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From high throughput to real-time micro tomography
e Static to dynamic samples

Computing Challenges
= lLarge volume data handling
= Real time data analysis
= Data distribution

Data exchange solution
" Meta data information
= Data Provenance
Outlook

®= Multiscale and multi technique data integration



Micro Tomography at the APS
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13-BM
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5-BM

5-33 keV, 25 x4 mm?, Dedicated tomography

7-70 keV, 50 x 4 mm?, Multipurpose for geosciences
8-35keV, 2x1 mm?, Multipurpose phase-contrast imaging
10-42 keV, 30 x 2 mm?2, Multipurpose (materials, polymers)
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Micro Tomography of Static Samples

High throughput fully automated 1um resolution tomography

Robot Tweezer

Mechanical behavior of sand
under compression

New Reusable Solid Rocket Motors
Insulation

Self healing composite - healing Geopolymers
efficiency 2-BM:

- Dedicated to micro-tomography

- Fully automated

- High throughput (>100 samples/day)
- Real time data analysis

Highly Explosive Materials
Ceramic coating layers (PBX-9501) Modeling



Traditional Operational Workflow

< experiment >
V

raw data

<data r@mﬂon) At the Facility

reduced data At the Home Institution

<data analysis >
AN/

v preliminary model
transformation>

AN/

v re-interpretation
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Micro Tomography of Static Samples

High throughput fully automated 1um resolution tomography

Robot Tweezer

Mechanical behavior of sand
under compression

New Reusable Solid Rocket Motors
Insulation
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Data handled per sample (every ~ 17 min)
Self healing composite - healing

Pixles Size
efficiency CCD single projection 2,024 x 2,048 8.00 Mbyte
Raw data set 2,024 x 2,048 x 1,440 11.25Gbyte
Normalized 2,024 x 2,048 x 1,440 22.50Gbyte
Reconstruted 2,024 x 2,048 x 2,048 32.00Gbyte

Total 65.76 Gbyte
Current CCD tecnology
Data Processed 54 TB/day

Data distributed to users 3.6 TB/day
Ceramic coating layers (PBX-9501) Modeling
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Micro tomography of static samples
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Micro tomography of static samples

Current detectors, controls and data flow Linux

Windows

Distribution

Electron Beam @‘
.‘-

Synchrotron Radiation

— -

GO credentials are the same User Proposal IDs

CCD camera
==
—
Rotary Stage

Endpoint Stats
Name apsi#clutch Visualization
Total Jobs 146 = 2 VISAGE TMAGING'
Total Users 13 .
Subtasks From OK [455808 Va ImAllra}®(
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Micro tomography of static samples

Linux
Current detectors, controls and data flow Windows
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Micro Tomography Science
in-situ studies of real size samples

Thermal expansion cracking in rocks

Carbon sequestration, mine and oil exploration

Y

Temperature (C)

Time (min)

200 °C 395 °C

pores distribution

Nature Vol. 459 18 June 2009 doi:10.1038/nature08051
Science 332, 88-91 (2011). DOI: 10.1126/science.1202221
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Traditional Operational Workflow

< experiment >
AN

raw data

<data reduction >
V

reduced data

< data analysis > At the Facility
preliminary model At the Home Institution
transformation>
M

re- mterpretatlon

optlmlzer
refinement

< modeling )




Micro Tomography Science

real size samples in real operational conditions

Mechanical Properties of Metal Matrix Composite Materials
transportation technology, new material, industrial applications
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Micro Tomography Science

real size samples in real operational conditions

Mechanical Properties of Metal Matrix Composite Materials
transportation technology, new material, industrial applications

Fracture surface
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Mechanical Properties of Metal Matrix Composite Materials

Micro Tomography Science
transportation technology, new material, industrial applications

real size samples in real operational conditions
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Micro Tomography Science

real size samples in real operational conditions

Mechanical Properties of Metal Matrix Composite Materials
transportation technology, new material, industrial applications

Fracture surface_
Ks‘

Acta Mater. 58 (18), 6194-6205 (2010)
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Traditional Operational Workflow

< experiment >
AN

raw data

<data reduction >
V

reduced data

--------------------- _cetamnaysis | AttheFacilty
v preliminary model At the Home Institution
transformation>
AN

v re-interpretation



Traditional Operational Workflow

< experiment >
V

raw data

<data reduction >
N\
reduced data

V
< data agn;lysis >
V

preliminary model

transformation>
N\

re-interpretation

< optimizer > At the Facility

refinement At the Home Institution




Challenges in data modeling and data mining
2D/3D of Juvenile Zebra Fish Retina
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Computing Challenges

Very large data volumes

= Data mining

Image registration of dynamic system
= 3D registration of sections

= Feature detection (e.g., synapses)
=  Network analysis

Modeling

Multi scale data integration
= Stitching and alignment of overlapping tiles
= Visualization

Integration of data from different instrument
=  Micro and nano tomography

= Tomography and fluorescence

= Tomography and diffraction

Thermal Expansion Displacement in
rocks



Data Exchange for Scientific Data and Metadata

= Tomography Reconstruction ' ¢ Data transfer Status

— lterative, analytical, — End-points, progress, etc.

interpolation type, etc. * Processing Status

= |nstrument
— Pixel size, orientation, etc.

— Data ingestion date
* Cluster Queue status

= Sample
- Temperature, pressure, etc.
= Data /provenance
— 3D density map /next process_n
/process_n
. el /status
All definition manual, code Iref
examples etc. in less than /message

/infrastructure_n

20 pages !



Data Exchange for Scientific Data and Metadata

6.1 Top level (root)

— BaelEERIEN "exchange:sample” .
- This node represents the top level of the HDF5 file and holds some
o general information about the file.
— version 1.01
Table 2: 2FXi top level entries
-
_ “Minivirus” Member Type Example
_ 100 imp{emenis siring :exch~ange:instrumen’f:sc:mple:provenonce
version string 1.0.1
exchange N Exchange class
instrument Instrument class
sample Sample class
— Projection data provenance Provenance class
reconstruction Reconstruction class
"thetazy:x"
——Relelelelelfd Dark i dat . s .
' SRR implements - A colon separated list that shows which components
e i are present in the file. The only mandatory component is "exchange”
——EEIERYIE White image data but a more general 2FXi file will also contain sample and instrument
"theta_whitezy:x" information, if so these will be declared in implements as "exchange:sample:instrument”
instrument
"APS 2-BM" version - 2FXi format version.

source AP . .
2 exchange N - The measurements recorded in this file.
COEIElAS  1.6022E-15(J)

instrument - The instrument used to collect this data.

detector
PCO.Edge sample - The sample measured.
IR 015 (m) provenance - The Provenance class describes all process steps that
ﬂ Projection raw data have been applied to the data.
"thetazy:x" reconstruction - The Reconstruction class contains all information and
L Qo] Dork image data parameters re- quired to run a tomography reconstruction.

axes "theta_dark:y:x"

— W GlIENsEIl  White image data
[ CH  "theta_whitery:x"
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Preferred Operational Workflow

experiment(s)
raw data (2-D intensity,
E, T, P,t etc.)

data reduction

reduced data, /(Q) @

data analysis

modeling

adjustable
- parameters

puJoI—Rrga{\%h presentatlon

’/
’/
-

0 archival, printing




Conclusions

From 3D static to 3D dynamics => computing challenges

Gridftp provided a powerful tools for data distribution

= The Globus On line user friendly version made the real
break through

Data integration in an essential tool for

= Software sharing
= Multiscale and multi technique data integration
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