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Abstract— the paper deals with face recognition and speaker recognition algorithms and their application for enhanced 
multimodal biometrics authentication approach to achieve better performance. Biometric technologies refer to identifying 
individuals based on their distinguishing biological or behavioral traits such as face, speech, fingerprints, retina, iris, etc. The 
convenience of biometric security systems and their acceptable authentication performance have led to the integration of 
biometric systems into desktops, laptops, PDAs and mobilephones. A multimodal personal authentication approach that 
combines information obtained from face and voice modalities is presented in this paper. In this work, a computationally 
efficient Principal Component Analysis using Eigen faces algorithm is used for face recognition and in voice authentication, 
pitch frequency and the Mel frequency cepstral coefficients (MFCC) are employed as voice features, and the K-means 
clustering algorithm is applied to represent the voice signal. The performance of the algorithms is evaluated through 
computer simulations and is found to be quite effective. 
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I. INTRODUCTION 
 
Since the early days of mankind, humans have 
struggled with the problem of protecting their assets. 
Of course, he immediate solution then, as it has 
always been for the highest value assets, was to post a 
guard. Then, as now, it was realized that the human 
guard is an inefficient and sometimes ineffective 
method of protecting resources. The creation of a 
securable space, for example, a room with no 
windows or other openings except a sturdy door, was 
a step in the right direction. Over centuries, locks and 
keys were successively improved to provide better 
security. The persistent problem was lost and stolen 
keys. When these events occurred, the only solution 
was the replacement of the lock and of all keys, 
which was time-consuming and expensive. The next 
major breakthrough was the advent of electronic 
locks, controlled by card readers with plastic cards as 
keys. However, as time passed, experience proved 
that assets were sometimes removed before 
authorized persons even realized that their cards had 
been lost or stolen. 
 
The addition of a Personal Identification Number 
(PIN) keypad to the card reader was the solution to 
the unreported lost or stolen card problem. With a lost 
or stolen card, and a few trials, “bad guys” were 
sometimes successful in guessing the correct PIN and 
accessing the protected area. 
The obvious solution was to use only random 
numbers as PINs, which solved the problem of PINs 
being guessed or found through trial and error. 
However, the difficulty in remembering random 
numbers caused another predictable problem. The 
only way to be truly positive in authenticating 
identity for access is to base the authentication on the 
physical attributes of the persons themselves. [1] 

 
Biometric characteristics can be divided in two main 
classes: 
 
 Physiological: Parts of the body are used as 

unique characteristics. Examples of this type 
are finger prints, face, ear, hand geometry, 
hand veins, iris and DNA. 

 Behavioral: The behavioral characteristics are 
taken as the means of identification. For 
instance, key strokes, signature and gait are 
used in this type of biometrics. 

Degree of intra-personal variations in physical 
characteristics is smaller than behavioral 
characteristics. [2] 
 
II. MULTIMODAL BIOMETRIC SYSTEM 
 
Most of the biometric systems deployed in real world 
applications are unimodal which rely on the evidence 
of single source of information for authentication e.g. 
fingerprint, face, voice etc. These systems are 
vulnerable to variety of problems such as noisy data, 
intra-class variations, inter-class similarities, non-
universality and spoofing.  
These limitations are overcome by using multimodal 
biometrics. Multimodal Biometrics are systems that 
are capable of using more than one physiological or 
behavioral characteristic for enrollment, verification 
or identification. The term “multimodal” is used to 
combine two or more different biometric sources of a 
person sensed by different sensors. A generic 
biometric system has sensor module to capture the 
trait, feature extraction module to process the data to 
extract a feature set that yields compact 
representation of the trait, classifier module to 
compare the extracted feature set with reference 
database to generate matching scores and decision 
module to determine an identity or validate a claimed 
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identity. The benefits of multimodal biometrics is that 
by using more than one means of identification, your 
system can retain a high threshold recognition setting 
and your system administrator can decide the level of 
security that is needed. 
 
They also effectively deter spoofing because it is near 
impossible to spoof multiple biometric traits and the 
system can request the user to present random traits 
that only a live person can do. This greatly reduces 
the probability of admitting an imposter. It leads to 
considerably high false acceptance rate (FAR) and 
false rejection rate (FRR), limited discrimination 
capability, upper bound in performance and lack of 
permanence. For biometric identification to be ultra-
secure and provide above average accuracy, more 
than one type must be used, as only one form of it 
may not be accurate enough. One example of this 
inaccuracy is in the area of fingerprints where at least 
10% of people have worn, cut or unrecognizable 
prints. Combining experts, each based on a different 
modality such as speech, face, fingerprint, etc., 
increases the performance and robustness of identity 
authentication systems [10]. 
Two different properties of the same biometric can 
also be combined. In orthogonal multimodal 
biometrics, different biometrics are involved with 
little or no interaction between the individual 
biometric whereas independent multimodal 
biometrics processes individual biometric 
independently. Orthogonal biometrics are processed 
independently by necessity but when the biometric 
source is the same and different properties are sensed, 
then the processing may be independent, but there is 
at least the potential for gains in performance through 
collaborative processing. In collaborative multimodal 
biometrics the processing of one biometric is 
influenced by the result of another biometric. 
In multimodal biometric system information 
reconciliation can occur at the data or feature level, at 
the match score level generated by multiple 
classifiers pertaining to different modalities and at the 
decision level. Biometric systems that integrate 
information at an early stage of processing are 
believed to be more effective than those which 
perform integration at a later stage. Since the feature 
set contains more information about the input 
biometric data than the matching score or the output 
decision of a matcher, fusion at the feature level is 
expected to provide better recognition results [16]. 
However, fusion at this level is difficult to achieve in 
practice because the feature sets of the various 
modalities may not be compatible and most of the 
commercial biometric systems do not provide access 
to the feature sets which they use. Fusion at the 
decision level is considered to be rigid due to the 
availability of limited information. 
Thus, fusion at the match score level is usually 
preferred, as it is relatively easy to access and 
combine the scores presented by the different 

modalities. Many of these techniques require the 
scores for different modalities to be normalized 
before being fused and develop weights for 
combining normalized scores. Normalization and 
developing weights is done using Bayesian Belief 
Network. 
The biometric sensors must be consistent in 
performance under many environmental operations, 
have embedded privacy functions, protective 
solutions, enhance public confidence in biometric 
technology and must totally safeguard your personal 
information. 
 
III. FACE RECOGNITION SYSTEM 
 
A facial recognition system is a computer application 
for automatically identifying or verifying a person 
from a digital image or a video frame from a video 
source. Face recognition is one of the few biometric 
methods that possess the merits of both high accuracy 
and low intrusiveness. It has the accuracy of a 
physiological approach without being intrusive. For 
this reason, since the early 70's, face recognition has 
drawn the attention of researchers in fields from 
security, psychology, and image processing, to 
computer vision.  

 They are non-intrusive. 
 Biometric data of the faces (photos, videos) 

can be easily taken with available devices 
like cameras. 

 One biometric data is used in many different 
environments. 

 Facial recognition sounds rather interesting 
in comparison with other biometric 
technologies. 

Therefore, face recognition has been widely used 
in identification and access management. At the 
moment, there have been a lot of researches on access 
control applications and those have been utilized in 
personal computers and handheld devices 
authentication. 
 
A. Face Recognition Model 
Face recognition systems use a “learning” mechanism 
to collect data on facial characteristics of users. 
Hence, the first important point to care about in a face 
recognition model is the Face Database storing this 
information. 
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When the system finishes scanning a video or photo 
of a user’s face, the digitalized information will go 
through these following modules one after another: 
 Face Detection: locating the face in the photo 

or video and removing unnecessary details on 
the background. 

 Feature Extraction: extracting facial 
characteristics needed for recognition. 

 Feature Match: comparing scanned 
information with database to decide if it 
matches some user’s face. If the face matched, 
the ID of the corresponding is returned. 

 
Numerous algorithms have been proposed for face 
recognition. One of the ways to do this is by 
comparing selected facial features from the image 
and a facial database. Some facial recognition 
algorithms identify faces by extracting landmarks, or 
features, from an image of the subject's face. [3] For 
example, an algorithm may analyze the relative 
position, size, and/or shape of the eyes, nose, 
cheekbones, and jaw. These features are then used to 
search for other images with matching features 
[3][4][5]. Other algorithms normalize a gallery of 
face images and then compress the face data, only 
saving the data in the image that is useful for face 
detection. A probe image is then compared with the 
face data. One of the earliest successful systems is 
based on template matching techniques applied to a 
set of salient facial features, providing a sort of 
compressed face representation. 
 
B. Generic Framework 
A face recognition algorithm can be divided into the 
following functional modules: 
 Face image detector that finds the locations of 

human faces from a normal picture against 
simple or complex background 

 Face recognizer that determines who this 
person is. 

Both the face detector and the face recognizer have a 
feature extractor that transforms the pixels of the 
facial image into a useful vector representation, and a 
pattern recognizer that searches the database to find 
the best match to the incoming face image [6]. The 
difference between the two is the following. In the 
face detection scenario, the pattern recognizer 
categorizes the incoming feature vector to one of the 
two image classes: “face” images and “non-face 
images. In the face recognition scenario, on the other 
hand, the recognizer classifies the feature vector as 
some person’s face that is already registered in the 
database. Figure III.B.1 depicts the generic 
framework: 
Feature extraction refers to a process whereby the 
given data is compressed to features or patterns fewer 
in number than the given data. Thus, the data space is 
transformed into a feature space and undergoes a 
dimensionality reduction. Evidently, this data 
compression is lossy. 

 
C. Eiegnface based Face Detection 
The information theory approach of encoding and 
decoding face images extracts the relevant 
information in a face image, encode it as efficiently 
as possible and compare it with database of similarly 
encoded faces. The encoding is done using features 
which may be different or independent than the 
distinctly perceived features like eyes, ears, nose, 
lips, and hair. There are patterns which occur in any 
input signal or image data, which can be observed in 
all signals, in the domain of facial recognition - the 
presence of some objects (eyes, nose, mouth) in any 
face as well as relative distances between these 
objects. These characteristic features are called 
eigenfaces in the facial recognition domain or 
principal components generally. They can be 
extracted out of original image data by means of a 
mathematical tool called Principal Component 
Analysis (PCA). 
By means of PCA one can transform each original 
image of the training set into a corresponding 
eigenface [3][4][5]. An important feature of PCA is 
that one can reconstruct any original image from the 
training set by combining the eigenfaces. Eigenfaces 
are nothing less than characteristic features of the 
faces. Therefore the original face image can be 
reconstructed from eigenfaces if one adds up all the 
eigenfaces (features) in the right proportion. Each 
eigenface represents only certain features of the face, 
which may or may not be present in the original 
image. If the feature is present in the original image 
to a higher degree, the share of the corresponding 
eigenface in the”sum” of the eigenfaces should be 
greater. If, contrary, the particular feature is not or 
almost not present in the original image, then the 
corresponding eigenface should contribute a smaller 
or not at all part to the sum of eigenfaces. So, in order 
to reconstruct the original image from the eigenfaces, 
one has to build a kind of weighted sum of all 
eigenfaces. That is, the reconstructed original image 
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is equal to a sum of all eigenfaces, with each 
eigenface having a certain weight. This weight 
specifies, to what degree the specific feature (eigen 
face) is present in the original image. If all the 
eigenfaces extracted from original images are used, 
one can reconstruct the original images from the 
eigenfaces exactly. But only a part of the eigenfaces 
can also be used. Then the reconstructed image is an 
approximation of the original image. However, losses 
due to omitting some of the eigenfaces can be 
minimized. This happens by choosing only the most 
important features or eigenfaces. 
Omission of eigenfaces is necessary due to scarcity of 
computational resources. It is possible not only to 
extract the face from eigenfaces, given a set of 
weights, but also to go the opposite way. This 
opposite way would be to extract the weights from 
eigenfaces and the face to be recognized. These 
weights tell the amount by which the face in question 
differs from”typical” faces represented by the 
eigenfaces. Therefore, using these weights two 
important things can be determined: 
 
 Determine, if the image in question is a face at 

all. In case the weights of the image differ too 
much from the weights of face images, the 
image probably is not a face. 

 Similar faces (images) possess similar features 
to similar degrees (weights). If weights from 
all the images available are extracted, the 
images could be grouped to clusters. That is, 
all images having similar weights are likely to 
be similar faces. 

The figure III.C.1 shows the eigenfaces with the 
significant eigen vectors for different faces. 
 

 
 
IV. VOICE RECOGNITION SYSTEM 
 
Voice has been cited as the most acceptable of 
biometrics. The applications of speech signal 
processing such as speech recognition and speaker 
identification have been drastically increased in 
recent years, because of its noncontact characteristic 
and speaker identification system that can be utilized 
to suspect identification. General overviews of 
speaker recognition have been given by Atal, 
Doddington, Furui, O’Shaughnessy, Rosenberg, 

Soong, Sutherland, and Jack [7][ 8][ 9][ 10][ 11][ 12] 
[13]. 
The voice biometric is a physical measure. The 
vibration of the vocal chords and the patterns created 
by the physical components resulting in human 
speech are as distinctive as fingerprints. In the case of 
voice authentication, there is both a physiological 
biometric component such as voice tone and pitch 
and a behavioural component such as accent. This 
makes it very useful for biometric authentication. 
Speaker recognition is the process of automatically 
recognizing who is speaking by using the speaker-
specific information included in speech waves to 
verify identities being claimed by people accessing 
systems; that is, it enables access control of various 
services by voice .It is the identification of the person 
who is speaking by characteristics of their voices, 
also called "voice recognition". There is a difference 
between speaker recognition and speech recognition. 
Speech recognition is used to identify words in 
spoken language. Voice recognition is a biometric 
technology used to identify a particular individual's 
voice. 
Each speaker recognition system has two phases: 

 Enrolment 
 Verification. 

During enrolment, the speaker's voice is recorded and 
typically a number of features are extracted to form a 
voice print, template, or model. In the verification 
phase, a speech sample or "utterance" is compared 
against a previously created voice print. 
 
A. Speaker Authentication Model 
Automatic speaker verification (ASV) is the use of a 
machine to verify a person’s claimed identity from 
his voice. Speaker verification is defined as deciding 
if a speaker is whom he claims to be. The figure 
IV.A.1 below shows the block diagram of ASV. 

 
The general approach to voice authentication consists 
of five steps: Digital speech data acquisition, feature 
extraction, pattern matching, making an accept/reject 
decision, and enrolment to generate speaker reference 
models. Feature extraction maps each interval of 
speech to a multidimensional feature space. A speech 
interval typically spans 10–30 ms of the speech 
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waveform and is referred to as a frame of speech. 
This sequence of feature vectors xi is then compared 
to speaker models by pattern matching. This results in 
a match score zi for each vector or sequence of 
vectors. The match score measures the similarity of 
the computed input feature vectors to models of the 
claimed speaker or feature vector patterns for the 
claimed speaker. Last, a decision is made to either 
accept or reject the claimant according to the match 
score or sequence of match scores, which is a 
hypothesis testing problem. 
 
B. Speech Feature Extraction 
The speech feature extraction in a categorization 
problem is about reducing the dimensionality of the 
input-vector while maintaining the discriminating 
power of the signal. The number of training and test 
vector needed for the classification problem grows 
exponential with the dimension of the given input 
vector, hence feature extraction is needed. But 
extracted feature should meet some criteria while 
dealing with the speech signal, such as: 
 Easy to measure extracted Speech features. 
 Distinguish between speakers while being 

lenient of intra speaker variability’s. 
 It should not be susceptible to mimicry 
 It should show little fluctuation from one 

speaking environment to another. 
 It should be stable over time. 
 It should occur frequently and naturally in 

speech. 
Here, the Mel Frequency Cepstral Coefficients 
(MFCC) technique is used to extract features from the 
speech signal and compare the unknown speaker with 
the exist speaker in the database [14][15]. The 
complete pipeline of Mel Frequency Cepstral 
Coefficients is shown in the figure IV.B.1. 

 
Mel Frequency Cepstral Coefficients (MFCC) 
algorithm is feature-extraction type speaker 
recognition method. 
Some of the limitations of the speech recognition 
algorithms are 

 Ambient noise levels can impede both 
collections of the initial and subsequent voice 
samples. Noise reduction algorithms can be 
employed to improve accuracy, but incorrect 
application can have the opposite effect. 
Performance degradation can result from 
changes in behavioural attributes of the voice 
and from enrolment using one telephone and 
verification on another telephone. 

 Voice changes due to ageing may impact 
system performance over time. Some systems 
adapt the speaker models after each 
successful verification to capture such long-
term changes in the voice, though there is 
debate regarding the overall security impact 
imposed by automated adaptation Digitally 
recorded audio voice identification and 
analogue recorded voice identification uses 
electronic measurements as well as critical 
listening skills that must be applied by a 
forensic expert in order for the identification 
to be accurate. 

 
C. K Means Clustering Algorithm 
The K-means algorithm is a way to cluster the 
training vectors to get feature vectors. In this 
algorithm clustered the vectors based on attributes 
into k partitions. It use the k means of data generated 
from Gaussian distributions to cluster the vectors. 
The objective of the k-means is to minimize total 
intracluster variance, V. The process of k-means 
algorithm used least divides the input vectors into k 
initial sets. It then calculates the mean point, or 
centroid, of each set. It constructs a new partition by 
associating each point with the closest centroid. Then 
the centroids are recalculated for the new clusters, 
and algorithm repeated until when the vectors no 
longer switch clusters or alternatively centroids are 
no long changed. 
 
V. IMPLEMENTATION 
 
A multi-modal biometric verification system based on 
facial and vocal modalities is described in this paper. 
The proposed system is depicted in Figure V.1. 
 

 
 
It is widely divided into two categories: image-based 
authentication using face modalities and voice based 
authentication. This enhanced multimodal personal 
authentication system integrates information obtained 
from face and voice modalities. 
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A. System Architecture 
Our subject is to implement a system which 
recognizes faces using Eigen face method and voice 
using K-means clustering algorithm. 
The image-based authentication is comprised of the 
following sequential steps: 
 Image acquisition 
 Region detection 
 Authentication phase based on the Principal 

Component Analysis with Eigen faces 
The system will take an image as input and try to find 
a match in its database. The work to be performed 
consists of two parts. 
 First part is the construction of Eigen faces. 
 Second part is the identification of the given 

image i.e. if there is a match in the database 
(known faces). 

Voice-based authentication is also accommodated in 
the multimodal personal authentication system along 
with image based authentication. For voice 
authentication, voice signal is simultaneously 
obtained during the image acquisition procedure. The 
voice-based authentication employs the following 
steps: 

 Pitch and MFCC are used as feature 
parameters 

 K-means clustering algorithm is used to 
model the voice signal. 

 
After the pitch and MFCC are extracted, these 
parameters are combined as a new feature set by 
simple concatenation. The integrated feature vectors 
are then used by the observation vector of the K-
means clustering algorithm leading to the 
corresponding probability and hence the unknown 
speaker is compared with the existing speaker in the 
database. 
Consequently, the proposed multimodal personal 
authentication system is composed by integrating the 
probabilities of the face and voice authentications at 
the score level. The algorithm will be implemented in 
Windows environment using MATLAB. The whole 
architecture of the proposed system is depicted in 
Figure V.A.1 [21]. 

 

The fusion of multiple modalities is generally 
possible at the sensor, feature, score and decision 
levels [21]. However, integration at the score level is 
the most common approach due to the ease of 
combining the scores generated by different 
modalities. 
Before integrating the scores of the multiple 
modalities into a single score, score normalization is 
necessary since the scores obtained from individual 
modalities may not be homogeneous. Score 
normalization involves mapping the raw scores into 
normalized scores of a common domain. 
 
B. Performance Criteria 
The basic error measure of a verification system is 
false rejection rate (FRR) and false acceptance rate 
(FAR) as defined in the following equations: False 
Rejection Rate (FRRi): is an average of number of 
falsely rejected transactions. False Acceptance rate 
(FARi) is an average of number of falsely accepted 
transactions. Both FRRi and FARi are usually 
calculated as averages over an entire population in a 
test. 
Equal Error Rate (EER), is an intersection where 
FAR and FRR are equal at an optimal threshold 
value. This threshold value shows where the system 
performs at its best. A good decision is to choose the 
decision threshold such as the false accept equal to 
the false reject rate. 
 
C. Implementation Steps for Face Recognition 
 
Calculation of Eigen faces using PCA 
 
i. Obtain face images I1, I2, ..., IM (training faces) 
ii. Represent every image Ii as a vector Gi 
iii. Compute the average face vector Y: 
iv. Subtract the mean face: Fi = Gi –Y 
v. Compute the covariance matrix C: 
where A = [F1 F2 . . . FM] (N2xM matrix) 
vi. Compute the eigenvectors ui of AAT 
vii. Keep only K eigenvectors representing faces onto 

this basis 
Face Recognition Using Eigenfaces Given an 

unknown face image G follow these steps: 
i. Normalize G: F = G –Y 
ii. Project on the eigenspace 
iii. Represent F as a column matrix. 
iv. Find er = minl ||W−Wl|| 
v. If er < Tr, then G is recognized as face l from the 

training set. The distance er is called distance 
within the face space 
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The algorithm for the facial recognition using 
eigenfaces is basically described in figure. 
First, the original images of the training set are 
transformed into a set of eigenfaces E. Afterwards; 
the weights are calculated for each image of t stored 
in the set W. Upon observing an unknown image X, 
the weights are calculated for that particular image 
and stored in the vector weights of images, of which 
one knows for certain that they are faces (the weights 
of the training set W). One way to do it would be to 
regard each weight vector as a point in space and 
calculate an average distance D between the weigh 
weight vectors of the unknown image WX(the 
Euclidean distance). If average distance exceeds 
some threshold value then, the weight vector of the 
unknown image W and the WX lies too “far apart” 
from the weights of the faces. In this case, the 
unknown X is not consider to be a face. Otherwise if 
X is actually a face, its weight vector classification. 
According to the procedure given above “eigenfaces” 
found out. Then feature vector of the each individual 
is calculated by projecting it onto the set of eigenface. 
When a test image comes feature vector is calculated 
exactly in the same way. It compares with the stored 
database by vectors. The training image who has 
minimum distance with the test image vector is our 
desired result. 
 
D. Implementation Steps for Voice Recognition 
i. Read in the training and testing files 
ii. Feature extraction for both training and testing 
files 
iii. Statistical modelling of features of the training 
files 
iv. Testing each of the test files with the models 
created 
v. Choosing the and verifying whether both of 
themcame from the same speaker case, the unknown 
X is considered not to WX is stored for later has to be 

determined empirically of the stored database is 
calculating the distance between two stical best 
candidate’ test file corresponding to a training model 
Feature Extraction is performed using pitch and Mel 
Frequency Cepstral Coefficients (MFCC). To 
calculate the melcepstrum of a signal the function 
‘melcepst’ is used Statistical modeling of the features 
of the training files is performed using the Kmeans 
clustering algorithm and returns the means, variances 
and weights of the models created. 
 
E. Testing 
Testing is performed by computing the average 
distances between test file with all the codebooks in 
the data base and fine the lowest distortion average 
distances between the features of unknown voice (test 
file) with all the codebooks in the data base will 
identify the person with lowest distance For the 
overall multimodal biometric system, if the face and 
voice corresponds to the same person, that particular 
person will be identified and authenticated. The 
algorithms will be implemented in Windows 
environment using MATLAB. 
 
VI. SIMULATION RESULTS 
 
A. Performance Results for Face Recognition System 
 
Test for Face Recognition of a genuine user 

 
Test case for Face Recognition for a non-genuine user 
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Three images were trained with three individuals and 
the images had different lighting conditions, 
orientations and scaling. These images were 
recognized successfully for different variations. The 
lighting conditions don’t have any effect of the 
recognition because the correlation over the image 
doesn’t change. The orientation conditions would 
affect more because of the image would have more 
hair into it than it had for training. Scaling affects the 
recognition significantly because the overall face data 
in the image changes. This is because the background 
is not subtracted for training. This effect can be 
minimized by background subtraction. 
 
B. Performance Results for Voice Recognition System 
 
User interface for Voice Recording 

 
Test for Voice Recognition of genuine user 

 

Test Voice Recognition for non-genuine user 

 
C. Overall System Performance 
 
GUI Result for Genuine user 

 
GUI Result for non-Genuine user 

 
 
CONCLUSIONS AND FUTURE WORK 
 
This project has demonstrated the multimodal person 
authentication system using face and voice modalities 
successfully. It is a real time authentication system, 
where face images are the inputs to the recognition 
system and principal component analysis with 
eigenfaces is used to verify and authenticate the face. 
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The voice-based authentication employed pitch and 
MFCC as feature parameters and K-means clustering 
algorithm is used to model the voice signal. These 
computationally efficient algorithms result in 
efficient systems that are fast and are able to 
functionally operate on lots of faces in very little 
time. Voice authentication technology seemed to be 
very reliable. Simulations have shown that the 
algorithm used in this project is extremely robust with 
respect to the head size and orientation. The 
algorithms used in this project do not require much 
computing power which makes their implementation 
easy, and therefore attractive, in image processing 
systems. 
 
In future, the algorithms introduced in the thesis can 
be refined in a number of ways, at the expense of 
more computations. One such thing is the usage of 
kernel PCA instead of PCA. An improvement could 
also be made in the speed of system. Since the system 
is implemented in MATLAB, which is an interpreted 
language, speed benefits could be made by 
implementing computationally intensive parts in C 
for it has to be considered if using the system for real 
time recognition. The robustness of the proposed 
feature in adverse conditions should be verified in the 
future. 
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