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Micro-CT and Phase-Contrast

X-ray transmission images acquired at different rotation angles.

The 3D digital dataset can then be digitally dissected to examine
internal structure without damage to the sample.

source we also benefit from phase contrast which arises from
refraction of x-rays. This can be made visible using propagation or
gratings (amongst others).

A phase gradient represents a change in direction of propagation
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... leading to interference. ‘llm
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Tomographic reconstruction - using Beers law
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Tomographic reconstruction — making sinograms

100
pixels

For each row-number in the image a
corresponding sinogram is compiled by
taking that row from all the images in the

seqguence.

Each sinogram contains all the information
for a given cross section of the object
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Angle

Sino100.tif

Compiled
from 100th
row each
image in
seqguence
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Back-projection — reconstructing a cross-section

a bit fuzzy
o)
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What we're doing in Fourier space...

Fourier transform of cross section

Transformed Projection
V at each angle
T B
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High-pass filtering
compensations for

the excess information

at low spatial frequencies
compared to high
frequencies.

The simplest ramp filter
multiplies Fourier space
components in proportion to
their spatial frequency.
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Voila! Filtered back-projection!

Apply a high-
pass ramp*
filter to the
sinogram first.

*or Shepp-Logan/ -

Hann/Cosine/Hamming... @ o,

filter 80
¥ e
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A brief aside about sampling

900 views — rather 90 views — somewhat under-
oversampled sampled
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XLI CT Workflow on ASCI
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XLICTWorkflow

—_—
riment parameters I Pre-processing raw parameters l Pre-processing parameters | CT Reconstruction parameters ] Console |

t

) Files Directory E/data/imbIlwcrkshop/input/Absorption

Input file regular expressions

Processing failed (9 s)

11 nodes available (v1.0.1)

Frames |tomo\d+tif | 901 Darks |dark\d-+tif 3 Flats !’flat\d+.tif \ 3
© HDFs File | |
Experiment
Pixel size (um) ‘1 [ Energy (keV) ‘20 Angle step (deg) ‘0.2 ’
Output
[Z) output sinograms
() Files  pirectory |/datafimblworkshopfoutput/testdata_out [ ‘ \
Reconstructed slice prefix grecon_ ‘ \TIEF 7\‘:’ Sinogram prefix |sino_ | \‘[IFF l}f\
Output parameters file params_ctworkflow txt ‘
© HDFS File | | [
Output to input HDFS Copy input datasets
9 | Process H Cancel
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Speed up In parallel mode for single machine

and CSIRO and MASSIVE clusters

Considerable speed-up even on a single machine using mi* ding
and especially GPU

Speedup for parallelised operation on cluste* —‘
number of nodes initially. (

Ultimately it is limited by 10 ~ %\ \
a big difference. e‘\
‘
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XLICT Workflow — first pane

XLICTWorkflow |-_ o | x

=
Experiment parameters ‘ Pre-processing raw parameters | Pre-processing parameters  CT Reconstruction parameters | Console ‘

Input “
(*) Files Directory ta/imblworkshopfinput/Absorption
Input file regul d
@;—T— 901 Darks |darkyd+ tif

() HDF5 File

O

—
o

W

3 Flats flat\d+ tif

Experiment

ixel size (um) 1 Energy (kew) 20 Angle step (deg) |0.2

* Files Dirs

tput sinograms

datafimbljworkshopfoutput/jtestdata_out

Reconstructed slice prefix= |~ Sinogram prefix |sino_

Output parameters file  |params_ctworl
O HDF5 e

Output to input HOFS Copy input datasets

/ \'
: ——e

In this workflow we can set up
basic parameters for the data:
* Input and output directories
File name patterns (regular
expressions)

Pixel size, energy, angle step

Output filenames

@

Processing failed (9 s) 1 nodes available (v1.0.1)

Set your own XLI CT Workflow ‘Experiment par

Output file type

\l- Option of saving sinograms

ameters’ tab like

this but remember to substitute your own output directory.
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XLI CT Workflow — 2" and 3rd panes:

preprocessing

-~ The settings in these panes are

all about correcting for various
Imaging artefacts to produce

clean normalised sinograms
(and if necessary applying

phase retrieval)

To start with lets just use the

XLICTWorkflow
Experiment parame ters | Pre-processing raw parame ters | Pre-processing parame ters | CT Reconstruction parameters | Console |
JiTrim input frame, dark and flat files:
X1 |0 | vi |o | x2 |o lo
] Zingers filter
Filter size (pix) (odd number) |2 | Filter threshold [1.2
 Dark current subtraction from frame
™ Flat field correction
| Thresholded median filter
Mask size vertical |3 | horizontal |3 | Direction  |gj-diractional
Thresheld lower |0 | upper  |65535
Method
(=) mverage all flats
) pistribute flats with I | flats every 5 views

flat-field and dark-current
corrections

I

@
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Processing failed (8 s)

[ Ring artifact removal

Filter size (pix) (odd number)

| delta/beta lo
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X-TRACT for Tomography
1. Preprocessing — CCD artifact corrections

Correcting CCD/lllumination artefacts:

1) Dark current (the CCD signal with no illumination)
Several dark current files are collected at the beginning/end of a data
collection

Flat-field 2) Flat-field (The x-ray illumination distribution)

Flat-field files are often collected at regular intervals during data collection
Image - Dark

Corrected Image = ————————
Flat-field - Dark

Corrected Image




XLICT Workflow — third pane - reconstruction

Experiment parameters | Pre-process ing r ¥ ing parameters ‘ ccccccccccccc ion parameters | Console | H e re We Can Se I ect
Reconstruction metho \Gr\ rec V|' -
ccccccccccc e > - Reconstruction method
O all
(@) sub-range  First slice z-index |100 | Last slice z-index 100 | ° Range Of Slices to reconstruct

» Output in Mu format

-+ Centre of rotation method

N Set it up as shown and hit
(32bit float v proceSS

Processing failed (9 s)
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X-TRACT for Tomography

1. DEMO — Reconstruction (no phase-retrieval)

)
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Ring artefacts and Ring filter (Show original data & sino)
Zinger artefacts (Ring then zinger — zinger at 101,97)
Phase contrast & phase retrieval

Noisy

Noisy phase-contrast

general params: pixel size 10, keV 10, ang 0.2, output Mu (cm-1), DC
and FF

Phase retrieval: 100000 (= 10cm) delta/beta = 400

Noisy: (no PR) ringfilt: 51

Zingers: 101 and 97 have rings, filter 9, 1.05 for complete removal (but
1.1 might be more realistic in presence of noise)

Ring: more realistic 2% noise dataset
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Thank you

Contact Us
Phone: 1300 363 400 or +61 3 9545 2176

Email: enquiries@csiro.au Web: www.csiro.au CSIRO




