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Abstract— Over the last two decades, Facial Expression 

Recognition is an important field in Computer vision & 

Artificial Intelligent. Facial Expression plays an important 

role in Human communication, so it is mostly used in 

Human Computer Interaction (HCI) interface. Recognizing 

Human Facial Expression is challenging task because of the 

variation in illumination, pose and occlusion. In this 

study,we introduce a hybrid face recognition technique, 

consisting of two main parts namely feature extraction and 

classification. In the first part, as feature extracting 

techniques, we benefit from Eigenfaces method which is 

based on Principal Component Analysis (PCA) and Discrete 

Wavelet transform (DWT). In the second part, after 

generating feature vectors, Support Vector Machines 

(SVMs) are utilized. We examined the classification 

accuracy according to three different SVM kernel types. For 

the test set, we focused on Jaffe database including 213 

images of 10 different females. At the end of the overall 

recognition task, we have obtained the classification 

accuracy 96.67% with Radial Basis Function (RBF) kernel. 

Key words:  Principal Component Analysis (PCA), Support 

Vector Machine (SVM), Multilayer feed-forward neural 

network (MFFNN), Artificial Neural Network (ANN), 

Linear Discriminant Analysis (LDA), Discrete Wavelet 

transform (DWT) 

I. INTRODUCTION 

In computer vision tasks face recognition systems have 

gained immense significance ever since security concern has 

reached its peaks. For such systems Artificial Intelligence 

(AI) plays an important role in recognition and 

authentication tasks. Human beings have an inherit 

capability of easily identifying a person by the use of 

memory but computer systems lack memory issues. It can 

be made to remember things via artificially inducing codes 

and features and through learning mechanism. Human face 

is a very useful and powerful source of communicative 

information about human behavior. It provides information 

about human personality, emotions and thoughts. 

Ekman and Friesen [1] represent 6 basic face 

expressions (emotions), show in Fig. 1, which are Happy, 

Surprise, Disgust, Sad, Angry, Fear. 

As per Meharabian [2], 55% communicative cues 

can be judge by facial expression. This implies that the 

facial expression form the major modality in human 

communication. 

Different people may have different appearance for 

different expressions. But human can still recognize a wide 

range of different expressions. If we are not familiar with 

someone’s face we can recognize the person’s facial 

expression due to the universality of expressions. However 

it is a challenging task for a computer vision system to 

recognize an individual across different expressions or to 

classify the basic facial expression across different persons. 

Analysis of facial expression find applications in 

different areas of interest, such as social psychology. Speech 

recognition acts as an intelligent system to identify the 

genuine pain and referred pain, therefore thus finds its place 

in the medical field, identifies the expression of the ability to 

understand students and find their place in the environment 

education, identifies the expression of a person during any 

interrogation and highlights the need for crime and security 

division. Intensities of speech recognition helps identify 

faces as chronic or acute pain. The expression system is 

used in many domains such as Telecommunications, 

Behavioral Science, Video Games, animations, Psychiatry, 

Automobile Safety, Affect boxes and televisions, 

educational software, etc. 

 

Fig. 1: Six Basic Human Expression

II. CHALLENGES IN FACIAL EXPRESSION RECOGNITION 

It has been said that the methods of recognition of facial 

expressions is always a very difficult task for researchers 

because of all the difficulties and limitations. Problems 

associated with the recognition of facial expression can be 

attributed to the following factors [5][6]: 

Occlusion: Partial occlusion of the main hindrance 

in order to object. Work under this category is still immature 

so much effort is required to find new discoveries. 

Regarding the system of recognition of people's faces to 

deceive the security system implemented deliberately 

covering their face with his hand, sunglasses or a scarf, etc. 

Pose: Face image varies depending on the relative 

position of the camera face, such as frontal or non-frontal. A 

person may have a different angle so that some of the 

features of the face such as the eyes or nose can be partially 

or completely occluded. To overcome this problem realizes 

good pretreatment methods that are invariant to translation, 

rotation and scaling. 



Facial Expression Recognition Using DWT-PCA with SVM Classifier 

 (IJSRD/Vol. 3/Issue 03/2015/376) 

 

 All rights reserved by www.ijsrd.com 1532 

Illumination conditions: Lighting greatly affects 

the performance of the face recognition system. Various 

factors lighting tarnish the image of the face, thus making 

the process of recognition of the complex case. To 

compensate for changes in illumination in the input image, 

image preprocessing techniques such as DCT normalization 

histogram equalization rank Normalization may be applied 

to feature extraction. 

III. FEATURE EXTRACTION 

A. Discrete Wavelet Transform. 

The Discrete Wavelet Transform is effective in representing 

image features and is suitable in Face image retrieval. The 

wavelet transform concentrates the energy of the image 

signals into a small number of wavelet coefficients. It has 

good time-frequency localization property. The fundamental 

idea behind wavelets is to analyze signal according to scale.  

It was developed as an alternative to the short time 

Fourier to overcome problems related to its frequency and 

time resolution properties .Wavelet transform decomposes a 

signal into a set of basic functions. 

1-D continuous Wavelet Transform of function f(t) 

defined as 

   ( )    ( )    ( )       ( ) 
is wavelet function. 

    ( )   
 
 

   (
   

 
)   ( )       

The transform can be discretized by restraining and 

to a discrete lattice. 2-D DWT is generally carried out using 

a separable approach, by first calculating the 1-D DWT on 

the rows, and then the 1-D DWT on the column. 

The advantage of DWT over DFT and DCT is that 

DWT performs a multi-resolution analysis of signal with 

localization in both time and frequency. Also, wavelet basis 

vectors in the wavelet domain than sine-cosine basis vectors 

to achieve a similar estimate. 

 
Fig. 4.1: The process of decomposing an image in DWT 

The symbols L and H refer to low-pass and high-

pass filter respectively. LL represents the approximation 

sub-band & LH, HL and HH are the detail sub-bands. LL is 

the low frequency sub-band gives global description of an 

image. 

Horizontal coefficients (LH) correspond to the low-

frequency component in the horizontal direction and the 

high frequency component in the vertical direction .We use 

DWT to decompose images into a multi-level scale, and 

wavelet coefficients, and then a further decline of dimension 

is done by using PCA which we hold an image extraction 

presents all trainees image decomposed using a discrete 

wavelet transform. After DWT, we accept only low-

frequency components (LL) to further reduce the image 

dimensions by using PCA. Then, the final feature vectors of 

all trainees’ images are stored in the database. 

Figure 4.2 and Figure 4.3 examples of wavelet 

transform of DWT-1 and DWT-2 respectively. 

B. Principal Component Analysis. 

In statistics, principal component analysis (PCA) is a 

method that can be used to shorten a dataset. This is a linear 

transformation choosing a new coordinate system for the set, 

so the high dispersion of any projection of the data comes to 

lie on the first axis data (called the first principal 

component), the second largest variance the second axis so 

forth. PCA can be used to reduce the dimensionality of a set 

of data while retaining the features of a data set that 

contribute most to its variance, maintaining the lower 

principal components and ignoring higher order.The idea is 

that such low-order components often contain the "most 

important" aspects of the data. 

 

The task of face recognition is discrimination of the 

input signals (image) into several classes (people). Input 

signals are very noisy (eg, noise caused by different light 

conditions, pose, etc.), but the input images are not 

completely random, and, despite their differences there are 

patterns that occur in any input. These patterns, which can 

be observed in all the signals can be - in the face recognition 

- the presence of certain objects (eyes, nose, mouth) to any 

person, as well as the relative distance between these 

objects. These features are called eigenfaces in face 

recognition (or basic components as generally). They can be 

extracted from the original image data using a mathematical 

apparatus called principal component analysis (PCA). 

With PCA, you can convert each original image 

corresponding to the training set eigenface. The original 

image. If you use all eigenfaces, extracted from the original 

image, you can restore the original image eigenfaces 

smoothly. But it is also possible to use only part of the 

eigenfaces. Then, the reconstructed image is an 

approximation of the original image. However, losses due to 

skip some eigenfaces may be minimized. This is done by 

selecting only the most important features (eigenfaces). 

Forgetting eigenfaces necessary due to lack of computing 

resources. Thus, the purpose of the PCA is to reduce the 

high dimensionality of the space entity (observable 

variables) to a smaller inner dimension of feature space 

(independent variables) that are needed to describe the data 

cost. This is the case when there is a strong correlation 

between the observed variables. 
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Fig. 4.2: Example Wavelet transform (DWT-1) 

 
Fig. 4.3: Example Wavelet transform (DWT-2)

 

1) In mathematical terms 

 Step 1: Prepare the Data 

The first step is to obtain a set S with M face images. Each 

image of size N*N is transformed into a vector of size N and 

placed into the set. A set of M images (Γ1, Γ2, Γ3…ΓM) 

with size N*N can be represented by column size N
2 

*1 

                    

 Step 2: Obtain the Mean 

The average (Ψ) of the training set image is defined by  

            
 

 
  ∑   

 
    

 Step 3: Subtract the Mean from Original Image  

Each trainee image differs from the average image by vector 

(Φ)  

          Φi = Γi -Ψ 

 Step 4: Calculate the Covariance Matrix 

Total Scatter Matrix or Covariance Matrix is calculated 

from Φ as follows:  

            
 

 
  ∑     

  

   
 

              = AA
T
 , where A= [Φ1,Φ2, Φ3,... Φn]  

 Step 5: Calculate the Eigenvectors and Eigenvalues 

of the Covariance Matrix and Select the Principal 

Components 

(1) Calculate eigenface space U = [u1, u2,…,uM]
T
 

U= V.A
T 

Where V = [v1, v2, … , vm] represents a matrix 

including eigenvectors of C with dimension of (M x M). 

(2) Calculate feature vectors  W = [w1, w2,…,wM] 

W= U.A 

 Step 6: After obtaining eigenface space and feature 

vectors, we can compare a test image with the faces 

in training set by following steps: 
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(1) ΓT is a column vector which represents our test 

image with (N
2
 x 1) dimension. At this stage 

distance of test image from mean face image 

should be calculated as ΦT column vector, 

ΦT = ΓT - Ψ 

(2) After calculating ΦT, we must project it on our 

eigenface space in order to obtain its feature 

vectors in format of column vector Wt with 

dimension (M x 1), 

Wt =U.ΦT 

We need to find similarity of Wt to each Wi in matrix W. 

IV. CLASSIFICATION 

A. Support Vector machine. 

SVM is a method of classification, which tends to separate 

the two sets of data with a maximum distance between them. 

Available in Vapnik (1998) [16]. This method separates the 

two sets of data by searching for the optimal separating 

hyperplane (OSH) between them. The borders between the 

data sets and safety called '' support vectors. 

Data classification is important in machine learning 

where the data point spread in the middle space. Each data 

point belongs to one of two classes, the goal is to decide 

which class a new data point becomes. Gender classification 

is a binary classification problem, so the support vector 

classification is used for the floor. SVM supervised learning 

system that can analyze and identify data very well. Support 

vector machine is a computer algorithm that learns from 

example to assign a label to an object. SVM was developed 

by Vapnik [16] to reduce the error on the training data set 

and finds its fulfillment in the field of breast cancer 

detection, bioinformatics, recognition of handwritten 

numbers and images on the basis of gender classification. 

For example, SVM can learn to recognize 

handwritten numbers, exploring a large collection of 

scanned images of handwritten to zeros and ones. SVM is a 

maximization algorithm special mathematical function with 

respect to this data collection [14] .The main SVM receives 

a set of inputs x and predicts, for each given input which of 

the two possible classes forms the output, making it a non-

binary linear probabilistic classifier. support vector machine 

produces a hyper plane in the space of high, which can be 

used for classification and separation is achieved . hyper 

plane has the greatest distance to the closest training data set 

[15]. SVM separates the data set into training and testing 

data sets, each sample in the training set a target value and 

the observed features. SVM classifiers generate a solution 

based on the borders set of training data, which helps in the 

prediction of the target value of the test data set. 

Given some training data , a set of points of 

the form 

 

where the Yi either 1 or −1, indicating the class to 

which the point Xi belongs. Each Xi is a -dimensional real 

vector. We want to find the maximum-margin hyperplane 

that divides the points having Yi =1from those having Yi = -

1. Any hyperplane can be written as the set of points X 

satisfying 

 

Fig. 4.5: Support vectors in SVM   

Maximum-margin hyperplane and margins for an 

SVM trained with samples from two classes. Samples on the 

margin are called the support vectors. 

  
where  denotes the dot product and w the (not 

necessarily normalized) normal vector to the hyperplane. 

The parameter determines the offset of the 

hyperplane from the origin along the normal vector W. 

If the training data are linearly separable, we can 

select two hyperplanes in a way that they separate the data 

and there are no points between them, and then try to 

maximize their distance. The region bounded by them is 

called "the margin". These hyperplanes can be described by 

the equations 

  
and 

  
margin, we add the following constraint: for each  i either 

 of the first class  or 

 of the second. 

This can be rewritten as: 

 

B. Kernels in SVM 

The kernel functions available for SVM are 

1) Linear kernel 

Linear kernel is the summation of inner product {x, xi} and 

a constant d 

 (    )   
      

2) Polynomial kernel  

Polynomial kernel is suitable for normalized data sets as it is 

non stationary kernel 

 (    )  (  
     )

  

p is the polynomial degree; d is constant and β is slope. 

3) Radial basis function (RDF) 

The kernel function used for SVM is Gaussian kernel which 

is the example of radial basis function. The Gaussian kernel 

is given by 

 (    )  (
‖    ‖

 

   
) 
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V. EXPERIMENTAL RESULTS 

In this Proposed method, standard JAFFE images (213 

images of 10 different ladies)were converted into JPEG 

image format without changing their size. Our training sets 

include 120 images(6 class and 20 images per class). For 

each person,. In the test stage, we used 30 images(6 class 

and 5 images per class) differ from images in training set. 

For PCA based Eigenfaces approach, size of each feature 

vector is determined by the size of eigenface space .For a 

simpler and more feasible classification process we utilize 

only first 50 elements of each feature vector. Hence, we use 

these 50 features for SVM. During SVM classification with 

Matlab, we chose parameter “C” as 1.6812. While using 

RBF Kernel we chose gamma as 0.03. 

Table 4 compares the average recognition rates of 

classification methods using PCA. Here RBF, LINEAR and 

POLY stand for RBF kernel, linear kernel and polynomial 

kernel for SVM respectively. 

For SVM classification, we obtained highest mean 

recognition rates with RBF kernel (96.33%) and lowest 

mean recognition rates with Linear (90%) and polynomial 

kernels (93.66%). 

Techniques Accuracy 

DWT-PCA-SVM(RBF) 96.66 % 

DWT-PCA-SVM(POLY) 93.66 % 

DWT-PCA-SVM(LINEAR) 90 % 

Table 4: Recognition Rates of Used Techniques 

Emotion/Inputs Angry Disgust Fear Happy Sad Surprise 

Angry (5) 5 0 0 0 0 0 

Disgust (5) 0 5 0 0 0 0 

Fear (5) 0 0 4 0 1 0 

Happy (5) 0 0 0 5 0 0 

Sad (5) 0 0 0 0 5 0 

Surprise (5) 0 0 0 0 0 5 

Table 5: Confusion matrix for expression (RBF Kernel) 

Emotion/Inputs Angry Disgust Fear Happy Sad Surprise 

Angry (5) 5 0 0 0 0 0 

Disgust (5) 0 5 0 0 0 0 

Fear (5) 0 0 4 0 1 0 

Happy (5) 0 0 0 5 0 0 

Sad (5) 0 0 1 0 4 0 

Surprise (5) 0 0 0 0 0 5 

Table 6: Confusion matrix for expression (Polynomial 

Kernel) 

Emotion/Inputs Angry Disgust Fear Happy Sad Surprise 

Angry (5) 5 0 0 0 0 0 

Disgust (5) 0 5 0 0 0 0 

Fear (5) 0 1 3 0 1 0 

Happy (5) 0 0 0 5 0 0 

Sad (5) 0 0 1 0 4 0 

Surprise (5) 0 0 0 0 0 5 

Table 7: Confusion matrix for expression (Linear Kernel) 

VI. CONCLUSION 

In this Proposed Method, we have applied PCA feature 

extraction method on the Jaffe database. For classification 

step using the extracted features, we used SVM (with 3 

types of kernels) method. We have used three kernels in 

order to compare classification accuracies. In SVM 

classification step, we used both RBF and Polynomial 

Kernels with optimum parameters for high classification 

rates. We obtained highest recognition rate as 96.33% with 

DWT-PCA-SVM (RBF kernel) method. Furthermore, a 

reduced feature space affectedly reduces the computational 

requirements as compared with standard PCA feature 

extraction methods (with out DWT). 
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