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Canonical application: Square Kilometre Array (SKA)
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SKA sites
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Radio interferometric telescopes acquire “Fourier” measurements

“Fourier”
Measurements
=
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Radio interferometric telescopes acquire “Fourier” measurements

“Fourier”
Measurements
=

Interferometric imaging is an

Recover an image from noisy and incomplete “Fourier” measurements.
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LEXCI application domains more broadly

Learned Exascale Computational Imaging (LEXCI)

LEXCI project

Extended application areas

Jason McEwen 4
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LEXCI hybrid approach

Computational Imaging

Hybrid

Model-Based (this project)

Fully Learned

Ineffective due to
inherent instabilities
of ill-posed problems

Learn complex priors Learn complex priors
from data from data

Guided approach to stabilize
ill-posed inverse problems

Guided approach to stabilize
ill-posed inverse problems

Hand crafted priors

)
~—
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Cross-cutting research areas

Al

Learning to Image

Mathematics
Variational
Regularization,
Learned Exascale ] Optimization
Computational
Imaging
(LEXCI)

Physics Statistics

Modelling Bayesian Inference
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Integrate physical model of telescope

Integrate (differentiable) into an architecture; plus
multi-resolution instrument model. (Mars et al. 2023, Mars et al. in prep.)

to handle measurement operator variability (telescope configuration).

GU-Net
[ Telescope \

Measurements Model

Reconstruction

Telescope Dirty Image \_ Neural Network )
Madal
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Distribution

U-Net GU-Net

60

50
o
2
@ 40
z \
£ =
30 ,‘//
3 train 3 train
20 7 test 7 test
True Single Single Distribution  Distribution True Single Single Distribution  Distribution
coverage coverage coverage of coverages of coverages coverage coverage coverage of coverages of coverages
Transfer Transfer transfer transfer

Reconstruction quality (PSNR 1) for different training strategies.

>
> Imaging time relative to classical approaches.
> Support for for the first time.
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Scalable Bayesian UQ with learned data-driven priors

1. Bayesian inference and MAP estimation.
2. probability concentration theorem for log-convex distributions.
3. convex ML model with explicit potential.

~~ with learned data-driven priors,

which are highly expressive. (Liaudat et al. in prep.)
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Reconstructed images

0.0 0.0

-0.5 -0.5
1.0 1.0
1.5 1.5
2.0 -2.0
Ground truth Dirty image Reconstruction (classical)  Reconstruction (learned)
SNR=3.39 dB SNR=23.05 dB SNR= 26.85 dB

Jason McEwen Error (classical) Error (learned) 10
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Approximate pixel-level uncertainty quantification

mean = 0.3844

o
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LCl
(super-pixel size 4 x 4)
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Open-source codes (C++, MPI, OpenMP)

PURIFY code

SOPT code

Jason McEwen

https://github.com/astro-informatics/purify

PURIFY is a highly distributed and parallelized open-source C++ code for
radio interferometric imaging, leveraging recent developments in the

field of variational regularization and convex optimisation.

https://github.com/astro-informatics/sopt

SOPT is a highly distributed and parallelized open-source C++ code for

variational regularization and convex optimisation.
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Computational strategy

> Hybrid deep learning (data-driven) & model-based approach
> Big data and big compute BUT moderate size models

> Training and prototyping in on current-generation hardware
(TensorFlow, PyTorch)

> Imaging (production) in on hardware
~+ TensorFlow interoperability with C++ implemented and working well

TensorFlow

Jason McEwen


http://www.jasonmcewen.org

Next steps

> PyTorch Interoperability with C++ (including gradients)
> Port uncertainty quantification to C++
> Benchmark on large data-sets

> Unconference in Spring 2024: Applying LEXCI software to cross-cutting problems
across domains

@ O PyTorch

TensorFlow
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