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Plan for this workshop CoSeC

- Introduce tomography and the Core Imaging Library (CIL)
* Standard reconstruction methods for CT
* The importance of data (pre) processing

- Introduction to imaging inverse problems
* Variational regularisation
* CIL optimisation toolkit
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Confidence level check CoSeC
* Computed tomography
&

* Python and juypter notebooks

e

* Inverse imaging problems
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Beer-Lambert Law
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Filtered Back Projection (FBP)
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Filtered Back Projection (FBP) CoSeC

Unfiltered

Courtesy J. Jargensen
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Filtered Back Projection (FBP) CoSeC
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Filtered Back Projection (FBP) CoSeC
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Y 4
CiL-Demos CoSeC

o Tomographiclmaging / ClL-Demos

<> Code (©) Issues 31 11 Pullrequests 5 &Y Agents L) Discussions () Actions J wiki @ Sec

. . (1 Files ClL-Demos / demos [ 2_lterative /| (O
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Name
> binder
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processing - > I 4_Deep_Dives (9 03_PDHG.ipynb

/ [ README.md [ 04_SPDHG.ipynb
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. > how-to

O r p FO C eS Sl N g S e [ additional_exercises_data_resources.ipynb
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Example reconstruction - walkthrough  Cosec

CIL-Demos/demos/1_introduction/01_intro_walnut_conebeam.ipynb

* Load and investigate a dataset
* Convert from Transmission to Absorption
* Compute a FDK reconstruction
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Example reconstruction

CIL-Demos/demos/1_introduction/01_intro_sandstone_parallel _roi.ipynb

* Load and investigate a synchrotron ROl dataset

* Determine geometric information and set up data
structures

* Apply basic pre-processors
* Compute a FBP reconstruction
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Data processing methods — s
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w CoSe
rap up CogeC
Filtered back-projection is very Pre-processing Data
good!
* [f your data is good it should ‘e ‘
work well

Do any necessary pre-
processing

If your data is not good... consider ‘ %.
other methods

Reconstruction
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Filtered Back Projection (FBP)

Pros

Cons

e Fastas based on FFT and
backprojection

* Few parameters
* Typically works very well

e Reconstruction behaviour well
understood

* Number of projections needed
proportional to acquisition panel
size

* Full angular range required
(limited angle problem)

e Modest amount of noise
tolerated

* Fixed scan geometries

 Cannot make use of prior
knowledge such as non-
negativity
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Introduction to inverse
problems and iterative
reconstruction methods




Inverse problem example - CT
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° aij path length of ray i in pixel j

X-ray detector I




Why iterative methods? CoSeC

* Directinversion (e.g., FBP) subject to noise and incomplete data
* [terative methods allow to incorporate noise models, priors etc.
* Most CT iterative reconstructions use regularization

Regularisation parameter

\

uw* = argmin {D(Au,b) + a - R(u)}

/ N\

Data discrepancy term Regularisation term
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Iterative reconstruction — over to you!  Cosec

CIL-

Demos/blob/main/demos/2_lterative/01_optimisation_gd_fista.ipynb

Load a dataset and reconstruct with FBP

Set-up a least-squares problem to solve using ClL's algorithms, a projection
operator and objective function

Add regularisation to the least-squares problem and compare the results: Tikhonov,
Non-negativity, L1-Norm, Total-Variation

Solve the optimisation problem with the appropriate algorithm: Gradient Descent,
FISTA, PDHG

Extension options:

* https://github.com/Tomographiclmaging/CIL-
Demos/blob/main/demos/3_Multichannel/02_Dynamic_CT.ipynb

e or https://gith m/Tom
Demos/blob/main/demos/4

- tomography @stfc.ac.uk
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	Slide 1: Image Reconstruction with CIL 
	Slide 2: STFC Tomography and Imaging
	Slide 3: Plan for this workshop
	Slide 4: Confidence level check 
	Slide 5: Tomography
	Slide 6: Beer-Lambert Law 
	Slide 7: Filtered Back Projection (FBP)
	Slide 8: Filtered Back Projection (FBP)
	Slide 9: Filtered Back Projection (FBP)
	Slide 10: Filtered Back Projection (FBP) 
	Slide 11: CIL-Demos
	Slide 12: Example reconstruction - walkthrough
	Slide 13: Example reconstruction
	Slide 14: Data processing methods
	Slide 15: Wrap up
	Slide 16: Filtered Back Projection (FBP)
	Slide 17
	Slide 18: Inverse problem example - CT
	Slide 19: Why iterative methods?
	Slide 20: Iterative reconstruction – over to you! 

