Lecture 23
Clustering (4)
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Intro. ANN & Fuzzy Systems

Outline

e Clustering as Density Estimation
* Mixture Density Estimate
* Non-parametric density estimate: Parzen Windows
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Clustering and Density Estimate

* Probability density function p(x) describes the
distribution of samplesin the feature space.
* The clustering resultsw,(t) [J p(x)

e p(X) can also be estimated using
— Parametric method: mixture density model
— Non-parametric method: parzen window

(C) 2001 by Yu Hen Hu



Intro. ANN & Fuzzy Systems

Mixture Density Estimation

C

p(x[6) = 2. p(x| 8(i),)p()

e Assume# of clusters"c" isknown. Want to estimate the
Prior Probabilities {p(i); 1<i<c},and 8 = [0(1), ¢ * -,
6(c)].

o Let{X, 1<k<=n} bedrawn from the mixture density,

n

Log-Likelihood L(x) =log { 7 p(x, (o)} = 3. 109 p(X,]6)

- 1 . . .
oL () = 2 oix 10 { DagyP0xel BG0).1)p(i}

= px, | q(1),1) p() .
= 2 7 pox e Do [10g pix 6(0),0)]

(C) 2001 by Yu Hen Hu



Intro. ANN & Fuzzy Systems

Mixture of Gaussian Densities

* p(x|u(), Z(0), i) = (2rt|2)M2exp{ - [x—u(i)[T=7Hx-

()72}

« O(uand2) canbeestimated as.
PG | %, (), (7))
> P X A, 2(0)

k=1
3(1) =2 e 0200 (o ik - g
PINLQENTORI0)

(i) = X

« Parameters appear in both sides of the equations =

Iterative solution Is required.
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ML Estimates of Mixture Parameters

ML estimate of classi prior probability:
B) = 3 Bl 1, £6), £0));
5 1%, 1), 5 =P i, 2(),2()) p(i)
JZ p(x, i, (1), (1)) (i)
| () [V exp{—%n X, = {0) [F 270 | %, = f2G) 1} (i)

> 1ZO 1 expl-[1%, - A0) [ £) 1x, = 20) 1} BG)

=1
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Parzen Windows

* A non-parametric method using interpolation functions
« Let ¢(u) be such that ¢(u) # 0 and j é(u)du =1

{x(k); 1 <k < N} aredrawn from unknown density p(x).
Set V,, = hy? where hy, is a smoothing parameter and d
Isthe dimension of X. Then the estimate of p(x) Is:

1 N
NV, kZ;, ¢ (x = x(K)) /' hy

» Conditions: 1IM.v =0, and IM. NV, = oo,

Py (X) =

1
» Example of window function: ¢(u) ="/,; exp(—u4/2)
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