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Talk Outline

Current situation

- Techniques

- Data Acquisition
- Data Storage

- Data Analysis

On going activities
- Techniques
- Data Acquisition

- Data Storage
- Data Analysis
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« Spatial resolution : 0.05-2um
« Spectral resolution : AE/E ~ 10-2 - 104
« Averaged flux : 10° — 1013photons/s/pm?
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XEOL Imaging XRF Mapping
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XAS Mapping: Energy Scan Approaches

Two-crystal fixed-exit scanning monochromator

+ Large energy range for XAS
+ High flux
+ Mature technology

- Source of non-statistical noise
- Relatively slow (10s —1s)

Wavelength dispersive polychromator

+ Fast (I1s — 1 ps)

+ Stable

- Low flux

- Limited energy range

- Fluorescence mode more difficult
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/ Scanning the slits = energy scan
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Slits 50 mm/s — 1000 eV/s 100 x 100 pixels map in 2 hours

AE/E: 101 -10*

Tuning of flux versus AE/E
J Pascarelli et al., J. of Synchrotron Radiation, 2006
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GUI
(PyQt, SpecClient)

ratiLon

Control
Data gathering

IR SEQUENCER
(SPEC)

Saving
STORAG Eﬁ
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ID21 Data Acquisition GUI

v

‘ Video Display | X Ray Display

.‘;ISS%v

X:1093 Y:1026 Grid grab, select the area

Spec | SXM Config

SXM KB Config Sample

Error on "tango:id2l/prosilicataco_B/00" sending DevCediSize,

It is currently not allowed to read attribute WidthFailed to read_attribute on device id2l/prosilica_6/00, attribute widthFailed to exe
t on device id21/prosilicataco_6/00, command DevCcdiSize (B1).

esrf_io() server error,

Error on "tango:id2l/prosilicataco_B/00" sending DevCedYSize.

It is currently not alloued to read attribute HeightFailed to read_attribute on device id2L/prosilica_B/00, attribute heightFailed to e
out on device id21/prosilicataco_6/00, command DevCcdtSize (B1).

*i% setting up detector motors

Reconfiguring the CCD camerad ...

*H% setting up KE motors

4% setting up WDKX

1538.0PTICS> piwa_wa

mot, name | mot, pos {mm} | enc, pos {um) | angle (mrad) | wago (¥} |

5.1093 |
5.5206 |

kbuf |
kbhf |

-0,692 |
-0.666 |

-692,07 |
-665.394 |

-6.018 |
-6.108 |

1533,0PTICS> Warning: motor motor 2, unit 8, "samz" is busy.

1539,0PTICS> Warning: motor motor 1, unit 8, "samy” is busy.
Warning: motor motor 2, unit 8, "samz” is busy.

1539,0PTICS> 1

Zap Image Zap Energy | Zap Scan z3escan Generated Scans l

Sample Zap Image

l Video Grab l | X-Ray Grab
Motor Start Stop Nb. Points | Interval
Horizontal samy 7.254 6.852 27 0.015
Vertical samz 1.786 2.159 55 0.007

Pixel Dwell Time (ms) 100

[] Vertical as Fast Axis

Fast Shutter on Image +

[] Zap Puzzle

Fluoresence Det. | Xia

samx |samy samz sampy |sampz
Current| 0000 7.049 1.065 50.00 50.00
|Start 0.000 7.254 1786 50.00  50.00
Move to start Po:
Time Spent 0 Time Left
0:00:00 ] 0:00:35
e S
Print Preview
[Files [ Counters [ Keithley | XiaRoi | McaROIl | Mca Config | Calibration | WDX |

Mca ROI

Counter |Name |MCA |Ch. From |Ch.To |En. From |En.To |

1 |dsp2 s 0 1000 1098 2247 2492
2 |dsp3 P 0 865 950 1900 2122
|3 |dsps K 0 1370 1500 3172 3408
(2 |dsp6 a 0 1113 1185 2530 2710
|5 |dspl Fe 0 2550 2700 6124 6499
[6 |dspa Ca 0 1525 1630 3560 3823
N
Calibration A = B= C=

New ROI | [ setrol | [ Delete RO | [ Load ROI

The European Llight Source
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Current Situation: Data Storage

p
A
Configuration DEVICE(S)
Control
Data gathering
Saving
—> 1 to N EDF File(s) per Device
SEQUENCER
(SPEC)

Saving
1 to N EDF File(s) per Device
STORAGE 1 to N MCA File(s) per MCA
1 SPEC File
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Current Situation: Acquisition File Formats

EDF (ESRF Data Format):

- ASCII Header followed by Binary Data

- Mainly used for Images and MCA

- It can contain multiple images and 3D arrays
- Readable by PyMca, Oxidis, ImageJ

SPEC File:

- ASCII

- Mainly used for motor positions and scalar counters
- It can contain multiple MCA

- Readable by PyMca, Newplot and custom user tools
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XRF Data Analysis: ESRF needs in 2004

Offline
- Complete and freely distributable XRF analysis
- To reduce beamline staff work load
- To implement new features
Online

- Visualization of Multi-Channel Analyzer data
- Peak search
- Energy calibration
- Peak Area estimation
- Scan visualization
- Simple X-ray fluorescence analysis (XRF)
- Peak identification
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PyMca (2004 - 2?2?27?)

l)!))) ; ’
‘)]))‘) ) )|

2
)
N ) )

- - ~ —

Easy to embed Python modules ;
>
>
’

Source code available from sourceforge
- Official releases
- SVN repository

Minimal dependencies
- Easy distribution
- Multiplatform

End user not expected to be a programmer
- Easy installation
- Distribution of ready-to-use binaries
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Complete M-shell support

Counts
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Use of (sub-)shell mass attenuation coefficients

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

PyMca P « LE’I) T(E) versus P o ) _1T(E)

| T(E) J.

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 from 1 to 1500 keV, LLNL Report UCRL-51326, Livermore, Ca 1973.
A. Brunetti, M. Sanchez del Rio, B. Golosio, A. Simionovici, A. Somogyi, Spectrochimica Acta B 59 (2004) 1725-1731
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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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Cascade and M Shell combined with Multilayer Support

Revealing the sfumato Technigue of 1eonardo da Vinci by XRF spectroscopy
L. de Viguerie, Ph. Walter, E. Laval, B. Mottin, V.A. Solé. Angew. Chem. Int. Ed. 49 (2010) 6125-6128
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Integration into our acquisition system

¥ PyMCA - [Main Window]

B Eile Tools window Help

& 8 &

McA | scan |

optics g&lﬁ&’JﬁL@E\ X mzss.sz‘zsriv:i 2133 i
SsPs | EdfFile | Specile |
— 10000

‘ [ Array Name

PUZ_arr_dsp6
PUZ_arr_dspS
PUZ_arr_dspa
PUZ_arr_dsp3
PUZ_arr_dsp2
PUZ_arr_dspl
PUZ_arr_csamy
PUZ_arr_bchk
PUZ_arr_absorp3
PUZ_arr_absorp2
PUZ_arr_absorpl
MCA_DATA1000_PARAM
MCA_DATAO_PARAM

T T T T T T
2000 4000 6000 8000
Energy
= optics MCA_DATA0.c.1

Calibmioq‘ Internal (from Source OR PyMca) =

Active Curve UsesA{-153.851 B 237935 c l 1.7388e-05

Shell - Konsole <3>

Session Edit View Bookmarks Settings Help
MCA_DATAO
vflp3 vflp4 vf2pl vf2p2 vlmx vimy
.0000 0.0000 0.0000 0.0000 2.7850 4.1050
.0000 0.0000 & 0.0000 2.7850 4.1050
zoom sddy k487v1
zoom d sddy k487v1
26999.0000 2.2000 -35.0000 0.0000 -42.5112
49286.0000 2.2000 35.0000 0.0000 -42.5112
fdetz k487v2 U40u gap U40u tape zpzl
fdetz k487v2 gu40u tu40u zpzl
3. -67.0000 0.0000 295.9900 0.0000 4000
3.0000 -67.0000 0.0000 295.9900 0.0000 -0.4000
samrot wsamy cryoz granitl granit2 granit3 granit4
samrot wsamy cryoz granitl granit2 granit3 granit4
P Reniace % 30.0000  0.0000  0.0000 0.0050  0.0220  0.0070  0.0260
& 30.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
zptheta  zpgamma
zpz  zptheta zpgamma
4000 0.0000 0.0000
4000 0.0000 0.0000

1972.0PTICS> mcaacq 20
MCA 0 Elapsed times: live 20.00 real 22.58 sec. dead time 11.43 %

1973.0PTICS> I

* opticsGUI | SPEC |* | Shell - Konsole <4> [ & Shell - Konsole <2>
| Desktop 4 | Desktop 4 | B marine.mac - /users/opid21/ B sh nsole <3>

XX R-1
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Integration in mxCuBE (ESRF)

mXCUBE (opid-291)
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2008

[ Expen mode |
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Cowet sage
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3 Cesirng sample
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———Currntusers ——

) Selecing oves conrel
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My name 129

X daggl
XD Conrat

ISPyB | * X mxCuBE (opid291)
- ' X Vacuum Viewer 1.6 [jusers/

_|
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Integration elsewhere

SMP - [BRS-8704.mca: Scan 1]

. Cornell University
IY| Cornell High Ene
Synchrotron Sour

—ax
@ Fie Acquisition Tools View Help -8 %
File View 8%
e — [ Mass Fraction - x=-303
File/Entry # 200+ Ba eier
cirus_leavesmcahS | XRFband  [Fek -
2 Normalization | None -
2 0.12
3
2 Max 0.11
3 Min 0.10
BRS-8704.mcahS
® Auto scale 0.09
2 i ———— 0.08
Interpolation | nearest -
= 0.07
Origin lower - 0.06
0.05
0.04
Spectrum Analysis 8ix
GRAPH | TABLE CONCENTRATIONS = DIAGNOSTICS
B ENE X:-0.2397  ¥:2003.9 7
100000 1000
i
10000 / ‘ a 100
© {1 il
£ P i
5 1000 | JhR il A 10
s " | 11 { .
< : =L A LA i
100 (X i (X/\x LRV AY ﬁf’»’—«(‘ 1
10 T T T T T T T T T T T T T 1 S.x
0 2 a 6 10 12 11 16 18
Energy
-Data ~-Fit - Continuum -Pile-up ~yKK ~yCaK -yTiK YVK -~yCrK ~yMnK - yFe K ~yNiK ~yCuK - yZnK
~yGaK yGeK -yAsK -ySeK ~yBrK —yRbK —ySrK ~yYK —yZrK yPbL —yThL —yuL
Configure [ Tools Fit Again! Print VHTML Reponr Matrix Specxrum' Peaks Spectrum Dismiss
1
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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

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

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

The European Llight Source Slide: 22
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Imaging

One spectrum for each pixel

— T T
800 1000 1200 1400 1600
Channel

— Stack Mo Pb Selection

Counts

Counts

10 o //‘\\ /J/\ =10
. A "

] W / U E
DIl_W/V Lo
.01 - 5 0.1

e R R R e
600  ©00 1000 1200 1400 1600
Channel

— Stack Ph selection

1000

1200 1400
Channel

— Stack SUM
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Fit Imaging

We obtain the sum spectrum

We analyze the sum spectrum

We optimize the fit configuration for batch processing
We test the configuration on several pixels

We save the configuration

We start the batch

We interpret the results

The European Llight Source V.A. Solé, NSLS May 25, 2011 sTide: 24
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Batch processing

‘5z PyMca batch fitting |Z”E|[z|
ile lisk: . H
T e st [_sons= | | Select the input files
Fit Configuration File: | | [ Browse ] Se IeCt th e f|t co nf' g u ratio n
Output dir | Le=ws=_| | Select the output directory
[] Generate fit Files enerate Peak Images [] Generate Report (SLOW!) Se lect the out p ut o pt ions
Table in Repart Extended Table [] Concentrations
Crverwrite Fit Files File Step: | 1 v |
[] Use Existing Fit Files MCA Step: 1 a2
[ ] ROI Fitting Mode ROT Width ey | 100 - |
[ ] EXPERIMEMTAL: Use several processes mumber of processes; |2 = |
Start
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=
=

=
=
-

Energy (keV)

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

" Copyright C2RMF
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=
A

Based on the batch generated element distribution maps ...

2 0

Pb

5
10
15

Y (microns)
Y (microns)

20

25
20 30

20 30
X (microns) X (microns)

Sb Ca

Y (microns)
Y (microns)

20 30

20 30
X (microns)

X (microns)
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... and their correlations as shown by the program

0 S + Sb 0 Pb + Sb

5

m m

S 5 10

o o

£ Es

> >
20
25

0 10 20 30 40 50 0 10 20 30 40 50
X (microns)

X (microns)

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. Menu, Ph. Walter, J. Susini, Anal. Chem. 79 (2007) 6988-6994
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PyMca Non-XRF Specific Imaging Capabilities

Region of Interest imaging
Very basic multivariate analysis
- Principal component analysis
- Non-negative Matrix Approximation

Image correlation tools

The European Llight Source V.A. Solé, NSLS May 25, 2011 sTide: 29
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Non-negative Matrix Approximation (NNMA)

Observed data Y = A X where all terms in A and X matrices are positive or null
Implemented using Uwe Schmitt’'s py _nnma module
Collaboration with Gerd Wellenreuther (DESY)

PyMca allows to use NNMA on raw spectra and in treated data

The European Llight Source Slide: 30
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NNMA images and NNMAvectors

52 PyMca - Image Selection Tool ‘52 PyMca - Image Selection Tool
IMAGES | YECTORS IMAGES | YECTORS |
KrsJeEy~DEEREE<D
NNMA Image 00 55.6491 % explained intensity
100 - ! 200 200
{ee * E 150 | - 150
B0 ] -
- > 100 - 100
z z
] 50 — 50
= ] C
=4 i ] i
40 7] D _- | T T T T I T T T _I-'-_l T T T T | T T T T I __D
] D s00 1,000 1,500 2,000
| X
=0 — NNMA Component 00 Y
. X: 1012.957 ¥: 24,7561 |
1 Source: |NNMP. Component 00 |
g Scan: | |H: |———— |K: |--—- |L: |"" |
o ey T T ey T Peaki |186.0018 | ati1459 \COM: [1464.85  |Mean:|6.023019  |STD: |23.01585 |
Column Fwhm: |5355237 | ab(1457.768  |Max: |166.0018  |Min |0.001182022 |Delea;| 166.0006 |
| B

I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I
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NNMA images and NNMA vectors

‘%2 PyMca - Image Selection Tool |Z| |§|g|
IMAGES | VECTORS IMAGES | WECTORS |

NreEzxNOEEREE <O
34.8109 % explained intensity

100 25 3 200
20 .
] 150
15
> ] 100
10 C
g 5 _: a0
& ] -
D _- I T T T T | T T T T | T T T T I T T T T I __D
0 500 1,000 1,500 2,000
X
— NMM& Component 01 Y
X: 1000 ¥: 2457505 |
Source: |NNMP. Component 01 |
Scan: | |H: |———— |K: |———— |L: |———— |
0 -0 100 150 01 Peak: |24.0015 | ab[934 \COM:|945.55¢  |Meam:|1.154622  |STD: |3.961774 |
Column Fwhm: |77.98686 | at(939.254  |Maxm 240015 |Min; [0 Delta:|24.0015 |

| |
J J
I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I
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NNMA images and NNMAvectors

‘52 PyMca - Image Selection Tool

IMAGES | YECTORS IMAGES | VECTORS |
E(ERE SN el 2] [BES &
NNMA Image 02 6.3347 % explained intensity
100 25 - —200
T o0 __ L
| : 150
B0 y C
i 13 C
. > ] 100
1 10 -
B0 ] r
g : 5 C =0
o i 1 i
40 7] D _- I T T T T | T T T T | T T T T I T T T T I __D
] 0 500 1,000 1,500 2,000
] X
=0 — NMM& Compaonent 02 Y
1 X: 262.9108 ¥:25.12195 |
1 Source: |NNMP. Component 02 |
g Scan: | |H: |———— |K: |--—- |L: |"" |
o ey T T ey T Peaki (2136043 | ati1528 \COM: [1356.605  |Mean:|1.773743  |S5TD: |3.002895 |
Column Fwhm: |58.13656 | ab(1530.748  |Max: 2136043 |Min; [0 Delta:|21.36043 |

I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I I & ADD IMAGE & REMOVE TMAGE & REPLACE IMAGE I

The European Llight Source



turopean Synchrotron Radiation Facility

Eigenimages and Eigenvectors

‘iz PyMca - Image Selection Tool

%= PyMca - Image Selection Tool

IMAGES | YECTORS IMAGES | WECTORS |
S B~ A EER = = [
HESLEsSnEn L
Eigenimage 02
100 —H
. 0.15 —
] 0.1 —:
20 ]
i 0.05
i - ]
60 — 0
= 7 ]
& ] -0.05
40 — E
= _Dll - I T T T T I T T T T I T T T T I T T T T I
1 o 500 1000 1500 2000
7 x
2 __ — Component 02 %
| w: 9az.3529 ¥: -0.09492386 |
4 Saurce
D - I T T T T I T T T T I T T T T I T T T T I Scan: b—': |---- | K: |---- | L: |----
0o =0 100 150 200 Peak: 0.1093156 | at: 1528 COM: 1584274 Mean: 05454399 STD: 02167767
Column Fwhm: |56.92588 |at: 1530.22 Max: 0.1093156 Min: |06819834 Delta:0.1775139
J J
& ADD IMAGE |[ & reEMovEmMacE || & REPLACE MMAGE ]I & 10D IMAGE |[ & reMovEmace || ¢ REPLACE MaGE ]I
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........ K= 09Y=22=2025 ........@@
O "2 PyMca - Image Selection Tool A=) | We can select a set of pixels on any of the

100 —
b IMAGES | WECTORS | . . . .
o ] obtained images and display the cumulative
o Eigenimage 02 spectrum associated to those pixels.
o 50 P 100
T 7 iC i
40 7 t
0 B 80
53 ]
! i o - o o | Here we can see the average spectrum
Column g ] associated to the hotter pixels of the
[ ADD MCA | memovemca || mepacemca | E =4 1
WCA | Reb Coneletr | w0 Eigenimage 02 (in red) compared to the
IS (5 [ 2 [ | R | 6 %] 1185.63 1 0.00 1 :
| i | . average spectrum of the map (in black).
100 5 O
104 R, E ]
o 1] f Rw{/ V\\\f\'ﬂ 2 ]
fruk} E F o-
% e M W - ; - 100 . -
“ 0014 o Column
T—— [«
7 r ADD IMAGE REMONE IMAGE REPLACE IMAGE
0.0001 —'I i e
u] 500 1000 1500 2000
Channel
— EDF Stack SUMJ20200  — Stack ICR ROI selectionf158 [ ddpor ][ BEEEHIY ][ Reset ] [ Laad ][ Jave |
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What have we done?

We have used multivariate analysis to know what sample regions were worth to take a closer
look.

Not bad when you have lots of data ...

This data treatment is totally generic and applicable to other methods of analysis
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On going activities: ID21 Full Field XANES

Scan in energy around an absorption edge Spotsize 1 mm
Resolution 500 nm

2D CCD
E
Monochromatic beam E ample Attenuated beam
2 Non attenuated beam
5 Scintillator
Zy

Align sample to correct submicron sample position changes

The European Llight Source V.A. Solé, NSLS May 25, 2011 sTlide: 37
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Acquisition Approaches: Long term target

Configuration DEVICE(S)

Control

l Data gathering

\ 4

SEQUENCER |scheduling
(SPEC)

DATA MANAGER ANALYSIS

A

Saving

STORAGE
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On going: The broadcast approach

DEVICE(S)
\— 1 to N HDF5 File(s) per Device
SEQUENCER
(SPEC)
+ Easy to implement
l + No data without the metadata

+ HDF5 allows non sequential writing
- It does not address the analysis

STORAGE — > 1 SPEC FILE
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On going: The storage based approach

DEVICE(S)
\— 1 to N HDF5 File(s) per Device
SEQUENCER
(SPEC)
+ Easy to implement
l + No data without the metadata

+ HDF5 allows non sequential writing

+ The analysis can be addressed

1 SPEC FILE
STORAGE 1 HDF5 FILE
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A critical component: HDF5

A “sort of” portable file system in a file

It can contain folders (HDF5 Groups)

It can contain data files (HDF5 Datasets)
It can contain links (internal or external)

It supports compression

The European Llight Source
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/ (root)

IX

IY

1Y [temp

1Y [bar/temp
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Dataspace
Rank  Dimensions
U
Dim_1 = 4
U
Dim_2 = 5
U
Dim_3=7
Datatype
IEEE 32-bit float
Storage info
_ Chunked
-5
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HDF5 Contiguous Storage Layout

* Metadata header separate from dataset data

* Data stored in one contiguous block in HDF5 file

Dataset header

Metadata cache

Dataset data

Datatype \\/\—H
Dataspace
Attributes
Application memary
v
File Dataset data

The European Llight Source
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HDF5 Chunked Storage Layout

* Dataset data divided into equal sized blocks (chunks)
* Fach chunk stored separately as a contiguous block in HDF5 file
* HDFS5 always writes/reads the whole chunk

Dataset header

Metadata cache

]

Dataset data

A 1B |C |D

Datatype
Dataspace
Attributes i(illclll;nk
X
Application memory
i _| Chunk
File header " dléx A - DB B

TheVianagie 8n 20{Ht Source
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Why HDF5 Chunking?

* Chunking is required for several HDF5 features
« Enabling compression and other filters like checksum
 Extendible datasets
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Why HDF5 Chunking?

« If used appropriately chunking improves partial 1/O for big datasets

Only two chunks are involved in I/O
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Using the chunk cache (1)

Application

Disk

Cache

Reading from disk with chunk cache enabled

Slide: 48
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Using the chunk cache (ll)

Application

NN

\

e

Disk Cache
Next readout is taken directly from the cache.

This only works if the chunk cache size was large enough! (default 1MByte)
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WARNING

« If NOT used appropriately (for instance not combined with the
appropriate chunk cache size) can have very negative effects

MUST READ

http://www.hdfgroup.org/HDF5/doc/Advanced/Chunking/

www.hdfgroup.org/HDF5/doc/Advanced/Chunking/Chunking_Tutorial EOS13 2009.pdf
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How does this affected the ID21 case?

« Dataset extended with images of 4 Mbytes (n_points, 2048, 2048)
* We were using a chunk size of (1, 2048, 2048)

 The dataset had a size of 5 GBytes

* We had to use dynamic reading (32 bit systems ...)

XANES Spectra

To get the spectrum associated to one pixel of our
map we had to read 5 Gbytes ....

V<

Stack of images
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Writing performance can be affected too!

* One can reduce disk access and try to improve compression by
using a chunk size of several images (10, 2048, 2048). After all, we
expect to read several images to get a spectrum and does not
sound a bad idea.

» |f the chunk cache size is not modified accordingly to fit at least
one complete chunk, HDF5 will write the first image as soon as it
arrives and will have to read back the written image to be able to
add the second and to compress again ...
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HDF5 Links

66/99

A/ C

/“//;;

AR
/B/L
/C/L
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HDF5 External Links
“Tmy filel

TR

N

EL (file2:/C)

Acknowledgements: Francesc Alted and HDFEF Group filel:/B/EL
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How do the links affect us?

* Any set of HDF5 files related to a particular measurement can be
made “analysis friendly” at any time. For instance

« By the sequencer at acquisition time
« By an analysis application offline

The European Llight Source Slide: 55



turopean Synchrotron Radiation Facility

Data Analysis: EDNA

Open source (GPL, LGPL) framework
+ Originally developed to automate protein crystallography analysis pipeline
» Web site http://www.edna-site.org

It consists on a (pure) Python kernel and plugins to implement functionalities
* No GUI (A Java based one is under development)
* It uses Numpy, but implements linear algebra routines for Jython use

Its main objective is robustness, not performance

* Nightly builds
« Automated tests
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Calculate
absolute
offset

scipy.ndimage.shif]

Acknowledgments: Chris Jacobsen
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XANES Spectra

Stack of images

The European Llight Source

ID21 Full Field Tests
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Fluo 2D/3D

Vortex
sy, sz, srot}

Diffraction
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Current Situation: ID22 Data Analvsis

additional
data
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D22 — Fluorescence lefractlon Tomography
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Azimuthal
Integrations

—

Fit2d software

N,xN,, Diffraction Images N,xN,, Diffraction Patterns

. B

Sum
(\/ Pattern
{—= \‘INM

PyMca
. software y
Reconstruction Sum
[ Capillary®® Ferrite Sinogram
[ Calcite -épi
ubic Sinograms ®

Acknowledgements: Pierre Bleuet CEA - Grenoble
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Data format issues

Diffraction images in EDF or MarCCD format
Fluorescence data in EDF or SPEC file format
Scan information in SPEC file format

Result of azimuthal integration on Fit2D .chi format
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EDNA Workflow for ID22 Diffraction Tomography

Reduce each image (2D) to a spectrum (1D)
Store a 2D mapping of spectra in HDF5
Store of sinograms in HDF5

>
oy !
O
HCHT
p

Azimuthal integration

W
5]
0
<

. —= ,‘\}G
I~ s{@/
Nxw2D O

Diffraction A

Images HDES <: ié)
3

N N N H

» N points
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Today’s Situation at the ESRF

The sequencer drives in the same code:
» The experiment control (ex: moving motors, ccd start command)
- The data acquisition (ex: ccd reading)
» The data saving (ex: SPEC file or EDF file writing)

Data are saved at various levels
« SPEC built-in
« SPEC macros
* Device servers
* Treatment tools
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Decisions Already Taken

HDF5 will become our “standard” format
» QOur device servers have to be able to save data in HDF5 format
« SPEC has to provide minimalistic HDF5 support (groups, datasets and links)
+ Our analysis tools have to natively support HDF5

Automated data reduction/data analysis steps will be performed using EDNA

PyMca will be used for mapping of 1D data (XRF, FTIR, XEOL, XANES, ...)
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Status

PyMca and EDNA can already read and write HDF5 files
Preliminary HDF5 support in SPEC implemented last week. Tests to follow.
Automated data reduction workflows using EDNA implemented for:

+ ID21 Full field XANES image alignment

+ 1D22 azimuthal integration

Data Manager approach under evaluation

Tomography beamlines begin to manifest interest on using HDF5
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Conclusion

The days were control software programmers, data analysis programmers and
beamline scientists worked separately seem to be fortunately finishing at the
ESRF.

Given the potential amount of data, online treatments should aim to analyze
them before they are written to file.

Whatever we finally do, HDF5 is going to play an important role.
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