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Shape and structure challenges from users of the 3D micron-scale imaging 
beamline at the Advanced Light Source (Studying shapes with microCT)

0022018

Dilworth (Dula) Parkinson

Micro CT, known as X-rays, can be used for analyzing various micro structures. 
The talk focused on: flexible rocks (Packed Quartz Grains Separated by Voids), 
spider evolution (jaws and muscles that close them), analysis of hotter engines 
(crack structure and composites), flow through rocks (with capturing and storing 
of underground CO2), leaf porosity to understand how leaves optimize photosynthetic 
performance under a range of environmental conditions.
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Studying shapes with microCT

Dula Parkinson
Advanced Light Source
Center for Advanced Mathematics for Energy Research Applications (CAMERA)







Wilhelm Conrad Roentgen 
1845-1923

November 1895:
First ever X-ray Image, Anna Bertha Roentgen’s hand







Structure to house Lawrence’s 184 inch cyclotron



Advanced Light Source (ALS)
completed in 1993





Lots of lead and 
concrete 
shielding  help 
make it safe to 
work there!



ALS Reciprocal Space
(Scattering)
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parallel Scattering

Hybrid
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Microtomography Beamline & Optics
Beamline 8.3.2 at the Advanced Light Souce



Tomography Stage



Photo: Tomography Setup



Computed Tomography = CT 
Scan

Penetrating Power Multiple Angles





Beamline 8.3.2: Hard X-ray Micro-CT





Micrometer Resolution



High flux + Fast Detectors = High speed



Sample Environments



Database of Scans
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ALS repository at NERSC
(3 beamlines)
• >400k data sets
• >3.0 PB
• >5 million jobs

David 
Trebotich, 
simulation 
produced
>1 PB data



pyCBIR: Recommendation system 
for scientific images

• Visual search engine: 
image retrieval based 
on pictorial similarity

• Quantitative analytics 
to give confidence 
associated with each 
recommendation

Ushizima, Araujo, Romuere, “Searchable datasets in Python: images across domains, 
experiments, algorithms and learning – pyCBIR”, pyData San Francisco 2016.

Araujo, Romuere, Ushizima, Medeiros,“Reverse Image Search for Scientific Images within 
and beyond the Visible Spectrum”, IEEE Trans Imag Proc 2017 (under review).



“Computational Imaging”



Flexible
Rocks

•Work of Dmitriy Morozov, 
working with Patrick O’Neil 
and Michael Manga, Gunther 
Weber, Lawrence Berkeley 
National Laboratory
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Composition: Packed Quartz 
Grains Separated by Voids



Segmentation of Individual Grains



Watershed



Persistence



Persistence Merge



Dominant theory for bending





Blocked Directions



Blocked Directions



Spider
Evolution

•Hannah Wood, Smithsonian
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Crack Structure 
in Composites

•Natalie Larson, Frank Zok, UC Santa 
Barbara
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Materials distribution for the Boeing 787 DreamlinerMaterials distribution for the Boeing 787 Dreamliner



Hotter engines are more efficient

GE LEAP jet engine
www.geaviation.com



SiC/SiC CMCs for more efficient jet 
engines 
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Marshall and Cox 2008

150°C increase in 
temperature can 
increase efficiency up 
to 5%



In Situ Ultrahigh-Temperature Rig for Micro-XCT

Bale, Haboub, MacDowell, Nasiatka, Parkinson, Marshall, Cox, Ritchie, submitted to Nature, 2012



Ceramic Matrix Composites
Data courtesy Rob 
Ritchie, Hrishi Bale, 
UC Berkeley/LBNL



Flow through 
rocks

•Marco Voltolini, Jonathan Ajo-

Franklin et al.
• (Geoderma 305 (2017) 382–393)
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Soil Micro-Aggregates



Soil Micro-Aggregates





Soil Micro-Aggregates



Capture and storage of underground CO2

DOE spending ~$4B on CO2 sequestration projects

Carbon Sequestration Slides made with help from Jonathan Ajo-
Franklin

CO2 sequestration projects



scCO2 (displacing brine)

0 s 30 s 60 s

Measured

Calculated



Leaf
Internal 

Structure
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Motivation

• Measure
– Leaf porosity
– Surface area of cells exposed to the air space 

inside the leaf
– Pathlength for CO2 or H2O going in and out of a 

leaf.
• Understand how leaves optimize 

photosynthetic performance under a range of 
environmental conditions.



Leaf structure



Tortuosity and Lateral Path 
Lengthening



Diffusive air path length



Floating Rocks
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Pumice



Thanks…
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