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Abstract— Heart sound is distinctive in nature. Earlier work 

reported that, it can also contribute a lot to recognize a person 

by their heart sound. A novel technique is described in this 

thesis for the identification and verification of the person 

using energy based feature set and back propagation 

multilayer perceptron artificial neural network classifier (BP-

MLP-ANN) is used in this thesis. PCG signal is invariable, 

unique, universal easy to accessible and unique in nature. 

Heart samples were collected through ten volunteers as ten 

data (i.e. heart sounds) per individuals. Before feature 

extraction, pre-processing involves extraction of cycles, 

alignment, and segmentation of primary heart sound S1 and 

S2. This Segmentation contributes to the features extraction 

based on energy taken 30 windows at a time. Classification 

was done, using BP-MLP-ANN. 
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I. INTRODUCTION 

A. Biometric System 

Biometric system is the system in which a person is identified 

by means of his distinguishing characteristics or quality 

basically one belonging to a person. Recognizing humans 

using computers not only provide some best security 

solutions but also help to efficiently deliver human services. 

This computer based human identification systems are known 

as biometric systems. Present day we encounter biometric 

systems in offices, laptops, cars, lockers and many everyday 

items. Biometric authentication system associate behavioral 

or physiological attributes to identify or verify a person. 

Physiological characters are based on bodily features, like 

fingerprint, iris, and facial structure etc. Behavioral traits are 

based upon unique behavioral characteristics of an individual, 

like voice, signature etc. Heart sound comes under 

physiological traits because it is a natural sound created by 

the opening and closure of valves present in the heart. 

Generally biometric itself means related with living thing as 

we human being , although we are having different types of 

biometric traits such a heart sound, Iris, Retina, face, finger-

print etc. All biometric attributes are playing dissimilar role 

for their recognition. No such human being having same 

biometric traits. Sometimes same feature of Iris, face, but 

Heart sound is uniqueness in nature, no others can resemble 

it [1] [2]. 

A physiologic biometric is the scientific study of the 

biological functions in the living system, which should be 

identify by iris scan, DNA or fingerprint [3]. More old-

fashioned means of getting at control including the nominal-

based identification systems, such as identity card and driving 

license [4] [5]. It is the most secured and honest in confirming 

identity than knowledge and token-based methods. 

Biometric authentication processes consist of two 

modes. In first mode, feature sets are extracted from the heart 

sound samples and the database is prepared. Whereas, in the 

next phase the extracted feature sets are matched with the 

feature templates stored in 3 the database to find a match [6] 

[7]. 

B. Identification 

In present scenario, crime is increasing vigorously in our 

world. To identity the suspect behind it, we have to identify 

through by our memory based picture which comes to our 

mind instantly or by any other means of photograph, and 

through different person claiming for that. These types of 

systems are already present in police department for thief to 

detect. If we make the data base of all the previously detected 

thieves with their every means of biometric identification i.e. 

Fingerprint, Face, iris, and DNA etc. 

The process of identification is seemed to as the 

matching of the current data to the stored data. If it resembles 

then it result as identified otherwise unidentified. Just like in 

case of C. I. D in which, as the criminal is detected , first it is 

compared to the stored data’s of all criminal they possessed, 

the process includes as face picture recognition system, iris 

recognition system, DNA matching, finger print recognition 

. If there is not matching then criminal’s data’s are taken for 

the new record. 

 
Fig. 1: Block Diagram of Identification Process. 

C. Verification 

The process of verification is different from that of 

identification. In verification, the system examines the 

extracted features and has to take a verdict that if the feature 

is good enough to be labeled as the identity it claims to be or 

not. Here the systems are supposed to take a decision between 

true and false. It means identified individual is right or wrong. 

II. PHONOCARDIOGRAM AS A PHYSIOLOGICAL 

CHARACTERISTIC FOR BIOMETRIC SYSTEMS 

PCG signal contains the information of individual’s cardiac 

system. Physiological characteristics are unique and invariant 

(for instance face, iris, and geometry of hand) unlike 

behavioral characteristics which are variant in nature for 

example way of walking, voice signature. So PCG here is 

taken as physiological trait. Heart sound contains s1 and s2 

segment which is also known as “lub” and “dub” respectively 

as well as first and second hearts sound also. The reason for 
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choosing heart sound is that it is distinct and most secured, 

because it is almost impossible for any forger to reproduce 

these heart sounds. For reproducing these signals it requires 

the heart of same anatomy, same structured. There is an 

advantage of digital stethoscope which are capable of 

acquiring cardiac source samples can be stored in a computer, 

and various storage devices. S1 & S2 are the sounds 

generating from the contraction and relaxation of valves 

which are varying from person to person. 

 
Fig. 2: PCG Signal 

 
Fig. 3: S1 & S2 Sound Signal 

A. Advantages of PCG Signals 

Followings are the advantages of the PCG signals: 

1) It is the perfect physiological trait for the identification. 

2) It helps to examine the condition of the heart. 

3) It helps to know about diastolic and systolic behavior. 

4) If the disease pre-systolic and proto-diastolic gallop is 

present in heart, which is the sign of the failure of the left 

ventricles, it can be easily detected 

5) It shows tachycardia, it shows the exceed heart rate than 

the normal heart-rate [15-17]. 

6) It shows bradycardia, which is the resting heart beat rate 

of less than 60 BPM (Beats per Minute). 

III. EXTRACTION OF FEATURE USING MFCC 

Feature extraction is a special form of dimension reduction, 

which transforms the input data into the set features. Heart 

sound is an acoustic signal. The best choice for feature 

extraction of acoustic signals is the Mel Frequency Cepstral 

Coefficients (MFCC) which maps the signal onto a Mel-Scale 

which is non-linear and mimics the human hearing. PCG and 

speech are both acoustic signals hence we can use this method 

for this project. The overall process of the MFCC is shown in 

Figure. 

 
Fig. 3: Extraction of Feature using MFCC 

A. Pre–Emphasis 

This step of pre-emphasis process the signal through a filter 

and compensates the high frequency part that was suppressed 

during the sound production mechanism of humans. 

B. Framing 

The heart sound signal is quasi-stationary (slowly varying 

over time) that is when the signal is examined over a short 

period of time, the signal is fairly stationary. Therefore 

signals are often analyzed in short time segments which 

practically means that the signal is blocked in frames of 

typically 20-30 msec. this is done in order not to lose any 

information due to the windowing. 

C. Hamming Windowing 

After the signal has been framed, each frame is multiplied 

with a window function W(n) .Windowing is done to avoid 

problems due to truncation of the signal and helps in the 

smoothing of the signal. The Hamming window defined by: 

W (n) = (0.54 - 0.46 cos (2Πn/(N-1))，0≦n≦N-1 

D. Fast Fourier Transform 

This mathematical method is used for transforming a function 

of time into a function of frequency. The Fourier transform 

convert the convolution of the glottal pulse U[n] and the vocal 

tract impulse response H[n] in the time domain. 

E. Mel Filter Bank Processing 

In this step, the powers of the spectrum obtained above are 

mapped onto the Mel scale, using windows. 

F. Discrete Cosine Transforms 

The Mel spectrum coefficients are real numbers (and so are 

their logarithms), this process converts the log Mel spectrum 

into time domain using Discrete Cosine Transform (DCT). 

G. Delta Energy & Delta Spectrum 

The voice signal and the frames changes, such as the slope of 

a formant at its transitions. Therefore, there is a need to add 

features related to the change in cepstral features over time. 

H. Identification 

The process of identification as described before is the 

process of selecting one match among many. As shown in the 
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Figure1 the query sample is compared with the database of 

known samples to find a match. ANN classifier is used to 

identify the class. Each sample is 10 Sec long. Each sample 

goes through the process of feature extraction and then 

feature vectors are extracted. These vectors are fed to the 

output generated by the ANN are added together to create the 

decision vector. 

Artificial Neural Network is a network containing 

artificial neurons network. The most basic & principle 

element of an ANN is called nodes. Nodes act like artificial 

neurons which is generally same as natural neurons. This 

concept is initiated by real neurons present in the nervous 

system of the human body system [10]. ANN for 

classification of heart sounds and got classification accuracy 

of 60. 6883%. Classification is executed over normalized 

features vectors / sets. It was seen by trial and verifies that 

this method that neural network with 120 hidden nodes is 

giving the best result. 

After having segmented signals we have to perform 

extraction of the features using this process Feature extraction 

is carried out by dividing the thirty windows per cardiac 

cycle. Energy of the frame is given by the equation 

E = ∑ X (𝑛2) 

By taking the energies as the features we applied it 

to the classifiers. 

IV. MULTILAYER PERCEPTRON 

The multiple layer perceptron is the multilayer network 

consisting of feed forward networks. The network possess 

three layers i.e. input layer, hidden layers (one or many), and 

an outermost layer of computational nodes of the MLP’s. 

Input vector signal is flowing through the input layers in the 

onward direction, layer by layer and finally computation 

takes place at the output layer. These are commonly known 

as MLP’s. It trains the whole network in a controlled manner, 

involving a famous algorithm or a procedure known as error-

back propagation algorithm. Input and output signals are also 

known as stimulus and response of the network respectively. 

The hidden layer of the multi-perceptron consisting of the one 

or more than one layer of the hidden neurons, which are not 

the part of the network, however these hidden neurons makes 

the network to learn the complex tasks. 

A. Error Back Propagation Algorithm 

It consists of two passes are as follows: 

1) Forward pass 

2) Backward pass 

1) Forward Pass 

In this pass the set of input signals or vectors are given to the 

input nodes, and it transmits layer by layer in the network, 

and finally it reaches up to the computational output nodes. 

During this session, synaptic weights of the nodes are 

remained unchanged. 

Second pass is a backward pass. 

2) Backward Pass 

In this pass, synaptic weights of all the nodes are transformed 

in synchronization with the error correction rule. Actually the 

real response of the node is subtracted from the wanted 

response of the network and hence the error signal is 

generated, these error signals generated moves the actual 

response to get nearer to the wanted response. So this is called 

as Error Back Propagation System. 

B. Training the Feature Vector 

Training is the process of obtain the desired output when 

certain inputs are provided. Neural Network weights are 

corrected according to the error signal rendered. The error can 

be built in lots of ways. In the easiest form it is the difference 

between the desired output and actual output. 

C. Algorithm of Back Propagation 

In training, we alter the synaptic weights in such a way that 

the overall error rate is reduced. The average squared error 

energy ∊avg(n) is calculated by adding "(n) overall n and 

normalizing with respect N. where, N is the size of the set. 

∊(n) is the instant value of the error energy obtained from the 

adding the mean individual error energy of a single node over 

all neurons in the output layer. 

ɳ is called the learning rate parameter of the weight. 

The smaller it’s a value the smaller will be the change in the 

weight and that means smoother and fine trajectory in the 

weight space. But the training time will be increase if the 

learning rate is very small value. Partial derivative 
𝜕𝜀(𝑛)

𝜕𝜔𝑗𝑖(𝑛)
 is 

called the sensitivity factor of weight. It can be shown here: 
𝜕𝜀(𝑛)

𝜕𝜔𝑗𝑖(𝑛)
=  𝜕(𝑛)𝑦(𝑛) 

Where 𝜕 j (n) =e j (n)𝜑' j (v j (n)) So we get : 

∆𝜔𝑗𝑖 (n) ɳ.𝜕 j (n) 𝑦𝑖 (n) 

D. Perceptron 

Suppose we have to train the Artificial Neural Network 

consisting of an input vector 𝒙𝒋 and a desirable output 𝒚𝒌. It 

is usually +1 or -1 is optimum for the classification of the 

samples. The learning rule for the perceptron is very easy and 

robust can be submitted as follows [11]. 

So begin with the arbitrary weights for the 

connections in Neural Network. Consider an input vector 𝒙𝒋 

from the large set of training samples of heart sound. 

If 𝑦𝑘= 𝑥𝑗  the perceptron will give wrong results, So 

according to this, 

∆𝜔𝑘𝑗 =   𝑦𝑘 . 𝑥𝑗 

Above, the fundamentals of the Back Propagation 

Multilayer Perceptron Artificial Neural Network are devoted 

in the detailed manner. [12][13][14]. 

 
Fig. 4: Structure of a Multi-layer Back Propagation NN [20] 

BP MLP ANN is very popular due to its simplicity 

and quick and fast processing. MLP ANN is preferred choice 

of classification for the speech recognition [15]. [16] Use 
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ANN for classification of heart murmurs and a classification 

accuracy of 63.3824 % is achieved. [17] These literatures 

designate the efficient performance of BP ANN in case of 

time-frequency domain features to frequency domain. The 

same is selected for the classification of the extracted feature 

in this work. For identification process the Neural Network 

with 45 hidden nodes was trained using 10 heart cycle 

features per class. A total of 10 classes of data are used. The 

Input training vector is allowed for the input nodes. This input 

values flow in forward direction from the input to the hidden 

to the output layers to get the desired output values. The 

output values are equated with desired target values to the 

generate error E signal. The error signal is then again sent 

back to changing the weight Wij. This process continues until 

the error E reaches a permissible optimal value ET. A detailed 

of Multilayer Perceptron ANN structure and the algorithms 

are given.[20] Once the training or learning is complete we 

sent the testing samples in the input nodes for learning and 

testing, match with the target and finally outputs results. 

E. Training of a Neural Network 

 
Fig. 5: Training Of a Neural Network. 

V. RESULTS 

Extracted features are the energies of the windows having 18 

frames in it. It is as shown as below for the set of energies of 

the five cardiac cycle of a person. 

The Normalized feature vector from the energy 

based feature extraction process. Then the Classification is 

done with feature vector as the input vector for Multilayer 

Perceptron Artificial Neural Network as Classifier, here we 

are taking 50 hidden nodes. Identification results shows 

63.3824 % efficiency for identifying among the 10 Classes. 

Classifier help to training and testing operation for 

identifying the classes we mentioned earlier, here we are 

using 2 layer with different hidden nodes. Results are shown 

by the Confusion Matrix. 

 
Fig. 6: Confusion Matrix 

 
Fig. 7: Validation Performance 

 
Fig. 8: Receiving Operating Characteristic 

A. Identification Results 

The process of the identification system as shown in Figure 1 

is process of selecting one match from each class among 

many classes. The Query template is compared with the 

database of stored heart samples to find a matching. MLP-

ANN classifier was trained using 69 % heart feature vector. 

After training the Identification system was tested using 31 % 

heart samples. Each of the sample is around 4seconds long 

sample is 15 heart cycle long. Three second cycle is extracted. 

Each sample goes through the process of feature extraction 

and then 30 feature vectors are created for each sample and 

made a feature vector of dimension 2191x30. Although this 

feature shows the information we require from the heart 

sound as much as good. Through segmentation process any 
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transform can be applied to obtain the better results via using 

different type of classifier for classification mechanism. But 

sometimes expected results not came due to noisy data taken 

for identification. The confusion matrix shows the how much 

the classes are match and mismatch after testing, Due to 

similar pattern of feature present in the classes 1 to 4. While 

the other classes shows dissimilar matching, that why 

accuracy is up to 63.3824 %, i.e. which is very less as 

according to our expectation. 

 
Fig. 7: All Confusion Matrix 

Accuracy we are getting about 63.3824 % which is 

very less. Actually the Neural Network wouldn’t identify 

much more among the classes 5, 6, 7 and 8. The patterns of 

feature vector are very similar that’s why Neural Network 

confused to identify them. However sometimes the iteration 

gives better results if we increase its count, but if the desired 

output is not match with the target set for identification 

process, then the weight of node changes accordingly to 

improve the output, here we are using 120 hidden nodes for 

that, Training plays an important role to understanding the 

pattern of each classes and Testing is done according from the 

training data. 

VI. CONCLUSION 

A unique technique has been proposed in this paper using 

energy based feature set for automatic identification system. 

These sounds having two segments S1 & S2 belongs to first 

and second sounds respectively. Heart samples are collected 

through ten volunteers as ten data’s (i.e. heart sounds) per 

individuals. As every segment of heart sound possess a 

redundant data in it, so special characteristics or features are 

extracted from the heart sounds by means of energies of the 

data collected from the cycle extraction. Then Classification 

is done, using BP-MLP-ANN where 69 % of total numbers 

of heart sound signal as Training and remaining 31 % 

numbers of heart sound signal as Testing are applied. The 

identification results show 63.3824 % of performance 

accuracy. It shows that the proposed method yields higher 

accuracy. The experimental result demonstrated that heart 

sound which is naturally made physiological parameter can 

be used in modern biometric systems. 
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