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Outline

@ Composition segmentation

@ Low-rank approximation and blind source separation
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Outline

@ Composition segmentation
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EDX spectrum from sample
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EDX spectrum from sample
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EDX spectrum position: (50, 60)
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Fe / O ratio
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Scatter plot
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KDE plot
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

Fe/O =0.780
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

counts
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

counts
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

Fe /0 =0.782
—
1000 A ) d , 4
20 x52
n 750 A
S
g 10 500
250 A
01 T T T 0 T r
0 5 10 0.5 1.0
Energy (keV) Fe/O Fe / O'= 0.696
200 i o ® w
S o
150 N ®
®
t.
100 +— T ; L T T ®
100 150 200 100 200
Fe Fe

iversity of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

Fe /O = 0.699
-
800 -
30 4 x86
n 600 -
< 20 A
3 400
101 200
01 . = ' .
0 5 10 0.50 0.75 1.00
400 Energy (ke.V) | Fe/O

N @

350 A i
.
o 300 o ]
250 A1 b .
200 A 7
200 300 200 300
Fe Fe

iversity of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

40 1000
x89
30 N 750 -
2
§ 20 N 500 -
)
101 250 -
01 . = ol ; .
0 5 10 0.50 0.75 1.00
Energy (keV) Fe/O
] ®
200 300 200 300
Fe Fe

iversity of Lille)

ML for m-dim spectroscopy

Fe /O = 0.699
-

ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR

Fe /O = 0.698

301 x90 800 - ‘~' w
B P73
A

0.50 0.75 100

counts

Fe/O Fe/O =0.783
p—
[}
o A
®
260 360
Fe

iversity of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR

Fe /O = 0.699
|l
407 xol 800 -
2207 600 -
5 20
8 400
10 200 -
01; . = O - ' .
0 5 10 050 075  1.00
Energy (keV) Fe/O Fe/O =0.783
400 e ] -
350 - i 5 w
© 300 A o A
250 - { - o
®
200 A ] . . & H
200 300
Fe

iversity of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR

Fe/O =0.783
|l
30 1 X96 800 -
L] -
£ 201 600
3
8 400
10 -
200 A
01; . - oL '
0 5 10 050 075 100
Energy (keV) Fe/O Fe / O'= 0.697
4007 1 ° w
350 A ®
o e}
300 A - ® ~
250 A ®
vt e
L ' ' a
200 300
Fe

iversity of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Classification by KMEANS clustering — the effect of SNR
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Flat sample with

more compounds
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Spectra

Spectra from 5 regions
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Elemental maps
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KMeans clusters
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Same sample, better SNR
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KMeans clusters
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Non-uniform 3D sample
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Non-uniform 3D sample projection
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Elemental maps
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Outline

@ Low-rank approximation and blind source separation
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The problem: linear mixing

Linearity assumption

[311110000\ 64x64)

£,

[”u](mooo 4 X [Vijlax(eax64)

{3
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The problem: linear mixing

Linearity assumption

= [”iJ](10000)x4 X [Vi.j]4x(64x64)

Ringo George
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The solution: blind source separation

[a;J],XIXS:g
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The solution: blind source separation

[a;J],XIXS:g
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The problem: noisy multidimensional linear mixing

= [ufJ](10000)><4 X [Vi.j]4x(64x64)

W
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The problem: noisy multidimensional linear mixing

191110000+ (64-64) = [Ui,j] 10000y xa * [Vijlax(64x64) + nOIse

Ringo George
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The solution: singular value decomposition (SVD)

Theorem

Any matrix A € R™*"can be factorised into a singular value decomposition
(SVD),
A=USVT (1)

where U € R™*™ and V € R"™" are orthogonal matrices, and S € R™*" js
diagonal with r = rank (A) leading positive entries. The p diagonal entries
of S are denoted o; fori=1,...,p where p=min{m,n} and are called the
singular values of A. They satisfy the property 61 > 02 > ... > Op.

4
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Low-rank approximation

Dimensionality reduction / low rank approximation

Theorem

Eckart—Young—Mirsky theorem
If k < r=rank(A) and Ay =YX, c;u;v.T, then

i, 1A= Bllz = [IA = Al
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BSS with The Beatles

input image: 1
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EELS BSS with The Beatles

[di /] %1024 — «aX[sijlax1024

N W




EELS BSS with The Beatles

[diJ](134><134)><1024 = [Pr’.j](134>< 134) x4 X [Si.j]4><1024

v v v v




EELS BSS with The Beatles

[diJ](134><134)><1024 = [P jl(134x124)x4 X [Si jlax1024 + Poissonnoise

v v v v




Take home messages

@ Singular value decomposition
e is very useful for

e Data denoising with no information loss
o Rank estimation
o Dimensionality reduction

(University of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021 29 /29



Take home messages

@ Singular value decomposition
e is very useful for

e Data denoising with no information loss
o Rank estimation
o Dimensionality reduction

e The SNR improves with the number of trials in the dataset

(University of Lille) ML for m-dim spectroscopy ePSIC-DLS 2021



Take home messages

@ Singular value decomposition
e is very useful for

e Data denoising with no information loss
o Rank estimation
o Dimensionality reduction

e The SNR improves with the number of trials in the dataset

e BSS

e Separates sources from a mixture
e The accuracy increases with SNR
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