat and 
use another twin’s identity especially if the twins have 

similar appearance or categorized as an identical twins. 
This scenario is known as an identity theft issue which is 
widely spread with the enhancement of new technologies 
nowadays. Identity theft has been recorded as one of the 
serious crime issue that especially happens in developed 
countries [3]. The twin may use another twin’s identity for 
their own benefits which might cause trouble to the other 
twin. For instance, in cases such as credit card fraud, 
identity fraud, cybercrimes or any other form of crimes. 

There are lots of identity theft cases involving 
twins that misuse the other twin’s identity nowadays. As 
an example, in New York, a man was arrested for 
committing identity theft by using his twin brother’s 
identity. He was found guilty by the court for using his 
twin’s duplicated driver license to open a bank account 
[4]. In another case that reported by New York Post stated 
that police received a report from a woman that have being 
a victim of identity theft and credit card fraud by her own 
twin sister. The victim reported that her twin sister used 
her social security number to open a credit card account 
and spent more than $12,000 [5]. Furthermore, in Los 
Angeles, one of the Olsen pair is found out to be abusing 
her twin sister’s identity where the victim was not satisfied 
with her sister’s action and would like to preserve her 
credentials [6]. It is proven that identity theft among twins 
are not a rare issue and if it is not being prevented this 
might lead to serious issues in the future. Therefore, to 
overcome this above mentioned concern, an alternative 
solution such as biometric recognition was introduced.  

Biometric of a person is unique and hard to 
duplicate, since it varies from one person to another. 
Biometric can be in the form of any two standard which 
are password based and token based. For password based, 
the biometric data may contain unique alphanumeric form 
set by an individual. Whereas, token based is in a form of 
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identification card such as MYKAD used by Malaysian 
government for its citizen that contains unique numbers of 
an individual. Among available biometric modalities are 
iris, retina, fingerprint, deoxyribonucleic acid (DNA) and 
etc.  

Recently, new biometric modalities were 
established from bio medical signals such as 
electrocardiogram (ECG) and PPG [7] which have proven 
their capability to differentiate individuals. However, PPG 
based identification technique involving twins is still an 
under-researched area. It has the potential to become an 
alternative biometric technique as compared to ECG signal 
due to its superior characteristic which are non-invasive, 
low cost, low power consumption and small in size. PPG 
signals as in Figure-2 have a unique values of systolic 
peak, dicrotic notch and diastolic peak that are different 
from other person. Thus, in this study, we propose an 
identical and fraternal twin recognition using PPG signals.  
 

 
 

Figure-2. Main component of PPG signals. 
 

The remaining of this paper is as follows: Section 
2 that focuses on the related work. Next, Section 3 
elaborates on the methodology of the study and Section 4 
shows the experimentation and results of the study. 
Finally, Section 5 lays out the conclusion of the study. 
 
Related works 

Previous studies on PPG based biometric 
identification system have been performed and in this 
section, we will briefly explain and compare several 
techniques that can be used to recognize an identity of 
individual by using PPG signals. 

In [7] elaborated on the biometric identification 
by using PPG signal in a simple approach. The research 
begins with data acquisition stage where 22 subjects were 
collected by using the NONIN Xpod pulse oximeter. Next, 
the process continues with signal processing by using the 
third order high-pass Butterworth filter to remove the 
noise. Later, feature extraction stage was performed by 
dividing the PPG signal of each individual consisting of a 
15 minutes duration to 40 samples and finally, matching 
the datasets by evaluating the maximum cross-correlation. 
As a result, 13.47% of equal error rate (EER) was 

achieved in this study. However, this study lacks the 
aspect of durability which can be solved using continuous 
verification system. 

In [8], proposed method of biometric verification 
by designing a PPG sensor. The study is divided into two 
parts which are part A and B. Part A is the current circuit 
that is used in previous study, whereas part B is the 
upgraded circuit which enhanced the signal by amplifying 
the AC element of the PPG signal. With these changes, the 
data were collected and processed by using a low pass 
filter to remove the noise. Later, the data were captured 
and extracted by using the MATLAB software and 
classified by comparing the raw data before and after 
modification using first and second order derivatives. 
However, the study did not clearly show the procedure of 
the experimentation and performance analysis of the 
study. 

In [9], suggested the PPG based biometric 
identification system. The study begins with data 
collection of raw PPG signal from 10 subjects by using the 
Texas Instruments AFE4490/4400 with pulse oximeters. 
Then, the data were processed by using Butterworth band 
pass filter to remove the noise and improve the signal. 
Later, extraction of physical features was performed by 
using the PPG signal template that consist of angle, area 
and inflection point. Finally, the study undergoes the 
classification stage by using neural network to calculate 
the performance of the study. As a result, 95.1% and 
96.8% of positive predictivity and negative predictivity 
were achieved respectively that suggest the capability of 
the system. However, the study does not focus on twin 
recognition since it may vary with an individual 
recognition. 
 
METHODOLOGY 

There are four main stages involved to develop 
the proposed system. These stages include data collection, 
pre-processing, feature extraction and classification which 
can be summarized as in Figure-3. This step will be 
explained in the next subsections. 
 

 
 

Figure-3. Proposed methodology of the study. 
 
Data collection 

The study start with the collection of raw PPG 
signals acquired from nine individuals consisting of two 

Data Collection 

Pre-processing 

Feature Extraction 

Classification  
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couple of identical twins and two couple of fraternal twins. 
The subjects consist of six female and three male in a 
resting condition with the age range between 22-30 years 
old. 
 
Pre-processing 

The second stage which is pre-processing is 
applied to remove the unwanted noise or artifacts in the 
PPG signal. Therefore, after undergoing this stage, the 
processed PPG signal will be smooth and contains less 
noise. 
 

Feature extraction 
Later, feature extraction will be implemented to 

extract unique features from the overall PPG signals. In 
this study, a total of 16 fiducial points are used involving 
diastolic, systolic and dicrotic point as shown in Figure-4. 
 

 
 

Figure-4. Fiducial point of PPG signals. 
 
Classification 

The final stage which is classification was 
implemented using certain classifier to categorize the data 
and to evaluate the performance of the proposed system. 
For this study, the performances of the proposed methods 
were calculated by using the Naïve Bayes (NB) and 
Multilayer Perceptron (MLP) classifiers. These classifiers 
will be explained in the next subsections. 
 
Naïve Bayes 

NB classifier implements probability for 
classification that applies Bayes theorem, especially when 
the dimension of the inputs is high. It has two assumptions 
which are [10]: 
 
 The predictive attributes are conditionally 

independent given the class. 
 The values of numeric attributes are normally 

distributed within each class. 
 

The computational equation of NB classifier can 
be described as in Equation. (1). 
 p X = x | C = c = ∏ p Xi =  xi| C = ci                       (1) 
 

where C = a random variable for the class of an 
instance, X = the variables for the attribute and c = class 
label and x defines the attribute values. 
 
Multilayer perceptron 

MLP contains of more than one layer which are 
input, hidden and output layers. The first layer is the input 
layer that does not execute any computational task. Next, 
there are one or more hidden layers and an output layer, all 
composed by computational nodes. In MLP network, the 
nodes from a layer are linked with every node from the 
earlier and from the following layer. There are no 
connections amongst nodes in the same layer or 
connections between nodes on non-adjacent layers. The 
non-computational nodes in the input layer use an identity 
function, while the computation nodes in the intermediate 
and the output layers uses a sigmoid function [11]. The 
computational of MLP classifier can be describe as in 
Equation. 2. 
 y = φ ∑ ωixini=1 + b =  φ wTX + b                            (2) 
 

where φ = an activation function, w = the vector 
of weights and x = the vector of inputs and b is the bias. 
 
RESULTS AND DISCUSSIONS 

Based on the proposed methodology in Section 3, 
nine PPG signals were taken from the two types of twins. 
Next, these raw PPG signals are processed using a low 
pass filter to remove the outliers. Examples of filtered 
PPG signals are shown in Figure-5 and Figure-6. 
 

 
 

Figure-5. PPG signals of subject 003. 
 

 
 

Figure-6. PPG signals of subject 006. 
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Next, after the feature extraction stage, an 
extracted PPG signal were obtained from the filtered 
signals that consists of systolic and diastolic regions that 
act as the biometric sample. Figure-7 and Figure-8 show 
an extracted PPG signals for the same subject as in the 
previous stage. 
 

 
 

Figure-7. Extracted PPG signals of subject 003. 
 

 
 

Figure-8. Extracted PPG signals of subject 006. 
 

Lastly, the final stage of identical and fraternal 
twin recognition using PPG signals is classification. Data 
mining software called Weka is used to evaluate the 
performance of the system. As mentioned in the previous 
section, NB and MLP classifier are applied in this study. 
The result of the classification techniques are shown in 
Table-1. 
 

Table-1. Classification accuracies of NB and 
MLP classifiers. 

 

Classifier 

Overall 

Dataset 

Identical 

Twins 

Fraternal 

Twins 

Accuracy (%) 

NB 97.2 97.9 96.7 

MLP 93.5 97.9 98.3 

 
Three types of performance evaluation were 

performed in the study and the outcome is projected in 
terms of classification accuracies. Firstly, the overall 
dataset which is a mixture of identical and fraternal twins 
are classified. Secondly, only dataset which contains 
identical twins are classified. And finally, PPG samples 
specifically from fraternal twins are considered for the 
third performance evaluation.  

From the results, classification accuracies 
of97.2% and 93.5% were obtained by using NB and MLP 
classifiers for the overall dataset whereas for identical 

twins, the classification accuracies of 97.9% were obtained 
for both classifiers. On the other hand, classification 
accuracies of 96.7% and 98.3% were achieved when using 
both NB and MLP respectively. The outcome using NB 
gives better output from the overall dataset whereas for 
identical and fraternal twins, the result of average from 
both type of twins using NB is equal to the result of the 
overall datasets.  

In addition, the result of MLP from the overall 
dataset is slightly lower. However, after separating the 
overall dataset which can be divided into identical and 
fraternal twins, the accuracy rate become higher since the 
MLP has the capability to execute the process by learning 
on the dataset for training or its preliminary experience 
[12]. 

As a result, the study suggests that PPG based 
biometric identification for identical and fraternal twins 
are attaining high accuracy rates. Therefore, as a proof of 
concept, it is verified that PPG based biometric 
identification for identical and fraternal twins is feasible to 
be used and to compliment traditional identification 
approaches. Besides that, PPG signal also provides the 
proof of life of a subject that is not available in other type 
of biometric modalities such as fingerprint or face which 
suggest that the outcome will be reliable since PPG signal 
of an individual’s cannot be duplicated. 
 
CONCLUSIONS 

In a nutshell, the methodology proposed in this 
research was successfully done. Generally, the idea of 
PPG based biometric recognition for identical and 
fraternal twins is proven and is conceivable to identify the 
identity of twins regardless if the twins are similar in terms 
of their physical appearance or not. The four stages have 
been accomplished and the procedure of a PPG based 
biometric system has also been understood. From the 
experimentation results, classification accuracies of 97.2% 
and 93.5% were achieved from the overall dataset and    
97.9% of accuracies were achieved from identical twin. 
While, 96.7% and 98.3% were achieved from fraternal 
twins when using NB and MLP respectively that proves 
the capability of proposed system to recognize an 
individual regardless of the type of twins whether identical 
or fraternal twins. Therefore, the result provides an 
alternative approach to detect a person for security 
purposes.  
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