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Outline

1 Composition segmentation

2 Low-rank approximation and blind source separation
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Homogeneous sample?
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EDX spectrum from sample
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EDX spectrum from sample
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Fe / O ratio
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Scatter plot
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KDE plot
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Classi�cation by KMEANS clustering � the e�ect of SNR
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Flat sample with more compounds
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Spectra
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Elemental maps
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KMeans clusters
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Same sample, better SNR
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Spectra
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Elemental maps
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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

1 Composition segmentation

2 Low-rank approximation and blind source separation
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The problem: linear mixing
Linearity assumption

[ai ,j ]10000×(64×64) = [ui ,j ](10000)×4× [vi ,j ]4×(64×64)

Paul Ringo George John

Mix 1 Mix 2 Mix 3 Mix 4
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The solution: blind source separation

[ai ,j ]l×l ×S = S̃

a11 a12 a13 a14
a21 a22 a23 a24
a31 a32 a33 a34
a41 a42 a43 a44

× =( ) ( ) ( )
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The problem: noisy multidimensional linear mixing

[ai ,j ]10000×(64×64) = [ui ,j ](10000)×4× [vi ,j ]4×(64×64)

+noise

Paul Ringo George John

Mix 1 Mix 2 Mix 3 Mix 4
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The solution: singular value decomposition (SVD)

Theorem

Any matrix A ∈ Rm×ncan be factorised into a singular value decomposition

(SVD),

A= USV T (1)

where U ∈ Rm×m and V ∈ Rn×n are orthogonal matrices, and S ∈ Rm×n is

diagonal with r = rank(A) leading positive entries. The p diagonal entries

of S are denoted σi for i = 1, . . . ,p where p =min{m,n} and are called the

singular values of A. They satisfy the property σ1 ≥ σ2 ≥ . . .≥ σp.
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Low-rank approximation
Dimensionality reduction / low rank approximation

Theorem

Eckart�Young�Mirsky theorem

If k < r = rank(A) and Ak = ∑
k
i=1

σiuiv
T
i , then

min
rank(B)=k

‖A−B‖
2
= ‖A−Ak‖2 =

√
p

∑
i=k+1

σ2

i
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BSS with The Beatles
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EELS BSS with The Beatles

[di ,j ]

(134×134)

×1024 =

[pi ,j ](134×134)

×4×[si ,j ]4×1024

+Poisson noise

Carbon Titanium Strontium Oxygen

Carbon Titanium Strontium Oxygen
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EELS BSS with The Beatles

[di ,j ](134×134)×1024 = [pi ,j ](134×134)×4×[si ,j ]4×1024+Poisson noise

Carbon Titanium Strontium Oxygen

Carbon Titanium Strontium Oxygen



Take home messages

Singular value decomposition

is very useful for

Data denoising with no information loss
Rank estimation
Dimensionality reduction

The SNR improves with the number of trials in the dataset

BSS

Separates sources from a mixture

The accuracy increases with SNR
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