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Abstract:. Face Recognition (FR) has established noteworthy 

attention in the recent years due to its wide applications in 

various fields. FR technology uses image processing algorithms 

for comparing and verifying the human faces.  This paper 

proposes a FR system which employs a novel mixture of Fast 

Fourier Transform (FFT), Discrete Cosine Transform (DCT) 

and Swarm Intelligence (SI).  FFT and DCT help in extracting 

the features efficiently. PSO and ABC are used for feature 

selection that finds the best solution for a given problem.  Many 

hybrid approaches are used to overcome its weakness and more 

over fit for various applications. The usage of transformation 

techniques helps in reducing image information redundancy. 

Experimental results show that there is a notable reduction in 

the number of features and a considerable increase in the 

recognition rate. 

 

Index Terms: ABC, DCT, FFT, PSO, Swarm Intelligence 

I. INTRODUCTION 

 Face recognition has got substantial attention, especially 

during the past several years, due to its various applications 

in different fields. Facial recognition (or face recognition) is 

an application that can automatically identify a specific 

individual using a digital image of that person [1]. Facial 

recognition systems are mostly used for security purposes for 

identifying the persons. Other Biometric systems used for 

identification purpose are skin texture recognition, voice 

recognition, iris recognition, scanning finger prints and 

finger vein identification.  

 Considering the analysis of finger print and iris images, 

they need support of the participants, whereas a personal 

identification system grounded on analysis of digital image    

of the face is often effective without the knowledge and 

cooperation of candidates. 

 This paper encompasses two phases viz. training phase 

and recognition phase. In first phase i.e., training phase, 

Pre-Processing, Feature extraction, Selection and Creation of 

image gallery are done. In the Recognition stage 

pre-processing, feature extraction, feature selection and 

classification using Euclidean Classifier are done. The 

pre-Processing stage   includes gamma correction for image 
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enhancement and gaussian pyramid for reducing the image 

dimensions and information redundancy. 

 The next stage includes Fourier Transformations. Here 

FFT and DCT are applied to the image. The resulting image 

undergoes PSO and ABC. The Euclidean distance is 

calculated between trained and testing image. Finally, the 

experiments are done and the results are evaluated. 

II. PRE-PROCESSING STAGE 

 In this paper, image pre-processing uses two techniques 

such as Gamma correction and Gaussian pyramid [3]. If 

images are having varying illumination conditions, gamma 

correction is used for neutralization of the impact of 

illumination. As it is necessary that the concerned image is to 

be displayed on a computer screen in an accurate manner, 

Gamma correction is done.      

 The images which are not pre-processed appears either 

bleached out or too dark. By varying the values of gamma 

there is changes not only in the brightness but also in the 

ratios offered to green to blue. Hence for reproducing the 

colors accurately some knowledge of gamma correction is 

necessary. Nowadays, Gamma correction has gained much 

importance as the usage of digital images over the internet 

has been increased.  

The basic formula for Gamma correction is given as, 

                            G(m,n) = B * I(u,v)ɤ                                      (1) 

where  

           G(m,n) – Gamma corrected image 

           B – Constant 

           I(u,v) – input image 

           ɤ - correction factor. 

 Technologists who are working in the field of image 

processing have given a special type of signal representation 

called as ‘Pyramid Representation’. In this technique, a 

signal or an image will be repeatedly made to go for 

smoothing and sub-sampling. Some images are huge in size 

and they can make pre-processing stages a cumbersome one. 

To avoid this problem, the images can be resized using a 

technique known as ‘Gaussian Pyramid’. This is used for 

texture synthesis in image processing. In this method, a 

series of images having weighted down Gaussian average is 

used and thus they are scaled down. If this process is 

repeated, this can create a pile of smaller images in 

succession. Each pixel contains an average locally calculated 

which, on a lower level of the pyramid, corresponds to a pixel 

neighborhood. Here this technique is used to reduce the 

image dimensions. 
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Fig. 1 Gaussian pyramid 

 

 

TABLE I. REDUCTION FACTOR  

 

Face 

Databas

e 

Original size Reductio

n Factor 

Reduced size 

ORL [7] 92 * 112 1 46 * 56 

OR L[7] 92 * 112 2 23 * 28 

YALE B 

[8] 

640 * 480 1 320 * 240 

YALE B 

[8] 

640 * 480 2 160 * 120 

YALE B 

[8] 

640 * 480 3 80 * 60 

 

III. FOURIER TRANSFORMATION 

 The digital images are not having continuous function. 

They may be having a finite number of discrete samples. An 

image is formed from the pixels that make up the samples. 

One needs Discrete Fourier Transform (DFT) for the analysis 

of images using computers. DFT is a discrete version of 

Continuous Fourier Transform. Hence it provides a spectral 

representation that is based on frequency of the input image. 

Since highly correlated data have little energy at high 

frequencies, the DFT packs information into lower-order 

components.  

An image can be represented by fewer number of features 

in order to describe it accurately and transformation-based 

feature extraction methods can play a vital role in this 

scenario. In order to reduce redundant image information, 

one can used transformation of frequency domain based 

facial images. The advantage of this step is that to preserve 

important and most desired features which are required for 

recognition, a subset of transformed coefficients is enough. 

A. Fast Fourier Transform 

 Fast Fourier Transform (FFT) is also known as ‘Divide 

and Conquer’ technique. This FFT decreases the number of 

complex multiplications. FFT is separable and this makes the 

technique much simpler to carry out. As a result, one can 

reduce FFT operation in 2 dimensions to two 1 dimension. 

 It was noted that most of the information was found in 

lower frequency components. As FFT was applied, at the 

corners of the image spectrum, lower frequency components 

got concentrated. In order to shift the components to the 

middle of the spectrum, FFT shift was used which made the 

process of visualization and extraction much easier. In order 

to obtain optimum feature set, desired FFT coefficients need 

to be extracted using spectrum-based feature extraction better 

recognition [10]. 

 

 
Fig. 2 FFT Shift 

 

B. Discrete Cosine Transform 

 Discrete Fourier transform represents a discrete version of   

complete frequency based ortho normal system, while the 

transform of choice is usually the discrete cosine transform. 

It is close to statistically optimal for common place images 

possessing strong pixel-to-pixel correlation. Since optimal 

transforms are image dependent, the fact that DCT is often 

close to optimal and not image dependent makes it an 

excellent candidate for many applications. The basis 

functions for DCT are digital samplings of the cosine basis 

functions.  

At the center of the spectrum, all the frequency 

components are present. One needs to extract the center 

portion by a centered rectangular mask [3]. To maintain the 

image quality, DCT is used which gives higher compression 

rate. By these cosine basis functions, high energy compaction 

is achieved. 

There is no need to manipulate complex numbers in DCT. 

This gives an edge to DCT over DFT. Decomposition of 

images into a set of DCT basis functions is similar to Fourier 

series. By the summation of these basis functions, proper 

image can be created. 

 
Fig. 3 Block diagram of the proposed FR system 
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Fig. 4 Centering the spectrum using FFT shift 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5 Extraction of the center portion of the 

 spectrum using rectangular mask 

IV. SWARM INTELLIGENCE BASED 

OPTIMIZATION 

 Multidimensional optimization is most significant in 

engineering, statistics, and other fields. Swarm based 

optimization is most predominant technique used to hybrid 

methods for getting better performance measures. Two 

popular algorithms are investigated in this work: particle 

swarm optimization (PSO) and artificial bee colony (ABC) 

algorithm. 

A. PSO Algorithm 

 Particle Swarm Optimization is an artificial intelligence 

technique that optimizes a problem to find the best candidate 

solution to improve the quality. Since PSO constitutes of a 

swarm that moves around in search of space and thereby 

looking for the best possible solution, it does not use the 

gradient of the problem which needs to be optimized. Here, a 

number of particles are used as if they are in a swarm. Here, 

the swarm represents a set of particles. The position and 

velocity of each particle is known which constitutes the 

potential solution. Each particle maintains an individual best 

position known as pbest, whereas a swarm maintains its 

global best known as the gbest. An individual particle tends 

to change its position based on the following factors: current 

position, current velocities, the distance between current 

position and gbest and the distance between current position 

and pbest. PSO algorithm operates with a swarm (i.e. 

population) of particle solutions. PSO is a process that will be 

repeated many times. Based on some specified formulae, 

these particles will be moving around in search space. Each 

particle which knows its local best position is moved towards 

global best position. The velocity of each particle is given by 

the change in the position between the current and the 

previous one. For each particle in the swarm, fitness function 

is assessed. This is equated with the fitness of previous best 

result for that particle. It is also equated with the fitness of the 

best particle among all swarm particles. After observing the 

two best values from the space search, particles advances by 

updating their velocities and positions [5].  Let us denote 

the swarm particles number by S, their positions by Xi  and 

their velocities by Vi.  Let G be the best known position of the 

whole population and let Pi be the best known position of 

particle i. The fundamental PSO algorithm is as follows : 

 Let the individual particles be i, where i = 1, 2, 3,…, S.  

1. Each particle position is initialized in the search 

space using their upper and lower boundaries (Bup & 

Blow). 

2. Now the particles best known position is found and is 

set as its initial position. Xi  Pi. 

3. If (f(G) > f(Pi)) the particles’ best-known position is 

revised.  

4. Similarly, the particles velocity is also initialized 

using (Bup & Blow). 

5. When the number of iterations gets over, it is 

repeated until the pbest and gbest solutions are 

found. 

6. The particles position and velocity is updated using 

the formula given below : 

                       Xi ← Xi + Vi                          (2)                                

Vij (t + 1) = Vij (t) + C1 r1j (t) [ yij (t) – Xij (t) ] + C2 r2j(t)[ yij (t) 

– Xij (t) ]                                      

(3) 

where, Vij (0) = 0; initially 

C1, C2 – positive acceleration co - efficient 

If (f(Xi) < f(Pi)) ,then 

 The particle’s best known position is updated: Pi  Xi 

If (f(Pi) < f(G)), then update the swarm's best known 

position:  

G  Pi 

 Finally, the best found solution is held in variable G. 
 

TABLE II . PARAMETER SETTING FOR PSO 

PARAMETER SETTING 

1. Swarm size                  20 

2. Iterations                     50 

3. Weight                        decreases 

4. Inertia                         exponential 
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B. ABC Algorithm 

 Several approaches have been used with the behavior of 

honey bee. It has three major things: - The first one is food 

sources, the second one is employed bee and the final one is 

unemployed bee. A food source represents the solutions in 

the global search space. Employed bee represents the specific 

solution which are currently working or taking new bee in the 

colony. Unemployed bees continually look for food source. 

These are classified into two types: Scouts and Onlookers. 

Scouts are searching the path in which near and surrounding 

to the food source. Onlookers which are in the nest, create a 

food source by the exchange of information by employing 

employed bees [7]. It consists of two modes of behavioral 

approach: enlist into rich content of nectar source or 

superabundant of a poor nectar source. This process is 

initiated by scout bee to identify the position of food source. 

The work flow is modified based on general optimization 

technique is shown in Fig. 5 and Fig. 6. 

 

 
Fig. 5 General flow of optimization technique 

 

 
Fig. 6 Generation of new solution in ABC algorithm 

 

V. EUCLIDEAN CLASSIFIER 

 In the recognition phase, similarity check has been made 

between every image in the feature set and the image to be 

tested.  It also undergoes a similar process as that of trained 

images in face data base. The following equation gives the 

Euclidean distance between trained and testing image, 

                                                    (4) 

Where, 

           fj  = feature set of the input images 

           tj = selected feature of the test image 

 The distance ‘D’ between the two images determine how 

far the images in the face gallery coincide with the testing 

image. The larger the Euclidean distance, the larger the error 

in the system. The Euclidean distance should be small as 

much as possible such that the test images are recognized 

correctly. 

 
TABLE III. EUCLIDEAN DISTANCE MEASUREMENT 

VI. EXPERIMENTAL RESULT AND ANALYSIS 

 Experiment using different databases gives the 

performance improvement of the proposed FR system over 

other systems. Here the experiment is done using ORL[8] 

and YALE B [9] database. The experiments are as follows: 

A. Experiment 1: ORL database 

 Faces with a variety of facial expressions in various 

lighting but having uniform background is available with 

ORL database. There are 10 images of 20 different 

individuals considered for experiment 1. These images 

undergo FFT + DCT + PSO/ ABC during both the training 

and recognition stages. Their average recognition rate is 

shown in different range based on the optimization approach 

used in this work. Gray scale images are considered with a 

size of 92 x 112 pixels. 

B. Experiment -1a: 

 In this paper, a combination of three techniques mentioned 

above has been used. When DCT and PSO/ ABC are used, 

the performance of the system is shown statistically. Among 

10 images, 3 are given for training and 7 for testing. It is 

observed after four trails that DCT + ABC combination has a 

better average recognition rate than a combination of 

DCT+PSO. By applying FFT prior to DCT, there is an 

increase in recognition rate for feature extraction.  

 

 

 

 

 

 

 Under Matched 

Condition 

Under Not 

Matched 

Condition 

  

0.00000697 

 

0.1148 

Euclidean   

0.00000654 

 

0.1625 

Distance ‘D’  

0.00000455 

 

0.1417 
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C. Experiment -1b: 

 There is a change in number of testing and training images 

in this work. The corresponding recognition rates have been 

found out. The change in the ratio of testing and training 

images does not seem to affect the functionality of the system. 

This method when compared to PCA and SVD-based FLDA 

shows better performance than the other two. The latter been 

designed in a particular way so that it can recognize one 

training image for one person. With increase in the number 

of training images, the result showed an increase in 

recognition rate. 

  

 
 

Fig 7. Sample ORL database 

 

D. Experiment 2: Yale B database: 

 This database is used when there is illumination due to 

light variation as from left 180o to right 180o. It contains 

9200 images of 25 human subjects under 8 poses and 46 

illumination conditions. Images are captured with 

illumination for every subject in a specific pose. The database 

contains images in gray scale with the size of each image in 

the range of 640x480 pixels. The main challenge for 

recognition is the presence of rugged background due to the 

illumination in pose variations.  

 

 In Yale B database to minimize the impact of illumination 

in the recognition process, an enhancement technique known 

as gamma correction is used in pre-processing phase. 

Gaussian pyramid with a reduction factors of 1 and 2 is 

applied for resizing the images. The image resolution is thus 

reduced from 640x480 to 320x240 and 160x120. The 

reduced image is then subjected to fast fourier transform and 

due to the fftshift the lower frequency components get shifted 

towards the center from the corners.  

 From the observation it is clear that there is a dynamic 

range in the spectrum values for Yale B whereas for ORL 

database it is very low. As this range is so huge to be 

displayed, it is reduced using logarithmic transformation. 

There is a necessity for this transformation to be applied to 

enhance the pixel values of lower intensity components and 

to reduce the dynamic range by the replacement of pixels 

with its logarithmic value. This is possible only for images 

that are comparatively dark and is not sufficient for 

unvarying background images. Therefore, logarithmic 

transformation is exceedingly operative in Yale B rather than 

colour FERET and ORL databases. Then DCT is employed 

followed by PSO/ ABC for the reduction in the number of 

features observed. 

E. Experiment -2a: 

 The main emphasis of this experiment is to concentrate on 

brightness balance and the images have variations only in the 

front pose with a total of 46 images per person. Based on the 

angle between the camera axis and direction of the light 

source, the database is divided into small subsets. These 

images are used for all the experiments without any size 

reduction due to image cropping. For training phase, five 

images per person with undetermined lighting background 

are chosen randomly. These subsets further create testing 

sets. The final outcome is determined by averaging the 

results of recognition over 8 trials. Based on the outcome, it is 

determined that the present method clearly shows better 

performance even when constrained by various lighting 

backgrounds.  

F. Experiment -2b: 

 Most of the testing images undermined lighting and pose 

variations which are taken with a variety of backgrounds. 

Hence, in order to test the capability of this methodology in 

testing conditions, 24 images/person among which 3 for each 

pose have been chosen systematically from a set of 456 

images which include 46 variety of lighting conditions and 8 

different poses. In total, 600 (24 x 25) images have been 

trained. The images which are remaining under each pose 

constituting 1075 ((46-3) x 25) are tested individually with 

the training set and the outcome obtained is observed.  

 

 
 

Fig 8. Sample Yale B database 
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Fig 9. Repetition versus Solution using ABC and PSO optimization 

 

 ABC optimization provides better solution than PSO 

techniques when iteration increases. It significantly shows 

that optimized feature selection has been done for 

classification process. The error rate calculation has done for 

reference and target face image from the classified output is 

shown in Fig. 10. 

 

 

 
 

Fig. 10. Optimization techniques versus mean error rate  

 

 In order to test target face image, Euclidean classifier is 

used. Each image in the face gallery is thoroughly checked 

for similarity index with testing phase image in recognition 

phase for every feature subset. The same process which was 

carried out for trained images, is carried out for this test 

image in the face gallery. The mean error rate is significantly 

less in ABC than other optimization techniques. So that 

recognition rate is very high in hybrid ABC method than 

other technique as shown in Table IV. 

 
TABLE IV: COMPARISON OF RECOGNITION RATE WITH OTHER 

TECHNIQUES 

Experiment Database Techniques Recognition 

rate 

1 

 

ORL 

dataset [8] 

FFT+DCT+AB

C 

90% 

FFT+DCT+PSO 88% 

1a DCT + ABC 89% 

DCT + PSO 83% 

1b PCA+SVD+ABC 85% 

PCA+SVD+PSO 81% 

2 Yale 

dataset [9] 

FFT+DCT+AB

C 

92% 

FFT+DCT+PSO 84% 

 

 In both datasets, hybridization of FFT and DCT with ABC 

and PSO optimization is compared with other existing 

techniques. The recognition rate for ORL datasets and Yale 

datasets is 90% and 92% respectively. It shows better 

recognition rate than other existing techniques.           

VII. CONCLUSION 

An approach for a better face recognition system is 

proposed in this paper which uses a unique combination of 

FFT, DCT and PSO/ ABC. For feature extraction, FFT and 

DCT combination is used. For feature selection process, a 

combination of PSO + ABC is used. In feature extraction, 

FFT has played an important role which has helped in 

enhancing the recognition rate. In this work, FFT + DCT has 

helped in improving the system output and PSO + ABC has 

facilitated in accomplishing a noteworthy decrease in the 

number of chosen features. But ABC based DCT helps FFT 

to further more significant reduction in feature selection than 

PSO. The proposed method shows high performance under 

frontal poses with changes in details and expressions of the 

face. This method also proves to be a better one under 

illumination changes. Thus, this combination is a hopeful 

technique even when there is variation in poses, illumination 

and background. The Euclidean classifier used here is one of 

the simplest classifiers. In future, to improve the recognition 

rate, random forest classifier can be used to get significant 

performance measures. 
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