INSTRUMENTS

Fl ? 5T+ OXFORD

-"ADVANCED IMAGERY

FIRST LIGHT IMAGING

Green House Gas detection & observation from
space in the SWIR band

Jean-Luc Gach — jeanluc.gach@first-light.fr
Feb 2024

06/03/2024 First Light Imaging - EPIC Meeting


mailto:jeanluc.gach@first-light.fr

G dS d Ete Ct | on p rl n Cl p I e Radiation Transmitted by the Atmosphere

0.2 1 10 70
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1
> Incoming solar radiation QOutgoing thermal radiation
B 70-75% transmitted 15-30% transmitted
Sunlight <
r= black-body spectra
o
5,
o
7p]

SWIR MWIR
100

| J H K v
Total absorption
. and scattering
Gas absorption 25
0 .

JMJ\ ﬂ[\ A m ﬂf WW Watervapour
lk_l ll. l Carbon Dioxide

Oxygen and Ozone
; Xyg

~J
92}
|

percentage
a
o
|

A lk Methane

A

Sunlight + gas signatures

Major components

l l Nitrous Oxide
A L

Rayleigh scattering

R 02 1 0 10
e Wavelength (um)

06/03/2024 First Light Imaging - EPIC Meeting



Hyperspectral Earth observation

Each individual image is X-A

A
Sunlight
Slit spectrograph
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See for example: Final 3D image
Naif Alsalem et al.
Optics Continuum A
Vol. 2, No. 11/ 15 Nov 2023 N
https://doi.org/10.1364/0PT
CON.494570 \ , , X
N consecutive slices
Y /
Slit ground image \
j _.' R Y=N images

06/03/2024 First Light Imaging - EPIC Meeting


https://doi.org/10.1364/OPTCON.494570

J band GHG spectral detection
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High spectral resolution permits species disentenglement
Absorption depth gives concentration
High spatial resolution enhances detectivity (less dilution)
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Optical considerations

Diffraction limit

/ wavelength
" Angular

A
\ Telescope

diameter

= Ground resolution

A
R=0H =122XH X —

\ D
Satellite altitude

06/03/2024

First Light Imaging - EPIC Meeting



Diffraction limit
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Acquisition speed impact on ground resolution

Ground resolution due to satellite displacement
(LEO orbit) vs framerate
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Conclusions

* Hyperspectral imaging is more favorable in the SWIR for high spatial resolution
(among some other advantages)

* Longer wavelengths lead to high size and costly optics, high weight and additional
launch costs. Not compatible with cubesats.

* Acquisition speed brings also a spatial resolution limit and a high framerate (>500
FPS) is mandatory for ~10m ground resolution and higher
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What First Light Imaging can do

= SWIR sensitivity from 0.9 to 1.7 (or 2.2 um)

Actual theoretical ground resolution of 6m with a

C-RED New Space 25cm telescope

=  Sensitivity to the 1.6um CO, and CH,
absorption bands

= Acquisition speed of 600FPS full frame

V777777772

Higher speed if cropped (less spectral bands),
up to KHz framerates

Not limiting for pushbroom hyperspectral
imager applications

Low noise, low cost, customizable and many other
features !
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http://www.first-light-imaging.com/
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