N

N

Model-based Spectral Reconstruction of Interferometric
Acquisitions (poster)

Mohamad Jouni, Daniele Picone, Mauro Dalla Mura

» To cite this version:

Mohamad Jouni, Daniele Picone, Mauro Dalla Mura. Model-based Spectral Reconstruction of Inter-
ferometric Acquisitions (poster). ICASSP 2023 - IEEE International Conference on Acoustics, Speech
and Signal Processing, Jun 2023, Rhodes Island, Greece. , 2023. hal-04295262

HAL Id: hal-04295262
https://hal.science/hal-04295262
Submitted on 20 Nov 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04295262
https://hal.archives-ouvertes.fr

Model-based Spectral Reconstruction of

=
, _é_. Interferometric Acquisitions
Gy

Mohamad Jouni, mohamad.jouni@grenoble-inp. fr

4-10 JUNE,
Daniele Picone, danzele. picone@grenoble-inp. fr RHODES ISLAND, GREECE

Mauro Dalla Mura, mauro.dalla-mura@qgrenoble-inp. fr

e Spectral information of the scene can be reconstructed Acquisition and Inversion Pipelines

from imterferometric observations

, , o , e Direct model: y = Ax + e, where
e A simple inversion is not straightforward, and the data

_ K ~ -
is scarce, but we have a good knowledge of the system x € R™ (unknown) is the spectral radiance

—y € R (observed) is the sampled interferogram
— A € RYH& is the domain transfer matrix from that of x to that of y

—e € R” is the noise, which we assume to be Gaussian

e We propose to use Loris-Verhoeven algorithm, a model-
based iterative algorithm, with proximal solvers

Examples of data acquisition sources

e The interferogram can be interpreted as a Fourier transformation of the spectrum.

* Devices: Spectrometers and Interferometers o Goal: Estimate the value of x such that x = argmin, 5|y — Ax||3 + r(x)
e Datasets: Real and Simulated
o lixample targets: Colorchecker, Solar, Monochromatic Continuous Aaoplisiion moede Observed e EeteEs Reconstructed
spectrum A() interferogram ACD() spectrum
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Methodology (Model-based methods)

Spectral Formation

Analytical Knowledge of the Transfer Matrix Foomrreriaarnell ot ned
e Theoretical: based on the number of emerging waves in the interferometer': e Truncated singular value decomposition (TSVD)
—2-wave model (e.g., Michelson interferometers) e Ridge regression (RR)

—oo-wave model (i.e., Airy’s distribution, Fabry-Pérot etalons)

e Real: Characterized from monochromatic acquisitions of a real device? Iterative methods: Loris-Verhoeven (LV) algorithm*

e Solve % = argmin,s|ly — Ax[j3+ X g(Wx)  where:

— A 1s the regularizing parameter
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—g(-) is the regularization term
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— W 1is a linear domain transformation
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S 3““ B e [mpose sparsity on the Fourier domain of the spectrum: |[Our Proposall
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—Set W € RE*E ag the type-II discrete cosine transform (DCT)
—Choose g(-) = || - ||1 as the £;-norm (sparsity-inducing regularizer)

—Solve using proxzimal operators within a primal/dual problem

2-wave model transfer matrix oo-wave model transfer matrix
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T eence | o T Reference . e Use better denoisers (test the family of Plug-and-Play denoisers)
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2 — E\T 2 08- e Reduce model mismatches through deep priors that fit with the data
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o 5 Zj e Challenge: Data is scarce and hard to acquire
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£ 02 e [ixploit spatial information: From “one-pixel” to “ftull-image” inversion
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o [terative methods are efficient as a base-line in the presence of noise
3. Idier, Jérome, ed. Bayesian approach to inverse problems. John Wiley & Sons, 2013.

e Problem: Induced smoothness with low SNR => Information loss

4.Ignace Loris and Caroline Verhoeven, “On a generalization of the iterative soft-

e Problem: The method does not work with real acquisitions => Model mismatches thresholding algorithm for the case of nonseparable penalty,” Inverse Problems, vol.
27, no. 12, pp. 125007, 2011.

e Technological limitation: The spectral resolution is limited by the prototype’s design

e Exploit spatial information => imaging denoisers and data-based approaches
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