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Abstract— In this work we consider pyramidal decomposition
algorithm for support vector machines classification problem.
This algorithm is proposed to solve multi-class classification
problem with use some binary SVM-classifiers for the strategy
"one-against-one”’.
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I INTRODUCTION

One of the most problems of computer vision is face
recognition with  2D-photograph. The task of face
recognition has a lot of solutions and it’s based on similar basic
principles of image processing and pattern recognition. Our
approach is based on well-known methods and algorithms such
as PCA and SVM. The process of face recognition consists of
several basic stages: face detection, image enhancement of
region of interest, image representation as a feature vector,
pattern classification with SVM.

II. IMAGE PREPROCESSING

Face detection is the first step of processing in many
approaches of face recognition. We use the face-detector
trained on our own images based on algorithm of Viola-Jones
[1] with use Haar-like features to detect a region of interest on
image bounded by lines of brows (see Ommoka! UcTtounnk
CCHUJIKH He HaiiIeH.).

Figure 1. Region of interest bounded by lines of brows

We perform an extension of pixel range values to the whole
intensity spectrum and the equalization of histogram of
ROIL. In order to reduce the dimensionality of the feature space
and extract principle components of image the NIPALS
algorithm [2] is wused. The SVM-classifier solves the
problem of training and classification of images.

III. INTRODUCTION TO SUPPORT VECTOR MACHINES

The Support Vector Machines (SVMs) [3] present one of
kernel-based techniques. SVMs classifiers can be successfully
apply for text categorization, face recognition. A special
property of SVMs is that they simultaneously minimize the
empirical classification error and maximize the geometric
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margin. SVMs are used for classification of both linearly
separable (see Figure 2.) and unseparable data.

Optimal A
hyperplane

Support vectors
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O

Figure 2. Optimal hyperplane of support vector machines

Basic idea of SVMs is creating the optimal hyperplane for
linearly separable patterns. This approach can be extended to
patterns that are not linearly separable by transformations of
original data to map into new space due to using kernel trick.

In the context of the Figure 2., illustrated for 2-class
linearly separable data, the design of the conventional
classifier would be just to identify the decision boundary w
between the two classes. However, SVMs identify support
vectors (SVs) H1 and H2 that will create a margin between the
two classes, thus ensuring that the data is “more separable”
than in the case of the conventional classifier.

Suppose we have N training data points {(X1,y1),
(X2,¥2)s-»(Xn,¥n)} Where x; € R and v, € {£1}. We would
like to learn a linear separating classifier:

f(x):sgn(w~x—b). 1)

Furthemore, we want this hyperplane to have the
maximum separating margin with respect to two classes.
Specifically, we wish to find this hyperplane
H:y=w-x—b=0 and two hyperplanes parallel to it and
with equal distances to it:

H :y=wx-b=+1, @)

H,:y=w-x-b=-1 3)

with the condition that there are no data points between H;
and H,, and the distance between H; and H, is maximized.
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For any separating plane H the corresponding H; and H,
we can always “normalize” the coefficients vector w so that
H, willbe y=wx—-b=+1,and H, willbe y =wx - b =—

We want to maximize the distance between H; and H,. So
there will be some positive examples on H, and some negative
examples on H,. These examples are called support vectors
because only they participate in the definition of the separating
hyperplane, and other examples can be removed and moved
around as long as they don’t cross the planes H; and H,.

Introducing Lagrange multipliers a;, ay, ..., ay > 0, we have

the following Lagrangian'

L(w,b, a):—w w— Zay,(w X, —b)+2a 4

i=1 i=1
If the surface separating the two classes are not linear we
can transform the data points to another high dimensional
space such that the data points will be linearly separable. Let
the transformation be @(-). In the high dimensional space, we

solve
Ly=3a, —*Za ()-ol)

Suppose, in add1t10n, D(x;) D(x;) = k(x;, x;). That is, the dot
product in that high dimensional space is equivalent to a
kernel function of the input space. So we need not be explicit
about the transformation ®(-) as long as we know that the
kernel function k(x;, x;) is equivalent to the dot product of
some other high dimensional space. There are many kernel
functions that can be used this way, for example, the radial
basis function (Gaussian kernel).

a,y,y,®

IV. MULTICLASS CLASSIFICATION WITH SUPPORT VECTOR
MACHINES

Support Vector Machines is well-known and reliable
technique to solve classification problem. SVMs is method for
binary classification.

There are several strategies of use binary classifiers to
combine them for multiclass classification. The most famous of
them for multiclass SVM-classification are “one-against-one”,
“one-against-all” and DAGSVM strategies. Each of these
approaches has various characteristics and concepts of
determination of “winner-class” and distinguished from
another methods. All strategies mentioned above consist in
dividing the general multiclass problem into minimal two-class
problems and use specified procedures of voting.

The “one-against-all” technique [4] builds N binary
classifiers to solve N-class problem (see Figure 3.). Each of N
binary classifiers train to distinguish one class from all another.
In this case each pair of classes has one “winner-class”. In
validation phase we choose the class which gives maximum of
decision function. The i" SVM-classifier is trained with
positive label for i™ class and with negative label for the rest
classes.
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Figure 3. One-against-all strategy of voting
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Other basic strategy “one-against-one” calculates all values
of possible binary N(N-1)/2 SVM-classifiers for N-class

problem (see Figure 4.).
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Figure 4. One-against-one strategy of voting

There are several methodologies to choose “winner” in
technique “one-against-one”. One of them is DAGSVM-
strategy that operates Directed Acyclic Graph to estimate the
“winner-class” as shown in Figure 5. where each node is
associated to a pair of classes and a binary SVM-classifier.

Figure 5. DAGSVM technique

The most effective strategy to identify the target ‘winner-
class” is supposed the voting strategy when the i class gets a

i vote and the total number of votes for this class is
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incremented by one. Otherwise total number of votes of ;"
class is incremented by 1. The recognizable pattern is
processed with all binary classifiers. Class-winner is defined as
class that scored maximum of votes. The described
methodology of detection of “Winner” was called “MaxWin”
strategy. In the case when two or more classes have the same
number of votes we choose “Winner-class” with the smallest
index, although it’s not the best decision.

We use the “one-against-one” strategy as the most effective
technique to solve multiclassification problem. The source
code of SVM-algorithm is implemented in LIBSVM-library
[5]. We built the face recognition system with mentioned above
methods and algorithms (see Figure 6.).

Input image
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Figure 6. Face recognition system blocks

As in the Figure 6. shown the procedure of train SVM-
classifiers is associated with solving of quadratic programming
problem and requires searching for learning parameters.
Sequential minimal algorithm breaks the optimization problem
into an array of smallest possible sub-problems, which are then
solved analytically with use special constraints from Karush—
Kuhn-Tucker conditions.

Search of optimal to recognize parameters of SVM-
classifiers carry out with cross-validation procedure. The
searched parameters are the same for all binary SVM-
classifiers. Main idea of cross-validation is shown in Figure 7..
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Figure 7. Cross-validation algorithm
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Train for 2-5, besides 1.
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The search of learning parameters for SVM-classifiers is
performed for each binary classifier. The regularization
parameter C and parameter y for radial basis function look for
grid as shown in Figure 8§..
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Figure 8. Search learning parameters. Stage 1

This approach of learning parameters is described in [6] and
it has a rough estimate because of use a logarithmic scale; we
consequently reject the logarithmic scale and we switched over
to use immediate value of their bounds. Extreme values of
learning parameters are chosen according to boundary points of
line corresponding to the highest rate of test recognition (see
Figure 9.).

Best log2C = 2.4 log2(gamma) = -12.6 accuracy = 97.7011 Q;é:
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Figure 9. Search learning parameters. Stage 2

To increase the speed of recognition at classification stage
we suggested a new scheme of combination binary classifiers
to use certain of them to classify patterns (see Figure 10.). At
the same time we train all binary SVM-classifiers in learning
stage.
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Figure 10. Pyramidal decomposition algorithm for SVM-classification

The general number of binary SVM-classifiers which are
used in the scheme “one-against-one” is calculated as shown in
equation (6):

K = N(N-1)/2 (6)

We carry out the separation of primary training set into M
subsets and realize the classification within each of them. The
proposed algorithm reduces the number of operations in
computing of class-winner. In each subset we use the learned
binary SVM-classifiers which correspond to the classes of
subset. The quantity of classifiers using in recognition for each
layer is computed as

Kzﬁ(M-(M—l)jJr(r-(r—l)}

M 2 2

3<r<M, (7)

K:(%_lj.(M-(];l—l))*_(M~(M—l);-(M+r—l)’ 0<r<3 (8)

where K — is total quantity of binary SVM-classifiers, N —
the quantity of binary classifiers for layer, M — a quantity of

classes in subset, N/M is rounded to nearest smallest integer, »
— the remainder of classes that are not included in subsets.

V. EXPERIMENTS AND RESULTS

We used the sample collection of images with size 512x768
pixels from database FERET [7] containing 611 classes
(unique persons) to test our face recognition system based on
support vector machines.

TABLE 1. RESULTS OF EXPERIMENTS FOR FERET DATABASE

1 2n 6" — 1" - 51— | Over
Recognition| 5 10" 50" 100" 100,

rate, % p % ’ place, place, place, place, %

? % % % %

94,272 80,524 13,748 1,800 2,291 1,146 0,491
93,126 79,051 14,075 1,309 1,964 2,619 2,946
94,435 80,851 13,584 2,291 2,128 0,164 0,982

This collection counts 1833 photos. Each class was
presented by 3 images. So, to train SVM-classifier we used
1222 images where 2 photos introduced each class. 611 images
were used to test our system. Note, that any image for testing
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doesn't use in training process. The results of realized

experiments are shown in the table 1.

The traditional approach PCA+SVM gives the recognition
rate on FERET database gives results at 85% [8] and 95% for
ORL database.

On the other hand we evaluated the performance in
comparison with traditional algorithms. The results of second
speed test are shown in the table 2.

TABLE II. PERFORMANCE OF MULTICLASS SVM-CLASSIFICATION
ALGORITHMS
Strategy of | Training Time of 1 face | Rate of face
multiclassification | %M $ recognition, s recog ition (I'-
5" places ), %

?asw technlque . 217 12 848
one-against-one
“One-against-all” 2,8 0,91 85,9
Pyramidal 21,7 0,029 938
algorithm

VI. CONCLUSION

In this paper we proposed an efficient technique to combine
binary SVM-classifiers, which we called pyramidal
decomposition algorithm. This algorithm decreases time of
classification and improve index of recognition rate. On the
other hand we proposed to use individual learning parameters
of binary SVM-classifiers obtained consequently cross-
validation. Furthermore we used cross-validation not only with
logarithmic scale.

REFERENCES

[1] P. Viola, M. Jones, “Rapid Object Detection using a Boosted Cascade of
Simple Features”, Computer Vision and Pattern Recognition, 2001
pp. S11-518.

[2] Y. Miyashita, T. Itozawa, H.Katsumi, S.-I. Sasaki “Comments on the
NIPALS algorithm”, Journal of Chemometrics, vol. 4, Issue 1, 1990,
pp. 97-100.

[3] C.J.C. Burges “A Tutorial on Support Vector Machines for Pattern
Recognition”, Data Mining and Knowledge Discovery, 1998, Vol. 2,
pp. 121-167.

[4] C.-W. Hsu, C.-J. Lin “A comparison of methods for multi-class support
vector machines”, IEEE Transactions on Neural Networks, Vol. 13,
2002, pp. 415-425.

[5] C.-C. Chang “LIBSVM: a library for support vector machines”, ACM
Transactions on Intelligent Systems and Technology, 2011,
http://www.csie.ntu.edu.tw/~cjlin/libsvm.

[6] R. Kohavi “A study of cross-validation and bootstrap for accuracy
estimation and model selection”, Proceedings of the Fourteenth
International Joint Conference on Artificial Intelligence, Vol. 2(12),
pp. 1137-1143.

[71 H. Moon, P.J. Phillips “The FERET verification testing protocol for face
recognition algorithms”, Proceedings. Third IEEE International
Conference on Automatic Face and Gesture Recognition, 1998, pp. 48—
53.

[8] T.H. Le, L. Bui “Face Recognition Based on SVM and 2DPCA”,
International Journal of Signal Processing, Image Processing and
Pattern  Recognition, 2011, Vol. 4, No. 3, pp. 85-94.

Baku, Azerbaijan




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


