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Introduction

Things used to be both harder and easier...

...Now they are both easier and harder.
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* Analysis less so...
* XRD I=SAXS != XPDF != XES != XRF I= STXM != Ptychography != Tomography....
* Sometimes best analysis code not developed in-house
* Faster Experiments -> “Raw-er” data -> more post-processing required

 Hard work for beamline staff and users diamond



Target Beamline UX

e Experiment/Measurement/Scan triggered

 Start triggers real-time processing for live experiment feedback
* Raw and Processed data visible during scan
e (Feedback from real-time processing guides acquisition)

* At end of scan (or live processing), down-stream processing starts
e Notification of additional processing sent
* Results of down-stream processing available

 All Results + Provenance visible in LIMS system and (where appropriate)
acquisition software

* Because just generating more files is not good enough — need to see the results
* |deally, triggering of reprocessing through the same system (Saa$)
* Basically, like an MX experiment... diamond



Available Infrastructure

* Acquisition System
e Access to Metadata/Data
* Access to Compute

e Auto-processing Launcher
* And applications to actually perform the processing...

* Laboratory Information Management System (LIMS)
* Mechanisms for all the above to work together!
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Behind the scenes...
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Scan Configuration...
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On The Beamline...
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118 - The Micro-Focus Beamline

e ...the analysis of heterogeneous materials in all fields of science in
microscopic detail

* XRF and XRD mapping, XRF and XRD tomography, XAS and XANES
mapping (+ optical microscope) .\3
* XRF @ 1 kHz (8 x 4K channels — Xspress3) ?&ﬁ: =3

|, -

« XRD @ 100 Hz (3.7 Mpixel — Excalibur) T




Data Acquisition Client - Beamline 118 - 9.26.0 X

File Edit Search Run File Tools Detector Window Help
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Region shape: = Rectangle - [B v | Scan path: | Raster - 3
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Ninntatine Lnrizants - ~
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Experiment_1-MultipleScan_1-Scan_1 COMPLETE ~ 100% 7 Sep 2022, 14: ] e
Name
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[ Mapped Data X = B [EMap x 77 L I~ v W IR & &~ & || B [ Mapping Experiment Setup X [T Exafs Selection = o)
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Data Acquisition Client - Beamline 118 - 9.26.0 X
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Wavelength: 0.0000A

Exposure: 0.0029s

No. Images:

Beam Centre: NaN x NaN
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Comment: Unnamed Sample - No description provided.

Scan Parameters:

Data Files
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| Excalibur 0.05
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tlx Start | -61.731

tlx Stop | -58.58
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tly Stop | 6.233

Sample Name | Unnamed Sample
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=7 ISPyB » Data Collections + x + — o x
« - C | O 8 =& https://ispyb.diamond.ac.uk/dc/visit/cm31141-2/s/615 ke | L =
Comment:
0.5
Scan Params:
title:scan t1x -58.775 -58.754 0.001 counterTimer01 0.2
-1.0
-1.0 -0.5 0.0 0.5 1.0
& ¥ % =0 KO £ 22-04-202207:24:26 - » [18-186159.nxs Dy — s |?|
Group: 1 Data Collections Beam Cenfre: NaN x NaN 1 e
. Attachments

Wavelength: 0.0000A Detector Distance: NaNmm 500
——
e (e Detector: Quantum Delectors Xspress 3 i118-186159_xrf_window_jf.nxs Result & Download 5|

i18-186159_xrf_window_jfipynt Result & Download
Comment: Unnamed Sample - No description provided. 200

118-186159_xrf_window_jf. html Log X Download Q, View
Scan Parameters: : 100 l ! ! ! ! !

(5 <) Pae ¢ C[1]) »

| Close |
& Archive ¢ Logs & Files
Processing Programs Comments Message Start Time End Time
Jupyter Autoprocessing cm31141-2M18-186159.nxs Processing Successful 2022-04-72 07:24:29 2022-04-22 075441
In [1]:

# Parameters
element list
window width

"C-Ka Co-Ka Fe-Ka Ni-Ka Zn-Ka"

inpath = "/dls/i18/data/2822/cm31141-4//118-196813.nxs"
outpath = "/dls/i18/data/2022/cm31141-4/processed/118-190813 xrf.nxs"
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Key Components...
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Live Processing using SWMR

* NeXus tagging used for metadata

S NV
* DAWN or SWMRtools (python) ™/
* High performance SWMR not completely trivial... NeXUSJ

* For write performance data is Blosc compressed, direct-chunk written
e Either with or without Virtual Dataset (VDS)

* Best read performance using direct-chunk read
* Need to then decompress
* Fast small reads/writes can slow file writer (on GPFS @ 1kHz)
* VDS not chunked — need to access the source datasets

e With this can read fast in a single process

e currently benchmarking direct chunk read -> blosc -> pyFAl on GPU for real time
XRD

diamond



GDA-Zocalo-Connector
(Autoprocessing Launcher)

* Subscribes to GDA scan messages

* Unpacks metadata from NeXus
* Record ISPyB DataCollectionGroup/DataCollection

* Determines default processing

e Beamline name and NeXus structure
e i.e. If B18 and XAFS -> run Larch
* Adds to processing request

* Unpacks processing request from scan message
* Inserts appropriate Processinglob/Parameters
e Submits to Zocalo

* Exposes Processing Types and associated Parameters via REST api
* For guided configuration in the GDA client
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ISPyB/Synchweb/Zocalo

* |SPyB

Rich set of tables for structural biology LIMS

Some tables contain generic information

Allows recording of metadata from scans and auto-processing

* (and the relationships between them) 4 N
* Synchweb gsu b ..

» Auth/Auth access to ISPyB _ )

* Visit event view shows generic information 4 )
e Zocalo

* “Runs processing” e — L

Group: 14 Data Collections

* Integrates with compute and ISPyB

Downstream Processing



Inside Zocalo...

* Richards Talk...

* For Physical Sciences:
* Largely applications ran in wrappers
* Data goes from HDF5 to HDF5

* DAWN/Savu/Ptypy but also Python using Papermill and
Jupyter (which give PyMCA, PyFAI, TomoPy, Larch,
Scikit-learn, Scikit-image....)

 Main benefit of Zocalo is the abstraction around LIMS and
HPC
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papermill

* Template notebook written by Analysis/Beamline/User

Papermill wrapper

e Takes parameters from ISPyB database
* Papermill — Injects params into a template Jupyter notebook

* Executes notebook in the specified python environment (currently
using Module and Conda)

* Broadcasts the result files back to zocalo for further processing

 Basic visualisation and provenance
i18-190813_xrf.ntml Log File b4

# Parameters
element_list = "C-Ka Co-Ka Fe-Ka Ni-Ka Zn-Ka"
window_width = 48

inpath = "/dls/il1B8/data/2822/cm31141-4//i18-198813.nxs" diamond

outpath = "/dls/i18/data/2822/cm31141-4/processed/118-198813 xrf.nxs"



X R D _|_ Thanks to Mr Nathanael Leung from Dr Tan Sui's
-Tomography il
e 2D Scan of stage x, stage theta
* Live reduction of data with PyFAl
* Post-reduction reconstruction with TomoPy

0.4 1
50

* Post-reconstruction investigation with Scikit-Learn . gz

wum Sinogram")

centile(r,[1,99])
leeze(), vmin = cmin, vmax = cmax) 150
.tle("Sum Reconstruction") 200

100
0.3 1

0.2 4
Centre of rotation at: 218.5

Sum Sinogram Sum Reconstruction 0.1 l
0 0
50 001
20 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
100
Scores of PC 2 Loadings of PC 2
40 150 0.2 |
200
60 0.1
250
0.0 4
89 300
100 350 -0.1
400
—0.2

120

0 100 260 300 400 0 100 200 300 400 0 100 200 300 400 1.‘5 2.‘0 2.‘5 3.‘0 3.‘5 4:0 4:5 5.‘0



Conclusions

* Generic deployment of real-time auto-processing is complicated
e Lots of infrastructure needed

* Making results easily findable is critical

* As is provenance

* Information management systems are key

* Lots of good open-source tools
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imp = axes[1].imshow(np.angle(obj), vmin=-np.pi,vmax=np.pi, cmap="magna
add_patch(plt.Rectangle((9,0),1000/pixelsize*2,38, color~"u’
.add_patch(plt.Rectangle((10,5),100

8 : % ™m0 WO & 2904202 5, color="k'))
D Fosiex (00

.text(18+1000/pixelsize/2,12,r"%d $\ }$a" %(1008/1e3), color='k', va="top', ha='cent
Group: 1 Data Co .set_title("scan
[2).imshow(np.abs(v[@])**2, cmap~
Data Collections for mm30291-1 on i16 C 1 Wavelength: 0.0000A axes[2].add_patch(plt.Rectangle((5,5),1006/pixelsize,5, color
axes[2].text(5+1000/pixelsize/2,12,r"%d $\mathra{\mu}$n" %(100 vas . ha="cente
QR SNe, ¢ Coote ot Exposure: 0.000s axa - fig.add_axes([0.125,0.1,0.227
axp = fig.add_axes([0.398,0.1,0.
1 6 7 axi « fig.add_axes([@.672,0.1,0.2275,0.85])
S v] paoe 18 3 _axes ([ ,0.1, B ]
No. Images: 1963 fig.colorbar(ima, cax-axa, orientation»
: ~ fig.colorbar(imp, cax=axp, orientation='horizor
4} i i (D0, 15,0106 2022 08230 38} S00sLs Comment: Unnamed Sample - No descriptior fig.colorbar(imi, cax»axi, orientations'horizont
Geoup: 1 Dta Cotectio Beam Centre: NaN x Nah fig.savefig(outpath, format~
Scan Parameters plt.show()
J—la E 540082_nkmap_processorhtmi Log File x
She i i Default Plot 5 Scan 3355 (ampiitude) Scan 3355 (probe intensity)
No Imsges 06 £ 4 .
Scan B (10, 1.1, 111 110
Comeent scan i [0 999000099999999, -1 1, 1 8
0538999999999999, 11110, 0.02. 0 s ackoPr
Scan Params: =
Scan:/eA16:05182022/mmI0291- 1943088 s
Scan command:scan nkS [1.0.-1.1.1)(10. 0.5
amOK pi3_100k 1 oi 102 an ‘
fas ‘\ B Archive () Logs & Files
3 |
£ Processing Programs Start Time End Time
ot
‘l Py processing Processing Adisi08 429 17:20:58 20210429 1721034
|
Azimuth:0 1 (0.0.0; - | B Archive @) Logs & Files
Sample pos:sr=0.20,5y=-1.48, 52516 49 I
ao| “ e & Downkead Processing Programs Start Time End Time
S e e % PlyPy processing Processing idisi08- 29173929 0429 17:4439
fig, axes = plt.subpl
axecfal.cor ritlar”
If int ted i tych hy th [ PtyP
< C @ ispybdiamond.acuk/de/visit/em264 /A o
115.1.35533.35533.p62A0.bragg_xpdfG2testhtmi Log File x
end:  Flat Bkg=562.9, BackRatio-2.009, Rulands.073) *** 1.965526238220842 * -
5 v] Page i Optimizing corrections to improve G(r) at low r
start: Flat Bkg=562.9, BackRatio=0.08@, Ruland«@.873 (RMS:1.9655)
end:  Flat Bkge563.6, BackRatio-0.008, Ruland-0.073) 1.9641026451046075
© 24062020
Plotting processed data:
Wavelength: 0.1617A
Exposure: 1,200,000 In [5): |pdF:plot({Orass’)
No. Images: 1 20000 |
17500
‘Comment
15000
12500
&
£ 10000
= 7m0
5000
Data Files 0 & Qourvoad
Auto Processing 0
)
Name 2theta (Geg) 12t Time. LogsFies

[6]: pdf.plot('s(Q
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