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Abstract. In this work we present the characteristics of a static Fourier transform spectrometer
designed for a balloon flight and meant to test the instrument in an actual working environment.
The flight campaign has been provided within the HEMERA Research Infrastructure. The
interferometric assembly, the core of the instrument, is made with only refractive and reflective
surfaces, without diffraction gratings. It is realized with four glass elements that are glued in a
single monolithic structure with no spacers or framed supports. There are no hollow spaces, thus
improving the mechanical stiffness. The spectral band accessible to the presented optical design is
450 — 850 nm and the working spectral region can be chosen to be either 550 — 850 nm or 450 —
550 nm. The spectral resolution is variable as it is driven by the refractive index of the used glasses
in the considered spectral region. In this design, the resolution varies from 1500 at 550 nm to 200
at 800 nm and to 4000 at 450 nm. The total field of view of the instrument is 3 degrees. All the
optical elements used to operate the spectrometer are installed on a 3D printed structure. This is
possible due to the low sensitivity of the instrument to vibrations. The interferometric assembly
has undergone thermal test to quantify the temperature range it can tolerate. We will present the
instrument design and the first results of the flight campaign.

Introduction

Static Fourier transform spectroscopy is nowadays a well-documented technique [1-3], the
interested reader is invited to start from the references for a description of the technique. Here is
sufficient to recall that the technique is based on the recording, via a 2D detector, of an image
signal, called interferogram, whose Fourier transform returns the spectrum of the light that has
produced the interferogram itself. What we have tested in this flight campaign is the possibility to
realize the interferometer as a monolithic optical assembly in which the beam-splitter and the retro-
dispersive elements, two Littrow’s prisms [4-6], are glued together forming a compact structure
(hereafter the interferometric assembly, IA) with no hollow volumes in the optical path.

Being the 1A realized by gluing together glasses with different coefficients of thermal expansion
(BK7 and SF57), the proposed optical concept has been tested to evaluate the possible occurrence
and effect of thermal stresses in the interferometric assembly. The spectrometer, with the
indication of all its major parts, is shown in Fig. 1a; Fig. 1b shows the instrument, closed with its
cover, during the pre-flight tests. The supporting base is realized via SLS 3D printing technology
in Nylon 12.
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Fig. 1. Image of the realized instrument. a) The spectrometer without the cover and with all the
main parts indicated. The yellow overlay mimics the light path and illustrates the imaging action
of L3, which projects the interferogram on the detector focal plane. b) The spectrometer installed
on a breadboard, during the pre-flight tests.

The flight

As in the first flight [7], the spectrometer, prepared for the flight campaign, has been installed
inside a polystyrene box with 1 cm thick walls. The box contains also all the electronics and the
power source, see Fig. 2 for details on the internal sub-assembly arrangement. The flight took place
the 11" of May 2023 in the morning at the Aire-Sur-L’Adour "Centre d'Opérations Ballons" -
CNES. The ascending phase lasted about 1 hour and 30 minutes and the descending one 50
minutes, for a total flight duration of about 2 hours and 20 minutes. The maximum reached altitude,
as inferred from the internal sensor (Bosch BME680) with its default calibration curve, was 26
km. Pressure altitude and temperature as measured from the internal transducers are plotted in Fig.
3.

An interferogram has been acquired every second. Fig. 4a presents a 2D map of the acquired
spectra during the entire ascending and descending phase. To obtain a spectrum, the interferogram
is line by line multiplied with a “Blackman” window, then for each line the squared absolute value
of the 1-D Fourier transform is calculated. The results are then averaged on the full frame. For
each acquisition the spectrum is normalized to its maximum value. Fig. 4b shows in detail three
spectra acquired after 1031 s, 3007 s and 5504 s.
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Fig. 2. The instrument assembled for the flight campaign. a) Internal view: the arrow indicates
the entering direction of the light. A) the instrument, partially hidden behind the two PCBs, B)
the single board computer, C) the power and environmental sensing unit, D) the batteries, E) one
of the four connecting pylons between the instrument and the external box in polystyrene. b) The
instrument, landed in an open field, after the flight.
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Fig. 3. Environmental parameters acquired during the flight. a) Altitude and pressure from
Bosch BMEG680. b) Temperature inside the polystyrene box measured by two distinct
transducers.

1
mom s
M\jom s
‘I’\V\’I\\'\%M s

0

600 650 700 750 800 850
Wavelength (nm)

—
=]
wn

(=]

—

_—

(=)
(=)}
Intensity (Arbitrary units)
=)
W

=
o

e

n

600 650 700 750 800
Wavelength (nm) a)

b)
Fig. 4. Spectra acquired during the flight. A) 2D map: each spectrum is normalized to its
maximum value. B) for the three horizontal cuts corresponding to the crosses in figure a), the
corresponding spectra are plotted. The spectra are acquired after 1031, 3007, 5504 seconds
from the beginning of the flight.
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Conclusions

The proposed optical design proved to operate in a real flight environment showing negligible
thermal drift effects. Moreover, compared to the previous spectrometer design [7] which featured
separate prisms and beam splitter on an aluminum optical bench, this new layout showed an
improved mechanical stability. Despite the lightweight 3D printed supporting base, the new design
enabled operation with longer integration times without any spectral degradation due to loss of
contrast in the interferogram.
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