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Abstract - In this paper Performance of Discrete Cosine Transform and Fast Fourier Transform methods for feature extraction 

in face recognition system are compared with each other. In this system, before using DCT and FFT, Wavelet Translate was 

unitized. Euclidean distance is employed to measure the similarity between the test and reference vectors. According to 

experimental results on ORL face dataset, the DWT/DCT method shows better performance, compared to using DWT/FFT 

method. 
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I. INTRODUCTION 

 

Face recognition is a very challenging research area in 

computer vision and pattern recognition due to 

variations in facial expressions, poses and 

illumination. Several emerging applications, from law 

enforcement to commercial tasks, demand the 

industry to develop efficient and automated face 

recognition systems. Although, many researchers 

have worked on the problem of face recognition for 

many years still several challenges need to be solved. 

Difference in illumination of the scene, changes in 

pose, orientation and expression are examples of some 

of the issues to be dealt carefully. Also when size of 

face database increases the recognition time becomes a 

big constraint [1]. 

The extraction of optimal features and efficient 

methods for classification are two major steps of a face 

recognition system. Hence, in order to improve the 

performance of face recognition system, it is crucial to 

find a good feature extractor and an effective classifier 

[2].  

In Figure 1. a general algorithm for face recognition is 

shown. 

 

 
Figure 1 : A general algorithm for face recognition 

 

According to the type of feature extraction, face 

Recognition techniques can be categorized into three 

types: Generative methods, Feature based methods 

and holistic methods. Generative methods are used to 

address the problem of varying illumination in face  

recognition. Feature based methods extract local 

features from a face image like eyes, nose, mouth and  

chin. Holistic methods are based on global appearance 

of a face image. Features are extracted and augmented  

into a signal vector and can be considered as point in 

the feature space [3]. Some methods based appearance 

are PCA, LDA, IDA etc [4].  

Since the spatial domain does not provide much 

information about a face image; methods that use 

frequency domain are more effective than the formers. 

Face image can be transformed from spatial domain to 

frequency domain by using FFT, DWT and DCT. 

Frequency domain methods are data independent 

(basis vectors are constant) and also they require only 

low frequency components which contain the most 

information to represent the image, these are more 

efficient than PCA and LDA [4]. 

In this paper we have done the face recognition using 

frequency domain approach. We have applied DWT, 

DCT and FFT for face recognition. Face recognition 

techniques applied to ORL database. 

The ORL database contains a total of 400 images of 40 

persons, each person having 10 different poses. Little 

variation of illumination, slightly different facial 

expressions and details are present in the face images 

[5]. 

This paper is organized as follows: Section 2 reviews 

the background of Wavelet decomposition of an 

image, and two ways of frequency domain (DCT and 

FFT) are defined. Euclidean classifier is presented in 

section 3. The proposed method and experimental 

results are presented in section 4 and finally, section 5 

draws the conclusions. 

 

II. FEATURE EXTRACTION 

 

A. Discrete Wavelet Transform 

Wavelet analysis deals with breaking up of a signal 

into shifted and scaled versions of original (mother) 

wavelet. In DWT, scales and positions are discrete. 
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The results of DWT are many wavelet coefficients 

which are a function of scale and position. The 

coefficients obtained represent how closely correlated 

the wavelet is with a particular section of signal. The 

higher the coefficient, the more is the similarity. In an 

image, the low frequency content provides global 

description. The high frequency content, on the other 

hand, provides information about finer details such as 

edges. In wavelet analysis, we speak of 

approximations and details. The approximations are 

high-scale, low frequency components of the signal. 

The details are low-scale, high frequency components. 

Filtering process is used to obtain these coefficients. 

An image is sub-sampled into different sub-bands 

based on its spatial and frequency components [6]. 

Fig. 2 shows the decomposition of an image into 4 

different sub-bands, namely, LL, LH, HL and HH 

bands. LH sub-band coefficients are highly sensitive to 

variations in expression and HL sub-band coefficients 

vary with changes in the pose. HH sub band 

coefficients are sensitive to noise. 

 
Figure2 : decomposition of an image with Wavelet Transform 

 

DWT can be classified into various types depending 

upon the type of wavelet used. Any arbitrary shaped 

waveform cannot be used as wavelet. Wavelet depends 

on decomposition filters. Some of the basic types of 

wavelets are Haar, Symlet, Bi-orthogonal and Reverse 

Bi-orthogonal. DWT is also classified into 

1-dimensional and 2-dimensional transform. The 

1D-DWT recursively decomposes the input signal, 

So(n) , in approximation and detail at the next lowest 

resolution stages. Let Si(n) and Wi(n) be the 

approximation and detail, respectively, of the signal at 

level i . The approximation of the signal at level i + 1 is 

computed using [7]: 

                                   
(1) 

and the detail of the signal at level i + 1 is computed 

using: 

                                       
(2) 

Where g(k) and h(k) are, respectively, the low-pass 

and high-pass filter coefficients, and L is the size of 

filters. This technique for computing the DWT is often 

referred to as the pyramid algorithm or Mallat's 

algorithm [8]. Output of the low-pass filter is 

approximation coefficients and high-pass filter is 

detail coefficients. The two-dimensional wavelet 

transform is got by applying one-dimensional wavelet 

DCT transform to the rows and columns of 

two-dimensional data. An approximation image is 

derived from 1-level wavelet decomposition of an 

image and three detail images in horizontal, vertical 

and diagonal directions respectively. The 

approximation image is used for the next level of 

decomposition [9]. 

 

B. Discrete Cosine Transform 

DCT has emerged as a popular transformation 

technique widely used in signal and image processing. 

This is due to its strong “energy compaction” 

property: most of the signal information tends to be 

concentrated in a few low-frequency components of 

the DCT. DCT transforms the input into a linear 

combination of weighted basis functions. These basis 

functions are the frequency components of the input 

data. DCT is similar to the discrete Fourier transform 

(DFT) in the sense that they transform a signal or 

image from the spatial domain to the frequency 

domain, use sinusoidal base functions, and exhibit 

good de-correlation and energy compaction 

characteristics. The major difference is that the DCT 

transform uses simple cosine-based basis functions 

whereas the DFT is a complex transform and therefore 

stipulates that both image magnitude and phase 

information be encoded the general equation for the 

DCT of an N*M image age f(x,y) is defined by the 

following equation[10]:  

 

 
 

                                   
(3) 

 

 
 

The size of input image is N*M and f(I,j) is the 

intensity of pixel at x(i,j). F(u,v) is the DCT coefficient 

for the pixel at x(i,j). The DCT of an image is shown 

figure 3 below. 
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Figure2 : of a face Image 

 

C. Fast Fourier Transform 

Fourier transform is used to transform the image 

information into spatial frequency domain. 

Two-dimensional Discrete Fourier Transform 

(2D-DFT) on face image τ( m, n ) can be represented 

as: 

                           
(4) 

where coordinate (k,l) indicates position of 2D-DFT 

coefficient in the original spectrum and coordinate 

(m,n) indicates the position of gray level value of 

image τ.  

The computationally efficient form of DFT is Fast 

Fourier Transform (FFT). FFT of the image can 

convert image information into the frequency domain 

space. FFT algorithm lies at the heart of signal and 

image processing fields and has wide range of 

applications, such as telecommunications, 

cryptography, medical imaging, and spectral analysis 

etc. One advantage of working in the frequency 

domain is that a few DFT coefficients with higher 

magnitudes would be sufficient to represent an image 

or a portion of an image [2]. 

 

III. EUCLIDEAN CLASSIFIER 

 

Some of the similarity measurement methods are 

SVM, PCA and Neural network based methods. 

Euclidean has been chosen because of its simplicity. 

Euclidean distance is employed to measure the 

similarity between the test and reference vectors. 

Reference vectors are the selected feature vectors 

obtained from training images. Test vector is the 

selected feature vector obtained from test image. 

Euclidean distance between 2 vectors p and q is given 

by: 

                                                             (5) 

where pi and qi represents dimension i coordinate 

and N is the feature vector length. 

 

IV. EXPERIMENTAL RESULTS AND 

ANALYSIS 

 

The procedure of the algorithm design in this paper is 

as follows: 

Step1: Perform wavelet transform on ORL database, 

Step2: LL sub-image of wavelet decomposition levels 

are selected, 

Step3: Apply DCT to features matrix and then convert 

it to vector, 

Apply FFT to features matrix and then convert it to 

vector, 

Step4: For each person three images are selected as 

training images, and seven images as testing images, 

Step5: Exert test vectors on Euclidean classifier to 

calculate error. 

In this paper, application of different mother wavelet 

such as, Haar, Db1 and Sym3 were tested. Also we 

assay different level of wavelet transform to find best 

result. Result shows the first level of Sym3 wavelet is 

the best. 

In order to find efficient feature by DCT and FFT, this 

algorithm applied on different level. The resolution of 

images is changed in from of 48x48 to 26x26 using the 

first level of wavelet decomposition so, the size of 

DCT and FFT coefficients matrix is 26*26. Table 1 

and 2 show result of choice different level of DCT and 

FFT. 
 

 
Table 1. recognition rate from different level of DCT 

 

 
Table 2. recognition rate from different level of FFT 

 

Comparison of this two tables shows that the best 

result of DCT has obtained in a 18*18 size block 

which is %95 and the same occur in a 26*26 size block 

for FFT which is %91/6. Comparison of experimental 

results of proposed work with other studies is shown in 

table 3. 

 

 
Table 3.Comparison of experimental results of proposed work 

with works 
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In none of the previous studies, the time needed to run 

the proposal algorithm wasn’t mentioned except in 

[13], which has used DWT/PCA - SVM and the 

require time for running was reported 8/85 second 

with an accuracy of %95. In comparison with this 

study, DWT/DCT, which is used in this article, 

resulted in the same accuracy, but it requires 

approximately half of the time that DWT/PCA- SVM 

needs, 4/6 second.  

 

V. DISCUSSION AND CONCLUSION 

 

Our experimental results can be summarized as 

follows: The use of DWT/DCT and DWT/FFT as a 

feature extractor to train and test Euclidean classifier.  

The combination of DWT/DCT is better than 

DWT/FFT. 

In the future, we plan to continue our research by 

investigating other possible methods (both feature 

extractors and classifiers) to achieve a better system 

performance. 
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