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Fourier transform spectrometry

E Interferometry
@ Measuring through interfering rays

o Light rays travel different optical
< El paths

N Domain transform
Ey

@ Input domain: spectrum

,,,,, 0" o \: wavelengths
e 0 =1/\: wavenumbers

@ Output domain: interferogram
@ e §: Optical path difference (OPD)
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Fabry-Perot interferometry

o " Transmittance function
E,

€9 (-Rp
Ell | = (1-R)24+4Rsin’(nad)

@ R: Reflectivity
@ o: Wavenumbers
ol e 0: OPD

Rl

Optical path difference (OPD)
A § = 2nd cosf

5 @ n: Refractive index

0" @ d: Interferometer thickness

El @ 0: Internal reflectance angle
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Acquisition system
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Computational imaging

Conventional Observation
Scene
camera datacube

s ImSPOC Ob Computational Reconstructed
cene camera AL algorithm product
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Problem statement

Inversion protocol
under test T(-)

Observation
v

Simulation model

Estimated product
As() X

b

Reconstruction
model Az(-)
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Problem statement

Scene Simulation model Observation
x As() y

Characterization
@ Find the parameters 3 the
transmittance response

@ Estimate the OPD to
properly place the samples
on the interferogram

@ Verify that the system
follows the design specifics
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Inversion protocol

Estimated product
under test T(-) X

X

Reconstruction
model A5(-)

@ Reconstruct the image
datacube

@ Optimize the result for the
application (e.g.,
concentration of gases)
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Abstract: In recent years, the demand for hyperspectral imaging devices has grown significantly,
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Experimental setup

wm ¢
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Integrating
sphere
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Algorithm description

The acquisition can be organized in a matrix Y = (yi):
@ / spans across the array of interferometers
@ k spans across the central wavenumbers o
Goal: Fit the matrix with a parametric interferometer response

G(1—"R)?

ti(B) =

i«(8) 1 — R2 + 4R sin*(1d,04 — ¢o)
e );: i-th OPD @ G: Overall gain
o R: Reflectivity @ ¢g: Phase shift

by minimizing a cost function such as:

arg mﬁin Z (tiw(B) — yix)°
ik
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Challenges

@ The gain and reflectivity depend on the wavenumbers
o Assign a polynomial expression as function of o:

R = Zrmam

@ The solution of the minimization problem is non-convex
e Use an ad-hoc algorithm for non-linear regression
o Levenberg-Marqardt algorithm: iterate alternatively linearization
and regression
@ The algorithm often falls into local minima

e Properly initialize the algorithm
e Assume that the gain scaled transmittance response is sinusoidal
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Results: OPD estimation
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Results: Angle of incidence

OPD (6 = 2nd cosf) Reflectivity
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Continuous
spectrum

Acquisition model
A()

Observed
interferogram
y

Inversion protocol

Reconstructed
spectrum

0 1T 20 30 40 50
OPDS [um)

0 12 14 16 18 20 12 14 16 1
Wavenumber [um 1] Wavenumber [um1]

Problem statement
@ Goal: Find an estimation X of the spectrum x

@ Naive solution (Pseudo-inversion)

% = argmin ||Ax — y||?> = Aly

@ Challenge: The problem is not well-posed
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Regularization techniques

Penalized matrix decomposition _
% = Aty _ )
% = argmin [ Ax — y? + Wi,

@ Singular value decomposition

(SVD) A =UsV’ @ W: Sparce-inducing

@ Inversion through SVD transformation matrix (e.g.,
At =VvS-tUT DCT)

@ Penalize the largest @ Impose the /; norm
eigenvalues in S~ e Iterate the estimation with
generating AT = VS—'VT an ad-hoc solver (e.g.

Loris-Varhoeven)
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Results: Pixel based reconstruction
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Results: Real data reconstruction

@ Goal: Reconstruct the monochromatic spectra for an older
characterization measurement with the model obtained with a
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Results: Image reconstruction

@ Goal: Reconstruct the datacube from a simulated acquisition
with SNR=10dB

o New strategy: Adding a spatial prior (Total variation)

r

Reference Pixel-by-pixel With spatial prior
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Conclusions

@ ImSPOC: a multi-aperture Fabry-Perot image spectrometer
@ Characterization algorithms:

e Need to deal with non-linearities
e Allow to find defects in manufacturing

@ Inversion:

e Assigning a well-adapted prior is fundamental
e There is a benefit to consider both spectral and spatial
information
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Future works

@ Explore the hybrid model/deep learning based algorithms (PnP,
unrolling, etc.)

@ Explores mismatches sources between the model and the
measurement

@ Multimodality: embed additional data into the acquisition from
other devices
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