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Abstract

Making use of the ubiquitous kernel notion, we present a new nonlinear supervised feature extraction technique called
Kernel Springy Discriminant Analysis (KSDA). We demonstrate that this method can efficiently reduce the number of
features and increase classification performance.

1. INTRODUCTION

Without loss of generality we shall assume that, as a re-
alization of multivariate random variables, there are m-
dimensional real attribute vectors in a compact set X over R™
describing objects in a certain domain, and that we have a
finite n x m sample matrix X = [xq, -+ ,X,]' containing n
random observations. Let us assume as well that we have &
classes and an indicator function

L:{1,....n) —{1,... Kk}, )

where L(i) gives the class label of the sample x;.

Now let the dot product be implicitly defined (see the fig. on
the left) by the kernel function % in some finite or infinite di-
mensional feature space F with associated transformation ¢:

k(x,y) = ¢(x) - ()

The “kernel-idea”. F is the closure of the linear span
of the mapped data. The dot product in the kernel
feature space F is defined implicitly. The dot product

of Y7, cip(xi) and Y71, Bid(xi) is D, 5 ik (xi, Xj).

Knowing ¢ explicitly — and, consequently, knowing F — is not necessary. We need only define the kernel function,
which then ensures an implicit evaluation. From the functions available, the two most popular are:

k(x,y) = ¢(x) - o(y). (2)

Polynomial kernel: ki(x,y) = (xTy)d, deN, 3)

Gaussian RBF kernel: ka(x,y) = exp (—[|x — y[|*/r) , reR,. (4)

3. TEST RUN ON ARTIFICIAL DATA
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In Figs. (a)-(d) we can see the result of a KSDA transformation using a Gaussian RBF kernel on artificial data with
three different class labels. Without a doubt, the classes are well separated.

2. KERNEL SPRINGY DISCRIMINANT ANALYSIS

Kernel Springy Discriminant Analysis (KSDA) searches for a linear transformation in  having the form QX, where
Q is a real n by n orthogonal matrix containing variational parameter values obtained by the method, while X is a
short-hand notation for the image matrix [¢(x1), - , #(xn)]". If we have a new attribute vector y, the transformation
can be employed by QX ¢(y) = Qk(X,y), where the column vector k(X,y) is [k(x1,y), -, k(xn,¥)] .

The name Kernel Springy Discriminant Analysis stems from the utilization of a spring & antispring model, which
involves searching for directions with optimal potential energy using attractive and repulsive forces. In our case
sample pairs in each class are connected by springs, while those of different classes are connected by antisprings. New
features can be easily extracted by taking the projection of a new point in those directions where a small spread in each
class is attained, while different classes are spaced out as much as possible. Let §(v), the potential of the spring model
along the direction v in F, be defined by

n

D (@) — (xy)) 'v)* Oy, (@)
ij=1
where L L) = £0)
o -1 L) = L() —
©ij = { 1, otherwise Li=1....m ©)

Technically speaking, KSDA searches for those directions v of the form X« with a variational parameter vector «,
along which a large potential is obtained. However, instead of the function §(X "), we use its normalized version

S(XTa)
== = 7
e) ===~ )
when selecting the new directions. Intuitively, if larger values of + indicate better directions and the chosen directions
need to provide independent feature information, then choosing stationary points that have large values is a reasonable
strategy.
It is easy to prove that y(«) is equal to the following Rayleigh quotient formula

ey =222 ®
where n
A=) (@) — B(x3)) (B(xi) — D(xy)) " O ©)

i.j=1
Moreover, it is also straightforward to prove that (8) takes the following form:

ol (KéKT - K@KT) a

a'a

: (10)

where K = XX = [k(x;, xj)] and © is a diagonal matrix with the sum of each row of © in the diagonal. The stationary
points of the above Rayleigh quotient formula will furnish the row vectors of the orthogonal matrix Q.

After taking the derivative of (10) we readily see that the stationary points of () can be obtained via an eigenanalysis
of the following symmetric eigenproblem:

(KOK" — KOK"a = Ma. (11)
If we assume that the eigenvectors are oy, - - - , v, then the orthogonal matrix Q is defined by [avycq, - -+ , apc,] T, where

the normalization parameter c; is equal to (a;"K ai)‘l/ 2 This normalization factor ensures that the two-norm of row
vectors of the transformation matrix QX is unity.

5. CONCLUSION

e The principal aim was to map the input data to a higher or even infinite dimensional feature space where, based
on a physical spring & antispring analogue, we defined a measure for selecting new feature components.

e Since this measure can be extracted only by taking dot products of the mapped data, we overcame the numerical
problems using kernel functions. These ensure an implicit access to this extended space in calculations.

e Furthermore, in contrast to [5][2][6][4] (Kernel LDA clones), KSDA can be done by solving a symmetric eigen-
problem rather than an unsymmetrical one.

e In order to demonstrate the effectiveness of KSDA, we performed tests on artificial data and on real data as well,
which had been prepared especially for a phonological awareness teaching system.

e We found that the applied feature extraction method was rather effective in improving classification performance
in spite of a significant dimension reduction.

e But studying the scale-matrix © and applying a sparse data representation will be subject of future work.
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4. TEST RUN ON REAL DATA

e A Phonological Awareness Teaching System. The most important clue to the process of learning to read is the
ability to separate and identify consecutive sounds that make words and to associate these sounds with its cor-
responding written form. To learn to read in a fruitful way young learners must, of course, also be aware of the
phonemes and be able to manipulate them.
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e Database. For training and testing purposes we also recorded samples from 120 speakers (children of age 6-7)
at a sampling rate of 22050 Hz in 16-bit quality. Each speakers uttered all the Hungarian vowels (9 vowels), one
after the other, separated by a short pause.

o Initial Features. Initially the signals were processed in 10 ms frames, from which the log-energies of 24 critical-
bands were extracted using FFT and triangular weighting. In our tests we used the filter-bank log-energies from
the centermost frame of the steady-state part of each vowel and smoothed the feature trajectories to remove
the effect of brief noises and disturbances (“FBLE Smooth” set, 24 features). Afterwards, in a second set of
features we extended the smoothed log-energies with the gravity centers of four frequency bands, approximately
corresponding to the possible values of the formants (“FBLE+Grav” set, 24+4 features). These gravity centers are
supposed to give a crude approximation of the formants.

o Feature Extraction using KSDA. Naturally, both initial feature sets were transformed by KSDA using the third-
order polynomial kernel. Since () was defined by only those eigenvectors with the largest 16 eigenvalues, we
also performed a dimension reduction when applying the KSDA transformation.

o Classifiers. Then, as a classifier, the well-known Support Vector Machine [7][3] was employed using the same
kernel as before. In the trials 80 speakers were used for training and 40 for testing.

e Result. For the sets “FBLE Smooth” and “FBLE+Grav” the recognition errors were 6.08% and 5.27%, respectively,
while after a KSDA transformation they were 3.24% and 2.8%, respectively.




