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Speaker’s Name:Dilworth (Dula) Parkinson

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

pate: 10 /01 /2018 Time: 2__00__ am [(pmh (circle one)

Please summarize the lecture in 5 or fewer sentences:
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 CO?2), leat porosity to understand how leaves optimize photosynthetic
performance under a range of environmental conditions.
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you will need to make copies of their notes and materials, if any.
Obtain ALL presentation materials from speaker. This can be done before the talk is to begin or after
the talk; please make arrangements with the speaker as to when you can do this. You may scan and
send materials as a .pdf to yourself using the scanner on the 3" floor.

e  Computer Presentations: Obtain a copy of their presentation

e  Overhead: Obtain a copy or use the originals and scan them

e Blackboard: Take blackboard notes in black or blue PEN. We will NOT accept notes in pencil

or in colored ink other than black or blue.

e Handouts: Obtain copies of and scan all handouts

Q’ For each talk, all materials must be saved in a single .pdf and named according to the naming
convention on the “Materials Received” check list. To do this, compile all materials for a specific talk
into one stack with this completed sheet on top and insert face up into the tray on the top of the
scanner. Proceed to scan and email the file to yourself. Do this for the materials from each talk.

9/ When you have emailed all files to yourself, please save and re-name each file according to the naming
convention listed below the talk title on the “Materials Received” check list.
(YYYY.MM.DD.TIME.SpeakerLastName)

g/ Email the re-named files to notes@msri.org with the workshop name and your name in the subject
line.
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Studying shapes with microCT

Dula Parkinson

Advanced Light Source
Center for Advanced Mathematics for Energy Research Applications (CAMERA)
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Wilhelm Conrad Roentgen
1845-1923
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November 1895:
First ever X-ray Image, Anna Bertha Roentgen’s hand
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Radiation type Radio Microwave infrared  VisiGle  Ultraviolet X-ray Gamma-ray
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Brightness (photons / sec / mm2 / mrad2/0.1% BW)

X Ray Tube

e

Candle

60-W Light Bulb



Structure to house Lawrence’s 184 inch cyclotron
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Advanced Light Source (ALS)
completed in 1993







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



Reciprocal Space
(Scattering)

HipGISAXS/HipMC
parallel Scattering

Real Space

(Tomography)

Arec3d, QuantCT,
CrunchFlow

Spectroscopy
(MicroXas)

(d) Point 2: Ni chem state
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Sample

Liquid
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ShirleyXAS (MSD)
BerkeleyGW (NERSC)
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Normalized Absorption (a.u.)
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Operational — — — Comissioning Hyb rid
Insertion Device  Bend Magnet Superbend

Beamlines Beamlines Beamlines (COSM |C)

Ptychographic
reconstruction



Microtomography Beamline & Optics

Beamline 8.3.2 at the Advanced Light Souce

Controllers/

To Camera

Radiograph image o

Glassy  Scintillator (LUAG) Long
Carbon Working
Window Distance
Microscope
Objective

Mirror to move
Lens out of direct x-rays
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Tomography Stage

Fluid and Electrical Slip-Ring

Remotely operated
Lens & Camera

Vertical Stage

Specimen
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Fluid and Electrical Slip-Ring

BERKELEY LAB



Tomography Setup

Photo




Computed Tomog

Penetrating Powe Multiple Angles
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X-ray Camera View
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Beamline 8.3.2: Har‘d X-ray Micro-CT







Micrometer Resolution




High flux + Fast Detectors = High speed
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Sample Environments

Oetics and high
resqiution
casmera
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Database of Scans

S Dermtain Clasemumsas, Bl mate Clmommeg/ O v neve  \Qltomese s et s Clumettce s o

ALS repository at NERSC
(3 beamlines) SEREELSGSE

* >400k data sets Wi

- >3.0PB =

* >5 million jobs

David
Trebotich,
simulation
produced
>1 PB data
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pyCBIR: Recommendation system
for scientificimages .. pea o

Data Science/
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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

* Visual search engine:
image retrieval based
on pictorial similarity

* Quantitative analytics
to give confidence
associated with each
recommendation

Pa

and beyond the Visible Spectrum”, IEEE Trans Imag Proc 2017 (under review). ( ERA g_ “
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“Computational Imaging”

RANCED By FPORITY
=
RE PURE
BICLOGY 15 WHICH 1S JUsT OH, HEY, T DIDNT
TUST APPLED  APPLIED PHYSICS, SEE YOU GUYS ALL
PSYCHOLOGY Hic:'Lt:rG‘.f CHEMISTRY IT's NICE TO THE \JAY CVER THERE.
BE ON TOR t
J
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FIEXible *Work of Dmitriy Morozov,
working with Patrick O’Neil
ROCkS and Michael Manga, Gunther
Weber, Lawrence Berkeley
National Laboratory

S -
s kg@’w A ALS S )‘

—



Composition: Packed Quartz
Grains Separated by Voids
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Watershed

Process vertices in the sorted order:
at a maximum, start a new label
otherwise, copy label from a neighbor
if neighbors have different labels, mark as watershed

Initial result (too noisy):
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Persistence

Persistence of a peak (local maximum) is the height of the peak’s
summit above the lowest contour line encircling it and no higher summit.
(known as topographic prominence in mountaneering)
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L

Maximum
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L

Saddle

Persistence diagram records for each peak its value on the vertical axis,
and the value of the saddle where it merges into a higher peak on the
horizontal axis.
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Persistence Merge

Dual graph: Merge tree:

Mark saddles below a %lven per5|stence threshold
(= subforest in the graph)

Merge the connected components (in dual graph)

NB: not the same as merging into the maxima
in the merge tree
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Dominant theory for bending

It is due to the porous character of the rock together with the interlocking
junctions between the sand grains. The porosity allows interstitial move-
ment, while the hinge-like joints by which the particles are connected
hold them together in spite of the displacement. (— Wikipedia)
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Examine adjacent pairs of grains:
e Construct the interface between the grains
(subset of the medial axis) .

e Compute the normals along the interface

e Push each normal direction onto the sphere
e Directions within 7/2 cap of a normal are blocked

e Examine percentage of the sphere that is blocked

Neither necessary, nor sufficient for blocking. But a useful proxy.
Better ideas?
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Blocked Directions

(Monte—Carlo sampling of directions on the sphere.)
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Blocked Directions

10 Interface Bloiki?g ‘ 50 InFerIockilng
: — b=1
— b=10
.|| — b=20]| 45k
b=30
— b=40
- 40+
E 0.4} E
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0.0 : : ‘ ' : ‘ 20 , ‘ * ‘ s - ' ‘
0 10000 20000 30000 40000 50000 60000 70000 0 > 10 15 20 25 30 35 40 45
Blocking Threshold
Interfaces sorted by how blocked they are. Percentage of interface completely

blocked (for various thresholds).

b = blocking threshold = how many normals have to block a direction before
it's considered blocked.
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CraCk Structure 'sgrsgfaLarson, Frank Zok, UC Santa
in Composites

P
o
@Appli eeeeee ALS = ‘

= A



Materials distribution for the Boeing 787 Dreamliner

Materials used in 787 body _
" Fiberglass M Carbon laminate composite - Total materials used
M Aluminum I Carbon sandwich composite . By weight
Aluminum/steel/titanium : Other
Steel 3% Composites

50%

Aluminum
20%

By comparison, the 777 uses 12 percent
composites and 50 percent aluminum.
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Hotter engines are more efficient
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GE LEAP jet engine

GE Power Systems » GER-4194 www.geaviation.com
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SiC/SiC CMCs for more efficient jet
engines

250

150°C increase in

mper r n
200 - temperature ca

increase efficiency up
to 5%

150
< SiC-SC

Specific strength (MPa/(Mg/m?3)

100 +
30 Mg Mo-Si-B Refractory
alloys
0 1 1 1 1

0 500 1000 1500 2000 2500
Temperature (K)
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Water cooled
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Bale. H MacDowell. Nasiatka. Parkinson. Marshall X. Ritchi mitted to Nature, 20




Data courtesy Rob

Ceramic Matrix Composites Ritchie, Hrishi Bale,
UC Berkeley/LBNL
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Local thickness analysis
Kansas Barrow

Geometrical accessibiity analysis

Barrow

Spherical structuring element size: @ 0.65um @ 2 pym 10 um




Skeleton analysis
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Local thickness distribution y ; openings analysis on a thin horizontal slice
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Soil Micro-Aggregates

Anisotropy analysis: Star Length Distributions

Kansas

Max:
1.2

Min:
0.86

Barrow

Max:
1.24

[m.rd.]

Min:
0.75

SLD solids SLD microaggregate shape

Anisotropy analysis: Star Length Distributions

Kansas
Max:
1.2
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Capture and storage of underground CO2

Carbon dioxzide uptake by forests,
biormass plantatons and degraded

tnine lands that are restored
Dispersed CO» p
production
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DOE spending ~$4B on CO2 sequestration projects

CO2 sequestration projects
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scCO, (displacing brine)
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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 H20 going in and out of a
leaf.

* Understand how leaves optimize
photosynthetic performance under a range of
environmental conditions.
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Phase retrieval

Leaf structure ¢ %\.WM
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@ Phase retrieval blnary




Tortuosity and Lateral Path
Lengthening




Diffusive air path length

Diffusive path length (um)
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Floating Rocks
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Pumice

single pore

fluid fl I
trapped bubble uid flow along

edge roulghness

trapped in
single pores

rock gas liquid
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Thanks...
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