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 What is Core Imaging Library (CIL)?
• CIL is an open-source Python library for solving Imaging Inverse Problems. 

• Emphasis on tomography applications with challenging data sets: low-count,  non-standard 
geometries, incomplete, hyper spectral, limited angle. 

• "Near-math" specification and solution of optimisation problems 

• Simple to get started – powerful enough for large, real applications 

• Actively developed on GitHub: https://github.com/TomographicImaging/CIL (Apache v2​) 

• Funded by the Collaborative Computational Project in Tomographic Imaging (CCPi)

2 E. Papoutsellis  |  Finden  |   https://epapoutsellis.github.io 2

https://github.com/TomographicImaging/CIL


 Who is CIL for?

CT Experimentalists and Beamline Scientists 

• Apply advanced algorithms for poor data quality or novel imaging modalities 

• Optimised standard algorithms for large data 

• Batch processing and custom-built open-source data processing 

Mathematical imaging researchers 

• Prototype new reconstruction algorithms 

• Make YOUR METHOD available to community and deploy it to imaging facilities 

• Try on real data and assess against existing methods
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 CIL for X-Ray Computed Tomography (CT)

data = TXRMDataReader(filename).read()

data = TransmissionAbsorptionConverter()(data)

show_geometry(data.geometry)recon = FBP(data).run()

show2D(recon)

data = CentreOfRotatioCorrector.image_sharpness()(data)
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 Optimisation in CIL
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CIL offers a range of optimisation algorithms, e.g., GD, FISTA, ADMM and (S)PDHG:

CIL team entry finished 3rd  

beaten by two teams using machine learning 
with large amounts of synthetically generated training data 

Jørgensen et al:  A directional regularization method for the limited-angle Helsinki Tomography Challenge using CIL

In PDHG form



 Optimisation in CIL
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F = BlockFunction( a1*L2NormSquared(data),
                   a2*MixedL21Norm(), 
                   a3*L1Norm() )

K = BlockOperator( ProjectionOperator(ig, ag), 
                   GradientOperator(ig), 
                   FiniteDifferenceOperator(ig,’horizontal_x’))   

algo = PDHG( initial=ig.allocate(0.0), 
             f=F, 
             g=G, 
             operator=K, 
             max_iteration=2000 ) 
algo.run()

G = IndicatorBoxPixelwise( lower=0.0, 
                           upper=v*m )



 Case Studies in CIL : Laminography
Artifacts reduced by TV regularisation

Jørgensen. et al. 2021, Core Imaging Library - Part I: a versatile Python framework for tomographic imaging
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Least Squares, unconstrained Least squares, nonnegativity
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• Planar samples, like composite panels and printed circuit boards 
are difficult to scan due to different exposure along views. 

• Conventional CT scan gives limited-angle artifacts, missing edges. 
Laminography allows uniform exposure. 

• Dataset : Planar LEGO-brick



 Case Studies in CIL : Dynamic CT
Limited angle Dynamic X-Ray CT reconstruction

• Scan a sample in time that undergoes some change. 
• Use iterative reconstruction methods to increase temporal resolution and reduce radiation 

dose during a CT scan. 
• Dataset: Simulate diffusion of liquids inside plant stems. Dynamic agarose-gel phantom 

perfused with a liquid contrast agent (iodine).

Papoutsellis et al. 2021,  Core Imaging Library - Part II: multichannel reconstruction for dynamic and spectral tomography  
FIPS dataset: Tommi Heikkilä, Hanna Help and Alexander Meaney: "Gel phantom data for dynamic X-ray tomography”
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 Case Studies in CIL : Dynamic CT
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 Case Studies in CIL : Hyperspectral  Neutron CT

Ametova et al. 2021:  Crystalline phase discriminating neutron tomography using advanced reconstruction methods
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FBP • Proposed spatio-spectral TV-TGV regularization 

• Enables clear identification of Bragg edges in 3D
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Case Studies in CIL : PET/MR Reconstruction

Ovtchinnikov et al. 2017, SIRF: Synergistic Image Reconstruction Framework

PET

MR

NiftyReg

Same API

 CIL 

 CIL Optimisation

Synergy between two libraries: Core Imaging Library (CIL) and Synergestic 
Image Reconstruction Framework (SIRF) for Medical Imaging Applications
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 Case Studies in CIL : PET/MR Reconstruction

Brown et al. 2021: Motion estimation and correction for simultaneous PET/MR using SIRF and CIL
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No motion correction & 
regularisation

Motion correction with TV

OSEM 

CIL – PDHG: TV+ 

NEMA

OSEM 

PDHG (CIL) : KL + TV

12
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 Case Studies in CIL : Non Tomography

13
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Colour image inpainting and salt/pepper denoising 

Corrupted imageGround truth L1 + TGV

Papoutsellis et al. 2021,  Core Imaging Library - Part II: multichannel reconstruction for dynamic and spectral tomography 



 Stochastic Optimisation in CIL

Extend CIL Optimisation (Deterministic)  framework to Stochastic Optimisation

Joint work:  Kris Thielemans, Gillman Ashley, Tang Junqi, Zeljko Kereta, Imraj Singh, Gemma 
Fardell, Evgueni Ovtchinnikov, Matthias Ehrhardt, Laura Murgatroyd, Robert Twyman, 
Edoardo Pasca, Claire Delplancke, Georg Schramm, Daniel Deidda, Jakob Jørgensen, Sam 
Porter, Margaret Duff, Antony Vamvakeros, Simon Jacques, Casper da Costa-Luis

Organised: CCP SyneRBI , CCPi , PET++ 
• 1st Hackathon: November 23-26, 2021 
• 2nd Hackathon: April 4-7, 2022 
• Finden Ltd - Analysis for Innovators (A4i): Denoising of 

chemical imaging and tomography data. In collaboration with 
National Physical Laboratory (05/2023 - 09/2023)
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https://www.ccppetmr.ac.uk/node/1
https://www.ccpi.ac.uk/
https://petpp.github.io/#Project


 Stochastic Optimisation in CIL

Extend CIL Optimisation (Deterministic)  framework to Stochastic Optimisation

• Implement splitting for CIL/SIRF DataContainers: CT, PET, SPECT, MRI data 
• Implement randomised algorithms in CIL, e.g., SGD, SAG, SAGA, SVRG and more 
• Improve CIL optimisation functionality, e.g., step size, preconditioning 

Defazio et al. 2014, SAGA: A Fast Incremental Gradient Method With Support for Non-Strongly Convex Composite Objectives 
Schmidt et al. 2017, Minimizing finite sums with the stochastic average gradient 
Johnson et al., 2013, Accelerating Stochastic Gradient Descent using Predictive Variance Reduction
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 Stochastic Optimisation in CIL

•  Avoid computing the full gradient per iteration, i.e., gradient for all n. 

•  Select a random index                                   and compute             per  iteration.
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GD PGA/ISTA APGA/FISTA



 Stochastic Optimisation in CIL
GD PGA/ISTA APGA/FISTA

• No direct implementation of Stochastic algorithms, e.g., SGD. 
•  Use a deterministic algorithm, e.g.,  GD, already available in CIL. 
•  Implement a Stochastic Gradient “Functions” or Variance-Reduced “Functions” 
•  Example SGD := GD (CIL Algorithm) +  SGFunction (CIL Function)

SGD Prox-SGD Acc-Prox-SGD

Stochastic Optimisation Design
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 Stochastic Optimisation in CIL

GD ISTA FISTA

SAGFunction

SAGAFunctionSVRGFunction

SGFunction

LSVRGFunction

Stochastic Gradient and Variance-Reduced  
CIL “Functions” 

and more ...

ApproximateGradientSumFunction
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 Stochastic Optimisation in CIL

Algorithms 
Stochastic Function

GD ISTA FISTA

SGFunction SGD Prox-SGD Acc-Prox-SGD
SAGFunction SAG Prox-SAG Acc-Prox-SAG

SAGAFunction SAGA Prox-SAGA Acc-Prox-SAGA
SVRGFunction SVRG Prox-SVRG Acc-Prox-SVRG
LSVRGFunction LSVRG Prox-LSVRG Acc-Prox-LSVRG

Plug and Play Framework -  Different Stochastic Gradient Functions
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 Stochastic Optimisation in CIL

Algorithms 
Stochastic Function

GD ISTA FISTA
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 Applications  (PET - Smooth optimisation)

• Splitting Method: Ordered  (126 projections), Subsets = 21, 42, 63 
• Sampling Method (Functions): Random with replacement 
• Optimal Solution:   (subset) Preconditioned Gradient Descent with relaxed step size 
      7 subsets (20000 iterations)  10hrs≈

• Preconditioning:  D(xk) =
xOSEM + ε

AT1
• Initial: OSEM 

OSEM ROIs

Step size:  γk =
1

1 + η(k //(n /2))
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Twyman et al 2023. An Investigation of Stochastic Variance Reduction  Algorithms for 3D Penalised PET Image Reconstruction  

NEMA



 Applications  (PET - Smooth optimisation)
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 Applications  (MicroCT - NonSmooth optimisation)

• Splitting Method: Ordered  (900 projections), Subsets = 20, 50 
• Sampling Method (Functions): Random with replacement 
• Optimal Solution:  FISTA - 5000 iterations  4days 
• Detector: 1561x1561, 300 slices

≈
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 Applications  (MicroCT - NonSmooth optimisation)
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Chambolle et al. 2018, Stochastic Primal-Dual Hybrid Gradient Algorithm with Arbitrary Sampling and Imaging Applications Penalised PET Image Reconstruction  



 Try CIL

• CPU jupyterlab instance 
• Easy and free to use 
• No installation required 

• GPU (up to 16Gb) 
• Easy and free to use 
• 4 easy steps to install

 E. Papoutsellis  |  Finden  |   https://epapoutsellis.github.io 25



Future Steps
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 CIL:  Agnostic API for Inverse Imaging Problems 

Major Breakthrough in 
Python Scientific Ecosystem

https://labs.quansight.org/blog/2021/10/array-libraries-interoperability 
https://github.com/jcmgray/autoray



 CIL User Meeting ‘24
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ccpi.ac.uk/events/cil-user-meeting-2024

https://ccpi.ac.uk/events/cil-user-meeting-2024


 Summary
• CIL is an open-source Python library for solving Imaging Inverse Problems 

• Highly flexible and for different imaging modalities 

• Modular design for Plug and Play Stochastic optimisation

• Website	 https://www.ccpi.ac.uk/CIL 
• Github	 https://tomographicimaging.github.io/CIL 
• Discord 	 https://discord.gg/kmBcU2kebB 
• Demos             https://github.com/TomographicImaging/CIL-Demos 
• Showcase        https://github.com/TomographicImaging/CIL-User-Showcase  

Thank you for your attention!   Questions?
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