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Introduction

@ Parzen Windows ~ Kernel density estimation

@ Goal: given a set of d-dimensional samples, estimate the
underlying probability distribution
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Introductory example: hypercube

@ We can use a d-dymensional hypercube as a window function
to describe the distribution probability

=ikl
J i <12 §=1,..d
w(u) = { 0 otherwise.

where h? is the length of each edge and ujis u's jt normalized
position inside the hypercube

@ Now, probability distribution can be estimated as

1+ 1 X — X
p,(x) = ;; E&“ (—hﬂ )
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General window functions

@ For p,(x) to be a proper density function, we can use any
window function satisfying

w(x) 20

fs:(l-) du=1

@ Probability distribution can be written as
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Parzen windows: width (h,) effect

@ There’s little justification for a specific h, size or a specific
window function if no knowledge about the underlying
distribution is available

@ Usually, a Gaussian distribution is used for statistichal
independence

Figure 4.3: Examples of two-dimensional cireularly symmetric norral Parzen windows
tx/h) for three different values of h. Note that because the §i(-) are normalized,
different vertical scales must be used to show their structure.

T

Figure 4.4: Three Parzen-window density estimates hased on the same et of five
sumples, using the window functions in Fig. 4.3, As before, the vertical nxes have
een sealed to show the structure of each function
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Convergence of the mean
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Convergence of the variance
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Classification example

o A different estimate of the probability distribution can be built
for each class

@ Given a sample, the estimated probabilities to belong to each
class can be computed

@ The highest probability can be chosen as the classifier’s output
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2-class classification example: h, size effect
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Probabilistic Neural Network |

@ Fast implementation of parzen-window classification

category

paretn

input
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PNN I

Algorithm 1 (PNN training) Algorithm 2 (PNN classification)

1 begin initialize j = 0,n = #patterns 1 begin initialize k = 0,x = test pattern

2 doje—j+1 2 dok—k+1
d 1/2 3 Zg — WEX

3 normalize : &5 — @/ (Zx?,) 4 if age = 1 then go — g+ exp|(sx — 1)/0?]
B e

4 train : wjk — w5k @ until k = n

5 if x€w then aj, —1 6 return class — arg max g; (x)

6 until j =n 7 end
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