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PyMca, Hyperspectral Data and HDF5

V.A. Solé - European Synchrotron Radiation Facility
HDF5 as hyperspectral data format workshop
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PyMca?
PyMca is set of software tools mostly known in the field of XRF analysis

It is certainly a set of programs and widgets for XRF analysis:
Spectrum modeling
Quantification
ROl imaging
Fit imaging via batch processing

But also a set of programs and generic python modules for:
Data visualization
Peak search
Function fitting
Imaging of stacked data

V.A. Solé, E. Papillon, M. Cotte, Ph. Walter, J. Ssini, Spectrochimica Acta B 62 (2007) 63-68
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Integration into our acquisition system

* PyMCA - [Main Window]
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- PUZ_arr_dsp4 1
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Free distribution

PyM CA Share »

Summarny  Files | Support | Dewvelop | Tracker | Mailing Lists | Code
Downloads | Project Web Traffic | Tracker Activity | Forum Traffic | SourceForge.net Traffic | Subwversion Activity

Usage Statistics For PyMCA
Project Heb Traffic Downloads
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[ O fiese pages I SFonet pases | [ ciosedmonth  [W Operedronth L] fvereae Rze |
Click @ graph for more data
Statistics for | Al Time v|[Change i
Date (UTC) Rank Total Pages 1 Downloads Project Web Hits Tracker opened (closed) Forum Posts
Jani 2010+ 2,580 1,068 110 1,047 0 i
Diec 2009 7181 27324 282 3,060 o¢m il
Mo 2009 17,594 2925 39 3,041 0(m i
Oct 2009 16,647 2624 262 3,526 0(m i
Sep 2009 13,222 2 466 204 2756 00y i
By 2009 10,045 3273 106 3,298 0 i
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Multiplatform

N A

File Tools Window  Help =8 x

& & 8

Q | M | scan |
03novs060sum. mea v |[E.%] x:i e

_EdFFlle_ SpecFile i

| 47.58

1e+07 1e+07

b S# | Command Paoints  Mb. Mca
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100000 §- L SR L T 100000

o
.El 10000 —=§- : LT 1 RN S | 4 31 L SR : ; 10000
= : :

CBX

Fit of 03no¥s060sum.mca 1.1.1.1 from Channel 0.000 to 2500.000

Function ;LM Hypermet v| [] Short Tail [] Long Tail [ | Step Tail

_C.Et;:i MCA | Background !No Background v Escape Pile-up Strip Back.

Mca1 GRAPH | TABLE | CONCENTRATIONS | DIAGNOSTICS |

1

%{1.017 :952.68

100000

[ aAuta OFF Auto ADD [] Auto REPLACEH

[ ADD ] [ REMONYE ] [ REFLACE

—Data —Fit — Continuum — Pile-up

[ Fit Again! ] [ Print ] [HTML Report] [Matrix Spectrum] [Peaks Spectrum] [ Dismiss ]
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Multiplatform

[ PyMCA - [Main Window]

r

@ PyMca $ <7 ) Thus548PM sole )

[x]

03novs060sum.mca Bk 5 g
= 2 X e e X 14616 Y:724.74
- EdfFile = SpecFile - -
m PyMca - McaAdvancedFit

PyMca4:2.3

Fit of 03novs060sum.mca 1.1.1.1 from Channel 70.922 to 1217.494

A

Function | Mca Hypermet & | Short Tail_ Long Tail_ Step Tail [ Configure | FE My ’LM" J‘/_
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= 03novs060sum.mca 1.1.1.1

s060sum.mea 1.1.1.1 Fit + [ Calibrate )

SA° -0.011656938 B 0.017402613 co

ROIs of 03novs060sum.mea 1.1.1.1

k

100000 From To Raw Counts Net Counts

[ -0.0116569 | 35.5941 | 4.87648407 4.8762e+07

; IEEE T e 4d ROl ) Delete ROI ) Reset ) Load ) Save )
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T
400

— Data — Fit — Continuum — Pile-up

LV Fit Again! VJ .:’ Print ) [ HTML Repert \) \7 Matrix Spectrum ) k Peaks Spectrum VJ [ Dismiss \)
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%2 PyMca - [Main Window]

e Tools Window  Help

B8 &l
%2 PyMCA - ROl Imaging Tool: from nano_LED IWHW\ OpantL ‘

KrPEEEEEE - @@
Original §

%a Pybca - [Main Window]
g Fil=  Tools  ‘window Help

B & & |

@ | McA | scan | opendl | a0

Er— ‘Bo% E@FE]=]

| HOFS || EdfFile | SpecFie

% 5#  Command Foinks b, Mea |
i 588.0 loopscan500.03. 50 O
589.1 loopscan S00.60 50 o
590.1 ascan sampy 45 . 51 i]
591.1 ascan sampz 45 51 o
- 592.1 ascan sampz45.. 51 O
5930 ascan sampy#5.. 51 O
i 594.1 round_scan sam.. 765 O
595.1 round_scan sam 765 o
0
i Enl
[
5981 loopscan 500,20 50 O M
Counters | Mca | 2 & 4| |
Cauntsr X Y Mon [ | mca | scan | openal } ]
1 samvscan k@ [ [ :l
2 SAMASCANY |:| 1 , DB
3 Epoch [ [ [ i
4 cyber 0/ @
5 APD 0@ [
5 Diode 'Sl all &l
Z B ooo ] [obsect Garkalpha.edt selected.
5 omee [ O O
g mea00
ood s \ 1e-60
300n [ Auto OFF [] Auto ADD [] Auto REPLACE ww
¥ 12-80
N | R | T [T I [obiect specsesson spee 5o
1e-100
e B
— |jromo 1200
[ addror || peeteror || Resst | [ load || sawe |

Data courtesy of P. Cloetens

Data courtesy of J.A. Sans and G. Martinez

PyMca Object3D Module
Up to 4D visualization

:

ii |Object 258angstroms.edf selected,

Data courtesy of A. Diaz
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Use of (sub-)shell mass attenuation coefficients

Direct photoelectric ionization of the i (sub-)shell:

PyMca P [ % T(E) Versus P DJiJ—i_lT(E)

Term between parenthesis for Pb

Energy 16 keV 20 keV 25 keV 30 keV

L1 0.136 0.164 0.192 0.218
L2 0.248 0.247 0.244 0.240
L3 0.367 0.345 0.323 0.303

J.H. Scofield. Theor. Photo. Cross Sections fraim 1500 keV, LLNL Report UCRL-51326, Livermore, C873.

A. Brunetti, M. Sanchez del Rio, B. Golosio, A. &novici, A. Somogyi, Spectrochimica Acta B 59 (20Q725-1731
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PyMca considers the vacancies produced in an atomic shell or sub-shell by
the de-excitation process of an inner shell or sub-shell.

Radiative and Coster-Kronig transitions correctly considered.
Auger transitions approximated.
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5d PyMca - [Main Window]

EE Typical procedure:

B8 & |

o | Mo | scan | B .
nvi7elf nes EelE RS iee 1. Calibration

EdiFile | SpecFile |

- ~omf 2 Peak identification

S ] o

" AN DAY _
\W 3. Peak area extraction

e E | Region of interest (ROI)

R LD T e e L L R e o e B |
1] 1000 2000 3000 4000 5000

Meal |Mca 2! Channel H
1 . —novl7el8mea 2, 1.1.2 DeconVOIUtlon (FIT)
[alihratinn!NDne - bt “ Calibrate ]
Active Curve Usesa |0 By 1 cio I|
ROIs of nov07el8.mca 2.1.1.2 L ol H
4. Quantification
_RIZII | Type From To | Raw Counts | Met Counts

[ Auto oFF Auto ADD [[] Auto REPLACE

[ aoo [ memove ][ mepace | (Laddror ][ pelereror ][ meset

Documentation at http://pymca.sourceforge.net/documentation.html
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Fit configuration Dialog (1)

it Parameters it Parameters

FIT | DETECTOR | BEAM | PEAKS | PEACSHAPE | ATTEMUATORS | MATRIY | CONCENTRATIONS | | FIT | DETECTR | BEAM | PEAKS | PEAK SHAPE | ATIENUATORS | MATRE: | CONCENTRATIONS

Detector Composition
Fit Function fﬁ;;gypermet | Maximumn Mumber of Escape energies
Continuum type ;NO Continuum

Fxed Vatie Detta
Palynomial arder 1 Spectrometer zero (kev) [0 | -nesz7ezieinz +/-|0,1
Strip Backaround Width Spectrometer gain (kevich) [ | 0.00502845049602 +/-|0.001
Detertor noise (kel) O |[o1 +/- 0,05
Strip Background terations Fano Factor (5~ 0,12, Ge o 0.1) O [o1s +/-0.114
Strip Background Smoathing Width (Savitsky-Galay) Pile-up Factor O |1e-nos +/-|1e-008
[ Strip Background use Anchiors i34DU % ||290 - HU
Statistical weighting of data iPoisson (i
Murnber of Fit iterations E—IU i
Minimum chi~2 difference (%) ED.DUI |
[T] Perfarm a Linear Fit Fixing non-linear Parameters to Initial Yaluss
imit fitting region to ; Fisf channel |29D § |
Last channal |_4DD & PyMca - MCA Fit Parameters:
P FIT | DETECTOR | BEAM | PEAKS | PEAKSHAPE | ATTENUATORS | MATRIX | CONCENTRATIONS
Stripping Estape peaks [ Pile-up peaks [7] seattering peaks Aveg \sdse Hror
Shart tail [ Long tai [ step tail Short Tal Area 0 [on4 +/-|0.03

Short: Tail Slope O oe +/-0.49

Long Tail Area [0 oz +/-|0.015

Long Tail Slope O oo +/-|7.0

Step Height [ |0.000s +/-|5e-005

Pseudo-Yoigt Eta O |0z +/-|0.2

[ Load Fram Fit ] [ Load ] [ Save ] [ Cancel } [ Ok
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Fit Configuration Dialog (I1)

%2 PyMca - MCA Fit Parameters

CFIT | DETECTOR | BEAM | PEAKS | PEAKSHAPE | ATTENUATORS | MATRIX | COMCENTRATIONS

Excitation Energy {ke¥) 17.5000

H He
Li Ee B = M (o} F Me
Ma Mg al Si P 2 cl ar
K iZa S Ti i cr i} Fe L} i U £n Ga Ge As St Br kr
Rb ar i Zr Mb Ma T Ru Rh Pd Ag d In an Sh Te I ¥e
Cs Ba La HF Ta i Re Os Ir Pt A Hyg Tl . Bi Po AL Rn
Fr Ra fila RF Db Sg EBh Hs Mt

e Pr md Pm Sm Eu ad Tb Dy Ho Er m ¥b Lu

Th Pa u Mp Pu A i Bk f Es Frin Md Mo Lr
T« e [ % 0 @ )& [ & " J[ = ) [=a]

[ Load From Fit l [ Load ] [ Save ] [ Cancel ] ’ 0K, J
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Quantification (1)

Parallel beam approximation

PyMca - MCA Fit Parameters 2 PyMca - MCA Fit Parameters
¥ i
| FIT | DETECTOR | BEAM | PEAKS | PEAKSHAPE | ATTENUATORS | MATRIX | CONCENTRATIONS | FIT | DETECTOR | BEAM | PEGKS | PEAKSHAPE | ATIEMUATORS | MATRIX | CONCENTRATIONS |
Attenuator Mame Material Density (gfcm3) Thickness {cm} Funny Factor
] Filter 0 kapton z ~ 0.0 0.0 1.0 B F . ‘45 !
[] Filker 1 atmosphere - w00 0.0 1.0 R AR 5 0
[ Filter 2 deadlayer Sit w233 0.002 1.0 d
[[] scattering Angle (deg.): ‘90 |
[] Filter 3 absarber - v 0.0 0.0 1.0 &
[ Filker 4 window < v 04 0.0 1.0 e s o
n out
[] Filter 5 conkact Aul w1937 1e-006 10
[ Fiker & Fiter & - (0.0 0.0 1.0 Lo
[] Filter 7 Fiter 7 o ~|0.0 0.0 10 Ln
D BeamFilterd BeamFilkerd & (0.0 0.0 1.0
[[] BeamFilter1 BeamFilterl - (0.0 0.0 1.0
D Detector Deteckor Sit w1233 0.5 1.0
] Matrix IMatrisz MULTILAYER w 0.0 oo 1.0
This matrix definition will anly be considered if Matrix is selected and material is set ko MULTILAYER in the ATTEMUATORS tab.
[ Plat Tifilkers) * {1 - T{detectar)) Efficienty Term ]
———— Layer Mame Matetial Density (g/cm3) Thickness {cm)
Material Editor [ Layero Layerd B wi0o 0.0
Material ‘ | i (o [ Lavyerl Layerl i w 0.0 0.0
Murber of Compounds: |5 C| o ] Laver Layerz = o e
Material Mass Fraction Default Density {afem): | 0.0012048 | ] Lavers Layer3 v 00 oo
ayer - i .
14 0,000124 Defaule Thickness (cm): |1 | B Faord Layerd w00 0.0
ayer - i B
211 _0'75527 { Material Transmission J [ Mass Att, Coefficients J [ Layers .Layars il w 0.0 .D.D
3 01 023178
e o [] Layers Layers - w00 0.0
" X | ]
o e [ Laver? Layer? - 0.0 0.0
5 Kkr . 2e-|
[ Layers Layers - w00 oo
[ Lavers Layerd c w 0.0 0.0
Material Name/Comment: |Dr’y Air (Near sea level) density=0.001204790 gfcm3
Load Fran Fit [ Load J [ Save ] [ Cancel ] [ oK J Load Fram Fit [ Load J [ Save I [ Cancel J [ OK J
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Quantification (ll)

Nominal concentration 500 ppm

%2 PyMca - McaddvancedFit

Mca - McaddvancedFit

Fit of nov07e18.mca 2.1.1.2 from Channel 0.000 to 5000.000 Fit of no¥07e18.mca 2.1.1.2 from Channel 0.000 to 5000.000
Function  [McaHypermet v/ short Tail [ Long Tail [] Step Tail Function | Short Tail [[] Long Tail [[] Step Tail
Background W} Escape [ pile-up Strip Back. Background |No Background v_i Escape [] pile-up
GRAPH | TABLE | CONCENTRATIONS | DIAGNOSTICS GRAPH | TABLE | CONCENTRATIONS | DIAGNDSTICS
[ From fundamental parameters ] From fundamental parameters
Flux (photons,/s) i-;+;]] ] i % time{seconds) l—i Flux {photons,/s) |_1;E|-ll] |  time{seconds) [l |
Active Area (mm2) | 10 | distance (mm) 10 | Active Area (mm2) |10 | distance (mm) [_1_0 ]
From matrix composition From matriz composition
Matrix Reference Elemen | Matrix Reference Element: Co J
Consider attenuators in calculations Consider attenuators in calculations
[[] consider secondary excitation from deeper matrix layers (non intralayer nor above layers) [[] Consider secondary excitation from deeper matrix layers {non intralayer nor above layers)
[] Elemental mM concentrations {assuming 1 | of solution is 1000 * matrix_density grams) [T] Elemental mM concentrations (assuming 1 | of solution is 1000 * matrix_density grams})
Element  Group Fit Area Sigma Area Mass fraction »~ Element Group Fit Area Sigma Area Mass fraction L
4 Ca K 19.505276e+003 1.56e+002 0.0005063 i6 As K 1.025779e+005 5.08e+002 0.0004861
5 T K . 1.488192e+004 1.56e+002 .|].|]|]|]4311 17 As L 4.211960e+002 1.10e+002 0.0001407
6 ¥ K : 1.896828e+004 1.78e+002 .0.0004323 18 Se K 1.092334e+005 3.70e+00Z2 0.0004862
7 Cr K .2.5224Eﬁe+l]l]4 1.99e+002 .0.0004933 19 5e .L 9.883950e+002 . 1.10e+002 0.0002429
8 Mn K 3.174454e+004 2.17e+002 0.0005054 20 Sr K 1.250538e+005 4.21e+002 0.0004871
9 Fe K .4.01554Ue+l]l]4 2.37e+002 .0.0005087 21 Sr L 2.772601e+003 1.25e+002 0.0002579
10 Co K .4.7029388+I]I]4 2.51e+002 .l].I]l]I]5 W 22 Ag L 4.074779e+003 3.20e+002 0.0005242
11 Ni K .5.323319e+l]l]4 2.73e+002 .0.0004933 23/ sh .|. 6.267671e+003 II.BBE+|][|2 0.0004673
12 Cu K 6.540779e+004 2.85e+002 0.0004967 24 Tl L 9.733588e+004 4.16e+002 0.0004989
13 Cu L . 1.981973e+002 3.28e+002 .0.0004931 25 Tl ™M 9.156083e+003 6.19e+002 0.0002697
14 Zn K .7.570149e+l]l]4 3.01e+002 .0.0004915 26 Pb L 1.004333e+005 6.03e+002 0.0004878
15 Zn L .4.4754298+002 1.43e+002 .0.0005415 @ 27 Pb .M 1.461444e+004 .Z.BBE+|][|2 0.0004031 3
[ Fit Again! ] [ Print ] [HTML Report] [Matrix Spectrum] [Peaks Spectrum] [ Dismiss Fit Again! ] [ Print ] [HTML Report] [Matrix Spectrum] [Peaks Spectruml [ Dismiss
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Cornell University

Integration in mxCuBE (ESRF) 4 [ Cornell High Energy

Synchrotron Sourc

9) @
9 Bvermode &

mXCUBE (opi 4.mea; Sean 11

n Tools View Help

File View

Truch | [Gcoleet | [emeray scan | B Xe specium

(] ]

memmm's Breicin Orecor: sz ouseopizs st R | @
e[ szomsiev ok
”’ Moreto

[
]

*x=-3.03

& y=167

e Data |Mass Fracton |+ 200 + &

B citrus_leaves.mcans | XRFband  [FeK =

Normalization | None
012

2
3.
4 011

Fitof Unknown Origi from X 515000 to 2547.000

i D1t DTt 5
Background | No Background v Escape  []Pleup  [] SimpBack.
[‘orapn [ 7ame [ concenTraTioNs | DIGNOSTICS

X[ [ [m]a

5 0.10
£ BRS-8704.mca.h5
1
L2

0.09
0.08
0.07

Colectsage
0.06

Wouring sample
3 Cening sampe

0.05
0.04

5 Unmouniing sampe

Spectrum Analysis (8)x]

GRAPH \ TABLE | CONCENTRATIONS ‘ DIAGNOSTICS |
EEIE EEEE]

100000

25 3 35 ) 10000 ’/\
Energy
= Data = Fit ~ Continuum il
1000 f
Tl e e i L:\/\

@ iformaton messages | [ Submifeedback | (JChat () | (D spec (9069) |

2007-11:24 1145-15 Moving gt cut E
50071124 1515 Nowg Detectrto 10278 and Bck st

2007124 14540

5007112 14625 MOtk snpshor 1.

Counts

Cuentusers

‘ 1

7154114830 M kst 4 e i Shey
WD kg stapsht

20071124 1png 2] Alow tmeaut control —Data ~Fit ~ Continuum —Pile-up —yKK ~yCaK —yTiK VK --yCrK --yMn K - yFe K --yNi K --yCu K - yZn K

2007-11:24 115218 Transmisson factor 0200958%
2 X L ~-yGaK yGeK —yAs K —ySeK —yBrK —yRbK —ySrK ~yYK -yZrk yPbL —yThL —yuL

Wy name gz

20071124 115233

= }cunﬁgure“ Tools | }FitAgain!H Print HHTML RepnnHMalrixSpeclrumHDeaks Spectrum }Dismiss

a=[{{eY

Nov 240753 Delvery Next Refilat 2100,

2 mCBE | ISPyB
\ﬁ Front End & Vaccum |

‘qx (CusE (opid2oD) X idapal

[X Vacuum Viewer 16 Yuserstl (X ID_Contrdl 1 %5 iy
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Is it easy to embed?

For the previous examples, basically one just needs 4 lines of code:

from PyMca import McaAdvancedFit

fitWindow = McaAdvancedFit.McaAdvancedFit()
fitWindow.setData(x, y)
fitWindow.show()

It can be used interactively from ipython just starting it as “ipython -q4thread”
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XRF Imaging

One spectrum for each pixel

IRARTINN

.01 - Lot
R A s
600 800 1000 1200 1400 1800
Channel

— Stack P selection

Counts
|
3
_\-——-‘_"‘—-—\.
-

———— T ——————
&00 800 1000 1200 1400 1600
Channel

— Stack Mo Pb Selection

@ 100000 — = 100000
- ’_\k 10000 :—muuu
2 - _
= L
“ oo = - 1000
A sum spectrum for the whole image
100 — =100
I 660 Y Ell.llﬂ - IID|EIDI I I122|DDI I I14|DIZII I I1E||DDI I
Channel
— Skack SUM
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Advanced Fit Batch processing
O]
frput Pl st [_eowse | | Select the input files

‘52 PyMca batch fitting Z

Fit Configuration File: | | [ Browse ] Se|eCt the f|t cO I"Iflgu rat|0n
Output dir | Leews= | | Select the output directory
[] Generate it Files Generate Peak Images [] Generate Report (SLOW!) Se | ect th e out p ut o pt ions
Table in Report Extended Table [] Concentrations

Overwrite Fit Files File Step: | 1 ; |

[ Use Existing Fit Files MCA Step: 1 3

[ ] ROI Fitting Made ROT Width {eh: 100 3

[ ] EXPERIMENTAL: Use several processes Mumber aof processes; |2 % |

Start
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Output

£) PyMCA : Advanced Fit Results - Mozilla Firefox

Archivo  Edtar  Wer Historill  Marcadores  Herramientas  Ayuda

Images in ASCIl and ESRF format

- C X @Y | d file: 1] JHSC10-PyMica]Sole-DatafMCA{HTMLinovD7e18.mea_2.1.1.2.html ,_‘ - -‘l el J3)
° Easy to I I l I p O rt I n Ot h e r p ro g ral I I S L8] mas visitados 5| Oltimas naticias E ESRF - European Sync.. (& Index of fhome/dagss .10 drop.io xortell . Upstaling DD Players... d Index of [sigmabase]... »
|j PyMCA : Advanced Fit Results |

PyMCA : Advanced Fit Results

Individual peak contributions in ASCII T ¢

- Use your own plotting program
y p g p g Computed File : C:/HSC10-PyMca/Sole-Data/MCA/HTML nov07el8.mea_2.1.1.2.fit
Source : ['CNHSC10-PyMeatiSole-DatalMC Alnov0Te18.mea']
Fully automated HTML report e Ry
‘ Browse your reSUItS! Spectrum, Continuum and Fitted values :
10° ; ——

T
— spectrum
= continuum

— fit

10°F

10 ! ! |
0 2 4 6 8 10 12 14 16 18
Energy

Fit Parameters :

Terminado
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]
[51]
-

Energy (keV)

We wanted to know what pigments were
used in this section of the painting

Copyright C2RMF
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Based on the batch generated element distribution maps ...

0 S 0 Pb
5 5
) )
5 10 £ 10
G G
E 15 E 15
- -
20 20
25 25
0 10 20 30 40 50 0 10 20 30 40 50
X (microns) X (microns)
0 Sb 0 Ca
5
[ 2
pole 2
= =
E 15 E
- -
20
25
0 10 20 30 40 50 0 10 20 30 40 50
X (microns)

X (microns)

The European Light Source slide: 22



European Synchrotron Radiation Facility

... and their correlations as shown by the program
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Sulfur and antimony correlated Lead and antimony not correlated

... we were able to determine the possible presence of stibnite grains (Sb,S3)
embedded in a lead containing matrix.

M. Cotte, E. Welcomme, V.A. Solé, M. Salomé, M. MeRh. Walter, J. Susini, Anal. Chem. 79 (2007)8%6894
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%2 PyMCA - ROI Imaging Tool: from G4_mca_0012_0000_0000.edf to G4_mca_0012_0000_0100.edf

Stack ROI Imaging

In this example:

K=1821=12=3055 X J@EZENOEREREE
Original Stack Ca
| - ; 100
=
il 50 _:__"
50
2 o ]
[ iy ]
40
20
2 _.l T . L L T T 1
o =0 100 150 200 0 50 100 150 200
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[ ADD MCA [ removemca | meracemca || & ADD IMAGE | @revovemsce || @repacemaee |
MCA | ?GE Correlator ‘
woese  feaozze | Calibrationfore V| caibrare |
Active Curve Usesh:| 17777 Bl 7272 | |
1e+06 3 pr——— 18406 ROIs of EDF Stack SUM
100000 o ) R ROI| Type  From To Raw Counts | Mek Counts
] / 5 J\ { IR Defaulk | 1 2000 5.22076e+007 | 5.01836+007
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] 2l J\/ [t \/Vk F z-ﬂ Chanmel | 1364.62  1512.62 |241933e+007 | 2.002048+007
= 1 r
S 1000 o Pt L 1000 i i i i
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] ] F | | |
100 4 100
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10 -4 L1
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R - . =
0 500 1000 1500 2000
Channel
addrol [ peleterol | Resst | [ Load  |[ Save
— EDF Stack UM 1

Stack = 101x200x2000 numpy array

20200 spectra of 2000 channels

Pixel[i, j] = numpy.sum(Stack]i, j, :])

Pixel[i, j] = numpy.sum(Stack(i, j, chO:ch1])

We can generate new images by moving the cursors or defining new ROIs in the table
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Eigenimages and Eigenvectors

52 PyMca - Image Selection Tool

'8d PyMca - Image Selection Tool E@[E]
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52 PyMca - Image Selection Tool

IMAGES YECTORS |
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Eigenimage 01
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Eigenvectors

‘52 PyMca - Image Selection Tool
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Eigenimages and Eigenvectors

52 PyMca - Image Selection Tool “=|PyMca - Image Selection Tool
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Eigenimages and Eigenvectors

‘iz PyMca - Image Selection Tool
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‘52 PyMca - Image Selection Tool
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‘iz Pykca - Image Selection Tool
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Eigenvectors

‘52 PyMca - Image Selection Tool
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Eigenimages and Eigenvectors

‘B2 PyMca - Image Selection Tool ‘52 PyMca - Image Selection Tool
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We can select a set of pixels on any of
the displayed images and display the
cumulative spectrum associated to those

Here we can see the average spectrum
associated to the hotter pixels of the

Eigenimage 02 (in red) compared to the
average spectrum of the map (in black).
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The European Light Source

4
We could have easily missed the
presence of one element if we would
.| have just analyzed the sum spectrum
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What have we done?

We have used multivariate analysis (PCA in this case) to know what sample regions
were worth to take a closer look.

Not bad when you have a lot of data ...

This data treatment is totally generic and applicable to other techniques
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Multivariate Analysis Capabillities

PyMca makes use of PCA, ICA (via MDP toolkit) and NNMA (via py_nnma)

For the time being, multivariate analysis is used just to identify sample regions with
different properties. The associated physical spectrum gives the actual information.

It can combine information from different simultaneously acquired datasets, for
instance XRD and XRF data or PIXE and RBS.
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PyMca HDF5/NeXus

PyMca - [Main Window]

M align_2009-05-27_09-28-05.nxs falign_00003/DIFFABS/ANS__ CA_ MACHINES.
General | Attributes

Wame | ANS__CA__MACHIMESTATUS _#1 |

Path | Jalign_DOD0S/DIFFABS{ANS_ CA_ MACHIMESTATUS_ #1 |
File Tools ‘Window Help Type | <Source group "jalign_00003/DIFFABS/AMS__=A_ MACHINESTATUS__#1" (6 members, 2 attrs)> |
T 3 Group Members
B & | Wumber of members: &
- - Mame vale Type
MCA | SCAN | opendl . .
1 LifeTime <Graup group "falign_00003/DIFFABSIAMS __CA__MACHINESTATUS __#1LifeTime" (
dlign_2009-05-27_019-28-05,ruxs q . . . . i ; . ﬁ . . 2 curent 30072083436 <Dataset dataset "falign_00003/DIFFABS]ANS_CA_MACHINESTATUS __#jcurren
| ; de  TOP-LP «Dataset dataset "falign_00003/DIFFABS]ANS__CA_MACHINESTATUS __#1/mode”
HDFS | EdfFile | SpecFile | 3 mode ataset dataset "falign_00003 JANS_Ch_l . #1jmode
4 name  SOLEIL <Dataset dataset "jalign_D0003/DIFFAES{ANS_ CA_ MACHINESTATUS_ #1/name"
| ~ +06 —
FilefGroup(Dataset == 1ed0a S probe  eray <Datasst dataset "Jalign_00003/DIFFABS/ANS __CA_MACHINESTATUS__#1)prabe
(=) align_2009-05-27_09-28-05.nxs i
B |-gn 00003 a & type Synchrotron light source  <Dataset dataset "falign_00003/DIFFABS/ANS __CA__MACHINESTATUS __#1/type":
13-1-CX1\DTIDTC_SDD. VideadTime |
IFFABS
500,000
: &l »
current .l
mode = i
name
probe 600,000 —
bype b

- DI3-1-CO1_EX_FENT H.1_#1

- DL3-1-COL_EX_FENT W1_#1

- DI3-1-C0Z_OF_MIRI-MT_C1_#1
- D13-1-C02__OP_MIRI-MT_C2__#1 400,000 —

|- D13-1-C0Z_OP_MIRL-MT_TZI_#1 .

- D13-1-C02__OP_MIRI-MT_TZ2_#1 _

- D13-1-C0Z__OP_MIRI-MT_TZ3_#1 HDF5 Su pport
- D13-1-C03_OP_MONC-MT_C1__#1

.'--D13-1-C03_OP_MONO-MT_C2_#1 200,000 — Collaboration with D. Dale, CHESS

|- D13-1-C03 OP  MONO-MT PITCH #1% a
f | >

data_01

4 | 2
Courter % ¥ Mon Hlias )
1 fscan_datafactu... 1 |El actuator 1 1 g e S o B G o S S B (R (L S TR S (R 1 S .
2 fscan_datafdata.. [] O data_01 50 100 150 200 250 200
actuator_1_1
3 [scan_datafdata.. [ O data_02
 dlign 2009-05-27 09-28-05.nxs 1.1 data 01 # lign_2009-05-27_09-28-05.rixs 1.1 data_02
[
i) e |Y! |
£ | | * | | source:| CsynsourceForgetalign_2009-05-27_09-28-05.nixs |
; Yol =l | |
[ eooscan  |[ memovescan | mepuace scen | | 3 i L |t |-
Peak: |879302 at:| 169,98 COM: 1741352 ean: 231189.3 STD: | 299342.1
[ soomca [ memovemca |[ meacemca | | |
ithm: 50.36275 ki 171.8187 ax: | §79302 in: 4659 Delta:| 874613 |I

SOLEIL NeXus Data courtesy of J.A. Sans and G. Martinez
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Generic HDF5 Visualization

%2 PyMea - [Main Window] g@
— 5

M File  Tools  Window  Help

X

B & 8|

o | mch | scan | operal |

CuZnd_2.spec.hS i |[6]

HOFS | EdfFie | Speckie |

=T

FilejGroup/Dataset =

- 2331 hkimesh H0,25-0,2550 KO.51,550 1
(- 234.1 hklscan 11.46 1,461 0.80.8 92 1

235.1 hklscan 1,25999 1,25999 1.21.2 0.51

243.1 ascan zax -53.464.54 401
+- 244.1 ascan zax -0.96.0.04 401
+- 245.1 ascan phi-1.09 2,91 401
246.1 ascan zax -1.16-0.16 401
247.1 ascan phi-2.89 1,11 401
248.1 ascan yk-84 401

G- 2491 ascan yk-66 401 o8

< >
Counter Alias

1 [Measurement(s... H
2 [Measurement/s... K
3 [Measurement(s... L
4| ,l’M‘easurement,l"S... ndetc
< | >
[ sooscan ][ memovescan || repLacescan |
[ aoomca ][ memovemca || mepuacemca |
[ aopeo ][ removeen || meraceen |
[ sooa || removesd || meracead | ||| 1M [obiect scene setected.

Generic: Select what to plot, how to plot it, and plot it.
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The PyMca HDF5 problem

PyMca can do a lot more than “just” fully analyze XRF spectra
PyMca can read HDF5 data ... but often has no clue about what to do without asking
Properly defined NXdata groups can provide default visualization and more

It would be great to automatically identify the different MCA detectors, with their
counts, their energy axis, their preset time, their elapsed time, their calibration, ...
NeXus NXdetector has almost everything needed to describe an MCA, but still needs
user interaction to know that detector is an MCA.

It would be very simple to add two attributes to datasets. One defining the “natural”
data dimensions and other one defining those dimensions are the first or the last
ones of the dataset.
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What can two attributes bring?

Programs would automatically provide better user choices

Programs would know what to do with datasets! Despite being able to perform 4D
plots, PyMca does not know (it could just guess) what to do to visualize datasets
with dimensions 1 x 2 x 512 x 1024.

One attribute to say “ACTUAL_DIMENSION = 27
One attribute to say “ACTUAL_DIMENSION_IS_LAST_DIMENSION = 1"

And things are totally different than:

One attribute to say “ACTUAL_DIMENSION = 17
One attribute to say “ACTUAL_DIMENSION_IS_LAST_DIMENSION = 1"
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The alternative looks ugly, doesn’t it?

Just imagine a wall made of buttons instead of bricks everywhere ....

752 PyMca - [Main Window]
File  Tools ‘Window  Help = x

& & 8

GL | mb_LP_1_N01_orig.hdfS 1.1

=Y =P 2 =1

T

o |
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HOFS | EdfFile | SpecFile
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_001_orig,hdfs weakproxy
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Conclusion

PyMca is a program as well as a toolkit
— Open source and distributed under the conditions of the GPLv2+
— Supports HDF5 among other formats
- Can be used as a multivariate analysis tool
— Can be used as a fitting and visualization tool (for up to 4-dimensional data)

— Allows you to specify a physically meaningful model which can quantitatively
determine element concentrations from energy dispersive X-ray spectra

- Provides high level widgets based on PyQt that can be used independently or
integrated into your application

— Has an active development funded by the ESRF
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