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ABSTRACT: Facial expression recognition presents a challenging problem in the field of image analysis and 

computer vision. The security of information is becoming very significant and difficult.Security cameras are presently 

common in airports, Offices, University, ATM, Bank and in any locations with a security system.Facial Expression 

Recognition system is used in security. Facial Expression recognition system should be able to automatically detect a 

face in an image. This involves extracts its features and then recognize it, regardless of lighting, expression, 

illumination, ageing, transformations (translate, rotate and scale image) and pose, which is a difficult task. This paper 

presents various methods of face expression recognition. 
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I.INTRODUCTION 

 

Over the past decades, human-computer interaction together with computer vision has been an important field in 

computer study.The direct communication between thecomputer and human beings is matter of concerned. Much 

research has been conducted on improving and developing the interaction between human and the computer. One of the 

significant factors that contributed to increasing and developing the interaction between the computer and humans 

is studying the computers' ability to distinguish facial expressions for human [2].The verbal part of a message 

contributes only 7% of its meaning as a whole; the vocal part contributes 38% while facial movement and the 

expression contributes 55% of the effect of that message and so one can say that the facial part does the major 

contribution in human communication [1].Though much progress has been made, recognizing facial expression with a 

high accuracy remains difficult due to the subtlety, complexity and variability of facial expressions. 

 

Deriving an effective facial representation from original face images is a vital step for successful facial expression 

recognition. There are two common approaches to extract facial features: geometric feature-based methods and 

appearance-based methods. Geometric features present the shape and locations of facial components, which are 

extracted to form a feature vector that represents the face geometry.With appearance-based methods, image filters, such 

as Gabor wavelets, are applied to either the whole-face or specific face-regions to extract the appearance changes of the 

face. 

 

Challenges in Face Expression Recognition System. 

It has already been stated that face expression recognition techniques have always been a very challenging task for 

researchers because of all difficulties and limitations. The challenges associated with face expression recognition can 

be attributed to following factors: 

 

Pose: The images of face changes due to relative camera face position such as frontal and non-frontal. Face may have a 

different angle so some of the facial features such as an eye or the nose may become partially or wholly occluded. To 

overcome this challenge implements good pre-processing techniques which are invariant to translation, rotation and 

scaling. 

 

Occlusion: Faces may be partially occluded by other objects. In an image if face is occlude by some other faces 

or objects such as mask, hair, glasses etc. For that image extraction of expression features are complex. 
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Illumination: If the images are taken in different lights. Then expression feature can be detected inaccurately and 

hence recognition rate of facial expression is low. This factor would typically make feature extraction more difficult. 

To compensate the variation of illumination in an input image, image preprocessing methods like DCT normalization, 

Histogram Equalization, Rank Normalization can be applied before feature extraction [3]. 

 

                                                                II. LITERATURE SURVEY 

 

 As per the survey various methods for face detection can be grouped into four categories. Knowledge based methods, 

feature invarient approaches, templet matching methods and appearance based methods [16]. Knowledge based 

methods are rule based methods. These methods try to capture human knowledge of faces, and translate them into a set 

of rules. The feature invarient approach finds some invarient features for face recognition. The idea is to overcome the 

limits of our instinctive knowledge of faces. The templet matching methods compare input images with stored patterns 

of faces or features.  

 

The appearance based methods rely on techniques from statistical or probabilistic analysis and machine learning to find 

the relevant characteristics of face images. In general this method had been showing superior performance to the others. 

Statistical methods provide a way for estimating missing or uncertain information. The statistics works on a big set of 

data, we want to analyse that set in terms of the relationships between the individual points in the data set. PCA is the 

way of identifying patterns in the data, and expressing the data in such a way as to highlight their similarities and 

differences. The other main advantage of PCA is data compression, by reducing the number of dimensions, without 

much loss of information. Appearance based face recognition methods are PCA( Principle Component Analysis), LDA( 

Linear Discriminant Analysis), ICA( Independent Component Analysis) [16]. 

 

                              III.VARIOUS FACIAL EXPRESSION RECOGNITION METHODS 

 

Facial expression recognition consists of three main steps. In the first step face image is acquired and detect the face 

regions from the images and pre-processing the input image to obtain the images that have a normalised size or 

intensity. Next is expression features are extracted from the observed facial image or image sequence. Then extracted 

features are given to the classifier and classifier provides the recognized expression as output. The block diagram of 

facial expression recognition system is given in fig. 1. 

 

The input image can be represented in various ways. If face image can be represented as a whole unit then it is called 

holistic representation. If face image can be represented as a set of features then it is called analytic representation. Face 

can also be represented as a combination of these two then is called hybrid approach. 

 

 

 

 

 

                                                             

Fig.1 Facial expression recognition system 

 

A. Face Detection  

Face Detection is the process of localizing and extracting the face region from the background. It involves 

segmentation, extraction, and verification of faces as well as facial features from an uncontrolled background. It 

follows two different approaches: Emotion detection from still images and Emotion detection from images acquired 

from a video [1]. 

 

B. Facial Feature Extraction 

Facial feature extraction is the process of translating the input data into some set of features. Use of feature extraction 

can help reduce huge amount of data to a relatively small set which is computationally faster. It is influenced by many 

complications like difference in different pictures of the same facial expression, the light directions of imaging, and the 
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variety of posture, size and angle. Even to the same people, the images taken in different surroundings may be unlike 

[1].There are two types of features that are usually used to describe facial expression: Geometric Features and Analytic 

Features. 

 

1)Geometric Features: The features measure the displacements of certain parts of the face such as eyebrows or mouth 

corners. The facial components or facial feature points are extracted to form a feature vector that represents the face 

geometry. Geometry based method is that expressions affect the relative position and size of various features and that 

by measuring the movement of certain facial points the underlying facial expression can be determined. The task of 

geometric feature measurement is usually connected with face region analysis, especially finding and tracking crucial 

point in the face region.  

 

2) Appearance Features: The Features describe the change in face texture when particular action is performed such as 

wrinkles, bulges, forefront, regions surrounding the mouth and eyes. Image filters are used, applied to either the whole-

face or specific regions in a face image to extract a feature vector. As per the study appearance based algorithms are of 

wide-range. These include Principal Component Analysis (PCA), Independent Component Analysis (ICA), Locality 

PreservingProjections (LPP), Linear Discriminate Analysis(LDA), Gabor wavelets, Local Binary Pattern (LBP). 

 

a. Principle Component Analysis (PCA): The main idea of PCA is to find the vectors which best account for the 

distribution of face images within the entire image space. These vectors define the subspace of face images which we 

call face space. In this approach the faces are represented as a linear combination of weighted eigenvectors called Eigen 

faces. The Eigen faces are nothing but the principle components of a distribution of faces. The main idea of using PCA 

for face recognition is to express the large 1-D vector of pixels constructed from 2-D facial image into the compact 

principal components of the feature space. This is called Eigen spaceprojection. Eigen space is calculated by 

identifying the eigenvectors of the covariance matrix derived from a set of facial images (vectors). 

 

b. Kernel PCA : This is also eigenvector based method, but this method uses nonlinear mapping 

 

c. Linear Discriminant Analysis (LDA) :LDA and the related fisher’s linear discriminant are methods used in 

statistics, pattern recognition and machine learning to find a linear combination of features which separates two or more 

classes of objects or events. The resulting combination may be used as a linear classifier. This is also eigenvector based 

method and a supervised linear map. 

 

d. Independent Component Analysis (ICA) : ICA is a computational method for separating a multivariable signal 

into additive subcomponents are non-Gaussian signals and are statistically independent from each other. ICA is a 

special case of blind source separation. 

 

e. Self-Organizing Map (SOM) : This is a type of artificial neural network (ANN) that is trained using 

unsupervised learning to produce a low-dimensional (typically two dimensional) discretizes representation of the input 

space of the training samples, called a map. SOM are different from ANN in the sense that they use a neighborhood 

function to preserve the topological properties of the input space. 

 

f. Gabor Wavelet Transform (GWT) :The Gabor Transform named after Dennis Gabor is a special case of short 

time Fourier- transform. This is biologically motivated linear filter. The Gabor transform of signal x(t) is defined by the 

formula; 

 

𝐺𝑥 𝑡, 𝑓 =  𝑒−𝜋 𝜏−𝑡 2
∞

−∞

𝑒−𝑗2𝜋𝑓𝜏  𝑥 𝜏  𝑑𝜏 

 

C. Expression Classification 

 

The next functional block is expression classification block which uses the features extracted from the previous block 

and tries to classify the features based on the similarities between the feature data. Classifiers like Artificial Neural 

Netwoks, linear classifiers etc are generally used for this [1].After the set of features are extracted from the face region 
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are used in classification stage. The set of features are used to describe the facial expression. Classification requires 

supervised training, so the training set should consist of labelled data. Once the classifier is trained, it can recognize 

input images by assigning them a particular class label. 

 

Support Vector Machine (SVM) :SVMs are linear classifiers that maximizethe margin between the decision hyper-

plane and the examples in the training set. So, an optimal hyper-plane should minimize the classification error of the 

unseen test patterns. This classifier was first applied to face detection. 

 

Neural Networks : Many pattern recognition problems like object recognition, character recognition, etc. have been 

faced successfully by neural networks. These systems can be used in face detection in different ways. Some early 

researches used neural networks to learn the face and non-face patterns. They defined the detection problem as a 

two-class problem. The real challenge was to represent the “images not containing faces” class. Other approach is to 

use neural networks to find a discriminant function to classify patterns using distance measures.  Some approaches have 

tried to find an optimal boundary between face and non-face pictures using a constrained generative model. 

 

                                                         IV. DISCUSSION AND CONCLUSION 
 

Development of an automated system that accomplishes facial expression recognition is difficult. Various approaches 

have been made towards robust facial expression recognition, applying different image detection, feature extraction, 

analysis and classification methods. This paper has briefly overviewed the methods of facial expression recognition. 

Feature extraction is important stage for expression recognition system because extracted feature are used for 

classification stage. Feature extraction for expression recognition using geometric features is more difficult because it 

depends on the shape and sizes of features so appearance based features are easier to extract. The list of references to 

provide more detailed understanding of the approaches described is enlisted. 
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