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Abstract— Face detection and recognition has been 

prevalent with research scholars and diverse approaches 

have been incorporated till date to serve purpose. The 

rampant advent of biometric analysis systems, which may be 

full body scanners, or iris detection and recognition systems 

and the finger print recognition systems, and surveillance 

systems deployed for safety and security purposes have 

contributed to inclination towards same. Advances has been 

made with frontal view, lateral view of the face, still images 

and video image to be used for detection and recognition. 

This led to newer methods for face detection and recognition 

to be introduced in achieving accurate results and 

economically feasible and extremely secure. But with 

improvements needed in the previous approaches. It not 

only enhanced the recognition but also the efficiency of the 

process. In this paper SVD and HMM are used to detect the 

facial features which is a robust technique. 
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I. INTRODUCTION 

Face detection is a computer technology that determines the 

locations and sizes of human faces in arbitrary (digital) 

images. It detects facial features and ignores anything else, 

such as buildings, trees and bodies. Human face perception 

is currently an active research area in the computer vision 

community. Human face localization and detection is often 

the first step in applications such as video surveillance, 

human computer interface, face recognition and image 

database management. Locating and tracking human faces is 

a prerequisite for face recognition and/or facial expressions 

analysis, although it is often assumed that a normalized face 

image is available. The advances of computing technology 

has facilitated the development of real-time vision modules 

that interact with humans in recent years. Examples abound, 

particularly in biometrics and human computer interaction 

as the information contained in faces needs to be analyzed 

for systems to react accordingly. For biometric systems that 

use faces as non-intrusive input modules, it is imperative to 

locate faces in a scene before any recognition algorithm can 

be applied. An intelligent vision based user interface should 

be able to tell the attention focus of the user (i.e., where the 

user is looking at) in order to respond accordingly. To detect 

facial features accurately for applications such as digital 

cosmetics, faces need to be located and registered first to 

facilitate further processing. It is evident that face detection 

plays an important and critical role for the success of any 

face processing systems. The face detection problem is 

challenging as it needs to account for all possible 

appearance variation caused by change in illumination, 

facial features, occlusions, etc. In addition, it has to detect 

faces that appear at different scale, pose, with inplane 

rotations. In spite of all these difficulties, tremendous 

progress has been made in the last decade and many systems 

have shown impressive real-time performance. Face 

detection as the keyword itself reveals its meaning that it 

concerns about where a face is located in an image. Now it 

may seem very easy but in reality we have to consider many 

constraints like single face or multiple faces, image rotation, 

pose etc. So there may arise some false detected regions of 

an image, which do not contain any face. In spite of all these 

problems there are lots of techniques available. Now, the 

concept can be implemented in various ways but mainly we 

use four steps for this implementation. In the first step, we 

localize the face region that means we are anticipating those 

parts of an image where a face may resent. In the second 

step we normalize the detected region, so that the 

alignments of various facial features are in the proper 

location. In the third step we extract various facial features 

like eyes, nose, mouth, etc. And in the forth step, we 

actually verify whether the anticipated parts are actually 

carrying out a face or not. We are doing this using some 

rules, template or image databases.  The concept of 

extraction can be implemented by various techniques. There 

are a huge number of papers regarding the literature survey 

of face detection. Most of the earlier work was on the frontal 

upright face, but recent work is mainly focus on non-frontal 

face with variation in their alignment. Also instead of still 

image, they are considering video stream images.   

II. LITERATURE SURVEY 

An overview of some of the methods in these categories 

follows. 

A. Statistical Approach 

In this simplest approach we represent the image as a 2D 

array containing the intensity values and recognition is 

performed by direct correlation comparisons between the 

input face and all the other faces in the database. Though it 

seems very simple to implement but they often face some 

common problems like variation in illumination, scale, pose, 

etc. More precisely, it is computationally very expensive 

and suffers from the usual shortcomings of straightforward 

correlation-based approaches, such as sensitivity to face 

orientation, size, variable lighting conditions, background 

clutter, and noise. The major encumbrance to these 

statistical approaches is that, they attempt to perform 

classification in a very high dimensional space. To defeat 

this type of high dimensionality, some other schemes have 

been proposed. These types of schemes have been proven to 

reduce the dimension but obtain and retain the most 

meaningful feature dimensions before performing 

recognition.   

B. Principal Component Analysis   

A very popular method based on the concept of reduced 

dimensionality is Principal Component Analysis (PCA) . 

PCA is a technique based on the concept of eigenfaces and 

was first introduced by Kirby and Sirivich in 1988. PCA is 

also known as Karhunen Loeve projection. It is one of the 

more as Karhunen Loeve projection. It is one of the more 

successful techniques of face recognition and easy to 



Detection of Facial Features Through HMM 

 (IJSRD/Vol. 6/Issue 02/2018/841) 

 

 All rights reserved by www.ijsrd.com 3107 

understand and described using mathematics. This method 

uses Eigen faces. Eigen faces have been used to track human 

faces. They use a principal component analysis approach to 

store a set of known patterns in a compact subspace 

representation of the image space, where the Eigen vectors 

of the training image set span the subspace.  In this method, 

the input image and images of the eigenface gallery should 

be the same size and we have to normalize the input image 

so that the eyes, nose and mouth are properly lined up i.e. 

we only consider the face region and that should be a frontal 

face. In case of a non-frontal face it may result poor 

performance. The primary advantage of this approach is 

that, it reduces the dimension of the data by some 

compression technique.  

C. Linear Discriminant Analysis  

Fishers Linear Discriminant known as Linear Discriminant 

Analysis finds a small number of features that differentiates 

individual faces but recognizes faces of the same individual. 

A small number of features are found by maximizing the 

Fisher Discriminant Criterion which is achieved by 

maximizing the grouping of individual faces whilst 

minimizing the grouping of different individual faces. 

Therefore by grouping faces of the same individual these 

features can be used to determine the identity of individuals. 

As highly structured two-dimensional patterns, human face 

images can be analyzed in the spatial and the frequency 

domains. These patterns are composed of components that 

are easily recognized at high levels but are loosely defined 

at low levels of our visual system. Each of the facial 

components (features) has a different discrimination power 

for identifying a person or the person‟s gender, race, and 

age. There have been many studies of the significance of 

such features that used subjective psychovisual experiments. 

Using objective measures, in this section we propose a 

computational scheme for evaluating the significance of 

different facial attributes in terms of their discrimination 

potential. The results of this analysis can be supported by 

subjective psychovisual findings. To analyze any 

representation V, where V can be the original image, its 

spatial segments, or transformed images, we provide the 

following framework. First, we need a training set 

composed of a relatively large group of subjects with 

diverse facial characteristics. The appropriate selection of 

the training set directly determines the validity of the final 

results. The database should contain several examples of 

face images for each subject in the training set and at least 

one example in the test set. These examples should represent 

different frontal views of subjects with minor variations in 

view angle. They should also include different facial 

expressions, different lighting and background conditions, 

and examples with and without glasses. It is assumed that all 

images are already normalized to m x n arrays and that they 

contain only the face regions and not much of the subjects 

bodies. Second, for each image and subimage, starting with 

the two-dimensional mxn array of intensity values I(x, y), 

we construct the lexicographic vector expansion. This vector 

corresponds to the initial representation of the face. Thus the 

set of all faces in the feature space is treated as a high 

dimensional vector space. Third, by defining all instances of 

the same person face as being in one class and the faces of 

different subjects as being in different classes for all subjects 

in the training set, we establish a framework for performing 

a cluster separation analysis in the feature space.  

D. Gabor Wavelets Transform Face Feature Extraction  

Here, given the predicted feature positions, the multi-scale 

and multi-orientation Gabor wavelet matching method is 

used to detect each facial feature in the vicinity of the 

predicted locations. In addition, the robust matching in the 

Gabor space also provides an accurate and fast solution for 

tracking multiple facial features simultaneously. 

During tracking, in order to adaptively compensate 

for the facial feature appearance changes, the Gabor wavelet 

coefficients are updated dynamically at each frame to serve 

as the tracking template for the subsequent image frame. 

This updating approach works very well when no significant 

appearance change happens for each facial feature. 

However, under the large face orientations in which an 

arbitrary profile is assigned to the occluded feature during 

self-occlusions, as well as the significant facial expressions 

in which the facial feature appearance varies significantly, 

the tracker often fails. Therefore, a shape-constrained 

correction mechanism is developed to tackle the above 

problems and to refine the tracking results. As a result, via 

our proposed technique, a set of twentyeight facial features 

can be detected and tracked eight facial features can be 

detected and tracked robustly in real-time under significant 

appearance changes in various facial expressions and face 

orientations.  

E. Feature Template Based Methods 

This method group will extract feature of face such as eyes, 

mouth, etc. based on template function and appropriate 

energy function. An image region is the best appropriateness 

with template for eye, mouth or nose, which will minimize 

the energy. The methods have been proposed such as 

deformable template and genetic algorithms. In the 

deformable template method, the feature of interest, an eye, 

for example, is described by a parameterized template. An 

energy function is defined to links edges, peaks, and valleys 

in the image intensity with corresponding properties of the 

template. Then the template matching is done with the 

image, by altering its parameter values to minimize the 

energy function, thereby deforming itself to find the best fit. 

The final parameter values can be used as descriptors for the 

features.   

F. Color Segmentation Based Techniques  

This approach makes use of skin color to isolate the face. 

Any non-skin color region within the face is viewed as a 

candidate for eyes or mouth. Color based feature extraction 

use color models such as RGB, YCbCr or HSV with certain 

range of color pixels, skin region is detected. After getting 

the skin region, facial features viz. Eyes and Mouth are 

extracted. The image obtained after applying skin color 

statistics is subjected to binarization. it is transformed to 

gray-scale image and then to a binary image by applying 

suitable threshold. This is done to eliminate the hue and 

saturation values and consider only the luminance part. This 

luminance part is then transformed to binary image with 

some threshold because the features for face are darker than 

the background colors. After thresholding, opening and 

closing operations are performed to remove noise. These are 

the morphological operations, which are used to remove 

holes. Then eyes, ears, nose can be extracted from the binary 
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image by considering the threshold for areas which are 

darker in the mouth than a given threshold. So triangle can 

be drawn with the two eyes and a mouth as the three points 

in case of a frontal face. And it is easy to get an isosceles 

triangle (i j k) in which the Euclidean distance between two 

eyes is about 90-110% of the Euclidean distance between 

the center of the right/left eye and the mouth. After getting 

the triangle, it is easy to get the coordinates of the four 

corner points that form the potential facial region. Since the 

real facial region should cover the eyebrows, two eyes, 

mouth and some area below the mouth, this coordinates can 

be calculated. The performance of such techniques on facial 

image databases is rather limited, due to the diversity of 

ethnical backgrounds. 

F. Appearance Based Techniques  

This type of methods is using linear transformation and 

statistical methods to find the basic vectors to represent the 

face. Methods have been proposed in the literature for this 

aim such as PCA and ICA . In detail, goal of PCA method is 

to reduce the number of dimensions of feature space, but 

still to keep principle features to minimize loss of 

information. PCA method uses second-order statistic in the 

data. However, PCA method has still disadvantages. High 

order dependencies still exist in PCA analysis, for example, 

in tasks as face recognition, much of the important 

information may be contained in the high order relationships 

among the image pixels, not only second-order. While other 

method ICA uses technique independent component 

analysis. it is an analysis technique not only use second-

order statistic but also use high order statistic. PCA can be 

derived as a special case of ICA, which uses Gaussian 

source models. PCA is not the good method in cases non 

Gaussian source models. it has been observed that many 

natural signals, including speech, natural images, are better 

described as linear combinations of sources with super 

Gaussian distributions . In that case, ICA method better than 

PCA method because: I) ICA provides a better probabilistic 

model of the data. II) It uniquely identifies the mixing 

matrix. III) It finds an unnecessary orthogonal basic, which 

may reconstruct the data better than PCA in the presence of 

noise such as variations lighting and expressions of face. IV) 

It is sensitive to high-order statistics in the data, not just the 

covariance matrix but it require that the image matrices must 

be first transformed into vectors, which are usually of very 

high dimensionality. This causes expensive computational 

cost and sometimes the singularity problem. The appearance 

based method group has been found the best performer in 

facial feature extraction because it keeps the important 

information of face image, rejects redundant information 

and reflects face global structure. 

III. PROPOSED METHODOLOGY 

 Hidden Markov Models and Singular Value Decomposition 

are briefly discussed.  

A. Hidden Markov Models 

HMMs are usually used to model one dimensional data  but 

in the recent years, they have been used in vision: texture 

segmentation, face finding, object  recognition and face 

recognition. For a deep study on HMMs the reader may 

refer to. Every HMM is associated with non-observable 

(hidden) states and an observable sequence generated by the 

hidden states individually. The elements of a HMM are as 

below:  

 N= S is the number of states in the model, where S= 

{s1, s2… s N} is the set of all possible states. The state 

of the model at time t is given by q t ∈S  

 M= V is the number of the different observation 

symbols, where V= {v1, v2… v} is the set of all 

possible observation symbols v (also called the code 

book of the model). The observation symbol at time t is 

given by o ∈ V. observation vector is another concept 

that frequently is used in the HMM models. Indeed the 

training and test process of HMM models are performed 

in the observation vectors space. Each observation 

vector is a vector of observation symbols of length T. T 

is defined by user based on the in hand problem. 

 A={aij } is the state transition probability matrix,  

where: 

B = bj (k) is the observation symbol probability matrix, 

where; 

Bj (k)=P[Ot=Vk |qt=s], 1=j=N, 1=k=M                     

p = {p1, p2, p3, ......,pNj} is the initial state distribution, 

where 

п = P[qi = s]  i<=N                                       

Using shorthand notation HMM is defined as λ = 

(A,B, Π) HMMs generally work on sequences of i symbols 

called observation vectors, while an image usually is 

represented by a simple 2D atrix. In the case of using a one 

dimensional HMM in face recognition problems, the 

recognition process is based on a frontal face view where 

the facial regions like hair forehead, eyes, nose and mouth 

come in a natural order from top to bottom. In this project 

we divided image faces into seven regions and each is 

assigned to a state in a left to right one dimensional HMM. 

The main advantage of the above model is its simple 

structure and flexibility for adjustment of parameters. Hence 

as seen before singular value decomposition is a method for 

transforming correlated variables into a set of uncorrelated 

ones that better expose the various relationships among the 

original data items. It is a method for identifying and 

ordering the dimensions along which data points exhibit the 

most variation. This shows that once identified where the 

most variation is, it’s possible to find the best approximation 

of the original data points using fewer dimensions.  

B. Singular Value Decomposition 

The Singular Value Decomposition (SVD) has been an 

important tool in signal processing and statistical data 

analysis. Singular values of given data matrix contain 

information about the noise level, the energy, the rank of the 

matrix, etc. As singular vectors of a matrix are the span 

bases of the matrix, and  orthonormal, they can exhibit some 

features of the patterns embedded in the signal. SVD 

provides a new way for extracting algebraic features from an 

image. A singular value decomposition of a m×n matrix X is 

any function of the form: 

X=USV T                                                     (3.1)  

where U (m×m) and V (m×m) are orthogonal 

matrix, and S is and m×n diagonal matrix of singular values 

with components s =0, 1,2, i ≠ j . Furthermore, it can be 

shown that there exist non-unique matrices U and V such 

that σ 1 >= σ 2 ... 0 
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The columns of the orthogonal matrices U and V 

are called the left and right singular vectors respectively; an 

important property of U and V is that they are mutually 

orthogonal. The main theoretical property of SVD relevant 

to face image recognition is its stability on face image. 

Singular values represent algebraic properties of an image . 

So because of these reasons and some  experimental results, 

we find out that SVD is a robust feature extraction technique 

for face images.  

IV. RESULTS 

In this section a detailed experimental comparison of the 

above stated approaches are being presented. Fifty test 

images were obtained in different lighting conditions and 

complex backgrounds with comparison of three algorithms 

on same images. Experimental results show that the 

algorithm is Facepart division; based on physical 

approximation of location of eyes, nose and mouth on face 

and   can find out the face part rapidly. It is also useful in a 

wide range. Moreover, it is effectual for complex 

background. The below figures are screen shots for the 

experimental comparison of the methods presented. The 

experimental test used 100 color images containing many 

faces with various complex backgrounds.The resulting 

detector automatically returned bounding-boxes fitting 

detecting faces parts appearing in images.   

 
Fig. 1: Seven regions of face coming from top to down in 

natural order. 

V. CONCLUSION & FUTURE SCOPE 

Face recognition applications such as information security, 

access management, biometrics etc. A fast and efficient 

system is presented in this paper. Images of each face are 

converted into a sequence of blocks. Each block is featured 

by a few number of its SVD parameters. Every person is 

associated with a hidden markov model. The  previous 

systems designed such as given in attains a recognition rate 

of 98 % using 2D HMM which makes the system bit 

complex, also given in the system have recognition rate of 

99 percent for Yale database. The proposed system is tested 

on ORL which has images with different poses. The best 

recognition rate encountered is 98.1 % percent for ORL. 

This is obtained with optimized system parameters chosen 

after a deep study of their influence on recognition rate and 

training time. Better results can be obtained with higher 

number of training images and original size of the image. 

But keeping the original size of the image makes the system 

complex and slow. Future work can be extended to the use 

of larger dataset with varying poses as well as different 

expressions. For such complicated database the same 

method will not give such efficiency hence the feature 

extraction method must be worked to be stronger for such 

database. The HMM can be extended to 2D HMM to 

improve the results but with increased complexity, a 

midway has to be found between the increased complexity, 

time required for training and the recognition rate as the 

future scope of this project.  
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