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ABSTRACT⎯This letter presents a new feature extraction 
method based on the private energy map (PEM) technique to 
utilize the energy characteristics of a facial image. Compared 
with a non-facial image, a facial image shows large energy 
congestion in special regions of discrete cosine transform 
(DCT) coefficients. The PEM is generated by energy 
probability of the DCT coefficients of facial images. In 
experiments, higher face recognition performance figures of 
100% for the ORL database and 98.8% for the ETRI database 
have been achieved. 

Keywords⎯Face recognition, private energy map, energy 
probability, discrete cosine transform. 

I. Introduction 
Feature extraction is one of the most important steps in face 

recognition, and it usually attempts to reduce the high 
dimensional data space into the low dimensional feature vector. 
Dimension reduction of the feature vectors is essential for 
extracting the effective features and for reducing computational 
complexity in the classification step. To reduce the 
dimensionality, the most frequently used techniques are 
principal components analysis (PCA) and linear discriminant 
analysis (LDA), but these methods required high 
computational cost and a large number of training samples. To 
overcome these problems, the methods for extracting feature 
vector in the discrete cosine transform (DCT) domain have 
been studied for the past several years [1], [2].    

In this letter, a new feature extraction method based on the 
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private energy map (PEM) technique to utilize the energy 
characteristics of a facial image is presented. Using the unique 
energy characteristics of a facial image improves recognition 
performance and leads to the dimensional reduction of feature 
vectors.  

This letter is organized as follows. In section II, 
characteristics of a facial image in the DCT domain is reviewed.  
Section III describes the energy probability and the method of 
generating an energy map. Finally, experimental results and 
conclusion are described in sections IV and V.  

II. Characteristics of a Facial Image 

In this section, the DCT and characteristics of a facial image 
in the DCT domain are briefly reviewed.  

The first characteristic of facial image is symmetry. In 
general, a facial image is normalized with rotation, scale, and 
poses within 10 degrees in a face recognition system. A 
normalized facial image characteristically has higher values in 
odd columns than in even columns of a DCT coefficient matrix. 
That is, the high energy of the DCT coefficients is congested in 
odd columns rather than in even columns.  

The second characteristic of a facial image is frequency. 
Facial images generally include facial components such as eyes, 
eyebrows and mouth, which have strong horizontal and 
vertical frequency properties. In the case of a facial image, the 
DCT coefficients of high energy are congested in the top-left 
and top-upper band rather than the diagonal frequency band.  

III. Proposed Private Energy Map Algorithm 

1. Energy Probability and Private Energy Map 

Energy is one of the most important properties in image  
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Fig. 1. Generation procedure of PEM. 
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processing [3]. Given a result of DCT transform on a facial 
image, F(u, v) with the size N×N, the energy using DCT 
coefficients is defined as  
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where EnergyF is the only value for the facial image. From the 
EnergyF and the square value of each coefficient, the energy 
probability EP(u, v) is defined by  
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The magnitude of EP(u, v) can be used as a criterion for 
selecting valid coefficients and it means the relative energy 
magnitude of each coefficient at position (u, v). Therefore,  
 

coefficients of high EP value hold more valid information than 
coefficients with low EP value.  

Using (2), a PEM is generated as shown in Fig. 1. Suppose 
that the width and height of a face image are N×N. The EPs of 
N × N size can be calculated by using (1) and (2). Then, the 
EPs are converted into a column vector S, which is sorted by 
EP values in descending order. If the k-th value is the threshold, 
the position of the S values between the first and k-th values 
will be 1, and other values will be zero:   
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2. Proposed Approach Based on PEM 

The PEM is used to make the input vectors of the LDA and 
to generate the feature vector in the enrollment and testing 
procedure. 

As shown in Fig. 2, the proposed method consists of three 
stages: a training stage, an enrollment stage, and a testing stage. 
First, facial images are transformed by the DCT and a PEM of 
N×N size is generated using EPs of the DCT coefficients. 
Second, the PEM is multiplied with an effective coefficient 
filter (ECF) to obtain the most invariant feature vector of the 
facial images (PEM • ECF). The ECF controls the number of 
effective coefficients in the PEM. The ECF is generated by the 
same method which generated the PEM with the average DCT 
coefficient matrix of all facial images used in the training 
process. Finally, W is acquired by LDA of the coefficients 
extracted with PEM • ECF, where W is the LDA optimal 
projection matrix [4]. The enrollment and testing stages have 
equal procedures to obtain the feature vector. Enrollment and 
 

 

Fig. 2. Block diagram of proposed method. 
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Fig. 3. Recognition accuracy with the number of effective values.
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testing images are converted into E and T after being 
preprocessed. The final feature vectors are established 
multiplying E • ECF, T • ECF and W, which become 
E • ECF×W and T • ECF×W. Then, the Euclidian distance 
between the two vectors is measured, and the system decides 
whether to “Accept” or “Reject.” 

IV. Experimental Results  

In our face recognition experiment, the Electronic 
Telecommunication Research Institute (ETRI) face database 
and the ORL face database (http://www.cam-orl.co.uk) were 
used. The ETRI face database contains images of 55 different 
subjects with 10 images of each subject. The ORL database 
contains 40 subjects with 10 images of each subject.  

The number of effective values in the ECF was determined 
by experiment. Figure 3 shows the experiment result. When the 
value is 72, recognition is most accurate.   

The performance of the proposed method was measured by 
two error rates: the false rejection rate (FRR) and the false 
acceptance rate (FAR). Figure 4 shows the Euclidian distances 
using zigzag scanning and the proposed method. The 
FAR/FRR curves depend on the Euclidian distance. Therefore, 
the two error curves have an intersection point. By selecting the 
cross point of the two error curves as a threshold, the two error 
rates are minimized at the same time and can be found at 0.038 
and 0.012, respectively. The proposed method shows a lower 
equal error rate (EER) value than the previous method. Figure 
4 shows the recognition accuracy according to the number of 
valid coefficients in the feature vector. The best EER is 0.012 
when 38 valid coefficients are used.  

We compared the results from the following feature 
extraction methods: PCA+LAD in a special domain, LDA 
using zigzag- scanning in the DCT domain, and the proposed 
method (see Table 1). The proposed method has the best 
recognition accuracy rates of 98.8% and 100% for the ETRI  

 

Fig. 4. EERs of proposed method and zigzag scanning. 
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Table 1. Recognition accuracy (%). 

 Method
DB used 

PCA+LDA LDA Proposed 

ETRI 90 96.2 98.8 

ORL 98 99 100 

 

DB and the ORL DB, respectively. 

V. Conclusion  

A new feature extraction method for face recognition has 
been presented. The method selects the facial valid coefficients 
by using a PEM, which is generated by using the energy 
probability of each DCT coefficient. The valid coefficients are 
based on facial image characteristics. Then, the feature vector is 
extracted through LDA analysis on the valid coefficients and 
compared with the registered vector. The experimental results 
show that the proposed method shows better face recognition 
performance than the previous methods. 

References 

[1] S.M. Lee, H.J. Bae, and S.H. Jung, “Efficient Content-Based 
Image Retrieval Method Using Color and Texture,” ETRI J., vol. 
20, no. 3, Sep. 1998, pp. 272-283. 

[2] K.H. Choi, J.J. Yoo, and T.H. Hwang, “A Probabilistic Network 
for Facial Feature Verification,” ETRI J., vol. 25, no. 2, Apr. 2003, 
pp. 140-143. 

[3] W.K. Pratt, Digital Image Processing, John Wiley & Sons, Inc., 
New York, 2001. 

[4] W. Chen, M.J. Er. and S. Wu, “PCA and LDA in DCT Domain,” 
Pattern Recognition Letters, vol. 26, 2005, pp. 2474-2482. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


