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3Single-Pixel Hyperspectral Imaging

λ

hologram

Spectrometer

Reconstruction
Algorithm

Hypercube



Nicolas Ducros     |     9 April 2024     |     SPIE Photonics Europe, Unconventional Optical Imaging IV, Strasbourg

Data-driven (‘Deep’) Reconstruction

Deep

Recon

Standard

Recon

4

[G. Beneti et al. Opt Express 31, 15599 (2023)]
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The Reproducibility Crisis 5

‘(…) when attempting to reproduce 
computational results (…) from an article 
published just months prior, even the 
original authors of the experiment were 
unable to completely reproduce the results.’

[J. Shenouda and W.U. Bajwa. IEEE Signal Process. Mag. 40, 141 (2023)]
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The OpenSpyrit Ecosytem 6

spyritspihim

spas
https://github.com/openspyrit/

[G. Beneti et al. Opt Express 31, 15599 (2023)]

https://github.com/openspyrit/
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The SPyRiT Package

 Available on pypi: pip install spyrit

 Source code: https://github.com/openspyrit/spyrit/

 Documentation: https://spyrit.readthedocs.io/
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[G. Beneti et al. Opt Express 31, 15599 (2023)]

https://github.com/openspyrit/spyrit/
https://spyrit.readthedocs.io/
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Single-Pixel Reconstruction (Philosophy)
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9Single-Pixel Reconstruction (in Practice)

 Measurements are noisy

 Accelerated acquisitions
 How to reduce acquisition time? 

 Limit acquisitions to a few 

patterns

 This, however, degrades the 

image resolution!

[EMVA Standard 1288, 4.0 (2021)]
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Data-Driven Reconstruction Methods (1/3)

 Learns a nonlinear ‘model’

 Training phase

o Image-measurement pairs

o Loss (e.g., mse)

o Optimization machinery (e.g., PyTorch/TensorFlow)

STL-10 dataset 

D.P. Kingma and J.L Ba, 

ICRL, 2015 (> 215k citations)

A. Paszke et al., NEURIPS, 

2019 (> 22k citations)

10
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Data-Driven Reconstruction Methods (2/3)

 Reconstruction performance is empirically excellent but…

… how to choose       ?

 Huge black-box? Interpretation? No mathematical or physical basis?

11

[B. Zhu et al., Nature Letters, 

2018] (> 1.5k citations)

“Automap” 

(> 6.109 param)
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Data-Driven Reconstruction Methods (3/3)

 Unrolled / Plug & Play methods
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 Core components

SPyRiT: Single-Pixel Reconstruction Toolkit

Image

Domain
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Coming Soon: New Unrolled and PnP Methods 14

Unrolled P & P Unrolled

One iteration Three iterationsGround-truth
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Coming Soon: Dynamic Scenes

 Motion-compensated reconstruction

 Challenge of dynamic scenes: each pattern ‘sees’ a different image

15

[T. Maitre et al. IEEE ISBI (2024)]

No compensation Compensated
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Conclusions 16

Open source Python package

 Instrumentation control 

(ViALUX DMD, Avantes

spectrometer)

Existing unrolled and 

PnP methods

Benchmark

Tutorials

spyrit

200+ hypercubes in open 

access

Raw data, metadata

spihim

spas

https://github.com/openspyrit/

Not limited to Hadamard, 

nor to the visible spectrum

https://github.com/openspyrit/

