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ABSTRACT 
 
This paper proposes a new method of face 

representation which is used for face recognition by SVM. 
For face representation we have used a two-step method, 
first two-dimensional Discrete Wavelet Transform (DWT) 
is used to transform the faces to a more discriminated 
space and then Principal Component Analysis (PCA) is 
applied. The proposed method produced a significant 
improvement which includes a substantial reduction in 
error rate and in time of processing during the obtaining 
PCA orthonormal basis. 

 
1. INTRODUCTION 

 
Several features (height, iris, fingerprint, voice, face) 

have been used for human identification. Face recognition 
is a natural, user friendly and non-contact way for human 
identification/authentication. Face recognizers are used in 
the recent years for identity authentication, access control, 
surveillance, human-computer interface and smart 
environments [1].  

Current Face recognizers can be categorized into two 
groups, component-based face recognizers and image-
based face recognizers [2]. Component-based systems use 
only a few features that are extracted from image. These 
features are the important and mostly invariable parts of 
face (e.g. eyes, nose, mouth and chin). However, this 
method has limited applications because of its difficult 
implementation and its unreliability in some cases. Image-
based systems use a pixel intensity matrix that yields a 
high dimensional feature space. The image-based method 
is more desirable for researchers due to its ease of 
implementation and robustness. In order to build an 
accurate and fast face recognizer, a lower dimension 
representation from the raw image must be obtained. 
Principal Components Analysis (PCA), Linear 
Discriminant Analysis (LDA) and Independent 
Component Analysis (ICA) have been used for this 
purpose. Turk successfully used the PCA to represent 

faces and introduced the Eigenface method for face 
recognition [4]. PCA delivers a low dimensional 
representation of an image and extracts a compact global 
structure from it. On the other hand, LDA extracts 
discriminatory features so that the classes can be 
differentiated in an optimum way. These two linear 
methods can be changed to some nonlinear methods by 
means of Kernel functions (i.e. KPCA and KDA, [7]). 
Applying PCA on wavelet diagonal detail coefficients of 
images was examined by Yuela [9]. After representing 
faces in a lower dimension space, a classifier such as 
nearest distance classifier, k-nearest neighborhood, neural 
network or support vector machine (SVM) [3], [8]) can be 
applied to perform the recognition process. Recently, 
interests on using SVM have been increased because of its 
promising speed and accuracy. 

In this work SVM is used as a face classifier with 
RBF and polynomial kernel function. We also utilized 
DWT as a preprocessing tool for face representation. The 
new proposed method decreases the error rate by more 
than 2.5% comparing to the PCA. The proposed method 
also reduces processing time for determining Eigenfaces 
significantly.  

In the next section we will introduce our face 
representation system and proposed face recognition 
method. In section 3 the simulation results are reported 
and comparisons to Eigenface method are made. Finally 
conclusions are given in section 4. 

 
2. METHODOLOGY 

 
The first step of every pattern recognition system is 

feature extraction.  The extracted features must be low in 
dimension and optimum in the discriminatory power 
simultaneously in order to decrease the time and error of 
recognition. To achieve these goals a two-stage approach 
was used for extracting face features. First the mean 
image is subtracted from all the training images in order to 
normalize them. A subband representation of normalized 
data was obtained by means of DWT. By applying PCA 
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on the subband images Eigenfaces are obtained (Fig. 1). 
PCA orthonormal bases in order to project images into a 
lower dimension space for recognition.  These projected 
vectors are sent to SVM system to train with database 
vectors or recognize the received image identity. 

In our work the various forms of wavelet function are 
used in an attempt to find the optimum one. The two-
dimensional intensity matrix of the input image works as 
the input of DWT system and the output is made by 
saving the approximation coefficients and discarding the 
three sets of detail coefficients. The approximation 
coefficients are the input of the PCA system to determine 
eigenfaces (Fig. 1) in the learning phase or to project 
images to coordinates that are defined by eigenfaces in the 
recognition phase (Fig. 2). 

 

 
Fig 1   Block diagram for obtaining Eigenfaces by DWT-PCA process. 

 

 
Fig 2   Block diagram of projecting images into eigenfaces space. 

 
3. EXPERIMENTAL RESULTS 

 
For evaluating our new method, we have used the 

ORL1 database. The ORL face database (developed at the 
Olivetti Research Laboratory, Cambridge, U.K.) is 
composed of 400 images with ten different images for 
each of the 40 distinct subjects. The variations of the 
images are across pose, size, time, and facial expression. 
All the images were taken against a dark homogeneous 
background with the subjects in an upright, frontal 
position, with tolerance for some tilting and rotation of up 
to about 20°. There is some variation in scale of up to 
about 10%. The spatial and grey-level resolutions of the 
images are 92 112 and 256, respectively. Five images 
from each individual are selected randomly for training 
and the five rest images are used for testing. 

                                                           
1 Olivetti Research Laboratory 

3.1. DWT-PCA  
 

Two-dimensional wavelet transform is used in this 
method. The recognition rate is dependent to the selected 
wavelet function and the level of decomposition. In order 
to obtain the best result, these parameters were examined 
by experiments. Fig. 3 shows error rate for different levels 
of decomposition in the training phase. The best results 
are obtained when two level of decomposition is used. In 
Fig. 3 and Fig. 5, DWT-PCA and PCA methods are 
compared with different orders of polynomial SVM and 
RBF SVM respectively. 
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Fig 3   Error rate vs. number of Eigenfaces for one (light gray lines), two 
(black lines), and three (dark gray lines) levels of DWT decomposition. 
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Fig 4   Error rate vs. different number of Eigenfaces for PCA method 
(gray lines) and DWT-PCA method (black lines) using polynomial SVM 

classifiers with different orders. 
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Fig  5 - Error rate vs. different number of Eigenfaces for PCA (gray 
lines) and the DWT-PCA methods (black lines) using RBF SVM 

classifier with two different values of Gamma. 
 

With respect to these figures, it is concluded that the 
new method decreases the error rate by more than 3% 
relative to the PCA method and maintains the property of 
having the same or better discriminatory power with less 
features. A great advantage is that the time of processing 
for determining Eigenfaces decreased significantly. This 
is due to the fact that wavelet transform reduces the size 
of images which must be processed to obtain eigenfaces. 
This effect significantly overcomes the effect of extra 
time-consuming processing which is done by wavelet 
transform. 

The improvement of new DWT-PCA method (by 
two-dimensional wavelet transform) inspired us to 
examine some related methods to discover their effects. 
 
3.2. DWT-PCA Using One-Dimensional Wavelet 
Transform 
 

In this experiment one-dimensional wavelet transform 
is used instead of two-dimensional one. The results show 
that using one-level of decomposition makes no 
significant changes compared to PCA method. One can 
see by increasing levels of decomposition discriminatory 
power and efficiency reduces extremely (Fig. 6). 

This result can be interpreted in this way, the 
correlation between each pixel and its' neighbors in the 
same row is neglected.  In fact this transform supposes 
that the image space is a one-dimensional space which 
reduces between pixels information and consequently the 
efficiency. 
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Fig 6 - Error rate vs. different number of Eigenfaces for one, three and 5 

levels of DWT decomposition (one dimensional wavelet). 
 
3.3. DWT without PCA 

 
In this experiment, the DWT approximation 

coefficients are reordered by zigzag scanning and the 
SVM input vectors are constructed directly from the 
rearranged approximation coefficients. Here face 
recognition was carried done without using PCA.  

In Fig. 7 error rate for three levels of wavelet 
decomposition for different number of preserved 
approximation coefficient is shown. One can obtain 
similar error rate when using a large number of 
coefficients and dimension reduction ability doesn’t exist. 
In the case of four level of wavelet decomposition, the 
number of coefficients can be reduced significantly but 
error rate is more than the PCA method (Fig. 8). 
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Fig 7   Error rate vs. different  number of coefficients for three 

level of DWT decomposition. 
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Fig 8   Error rate vs. different number of coefficients for four level 

of DWT decomposition. 
 
3.4. DCT-PCA 

 
Discrete Cosine Transform (DCT) is used instead of 

DWT in the first stage. The results are similar to PCA and 
it seems that the DCT has no effect on images. The 
representation vectors in two methods (PCA and DCT-
PCA) are also similar in most of coefficients and the few 
differences are neglected by SVM.   

 
4. CONCOLUSIONS 

 
In this paper a new method for face representation and 

recognition using DWT and SVM classifier is proposed. 
DWT is used as a preprocessing tool which improves the 
recognition performance significantly. This improvement 
includes a substantial reduction in error rate and 
processing time of obtaining PCA orthonormal basis 
representation. These improvements lead an enhancement 
in efficiency or, in other words, security of system and 
moving toward real-time face recognizer.  It is noteworthy 
that these improvements didn't affect other suitable 
properties of PCA method adversely.   

 
5. REFRENCES 

 
[1] R. Chellappa, C. L. Wilson, and S. Sirohey, "Human and 

machine recognition of faces: A survey," Proc. IEEE, May 
1995, pp. 705–741. 

[2] R. Brunelli, and T. Poggio, "Face recognition: Features 
versus templates," IEEE Transactions on Pattern Analysis 
and Machine Intelligence, Vol. 15, n. 10, 1993, pp. 1042–
1052. 

[3] C. Cortes, and V. Vapnik, "Support-Vector Networks," 
Machine Learning, Vol. 20, n. 3, Sept. 1995, pp. 273-297. 

[4] M. A. Turk and A. P. Pentland, "Eigenfaces for 
recognition," Journal of Cognitive Neuroscience, Vol. 3, 
1991, pp. 71-86 

[5] K. Jonsson, J. Matas, J. Kittler and Y. Li, "Learning support 
vectors for face verification and recognition," Proc. IEEE 
International Conference on Automatic Face and Gesture 
Recognition, 2000, pp. 208–213. 

[6] S. G Mallat, "A Theory for Multiresolution Signal 
Decomposition: The Wavelet Representation," 
IEEE.Transactions on Pattern Analysis and Machine 
Intelligence, Vol. 11, 1989, pp. 674-693. 

[7] M. H. Yang, “Kernel EigenFaces vs Kernel Fisherfaces: 
Face Recognition using Kernel Methods,” Proc. of the Fifth 
Int. Conf. on Automatic Face and Gesture Recognition, 
May 2002, pp. 215-220. 

[8] V. Vapnik, "Statistical Learning Theory," John Wiley & 
Sons, New York, 1998. 

[9] P. C. Yuela, D. Q. Dai and G.C. Feng, "Wavelet-based PCA 
for human face recognition," Proc. IEEE International 
Conference on Image Analysis and Interpret ion, 1998, 
pp. 223-228. 

856


	Index
	ICIP 2004 Home Page
	Conference Info
	Welcome Message
	Techincal Program Overview
	Technical Program Committee
	EDICS Categories
	ICIP2004 Paper Submission Statistics
	ICIP2004 Paper Statistics - Final Program
	ICIP2004 Organizing Committee
	Sponsors
	Exhibition
	Venue Access
	Social Activities
	Other Information
	Call for Papers for ICIP2005

	Sessions
	Monday, 25 October, 2004
	MA-S1-Computational Radar Imaging
	MA-L1-Watermarking I
	MA-L2-Face Recognition
	MA-L3-Video Compression Standards I
	MA-L4-Biomedical Image Processing: Segmentation and Qua ...
	MA-L5-Error Resilience / Concealment I
	MA-P1-Image Segmentation: By Color, Texture, and Edge
	MA-P2-Image Filtering and Morphological Processing
	MA-P3-Image Enhancement I
	MA-P4-Video Segmentation
	MA-P5-Low-level Image Indexing and Retrieval
	MA-P6-DCT-based Video Coding
	MA-P7-Image Compression and Applications
	MA-P8-Distributed Source Coding and Others
	MP-S1-Deformable Models and Applications
	MP-S2-Media Security Issues in Streaming and Mobile App ...
	MP-L1-Face Detection, Recognition, and Classification I
	MP-L2-Video Summarization and Browsing
	MP-L3-Image Filtering and Partial Differential Equation ...
	MP-L4-Image/Video Indexing and Retrieval
	MP-L5-Watermarking II
	MP-P1-Video Compression Standards II
	MP-P2-Error Resilience/Concealment II
	MP-P3-Biometrics I
	MP-P4-Image Segmentation: By Multiple Features and Othe ...
	MP-P5-Image Enhancement II
	MP-P6-Video Object Tracking
	MP-P7-Biomedical Image Processing: Compression and Regi ...
	MP-P8-Video Coding

	Tuesday, 26 October, 2004
	TA-S1-Content-based Analysis of Multi-modal High Dimens ...
	TA-S2-Image Forensics
	TA-L1-Feature-based Image Segmentation
	TA-L2-Denoising and Deblurring
	TA-L3-Biometrics II
	TA-L4-Lossy Image Coding
	TA-L5-Wavelet Video Coding and Scalability I
	TA-P1-Stereoscopic and 3-D Processing I
	TA-P2-Face Detection, Recognition and Classification II
	TA-P3-Motion Detection and Estimation: Block Matching
	TA-P4-Feature Extraction and Analysis: Color and Textur ...
	TA-P5-Watermarking III
	TA-P6-Video Indexing, Retrieval and Editing
	TA-P7-Interpolation
	TA-P8-Geosciences and Remote Sensing and Environment
	TP-S1-What is the Latest in Networked Video?
	TP-L1-Super-resolution and Interpolation
	TP-L2-Deblocking, Restoration, and Enhancement
	TP-L3-Motion Estimation and Detection
	TP-L4-Image Segmentation
	TP-L5-Biomedical Image Processing: Compression, Registr ...
	TP-P1-Stereoscopic and 3-D Processing II
	TP-P2-Face Detection, Recognition and Classification II ...
	TP-P3-Video Streaming and Networking
	TP-P4-Shape Extraction and Analysis
	TP-P5-Watermarking IV
	TP-P6-Image/video Storage and Retrieval
	TP-P7-Wavelet Video Coding and Scalability II
	TP-P8-Image Modeling

	Wednesday, 27 October, 2004
	WA-S1-Content Understanding for Home Photograph and Vid ...
	WA-S2-Pattern Discovery in Real-world Broadcast Video
	WA-L1-Image Scanning, Display, and Printing I
	WA-L2-Image Formation I
	WA-L3-Stereoscopic and 3-D Coding &amp; Processing
	WA-L4-Image Coding I
	WA-L5-Source-Channel Coding I
	WA-P1-Motion Detection and Estimation: Optical Flow and ...
	WA-P2-Watermarking V
	WA-P3-Feature Extraction and Analysis I
	WA-P4-Image Segmentation: Level Set and Active Contour
	WA-P5-Transcoding
	WA-P6-Implementations and Systems
	WA-P7-Document Image Processing and Other Applications
	WA-P8-Biomedical Image Processing: Segmentation and Com ...
	WP-L1-Image Representation, Rendering, and Quality Asse ...
	WP-L2-Stereoscopic Image Processing and 3D Modeling
	WP-L3-Feature Extraction and Analysis II
	WP-L4-Image/Video Segmentation and Tracking
	WP-L5-Distributed Source Coding and Scalability
	WP-L6-Video Streaming
	WP-P1-Image Coding II
	WP-P2-Source-channel Coding II
	WP-P3-Stereoscopic and 3-D Coding
	WP-P4-Super-resolution and Mosaic
	WP-P5-Image Formation II
	WP-P6-Motion Detection and Estimation: Other Methods
	WP-P7-Watermarking and Cryptography
	WP-P8-Image Segmentation: Clustering and Statistical Me ...
	WP-P9-Image Scanning, Display, and Printing II

	Tutorials
	Plenary Sessions
	Special Sessions
	Table of Contents of Printed Proceedings

	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1.1.1: Lossy coding
	1.1.2: Lossless coding
	1.1.3: Image compression standards
	1.2.1: DCT-based video coding
	1.2.2: Wavelet-based video coding
	1.2.3: Model-based video coding
	1.2.4: Scalability
	1.2.5: Transcoding
	1.2.6: Video compression standards
	1.2.7: Other
	1.3: Stereoscopic and 3-D Coding
	1.4: Distributed Source Coding
	1.5.1: Source/channel coding
	1.5.2: Networking
	1.5.3: Error resilience / concealment
	1.5.4: Video streaming
	1.5.5: Other
	2.1.1: Linear filtering
	2.1.2: Nonlinear filtering
	2.1.3: Level set and fast marching
	2.1.4: Partial differential equations
	2.1.5: Other filtering techniques
	2.2.1: Multiframe image restoration
	2.2.2: Contrast enhancement
	2.2.3: Deblocking / artifacts removal
	2.2.4: Deblurring
	2.2.5: Denoising
	2.2.6: Other restoration techniques
	2.2.7: Other enhancement techniques
	2.3.1: By edge
	2.3.2: By color
	2.3.3: By texture
	2.3.4: By multiple features
	2.3.5: By other features
	2.3.6: Active-contour / snake-based methods
	2.3.7: Clustering-based methods
	2.3.8: Model-fitting-based methods
	2.3.9: Statistical-classification-based methods
	2.3.10: Morphological-based methods
	2.3.11: Level-set-based methods
	2.3.12: Other segmentation methods
	2.4.1: Video object segmentation
	2.4.2: Temporal segmentation
	2.4.3: Video shot segmentation
	2.4.4: Tracking
	2.4.5: Other video segmentation techniques
	2.4.6: Other tracking techniques
	2.5: Morphological Processing
	2.6.1: Stereo image processing
	2.6.2: 3D modeling &amp; synthesis
	2.6.3: Other techniques
	2.7.1: Color
	2.7.2: Texture
	2.7.3: Shape
	2.7.4: Shading
	2.7.5: Other features
	2.8.1: Perceptual / human visual system
	2.8.2: Source modeling
	2.8.3: Noise modeling
	2.8.4: Other
	2.9.1: Face detection, recognition and classification
	2.9.2: Fingerprint analysis and coding
	2.9.3: Iris analysis
	2.9.4: Human activity, gait analysis, and gaze analysis
	2.9.5: Goal-oriented analysis tasks
	2.9.6: Other
	2.10.1: Interpolation
	2.10.2: Super-resolution
	2.10.3: Mosaic
	2.10.4: Registration / alignment
	2.10.5: Other techniques
	2.11.1: Block matching
	2.11.2: Optical flow
	2.11.3: Parametric model for motion estimation
	2.11.4: Change detection
	2.11.5: Camera calibration
	2.11.6: Other motion detection techniques
	2.11.7: Other motion estimation techniques
	2.12.1: Hardware and software co-design
	2.12.2: Embedded and real-time systems
	2.12.3: Paralleled and distributed systems
	2.12.4: Other system platforms
	3.1.1: Super-acoustic imaging
	3.1.2: Tomographic imaging
	3.1.3: Nuclear and x-ray imaging
	3.1.4: Magnetic resonance imaging
	3.1.5: Other
	3.2.1: Radar imaging
	3.2.5: Multispectral / hyperspectral imaging
	3.2.6: Other
	3.4: Optical Imaging
	3.5: Synthetic-Natural Hybrid Image Systems
	4.1: Scanning and Sampling
	4.2: Quantization and Halftoning
	4.3: Color Reproduction
	4.4: Image Representation and Rendering
	4.5: Display and Printing Systems
	4.6: Image Quality Assessment
	5.1: Image and Video Databases
	5.2.1: Low-level image indexing and retrieval
	5.2.2: Relevance feedback and interactive retrieval
	5.2.3: Content addressable browsing
	5.3.1: Video partition/shot detection
	5.3.2: Video features for retrieval
	5.3.3: Low-level video indexing and retrieval
	5.3.4: Semantic video retrieval
	5.3.5: Content summarization and editing
	5.4: Multimodality Image/Video Indexing and Retrieval
	5.5.1: Watermarking
	5.5.2: Cryptography
	6.1.1: Image segmentation and quantitative analysis
	6.1.2: Computer assisted screening and diagnosis
	6.1.3: Visualization
	6.1.4: Image compression
	6.1.5: Image registration and fusion
	6.2.1: Astronomy
	6.2.2: Geosciences
	6.2.3: Remote sensing
	6.2.4: Environment
	6.3: Document Image Processing and Analysis
	6.4: Other Applications

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Copyright
	Current paper
	Presentation session
	Abstract
	Authors
	Majid Safari
	Mehrtash Tafazzoli Harandi
	Babak Araabi



