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Principal Component Analysis &
Cluster Analysis

Data for this Section in Al-stack-analysis
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Principal Component Analysis-Cluster Analysis

> References
(1) Lerotic M. 2005. Cluster analysis in soft X-ray spectromicroscopy: Finding the patterns in complex
specimens. J. Electron Spectroscopy and Related Phenomena 144-147-1137-1143.
(2) Letrotic M. 2004. Cluster analysis of soft X-ray spectromicroscopy data. Ultramicroscopy 100, 35-57.

Why use PCA-CA?
» Complexity of the sample precludes the use of linear combination fitting of stacks using reference spectra
of ‘pure compounds’ and/or to find new “unexpected” compounds
» Goal is to identify representative spectra and produce quantitative component maps

» Principal Component Analysis (PCA) used orthogonalize spectroscopy data and discards much of the
noise present in the data
» Goal is to describe the specimen by a set of abstract components

S=1.. Sabstract’ where Sabstract <N

» Abstract components describe main spectroscopic signatures in the data
» [Each signature arises from linear combination of several different chemical species, so that there is
not a simple relationship between one abstract component and one particular chemical component

Matrix, eigenvectors, eigenspectra....

» Cluster Analysis (CA) used to find natural groupings of spectra, which then calculates the average
spectra and displays the thickness maps associated with these spectra
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Principal Component Analysis

axXis2000 -» Stacks -> Statistical analysis -
PCA_GUI (CJJ Dec 2005) which opens PCA_GUI
1.1.1 (Stony Brook U) GUI

File - Read aXis stack .ncb file - Browse to
aligned stack file that has not been changed to optical
density as going to change it to optical density using
the lo “.xas” file generated from the stack analyze

Read lo file “.csv” or “xas” which now becomes
active after selecting the .ncb file &> Browse to the lo
“xas” file created using stack analyze -> Displays lo

spectrum ->Dismiss to go back to PCA_GUI

%) Popup plot

CiResearchiData\STXM-CLS 201 7\17-06\1 70604\A170604020\29ai0.xas

1580 1590 1600
Phawn energy (eV)

Canadian Centre canadien
Light de rayonnement
Source synchrotron

Data file:
Last file written:

] PCA_GUI1.1.1 (Steny Brook U) - O >

File

Read aXis stack data ".nch" file

Read [0 file " cey oo sas

@:ack and component calculatinn@

—

I Exit

&) PCA_GUI 1.1.1 (Stony Brook U) — O >

File

Read stack data ".stk” file
Read aXis stack data ".nch" file

G&ad 10 file ".csv" or :D

Read stack and component calculation . pca”

Exit [T
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Principal Component Analysis

E PCA_GUI 1.1.1 (Stony Brook U) — [l X
Preprocess - (1) Limit energy range, make energy

range smaller to exclude certain features, such as K | File "0 Components o@ arget spectra/maps

L-edge peaks in C K-edge spectrum > (2) Clip to — :
subregion, can select a subregion by dragging box | zeom <ot ENETGY ENIED

over area=> (3) Optical density filter ' Clip to subregion
Data file Optical density filter
Last file wmren:
&) Clip subregion
Components 2> (ke dag s g s & Components bC R
Calculate Do ot ch: damie —_—
components 2> e
Save PCA file which —
shows the e

eigenvalues versus
component number- T

can be reloaded > | ! ’ p— Display of Eigenspectra

Reduce the number | |
VAL A
of components and | W ]

the Save options

. First 5 eigenspectra

- 3 Microns -3,1549

Spectrum (ine at [1570.96 eV):

Logl0{evals). Fact. Ind.

buttons become

active - Dismiss to f

move to cluster | | ] 0

analysis )
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Cluster Analysis

Cluster, opens to cluster GUI - Angle - Cutoff for angle distance measure, opens to GUI, typically
use a cutoff of 0.02 - Significant components, move slider bar - Seek, move slider bar - Calculate

First 12 clusters

Cluster without using
first principal component

3 microns

Cutoff for angle distance measure

Component weights in cluster
1: 0.0595 (60.26%)
2:-0.00621 (6.29%)
3:-0.00427 (4.33%)
4: 0.00434 (4.40%)
5:0.00 (0.06%)
6
7
8
9

Scatterplots of pixel weightings

Histogram of aggregate cluster distances

Histograms of distances by cluster

Dendrogram

Save cluster "roi" files

Save all cluster spectra as " eps” 3 Microns
Save all cluster spectra, images as "png” and " jpg”
Save all cluster spectra, images as ".csv”, "nc”, "xas"

Save cluster areas as "csv” Distances image scaling factor: |0.00

Show outiiers and spectra
Dismiss

©
15
@
(=3
©w
g
=
=
o

:0.0009 (0.95%)
:0.0137 (13.89%)
£ 0.00419 (4.25%)

0.02
0.00
1560 1565 1570 1575 1580
Photon energy (V)

is Min eV:| 1558 Max eV:| 1591

. . : (0.00228 (2.31%)
Ty unds 10: -0.00322 (3.26%)

Cluster number
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Cluster Analysis

Angle versus Euclidean
» Variations in thickness are often classified as distinct regions which is undesirable
» By using angle distance measure rather than a conventional Euclidian distance measure we can

suppress thickness variations, thereby cluster data based more completely on chemical speciation
alone

» Uses ratio of eigenvalues instead of difference

Number of Clusters to seek

» Observed that more is better than less - try high number such as 20, then reduce to see if
difference

Number of Significant components to select
» Again try higher number, then reduce to see if difference

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Cluster Analysis
Manual Extraction of Spectra from Stack
E Problem is if do not use enough
g \ /kfk number of clusters may not
£t /\_‘,,” identify all representative
f Ll W i spectra
1568 eV 1580 1382 1570 1380 1580
PCA Significant Components = 5, PCA Significant Components = 10,
CA number of clusters =5 CA number of clusters = 20

Cluster spectra

x
=
(=]
LiE}
=3
73]
=
g
[
=
5}

o
—_-
]
3 {
i )
i

=T T T 17

565 1570 1575 1580 1585
Pholun enargy (e\)y

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca

1565 1570 1575 1580 1585 1560
Pholon enargy (ev)
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Cluster Analysis, Scaling factor

PCA =10, CA = 20,
Scaling factor 0.2, 10 spectra Scaling factor 0.3, 20 spectra

i
=
o
&L
=1
7
—
&
Xz
Lo
=
O

1570 1575 1580 1585 1560 1585 1570 1575 1580 1535 1580
Photoh ensrgy (eyv) Pholon enargy (V)

Scaling factor 0.3

5 perhaps best for

g identifying

2 representative
spectra

1570  15%% 1580 1585 1540
Photon energy (e}
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Cluster Analysis, Dendrogram

Component PCA Significant Components = 5,
Number CA number of clusters = 5, 6 Clusters

1565 1570
3 Pholon energy (&

The key to interpreting a
dendrogram is to focus on the
height at which any two objects are
joined together.

% pixels

4 6 g

B 2 mMicrons

Cluster number
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Cluster Analysis, Scatter plots

<
)
c
(V)
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Component 2
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Target Spectra/maps

Target spectra/maps - Add target spectrum “.csv” or “.xas” - Save maps as “.png”’->

] larget spectra/maps

< Add target spectrum " csv" or " xas’ >

Add a list of target spectra files from a " lis" file

Add "flat" target spectrum
Add cluster spectra

Save the list of tanget spectra files to a " lis” file

29a_PCA10 CA20 cluster? spectrum xas

29a_PCA10 CA20 cluster16_spect

Normalize spectrum to 1/mu
Remove target spectrum
Move target spectrum up

Move target spectrum down

4
4

Significant components < >
[1:0.643(91.33%)
2-0.0351 (4.99%
3-0.0199 (2 83"

Component weights in this target: 1 EE}E?SKDEEE\

Fit uses 4 significant components

2

Target spectrum < 3 of 2:

1580

1550

1590

(

160

(®) raw target spectra

Generate map from
(_) fitted target spectra

Thickness min/max:
4536
microns

-4.536

3 Mmicrons

S —
Save maps as ".png"”

Save plots and fit coeffs as " .csv"

Save plots as "s.png”

Save maps as NetCDF "nc"”

Dismiss

Canadian Centre canadien
de rayonnement

Light

Source synchrotron
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Target Spectra/maps: Comparing PCA-CA & LCF

Used spectra (2, 5 and 16) from
the PCA 10, CA 20 cluster fitting

LR 1Y

Cds

Spectra 5
' Spectra 16

gl L e b b b v b ey

Linear combination fitting

0.004 -

Light
Source

L L
1580 15E65 1870 1575 18&0 1585

AIPO, (AI(IV)) |

Gibbsite, Al(OH);, (i

Ll I I
1580 1885 1570 1578 1580 1585 1840

Canadian Centre canadien
de rayonnement

synchrotron

(LCF)

PCA-CA
Spectra 2 Spectra 16

Spec 2 Spec5 Spec 16

LCF
Gibbsite (Al(VI)) AIPO, (Al(IV))

Similar results between
PCA-CA and LCF when use
similar spectra in the fittings
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13



Mantis PCA-CA
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Mantis: Non-negative Matrix PCA-CA

(1) Mak, R., 2014. Non-negative matrix analysis for effective feature extraction in X-ray spectromicroscopy.
Faraday Discussions 17, 357-371.

(2) Lerotic, M. 2014. MANTIS: a program for the analysis of X-ray spectromicroscopy data. J. Synchrotron
Rad. 21, 1206-1212.

Download Mantis at https://bitbucket.org/mlerotic/spectromicroscopy

» Sometimes the component maps produced by cluster analysis using the PCA-CA (axis2000) code can
yield some regions with slightly negative values, which are unphysical, and thus represent limitations in

the analysis
» Mantis uses non-negative matrix analysis (NNMA) to constrain the analysis to eliminate negative values
PCA-CA(axis2000) LCF Mantis (NNMA)
Spectra 2(Al(VI)) AIPO, (AI(IV)) Spectra 16(AIl(VI))

Spectra 16 (Al(IV))) Gibbsite (Al(VI)) Spectra 19 (Al(IV)))
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Mantis: Normalizing Stack

Load XANES Stack-> Preprocess Data — need to normalize using lo, opens preprocessing GUI - lo
from file, browse to file, should get a positive peak

Preprocess Data GUI

B, Mantis v.2.3.02 - m} X

Data GUI

Jata Preprocess Data PCA Cluster Analysis Spectral Maps NNMA Analysis Peak ID XrayPeakFittin: Tomograph! 1= 72
P y; P P y y 9 graphy e QO

Load Data Preprocess Data PCA Cluster Analysis Spectral Maps. NNMA Analysis Peak ID XrayPeakFitting Tomography

Preprocess Normalize Display Region of Interest

File
Align stack 10 from file... Play stack movie Select ROT (Lase

Image at energy: 1572.77 eV

~
29a.nch
10 from histogram... ane Save images.. Reset ROL
Load Data Stack Limit energy range... Image Display settings
Show 10...
Flue Set ROIAs 10
< Load XANES Stack > Clip to subregion... Use pre-normalized data Minimum: A | Despike
Optical Density Save ROI Spectru
Load 4D stack TOMO-XANES Dark signal subtraction... Load Reference Images Scalebar Maamum: 100% ] Reset
ROI Dose Calculati
Reset 10 [ white
Save processed stack o [ colorbar Gamma: 1.00 I Color Table... Spectral ROL..
e s Changes.to.positive peak
~
Select a directory with stack files [.sm, .xrm] ft [
L Een o after nepmalization
B400
8200
v 8000
7800
3
File = 7500
7400
29a.nch 7200
7000
8800
1555 1560 1565 1570 1575 1580 1585 1590 1595
Path Photon Energy [&V]
v
C:/Research/Data/STXM-CLS/2017/17-06/170604/A170604029
.
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Mantis: PCA

PCA - Calculate PCA

PCA GUI

B Mantis v.2.3.02

E?ﬁﬁl@l

Load Data Preprocess Data PCA Cluster Analysis Spectral Maps NNMA Analysis Peak ID XrayPeakFitting Tomography

PCA eigenvalues

PCA

4
104
Calculate PCA
— 10?
Save PCA Results... g
H
ry
< Number of significant components |4 |3 > g 102
cumulative va . [}
gl
Move PC up 10 A
.oooo0u¢.o.~c~o'oc¢oo..o.‘o‘¢0co¢
10°

5 10 15 20 25 30 35 a0
Principal Component

PCA component 1 PCA spectrum 1

0.10

Optical Density
o
o
=

1555 1560 1565 1570 1575 1580 1585 1590 1595
Photon Energy [eV]
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Mantis: Cluster Analysis

Cluster Analysis - Calculate Clusters

Cluster Analysis GUI
Load Data Preprocess Data PCA Cluster Analysis Spectral Maps NNMA Analysis Peak ID XrayPeakFitting Tomography 4 > TO d e rive t h e AI ( IV)

Cluster analysis
: spectrum needed to

S Gies G S
use clusters = 20 and

s E B check-off the reduce

et thickness effects
S . > Noticed that could get

C omearenis. D - different results when
o IR ) doing the calculation
———— T————— o ’ a 2" time using the
e : S | same settings,

" particularly when
changing the
parameters

- » Save results for

VEETme s w0 s w0 e o e spectral mapping
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Mantis: Spectral maps

Spectral Mapping - Target Spectra loaded are what was last used
in the cluster analysis. Remove and add spectra as appropriate.

PCA GUI

Load Data Preprocess Data PCA Cluster Analysis Spectral Maps NHMA Analysis Peak ID XrayPeakFitting

CAspectrum16 (Al(VI))

Tomography

Target Spectra Display Target Spectra

Spectrum CAspectrum_19

Common Name: CAspectrum_16 CAspectrum_16

RMS Error: 0.00104
Load Spectrum

Compaosition Map Fit Weights

Add Flat Spectrum

1:93.14 % N Remove Spectrum >

@ Raw 2 523%

< Composite RGB image... > 3 022%
[:] Fitted 4 012% Move Spectrum Up S p 6( I ( ))

Histegram Value Cutoff.. 5 034 % eCt ra 1 A VI

g [ scalebar ? 3122 Z: | Mo Specrum bown Spect ra 19 (AI ( IV) ))

Target Spectrum: CAspectrum_16

Add Cluster Spectra

Saved
images as
“.png” and
opened in
axis2000 as
composite
RGB image
requires 3
spectra to
be opened

Spectrum compasition map

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Mantis: RGB Composite Image

Spectral Mapping—> RGB Composite Image — 3 spectra must be loaded before can use this GUI

B Composite RBG Map ? X
Red spectrum
et > Can change
. . ‘
s the lower and
Weight upper limits
Green spectrum and the
Green CAspectrum_16 ~ WEIght fOf'
Limits o E][ ] each image
Weight 0 S
Blue spectrum
Blue CAspectrum_19 ~
Limits o 5] |00 [
Weight 70 S
[ ] Show Info on the Image I
E Save image 3 Dismiss
Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Correlation Analysis
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Correlation Analysis

» We commonly produce RGB image overlays to visually determine whether two variables, such as two
elements, are associated with each other (i.e., colocalized)

AI(VI) AI(IV) Fe(ll)

» Appears Al(VI) and Fe(lll)
associated with each other
based on visual
assessment. occurs
as separate phase from
Al(VI) and Fe(lll)

» Correlation analysis is performed to mathematically quantify the colocalization of two variables, by
generating a binary map of pixels for which the signal intensities meet certain criteria of correlation of
colocalization

» Scatterplots or so-called 2D histograms are used to visualize the relationship between two variables

» Pearson’s coefficient or Manders’ coefficient are commonly calculated as a measure of the colocalization
of two variables. Pearson’s coefficient, unlike Manders’ coefficient takes into account intensity in addition
to location, so is more accepted to represent the correlation of the colocalization. (Ref. Adler, J.
Cytometry Part A 2010,77A, 733-742)
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Correlation Analysis: ImageJ

» ImageJd is a public domain Java image processing program inspired by National Institutes of Health (NIH)
https://imagej.nih.gov/

» There are many options for downloading ImageJ. You can download from the NIH site, which has 100’s
of plugins available. | have used WCIF (now MBF) and ImageJ (NIH) in the past. | currently use the Fiji
package which has the advantage to the load tif files that require no further manipulation, which was not
true for the other ImageJ packages. The difference is the number of plugins each initially comes with.
You can easily install the plugins you want on any ImageJ platform.

https://fiji.sc/
Fiji is an image processing package—a

"batteries-included" distribution of ImageJ, . H H M M
' l l bundling a lot of plugins which facilitate scientific htt ps '//I m a gej . n I h . gov/IJ/

image analysis. home | news | docs | download | plugins | resources | list | links
https://imagej.net/index.php?title=WCIF_Imagel& - Features
red Irect=no L ImAGE] ° gocunfen;atlon
J PP T T ——— ° Downloa
S - Plugins

° Developer Resources
o Mailing List
o Links

This page has been visited %8859 times.
Send comments to wsr@nih.gov. Disclaimer
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Correlation Analysis: ImageJ - ScatterJ

Reference
(1) Zeitvogel, F.. 2016. ScatterJ: An ImageJ plugin for the evaluation
of analytical microscopy datasets. J. Microscopy 261, 148-156.

Localization plugins come in most ImageJ packages. | have currently
been using ScatterJ which in addition to determining Pearson’s coefficient
from the scatterplots also allows you to analyze different areas of the
scatterplot (i.e., backmapping).

Download the plugin from E7E
http://download.savannah.gnu.org/releases/scatterj/

The plugins (Scatter) _.class and ScatterJn_.class) are just
put into the plugin folder in ImageJ and then they will
appear in Imagel plugin pulldown.
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Correlation Analysis: ImageJ - ScatterJ

Imagel GUI

(Fiji Is Just) Image)

— O X
CFile>Edit Image Process Analyze Plugins Window Help
A |Ala]@|O) wfsmjuls]s]a] |»

Bolaiol

Paintbrush Tool

To open scatterJ, Plugins - ScatterJ

Scatter) GUI

Scatter) — O >
Scatterd, version 1.04
i Create scatterplot: Replot Axes
Colour scale Backmapping Statistics
Deviation map Export data Info

Note that a colocalization
macro is located in the Analyze
pulldown which gives the same
information as ScatterlJ, except
the backmapping capabilities.

To open files from ImageJ File - Open, browse to files. Tif files work. From axis2000 save
the “.axb” files as Tif (data) files by Write - Graphics - Tif - data Note that you need to
unclick the scalebar button, otherwise the scalebar will become part of the tif image.

Canadian Centre canadien
Light de rayonnement

Source

synchrotron

Macros

Shortcuts

Utilities

New

Compile and Run..

vy v v v

Install... Ctrl+Shift+M

Install Plugin

3D Viewer

Analyze
BigDataViewer
Bio-Formats

Cluster

Color Inspector 3D
Examples

Feature Extraction
Image5D

Integral Image Filters
JACoP

Janelia H265 Reader
LOCI

LSM Toolbox
Landmarks
Multiview Reconstruction
Optic Flow

Process
Registration

BllLRegistration

ScatterJn
Segmentation
Skeleton

v

vy v v v

v v v v

vy v v v v v v v

THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Correlation Analysis: ScatterJ

From scatterJ create scatterplot, select the
files - Statistics

Fe(lll) versus AI'(VI)

[U% New scatterplot X [\ Calculate Statistics e 255 Ordinary least squares regression:
1 - slope 1.09844
2 N
Create a scatterplot from the selected imagesistacks 1 - y-intercept 3.46073
Stack 1 (x): The selected parameters will be calculated for the ROI g - root-mean-sguare error 2270398
orfor the part of the data shown in the diagram 1

Pearson's coefficient:

Fe-3.tif
64y 088777

stack 2 (y):

General settings

title | Scatterplot

Fe-3.tif

¥ use calibrated units
Iv ignore (0,0)

OK Cancel
—] —I ™ draw ROI outline

™ show general parameters

¥ reset axes

Quares regression 128 255

¥ show results Al-6 tif

Fe(lll) versus Al(IV)

Reduced major axis 255 Ordinary |east squares regression:
- slope -0.16913

1

2 - y-intercept 49.77514
4 - root-mean-square error 49.21439
8

Pearson's coefficient
-r -0.06712
64

128
256

v draw line

[~ show results

[ draw line

Major axis

[ show results

Fe-3.tif

[ draw major axis
™ draw minor axis
™ draw 95% confidence ellipse

[ set axis lengths to +/- 15 lengths of semiaxes

Pearson's coefficient

255

OK Cancel | Al-4 1if
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(Fiji Is Just) Imagel

Correlation Analvsis: ScatterJ

File Edt Image Process Analyze Plugins Window Help
= I P NPARNE

Paintbrush Tool

+++
++'

Stk

LuT

gl 48| |»

First select the area using the paintbrush tools - Backmapping, will use the area selected -
Statistics

255

Ordinary least squares regression:

- slope 1.08961
16
2 - y-intercept 8.95509
7 = 250 - root-mean-square error 2591899

I
0 128 255

Pearson's coefficient
-r 0.81874

Ordinary least squares regression:

Al-6.tif

255

To - slope 0.15136
) 2 - y-intercept 62.74773
g = - root-mean-square error 11.49279

Pearson's coefficient
-T

0.1747

T
0 128 255

Al-6Aif

Canadian Centre canadien
Light de rayonnement
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['" Scatter)

Scatterd, version 1.04
X CAl-4 tif
y: Fe-3.tif

Create scatterplot

Correlation Analysis: ScatterJ

Replot

O >

[ Axes

g [ le 1D Back '
Qlour scaie acKkmapping

Deviation map

Export data

Statistics

Info

» Can change the axes to the “real”
values by changing the calibration factor

» The values in the colours can also be
changed to reflect the “real” values

» Data can be exported to use in another
program. The data will be either save
as 256 values or the “real” values,
depending on what was used last

Canadian Centre canadien
de rayonnement
synchrotron

Light
Source

' Define axes X

Plot limits:
xmin ,r
xmax [255
ymin [0—
y max ,2$57
pixelsize [1
Axis labeling:
title x |Al~6.tif
titte y IFe-3.tif
<TlMbration factor x| 1.00000—>

calibration factory |1v00000
< orawdicks at [0, 128,255 >

draw y-ticks at |0. 128, 255
L arawticks at 0%, 50%, 100%>

OK | Cancell

[iI' Define colours

Define colours and tresholds

Max. frequency within displayed plot (origin excluded): 231

Threshold |

Colour (RGE) |32, 0,128

Threshold |2—

ColourRGE) [0.0,255
Threshold |4_

Colour (RGB) IW
Threshold lﬁi

Colour (RGB) [0,128,128
Threshold [16

Colour (RGB) IMT
Threshold |32—

Colour (RGB) |255,255,0

Threshold |64

Colour (RGB) |255,128,0

Threshold |128

Colour (RGB) |255,0,0

Threshold |256

Colour (RGB) |128,0,0

Reset... |-—

Legendstyle [ribbon ~|

[=]

oK | Cance\l
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