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SINGLE MODAL TRANSFORM DOMAIN  
FACE RECOGNITION BASED ON DWT AND FFT 
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Abstract— The physiological biometric characteristics are better compared to behavioral biometric identification of 
human beings to identify a person. In this paper, we propose Single Modal Transform Domain Face Recognition 
Method Based on DWT and FFT. The original Face image is cropped and resized to suitable dimension to apply 
DWT. The FFT is applied on LL band approximation coefficients of DWT to get Face features. The Euclidean 
Distance(ED) is used to compare features of test face image with database images. Performance analysis shows that 
the values of False Rejection Rate(FRR), False Acceptance Rate(FAR) and Total Success Rate(TSR) are better in the 
proposed method compare to Existing Methods.   
Keywords: Face recognition, DWT/FFT; Euclidean Distance; Preprocessing 
INTRODUCTION 
The term biometric is derived from the Greek word bio (life) and metrics (to measure). The 
biometrics identifies the person, based on feature vectors derived from physiological or behavioral 
characteristics. The biometric traits must satisfy universality, uniqueness, permanence, 
accessibility, collectability. The physiological biometrics are Fingerprint, Hand Scan, Iris Scan, 
Facial Scan and Retina Scan etc. and behavioral bio-metric are Voice, Keystroke, Gait, Signature 
etc. The physiological biometrics traits are almost constant throughout the life span of a person, 
even for identical twins. The behavior biometric trait varies with mood and environment. The bio-
metric authentication is better than traditional methods. The existing traditional methods to 
authenticate are Passwords, Personnel Identification Numbers (PINs), Tokens and Smart Cards. 
The disadvantages of traditional methods are (i) Passwords and Pins are difficult to remember. (ii) 
More chances of losing tokens and smart cards. (iii) The misuse of traditional methods of 
authentication by miscreants is very high, especially in the case of money transaction through 
ATMs, access to the unauthorized places, etc.  
 
Biometric traits are identified in different domains, such as spatial, transformation and hybrid 
domain. In spatial domain biometric traits are considered as image itself, wherein features of 
image are obtained by computing the area, height, width, pixel density, mean, variance and 
standard deviation etc. In transform domain, the spatial domain image is converted into other 
domain using Fast Fourier Transform (FFT), The Discrete Cosine Transform (DCT), Discrete 
Wavelet Transform (DWT), Dual-Tree Complex Wavelet Transform (DTCWT), Empirical Mode 
Decomposition (EMD), Singular Value Decomposition (SVD), Principal Components Analysis. 
(PCA), independent Component Analysis (ICA), etc. These coefficients of transform domain form 
feature vectors. In hybrid domain, the combination of spatial and transformation domain features is 
obtained. The features of spatial, transformation and hybrid domains are compared using distance 
vector formulae such as Equivalent Distance (ED), Hamming Distance (HD), Chi square test, or 



Single Modal Transform Domain Face Recognition Based On DWT and FFT……….. 28 

 
 
 

classifiers such as Neural Networks (NN), Support Vector Machine (SVM) and Random Forest 
(RF). behavioral biometric techniques are signature, gait etc. The physiological biometric 
techniques like fingerprint, face recognition, palm print, iris, retina, ear, DNA, voice, etc., are   
some of the popular identification techniques. Biometrics provides an appealing solution to the 
security and identification issues. Biometric recognition refers to the automatic recognition of an 
individual based on a certain distinguishable characteristic of its body.  
A facial recognition system is a computer application for automatically identifying or verifying 
a person from a digital image or a video frame from a video source. One of the ways to do this is 
by comparing selected facial features from the image and a facial database. Some traditional facial 
recognition algorithms identify faces by extracting landmarks, or features, from an image of the 
subject's face. For example, an algorithm may analyse the relative position, size, and/or shape of 
the eyes, nose, cheekbones, and jaw. These features are then used to search for other images with 
matching features. Other algorithms normalize a gallery of face images and then compress the face 
data, only saving the data in the image that is useful for face detection. A probe image is then 
compared with the face data. One of the earliest successful systems is based on template matching 
techniques applied to a set of salient facial features, providing a sort of compressed face 
representation. 
Recognition algorithms can be divided into two main approaches, geometric, which looks at 
distinguishing features, or photometric, which is a statistical approach that distill an image into 
values and comparing the values with templates to eliminate variances.  
Popular recognition algorithms include  Principal Component Analysis using eigenfaces, Linear 
Discriminate Analysis, Elastic Bunch Graph Matching using the Fisherface algorithm, the Hidden 
Markov model, and the neuronal motivated dynamic link matching. 
 A newly emerging trend, claimed to achieve improved accuracies, is three-dimensional face 
recognition. This technique uses 3D sensors to capture information about the shape of a face. This 
information is then used to identify distinctive features on the surface of a face, such as the contour 
of the eye sockets, nose, and chin. One advantage of 3D facial recognition is that it is not affected 
by changes in lighting like other techniques 
 A. Contribution: In this paper the Single Modal Transform Domain Face Recognition Method 
Based on DTCWT at different levels is introduced. DTCWT generates complex coefficients by 
using a dual tree of wavelet filters to obtain two parts of the images, i.e., real and imaginary part. 
DTCWT is applied on Face to generate different levels to obtain Face features.  
 B. Organization: The Introduction is given in section I, the existing research papers are discussed 
in section II, the proposed model is explained in section III, the algorithm is described in section 
IV, the performance analysis is discussed in section V and finally, conclusion is given in section 
VI. 
LITERATURE SURVEY 

 
Ali Cheraghain et al., [1 ] proposed An Efficient Multimodal Face Recognition Method Robust To 
Pose Variations. Face Recognition is based on Gabor Wavelet Transform, Principal Component 
Analysis (PCA) and Linear Discriminant Analysis (LDA) have been used for size reduction. The 
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proposed Algorithm is examined with FRAV3D database that has faces with pose variations.  
Chengliang Wang et al., [2] proposed Face Recognition Based On Principal Component Analysis 
And Support Vector Machine. In this paper in order to raise recognition rate, Principal Component 
Analysis (PCA) is used to extract image features and Support Vector Machine (SVM) is used to 
deal with Face Recognition problems. SVM is used recently as new classifier for Pattern 
Recognition. In this algorithm both PCA and SVM have taken to do experiment on Camdridge 
ORL face database, and compare with (PCA&NN) and SVM on recognition rate and time. 
Janarbek Matai el al., [3] proposed Design and Implementation of an FPGA-based Real –Time 
Face Recognition System. In this paper a complete real-time face recognition system consisting of 
a face detection, recognition and down sampling module using an FPGA. This system receives 
video input from a camera, detects the locations of the face(s) using the Viola-Jones algorithm, and 
subsequently recognizes each face using the Eigen face algorithm, and outputs the results to a 
display unit. The complete face recognition system operates at 45 frames per second on a Virtex-5 
FPGA. Gayathri Mahalingam et al., [4] proposed Can Discriminative Cues Aid Face Recognition 
Across Age?. In this paper, we study the effects of discriminative cues (gender and age) in an 
image based face recognition system across age. We have proposed a pipeline framework to prune 
the search space based on gender and age of the test image to aid the process of recognition. A 
feature based approach which uses the Gabor phase and magnitude images of the face image is 
used in face image representation. The Gabor phases and magnitudes are encoded through Local 
Gabor Binary Pattern (LGBP) histograms. The gender and age group information of the face 
image is extracted using a random forest classifier based on confidence measure. Zhifeng Li et 
al.,[5]   proposed A Discriminative Model for Age Invariant Face Recognition. In this paper, a 
discriminative model is proposed to address face matching in the presence of age variation. Here 
we first represent each face by designing a densely sampled local feature description scheme, in 
which scale invariant feature transform (SIFT) and multi-scale local binary patterns (MLBP) serve 
as the local descriptors. By sampling the two kinds of local descriptors from the entire facial image, 
sufficient information, including the distribution of the edge direction in the face image can be 
extracted for further analysis, multi-feature discriminant analysis (MFDA) algorithm is used to 
process these two local feature. This experiment of face recognition is implemented on two public 
domain face aging data sets: MORPH and FG-NET. C.Magesh Kumar et al., [6] proposed Gabor 
features and LDA based Face Recognition with ANN classifier. In this paper Principal Component 
Analysis (PCA) and Linear Discriminant Analysis (LDA) methods are used to extract the 
discriminant features from the face. Preprocessing of human face image is done using Gabor 
wavelets which eliminates the variations due to pose, lighting and features to some extent. PCA 
and LDA extract low dimensional and discriminating feature vectors and these feature vectors 
were used for classification. The classification stage uses Back propagation neural network (BPN) 
as classifier. This proposed system has been successfully tested on ORL face data base. Shermina.J 
et al., [7] proposed Face Recognition System using Multilinear Principal Component Analysis and 
Locality Preserving Projection. In this paper the biometric face recognition approach is based on 
Multilinear Principal Component Analysis (MPCA) and Locality Preserving Projection (LPP) 
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which enhance performance of face recognition. The methodology of the approach consists of face 
image preprocessing, dimensionality reduction using MPCA, feature Extraction using LPP and 
face recognition using L2 similarity distance measure. The proposed method is validated with 
FERET and AT&T database of faces and compared with the existing MPCA and LDA approach in 
performance.  N.Sudha et al., [8] proposed A Self-Configurable Systolic Architecture for Face 
Recognition System Based on Principal Component Neural Network. The proposed system applies 
principal component neural network (PCNN) with generalized Hebbian learning for extracting 
eigen faces from the face database. Here an optimized mapping of fine-grained systolized signal 
flow graphs (SFGs) for each individual step of the algorithm is computed. The proposed PCNN-
based systolic face recognition system has been implemented and evaluated on a Xilinx ML403 
evaluation platform with Virtex-4 XC4VFX12 FPGA. This experiment is implemented on 
benchmark Yale and FRGC databases. Hua Huang et al., [9] proposed Super-Resolution Method 
for Face Recognition Using Nonlinear Mappings on Coherent Features. In this paper a super-
resolution method that uses nonlinear mappings to infer coherent features that favor higher 
recognition of the Nearest Neighbor (NN) classifiers for recognition of single Low-resolution (LR) 
face image. Canonical correlation analysis is applied to establish the coherent subspaces between 
the Principal Component Analysis (PCA) based features of high-resolution (HR) and LR face 
images. Then, a nonlinear mapping between HR/LR features can be built by Radial Basis 
Functions (RBFs). Wonjun Hwang et al., [10] proposed Face Recognition System Using Multiple 
Face Model of Hybrid Fourier Feature Under Uncontrolled Illumination Variation. The proposed 
face recognition system consists of a novel illumination-insensitive preprocessing method, a 
hybrid Fourier-based facial feature extraction, and a score fusion scheme. This robust face 
recognition system is used for large-scale data sets taken under uncontrolled illumination 
variations. 
 
MODEL 
In this section, definitions of Performance Analysis and Proposed model are discussed 
A. Definitons:  a) False Accept Rate (FAR): It is the probability that system incorrectly matches with images 
stored with input image database. The FAR can be calculated using Equation 1. 

databaseofoutPersonsofNoTotal
AcceptedFalselyPersonsofNoFAR  ... (1) 

b) False Rejection Rate (FRR): It is the probability that system fails to recognize the correct 
pattern to match with the database images. It is the ratio of number of correct persons rejected in 
the database to the total number of persons in database and can be calculated using Equation 2. 

databaseinPersonsofNoTotal
rejectedPersonscorrectofNoFRR  ……(2) 

c) Equal Error Rate (EER): It is the value where both the reject and accept rates are equal.  
d) True Success Rate (TSR): It is the ratio of total number of persons correctly matched in the 
database to the total number of persons in the database and is given by Equation3 
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databaseinPersonsofNoTotal
MatchedCorrectlyPersonsofNoTSR 

…….(3) 
B. Proposed Model: The proposed model of Face Recognition using DWT and FFT is given in 
the Fig. 1. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1- Proposed model 
C. Face Database: Database collection is one of the important works in testing the biometric 
system. The best and advisable way of collecting the database is with a different sensor. There are 
different databases made available for the researchers to study on the different biometrics systems.  
L-SpaceK:  
The total number of persons in the L – Spacek is 120. The first 20 persons are considered for 
database and next persons are considered out of database. Each person has 19 images in that first 8 
images per person are considered to create data base which leads to a total of 160 images and ninth 
image of the first 20 persons taken as test image to compute the FRR and TSR. The FAR is 
computed using 20 persons out of data base images. The samples of L-Spacek face images are 
shown in Fig. 2.  

Face Database Test Image 

Preprocessing Preprocessing 
 

DWT DWT 
 

Matching 

Accept/Reject 

LL LL 
FFT FFT 
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 Fig. 2. Samples of L-Spacek face images of a person 
ORL: The face database consists of 40 persons with approximately 10 images per person. The 
database is created by considering first 8 persons out of 10 persons which leads to 160 images in 
the database and ninth image from first 20 persons are taken as test image to compute FRR and 
TSR. The remaining 20 persons out of 40 are considered as out of database to compute FAR. The 
samples of ORL face database is shown in Fig. 3 

 

 Fig. 3. Samples of ORL face images of a person 
D. Preprocessing:  
The color image is converted into gray scale images. The original size of Face images are re-sized 
to the required sizes. 
E. Discrete Wavelet Transformation (DWT):  
The wavelet transform represents a signal in terms of mother wavelets using dilation and 
translation. The wavelets are oscillatory functions having finite duration both in time and in 
frequency, hence represents in both spatial and frequency domains. The features extracted by 
wavelet transform gives better results in recognition as well as in decomposing low frequency and 
high frequency components as approximation band and detailed bands respectively. The wavelet 
families Haar, Symelt and DB1 are used.  
Advantages of Discrete wavelet transform are; It gives information about both time and frequency 
of the signal, Transform of a non-stationary signal is efficiently obtained, Reduces the size without 
losing much of resolution, Reduces redundancy and Reduces computational time. 
F. Fast Fourier Transform (FFT):  
The FFT is applied on LL band of DWT to obtain FFT coefficients. The features are extracted 
from FFT [18] coefficients are real part, imaginary part, magnitude value and phase angle. The 
FFT computation is fast compared to Discrete Fourier Transform (DFT), since the number of 
multiplications required to compute N-point DFT are less i.e., NN

2log2  only in FFT as against 
N2 in DFT  
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G. Features:  
The Combined DWT/FFT features are obtained by first applying wavelet transform on face 
images. The FFT is applied on resulting approximation band coefficients to get FFT coefficients. 
The magnitude of these coefficients forms a final face feature vectors. 
 
H. Matching:  
The features of test image are compared with features of database images using Euclidian Distance 
with the Equation 4. 
Where 
 2

1 )(1),(1 i
M
i i qpMqpd    ……   (4) 

M = the dimension of feature vector.  
Pi = is the database feature vector.  
qi = is the test feature vector. 
 ALGORITHM 
A. Problem Definition  
The proposed algorithm is used to analyse the performance of face recognition using different 
wavelet families and FFT transformation for different Face database is given in the Table 1.  
The objectives are: 
• Face identification to authenticate a person.    
• To achieve high TSR  
• To have FRR and FAR very low 
  TABLE 1. PROPOSED ALGORITHM 
 
 
 
 
 
 

 
 
 
              
 

Input: Face Database, Test Face Image  
Output: Recognition of a person  
Step 1: Face image is read from data base.  
Step 2: Colored image is converted in to gray scale.  
Step 3: Image is resized  
Step4: DWT is applied and Consider LL band. 
Step 5: Apply FFT on LL sub band and compute   
FFT magnitude which forms features. 
Step 6: Repeat step 1 to 5 for test image.  
Step 7: Test image features are compared with 
database features using Euclidean distance.  
Step 8: Image with Euclidean distance less than 
threshold value is considered as matched image else 
not matched. 
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PERFORMANCE ANALYSIS. 
The face databases viz., ORL, JAFEE and L-Spacek are considered to test the algorithm for 
performance analysis.  
The frequency domain transformation FFT and transformation domain DWT with different 
wavelets are used to compute FAR, FRR and TSR. 
The Table 3 and Table 4 give the variations of FAR, FRR and TSR with respect to threshold 
values for different face databases. 
                                   TABLE. 3 Performance Analysis of ORL Face database 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 4 Performance Analysis of L-Space Face database 
 
 
 
 
 
 
 
 
 
 
 
                                                 
 
 
From Table 3 and Table 4 we observed the Performance parameters FAR, FRR and TSR for ORL 
and L-Spacek Face database. It is observed that FRR decreases whereas FAR 
Increases from 0 values to 100% as threshold increases from 0 to 1. 
The variations of FAR and FAR with threshold values for ORL database and L-Spacek are shown 
in Fig.4  and Fig.5 respectively. The FRR and FAR values are decreasing and increasing as 
threshold increases. The value of EER is 0 for Haar and DB1 wavelets compared to EER value 0.2 
in the case of Symlet. Hence Haar and DB1 are better wavelets for Face database compared to 
Symlet. 

Th ORL 
Haar Sym DB1 

FAR FRR TSR FAR FRR TSR FAR FRR TSR 
0 0 1 0 0 1 0 0 1 0 
0.1 0 1 0 0 1 0 0 1 0 
0.2 0 0.95 5 0 1 0 0 0.95 5 
0.3 0 0.65 35 0 1 0 0 0.65 35 
0.4 0 0.3 65 0.05 0.95 5 0 0.3 65 
0.5 0 0.1 85 0.5 0.65 35 0 0.1 85 
0.6 0.05 0.05 90 0.95 0.3 90 0.05 0.05 90 
0.7 0.5 0 95 1 0.1 95 0.5 0 95 
0.8 0.95 0 95 1 0.05 95 0.95 0 95 
0.9 1 0 95 1 0 95 1 0 95 
1 1 0 95 1 0 95 1 0 95 

Th L-Spacek 
Haar Sym DB1 

FAR FRR TSR FAR FRR TSR FAR FRR TSR 
0 0 1 0 0 1 0 0 1 0 

0.1 0 0.3 75 0 1 0 0 0.3 75 
0.2 0 0.05 95 0 1 75 0 0.05 95 
0.3 0 0 100 0.15 0.3 75 0 0 100 
0.4 0 0 100 0.2 0.05 95 0 0 100 
0.5 0.15 0 100 0.55 0 95 0.15 0 100 
0.6 0.2 0 100 0.8 0 100 0.2 0 100 
0.7 0.55 0 100 0.8 0 100 0.55 0 100 
0.8 0.8 0 100 1 0 100 0.8 0 100 
0.9 1 0 100 1 0 100 1 0 100 
1 1 0 100 1 0 100 1 0 100 
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                                        Fig. 4  FAR and FRR with threshold for ORL Database 

                                Fig. 5  FAR and FRR with threshold for L-Spacek Database 
EER values with DWT transformation and face image database are tabulated in the Table5. The 
performance with L-Spacek database is better compared to ORL and JAFEE with different wavelet 
transformations. 

TABLE.5 EER Values for different database 
Database EER 

Haar Sym DB1 
L-Spacek 0 0.1 0 
ORL 0.1 0.2 0.1 
JAFEE 0.4 0.4 0.4 
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CONCLUSION 
In this paper dual transform based feature extraction method is proposed for face recognition. The 
ORL, L-Spacek and JAFEE, images are used to test the proposed algorithm. DWT is applied on 
Facial images to normalize expression and illumination variations, which greatly reduces image 
dimension by retaining visually significant components of an image. Using feature vectors face 
image is verified using ED. It is observed that the performance parameters are improved in the 
case of proposed algorithm compared to the existing algorithms. In future the algorithm may be 
tested by fusing features of individual transformations used and also fusion at matching level. In 
future, the algorithm may be combined with spatial domain features such as global and local 
features to enhance recognition rate. 
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