Pattern Recognition using Relative Entropy
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Abstract. This paper presents a

novel technique for pattern recognition using relative entropy. The entropic

method was used to classify images of digits from “0” to “9”. The robustness of this system was tested in order
to characterize the classifier in function of its signal to noise ratio (SNR). An efficiency of 100% was obtained for

noisy images with 28.8d5 of SNR.

1 Relative entropy

The relative entropy is a measure of distance between two
distributions. In statistics, it arises as an expected logarithm
of the likelihood ratio. The relative entropy, also known
as Cross Entropy or Kullback-Leibler distance, measures
the mean change of information associated with two prob-
ability distributions p and p'. The change of information is
equal to Al = —(logp' — logp) and the mean change of
information is obtained by averaging over the whole distri-
bution. The pattern recognition process consists in a search
for the minimum “information gain™ aiming to minimize
the distance between p and p'. The probability distribution
is obtained by calculating the histogram of the Euclidian
distances between the object boundary pixels and its center
of mass.

Suppose that p; represents the probability distribution
of all known patterns, the symmetric version of the statistic
distance is defined as:

Zp log( E, + Y p} - log( pz) (1)
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2 Entropic method application

The entropic method was used to classify digits from “0”
to “9”. The robustness of the system was tested by adding
noise in the boundary of the objects in order to observe the
classifier behavior with respect to the noise amplitude and
histogram resolution, as presented in figure 1. In the natural
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Figure 1: Noise degradation example.

process of digital image formation, or in 1mage segmenta-
tion, this type of noise may appear. This analysis character-

izes the classifier as function of signal to noise ratio (SNR).

3 Results

We presented to the classifier 300 variations of the object
within the same noise amplitude. The efficiency of the pat-
tern recognition process is presented in Figure 2. This graph
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Figure 2: SNR behavior in function of histogram resolu-
tion.

shows that in order to have the best relation between noise
amplitude and efficiency, it’s ideal to use 20 bins of his-
togram resolution (B020). In addition, the limit for 100%
of efficiency is obtained at 28.84B. In some classification
cases it could be acceptable a 90% of efficiency for a SNR
up to 22.6dB.

4 Conclusion

Entropic techniques can be used in pattern recognition prob-
lems. The choice of the appropriate statistic distribution is
the key to obtain high classification efficiencies.

References

[1] T.M. Cover and J. A. Thomas, Elements of Information
Theory, John Wiley Sons, Inc. (1991).

[2] I. A. Esquef, Tese de Mestrado em Instrumentacio
Cientifica do CBPF/MCT(2003).



