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Signal
I Pretrigger, noise treshold, recording frequency 4 MHz
I Spectrum obtained through FFT

Sf =
|S̃f |∑T−1

f=0 |S̃f |

0 0.5 1 1.5 2

Time (s) 10
-3

-1000

-500

0

500

1000

V
o

lt
a

g
e

 (
m

V
)

Signál

0 1 2 3

Frequency (Hz) 10
6

0

0.005

0.01

0.015

A
m

p
lit

u
d

e

Spektrum

Obrázek: Example of accoustic emission signal and its spectrum



Signal attributes

I Attribute M:
M = argmaxt∈[0,T−1] |xt |

I Attribute P:

P =
1
T

T−1∑
f=0

f Sf

I Attribute Qβ:

Qβ = min

{
F ∈ [0,T − 1] :

F∑
f=0

|Xf | ≥ β

}
pro β ∈ (0, 1)

I Zc ,Wα,Sγ ,



Attribute comparison
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Classification

I Processed cloud of data {x1, . . . , xn} ⊂ Rp

I Supervised × unsupervised methods
I Determining number of clusters
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Obrázek: Examples of data clouds



Divisive method



Model Based Clustering

I Distribution mixture: p(x) =
∑M

j=1 αjpj(x), where∑M
j=1 αj = 1

I Only considering normal distribution pj = pj(x |θj)
I We maximize likelihood

L(θk , τk , zik |x) =
n∏

i=1

M∏
k=1

τ zikk pk(xi |θk)zik ,

where τk ≥ 0,∀k ∈ M̂ &
M∑
k=1

τk = 1

I Unknown zik ⇒ EM algorithm, we maximize

Ez(l(θk , τk , zik |x)|θk , τk , x)

I Training data sets Ti i ∈ M M = #cluters



Model Based Clustering

Obrázek: Classification using MBC



Model Based Clustering
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Supervised Model Based Clustering
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Gaussian Mixture Model Clustering
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Supervised Kernel Density Estimation Clustering

I We estimate kernel densities

f̂i (t) =
1
nih

ni∑
j=1

K

(
t − tj
h

)
i ∈ M̂,

where tj ∈ Ti , M is # clusters.

I We calculate values f̂ =
(
f̂1(xj), . . . , f̂M(xj)

)
in each point we

classify
I xj belongs to k-th cluster if k = argmaxj∈M f̂j(t)



Supervise Kernel Density Estimation Clustering
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Supervised Divergence Decision Trees

I Binary classification into classes ωS × ωB

I In each node
1. Density estimation on different attribute spaces
2. Minimalization of Rényi divergence between wS ,wB density

estimates
3. KDE separation of data
4. Spliting data into two children

I We apply binary classification to each type of signal against
the others

I Result is a n ×M matrix of probabilities that xi belongs to
j-th cluster



Comparison
I Results of classification in % of correctly classified signals

DIV MBC SMBC GMMC SKDEC SDDT
2 soubory [M,W] 97,48 96,64 99,16 100 99,16 96,64
5 souborů [P,Z] X 81,40 88,70 92,03 91,03 89,20
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