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 Biometric data is generally utilized in frameworks that endeavour to recognize a 

particular user or other human through special characteristics. Computer image 

processing is one type of biometric analysis that uses biometric data. Various studies 
have been carried out on biometrics classification and recognition. In biometrics 

classification and recognition, there is lot of data to oversee and handle consistently. In 

this paper, we have utilized Apache Hadoop framework with the aim to accelerate the 
biometric data process. We have utilized face recognition, a biometric technique, as it is 

one of the methodologies of biometric. We have utilized Hadoop, an open source 

software framework, to create this model. Hadoop implements Map/Reduce framework 
in Java. Map/Reduce make simple to process vast measure of data. The results 

demonstrate that there is a viable speedup and effectiveness increase of face recognition 

on Hadoop process over sequential process. 
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INTRODUCTION 

 

Biometrics systems have arisen to reach the 

bounds of their scalability due to a flow in enrolment 

and the increasing multi-modality of databases. For 

instance, over the following few years, Biometric 

databases for the Federal Bureau of Investigations 

(FBI) (Frank, 2005), Department of State (DoS) 

(Frank, 2005), Department of Defense (DoD) (Sun 

Microsystems, 2003) and the Department of 

Homeland Security (DHS) (Department of Homeland 

Security, 2009) are estimated to raise to 

accommodate hundreds of millions, if not billions, of 

identities. For instance as of 2010 the DHS IDENT 

database hosts 110 million identities and enrolls or 

verifies over 125,000 individuals per day (William 

Graves, 2010). The national identity program for 

India’s 1.2 billion-plus citizens (Amol Sharma, 2010) 

also exhibits the large number of identities projected 

in new systems that process biometric data. 

Multi-modal biometric databases are also 

becoming increasingly mutual. The Department of 

Defence Automated Biometric Identification System 

(ABIS), Department of Homeland Security (DHS) 

IDENT, and Federal Bureau of Investigation (FBI), 

next Generation Identification System (NGI) are all 

instances of systems which are presently multi-

biometric in nature (Department of Defense, 2009; 

The Federal Bureau of Investigation, 2009; The 

Department of Homeland Security, 2009) and which 

are vigorously expanding the number of biometric 

sources which can be influenced.  

A number of researches have been done by 

researchers on biometrics classification and 

identification as well distributed processing 

framework. In multimodal biometrics classification 

and identification, there is a huge amount of data to 

control and handle consistently. Tests need to be 

fully checked pointed, reliable, and redundant. A 

single hard disk or computer failure could doom an 

entire test, so the framework that runs the tests needs 

to be robust and automatically handle the problems. 

With the advent in on-demand cloud based 

computing services and frameworks; it is now 

possible to scale resources as needed, in a reliable, 

redundant and robust fashion. Thousands of CPU’s 

can be allocated as needed for the test in order to 

meet throughput or latency requirements. Multi-

Terabyte databases are no problem. Processing the 

statistics for trillions of match scores is easily done. 

Rather than using a conventional group of networked 

machines, we have borrowed the technology used by 

Google, Yahoo, and Amazon for search processing. 

Data and processing are distributed throughout a 

network of provisioned on-demand computers.  

An advanced scheduling system based on 

Apache Hadoop breaks up the calculations into small 

jobs that are scheduled throughout a loosely coupled 

https://mahendra.academia.edu/


183                                                                       Shohel Sayeed et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(31) September 2015, Pages: 182-188 

network. A highly reliable file system replicates data 

in at least three places in the network, providing 

reliability in the face of a disk or network failure. 

Data replication not only helps with reliability, but 

increases data read throughput; important for feature 

matching. A record oriented database is used to store 

data. The data within each record is distributed 

among many different network nodes. Processing 

nodes automatically get copies of the image data as 

the biometric records are added to the system. The 

network wide distributed storage in the file system 

means that biometric record databases can scale from 

1 to 100 million records with ease. 

To initiative the performance of these large 

biometrics databases, concepts of Apache Hadoop 

framework is used in this paper. Apache Hadoop an 

open source framework for reliable, scalable and 

distributed computing (Cloud Computing with 

Hadoop Course, 2014). 

. 

Related Works: 

A number of studies have been done on 

biometrics classification and identification as well 

distributed processing framework as  by 

D.Pugazhenthi et. al (2013),  Shyang et al. (2010), 

Shelly, N.S. Raghava (2011), Madhavi Vaidya et al. 

(2012), Booz Allen, 2013. In multimodal biometrics 

classification and identification, there is a lot of data 

to manage and handle reliably. Tests need to be fully 

check pointed, reliable, and redundant. A single hard 

disk or computer failure could doom an entire test, so 

the framework that runs the tests needs to be robust 

and automatically handle the problems. With the 

advent in on-demand cloud based computing services 

and frameworks; it is now possible to scale resources 

as needed, in a reliable, redundant and robust 

fashion. Thousands of CPU’s can be allocated as 

needed for the test in order to meet throughput or 

latency requirements. Multi-Terabyte databases are 

no problem. Processing the statistics for trillions of 

match scores is easily done. Rather than using a 

conventional group of networked machines, we have 

borrowed the technology used by Google, Yahoo, 

and Amazon for search processing. Data and 

processing are distributed throughout a network of 

provisioned on-demand computers.  

  

Proposed Methodology: 

For the development of the algorithm used for 

the performance analysis of large-scale biometric 

datasets, we used the following system architecture 

as shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: System Architecture 

 

In the system architecture as shown in Figure 1, 

Linux is used as the operating system and OpenStack 

Environment is installed on top of it. Next, Hadoop is 

installed on OpenStack environment and Hadoop 

Distributed File System (HDFS) is used to store 

input and output files. We used our developed 

algorithm for the performance analysis of large-scale 

biometric datasets. For this purpose, Map Reduce 

framework is used to calculate the matching 

eigenvalues values of database template against 

biometrics template of input images. Biometric data 

processing and performance analysis algorithms have 

been developed using java programming language. 

 

The details system frameworks are given below: 

 

Hadoop Components: 

Hadoop is an Apache software project that 

includes challenging subprojects such as the 

MapReduce implementation and the Hadoop 

distributed file system (HDFS) that is similar to the 

main Google file system implementation. 

 

Map/Reduce framework (Apache Hadoop, 2014): 

 “Hadoop Map/Reduce is a software 

framework that process huge amount of data, in 

parallel, in a fault tolerant way. A map/reduce job 

typically splits the input data into number of pieces 

or chunks, which are transformed on diverse map 

tasks in totally a parallel way. The framework sorts 
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the output of map tasks and are bolstered as input to 

the reduce task.” 

 

Hadoop Distribution File System (The Hadoop 

Distributed File System, 2014): 

“HDFS stands for Hadoop Distribution File 

System. But it is considerably different from 

distributed systems. It is extremely fault tolerant and 

intended to deploy on low commodity hardware. 

HDFS is intended to be extremely portable. It is 

designed to embrace huge amount of data. Hadoop 

process any input from HDFS and stores results on 

HDFS. A HDFS cluster contains of a master node 

(NameNode) and a number of slave nodes 

(DataNodes)”. 

 

NameNode (The Hadoop Distributed File System, 

2014): 

“HDFS is based on master/slave architecture. 

Master node contain a solitary NameNode, in which 

Metadata of whole file system is stored. It controls 

access of files to its whole users. Volume of 

Metadata per file is small so entire of this data can be 

saved in the main memory of the NameNode 

machine, which let fast access to the Metadata. The 

NameNode executes file system namespace 

processes like opening, closing, and renaming files 

and directories. Furthermore, regulates the mapping 

of blocks to DataNodes.” 

 

DataNode (The Hadoop Distributed File System, 

2014): 

 “There are a quantity of DataNodes, generally 

one per node in the cluster. DataNode copes storage 

committed to the nodes that they run on. Every 

machine/node on cluster is mentioned to as 

DataNode. A file is divided into one or more blocks, 

each of size 64MB. These blocks are saved in a set of 

DataNodes. The DataNodes obliges read and write 

requests from the file system's users. The DataNodes 

are too responsible for performing block creation, 

deletion and replication upon commands of 

NameNode. These blocks are stored in replication on 

different nodes in cluster, so that if one node fails 

other nodes can take load.” 

 

Secondary NameNode (The Hadoop Distributed 

File System, 2014): 

 “As the NameNode machine can also get fail 

thus this Metadata need be conserved. A log of this 

Metadata file is stored on alternative machine, called, 

Secondary NameNode.” 

 

Techniques Used For Face Recognition: 

In this research, we have utilized face 

recognition, a biometric technique, as it is one of the 

methodologies of biometric. There are few face 

recognition techniques such as by using principle 

component analysis (PCA), combination of K-

nearest neighbor (KNN) classification method with 

PCA, histogram, eigenfaces and so on. In this paper 

we used eigenfaces method. 

The eigenfaces is well known technique for face 

recognition. We create a strategy to extract 

characteristics from a strength full image of human 

front face to signify the features utilizing eigenfaces. 

In this paper the eigenfaces technique is depicted and 

after that it is exhibited that the features vectors got 

from the eigenfaces can easily be utilized for 

classification and recognition. 

 

The Eigenface Approach: 

The simple notion of eigenfaces is that entire 

face images are akin in all shapes and they can be 

labelled in its simple face images. From this idea, the 

eigenfaces processes (Zhujie, 1994) are as follows: 

1) We undertake the training sets of images are 

1, 2, … m with each image is I (x, y) . Convert 

every image into set of vectors and new full-size 

matrix (m × p), where m is the number of training 

images and p is x × y. 

 

 

 

 

 

 
 

Fig. 2: Some examples of training-set images 

 

2) After acquired image sets, we will find the mean face by:  
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                                             (1) 

 

 

 

 

 

 

 

 

 

Fig. 3: Mean image,  

 

3) Then we calculate the difference Φ between 

the input image and the mean image 

 

                              (2) 

 

and a set of matrix is obtained with 

 

 
 

is the mean-subtracted matrix vector with its size 

Amp . 

 

4)  By applying the matrix transformations, the 

vectors matrix is condensed by: 

 

                                             (3) 

 

where C is the covariance matrix and T is 

transpose matrix. 

5)  Find the eigenvectors, Vmm and eigenvalues, 

 from the C matrix and ordered the eigenvectors 

by highest eigenvalues.  

6) Apply the eigenvectors matrix, Vmm and 

attuned matrix, . These vectors control linear  

combinations of the training set images to form the 

eigenfaces,  by: 

                       (4) 

 

Rather than using m eigenfaces, m’< m which 

we reflect the image provided for training are more 

than 1 for every persons or class. m’ is the total class 

used. 

 

 

   

 
 

Fig. 4: Reconstructed faces of the training sets using eigenfaces 

 

7)    Based on the eigenfaces, each image have 

its face vector by: 

 

                                (5) 

 

and mean subtracted vector of size (p 1) and 

eigenfaces is Upm’ . The weights form a feature 

vector: 

 

                                               (6) 

 

8)   A face can rebuilt by using its feature, 

vector and previous eigenfaces, Um as: 

 

                                                           (7) 

 

where 

 



186                                                                       Shohel Sayeed et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(31) September 2015, Pages: 182-188 

 

   
 

Fig. 5: Testing sets images after computes the weight 

 

By using the weight distance, we can outline two 

thresholds: 

T1: threshold at which the images represent a 

face 

T2: threshold at which the image represents a 

face from the training set 

Hence, if the weight distance is above T1, then 

the image does not signify a face. Between T1 and 

T2, it signifies an unknown face. And below T2, it 

signifies a face from the training set. Selecting those 

thresholds is thru heuristically. 

 

Face Recognition On Map/Reduce Framework: 

In this paper we have run face matching method 

on Map/Reduce framework. Map/Reduce framework 

works on <key, value> format. As Hadoop works on 

the record format, so whole database is stored in a 

text format and uploaded on HDFS. Mappers take its 

input from HDFS and reducer stores the final result 

on HDFS. The format of record is as follows: 

<String name, width, height, pixel values> 

 

String name is used as key. Pixel values are the 

strength values of the image. Width and height 

parameter controls how many values to be read 

contrary to one key. Yale face database (The yale 

database, 2014 ) are used to generate this database.

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Face recognition system on Hadoop framework 

 

The input image that has to be matched is 

scanned, template is extracted and then eigenvalues 

is calculated of every stored template contrary to 

input image. The whole database is divided into 

chunks and distributed to all mappers. The output of 

each mapper is<string name, eigenvalue>. These 

center outputs are gathered from all mappers, sorting 

and shuffling is applied. A threshold value is chosen. 

In the event that eigenvalue is more prominent than 

threshold value then given to reducer task as input. 

Reducer sorts the eigenvalues in increasing order and 

saves the result in an output file. 

Face dabatase 
<String Name, Width, Height, Pixel> 

64 64 64 64 64 … 64 

Compute  Compute  ... Comput
e  

Eigenfaces Value Filter 

Output 
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Experiments And Results: 

The Code for eigenfaces is developed using java 

programming language. The eigenvectors and 

eigenvalues play a key role in generating eigenfaces.  

The testing has been conducted using the yale 

face database (Fig. 2). Fig.  3 shows the mean image 

after the conversion of training images. The 

eigenfaces result has been acquired (Fig. 4). 

From the Fig. 4 each training session indicates 

the deviations of eigenfaces. 150 images are used     

(15 classes with 11 images per-class). The eigenfaces 

above shows precisely, if the testing is conducted 

using more images, the eigenfaces becomes more 

whitening. It means, lesser images make the 

eigenfaces become dimmer and indistinct.  

The eigenfaces used for every training images 

and unidentified images to decide its weight vectors 

to define class identity. These features are used for 

classification and recognize the unidentified human 

face. 

For the result evaluation, 3 machines were used 

having following configuration: 

 
Table 1: Hardware/ Software Description 

Hardware/Software  Description 

Processor  Inter(R) Core(TM) i7-4700MQ 

CPU speed 2.40GHZ 

No. of cores/ processor 4 

Main Memory  8 GB 

Hard Disk Space 1 TB 

Operating System  Ubuntu 14.02 (64 bit)  

Hadoop Version 1.7 

Java Platform 1.7.0 

 

For the result analysis we have setup two 

versions of Face Recognition application and use it 

on the same data set. The first version is a sequential 

execution, while other version is the Hadoop version 

of the Face Recognition application. We have tested 

and compared both versions with different database 

size. The timing (in seconds) of all runs is shown in 

Table .2. 

 
Table 2: Performance analysis of face matching on different database size 

File Size 

(in GB) 

Sequential execution n time 

( in seconds) 

Hadoop execution n time 

 ( in seconds) 

Speedup Efficiency 

1 138 46 3.00 1.00 

5 690 115 6.00 2.00 

10 1380 207 6.67 2.33 

15 2070 276 7.50 2.50 

20 2760 322 8.57 2.86 

 

At this point, we use the generally used formula 

in calculating speedup and efficiency of systems as 

shown (Ahmad et al., 2009): 

 

 
 

 
 

The Hadoop system has good robustness and 

scalability. Comparing with the sequential execution 

(traditional recognition system), MapReduce 

programs are capable to complete jobs even one or 

more computing nodes in a cluster are fail. New 

nodes can be added into the Hadoop system at 

runtime to meet active requirements, therefore get 

better performance in most cases and provide flexible 

computing as needed. 

 

Conclusion: 

This paper presents a framework for 

performance analysis on biometric data process.  The 

experimental results shown  how efficiently Hadoop 

system can be used in biometrics system where huge 

amount of data is emerging very fast. By increasing 

the number of compute nodes we can accomplish 

speedup and efficiency. It is also perceived that while 

Hadoop framework is vastly scalable, its scalability 

also has to be contingent on size of dataset. A huge 

number of images cannot be processed proficiently in 

the sequential manner. Hadoop MapReduce installed 

in a parallel cluster evidenced suitable to process 

biometric data in large quantities. 
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