N

N

Reconstruction of Spectra from Interferometric
Measurements (poster)

Mohamad Jouni, Daniele Picone, Mauro Dalla Mura

» To cite this version:

Mohamad Jouni, Daniele Picone, Mauro Dalla Mura. Reconstruction of Spectra from Interferometric
Measurements (poster). Co-conception: capteurs hybrides et algorithmes pour des systémes innovants,
Nov 2023, Paris, France. . hal-04302003

HAL Id: hal-04302003
https://hal.science/hal-04302003
Submitted on 23 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-04302003
https://hal.archives-ouvertes.fr

=

3. Interferometric Measurements

ey

Mohamad Jouni, mohamad.jouni@grenoble-inp. fr
Daniele Picone, daniele.picone@grenoble-inp. fr

Mauro Dalla Mura,

Reconstruction of Spectra from

Groupement
de recherche

SIS Information Signal
Image viSion

mauro.dalla-mura@grenoble-inp. fr

e We want to reconstruct spectra from interferograms.

Acquisition and Inversion Pipelines

e A simple inversion is not straightforward, and the data are scarce.
e We exploit our knowledge ot the acquisition model.

e Direct model: y =
—x € R® (unknown): spectral radiance, in the domain of wavenumbers o

Examples of data acquisition sources —y € R (observed): interferogram, in the domain of optical path differences (OPDs) 4.
e Devices: Dispersive spectrometers and Interferometers — A € R4 s the discretized acquisition model, and depends on ¢ and o.
e Fixample targets: Monochromatic sources and spectral references —e € R” is the noise, which we assume to be Gaussian.

e Goal: Estimate the value of x such that x = argmin, 5|y — Ax||3 + r(x)

Ax + e, where:
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ITI. Acquisition Model (knowledge of the system)

e Theoretical: following the physical interferometric phenomena / models [1]:
—2-wave model: A(d;,0) = (1 + R*(c) — 2R (o) cos(2mad;))T (o) ~ Cy + C; cos(2mwd;0)
—oo-wave model: A(d;,0) = HRQ(J)_ml(O) COS(%O(SZ)TQ(O) ~ Cy+ Y.~ Cpcos(2mndo)
e Raw data: following the raw monochromatic acquisitions of a real device.

e Characterized: fitting a model with the monochromatic acquisitions of a real device |2|.
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IV. Methodology (Model-based)

e Based on the condition numbers from the singular values plots,
the inversion problem is ill-posed.

Conventional methods (SVD-based approaches) [3]

e [nverse discrete cosine transform (IDCT)

e Psuedo-inverse (e.g., raw data)

e Truncated singular value decomposition (TSVD)
e Ridge regression (RR)

Iterative methods: Loris-Verhoeven (LV) algorithm [4]

e Solve X = argming ;|ly — Ax||5+ A g(Lx)  where:
— A 1s the regularizing parameter
—¢(+) is the regularization term (e.g., sparsity)
— L is a linear domain transformation (e.g., DCT or identity)

V. Experiments

Simulated Experiments (varying SNR) [5]

1.2 1.2
— Reference —— Reference — Reference
SNR = 20 dB TSVD

—— SNR =10dB LO1 A

1.0

~
o

VI. Summary

e The acquisition models can be exploited and represented as a Fourier series.
e [terative methods are efficient as a base-line.
e Problem: Induced smoothness with low SNR => Information loss.
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VII. Perspectives

e ['xperiment with real non-monochromatic data.
e Collect real non-monochromatic data (data-based approaches).
e [ixploit spatial information with hyperspectral cube reconstruction.

Real Experiments (monochromatic data)
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