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EPI'Is atunable optical filter,— electrical actuation changes the passband wavelength

VAT develops miniaturized spectrometers based on tunable FPIs, for both imaging and non-
Imaging application

EPI-based microspectrometers and hyperspectral imagers can be scaled to volume production
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Basic equation: mA = 2d
where m is operation order and d is air gap width




VTT’s complementary FPI technologies

MEMS FPI optical
apertures up to 4 mm
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FPI platforms and examples of realized filters
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FPI spectral imager characteristics
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Feature Benefit Enables
Snapshot 2D Hand-held, UAV,
Image nanosatellite
Fast filter Fast
switching measurements

Programmable

Simple optical
structure

High spatial
resolution

il

Greatly reduced
amount of data

Vast range of
applications

Improved image

analysis
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FPIl tunable pass-band filter in spectroscopy

(Comparison to pixel )

array-HSls:

v' Smaller size than
pixel-based
spectral imagers

v" Hundreds of
spectral bands

v' Does not require

=
-:E bulky and
g expensive

telemetric lenses
v' Compatible with
low-cost mobile
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FPIl technology applications —
examples and demonstrators

I\/Ioblle and hand-held
pace and environmental

sensing

Adlto-1
PICASS®'Vision
Hello World

2018: Gubic-inch
spectralicamera
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Aalto-1

* VNIR spectral camera (500-900 nm)
= Normal RGB camera

= Technical mission objectives have
been almost fulfilled

= Camera system has been working
well

= High speed downlink wanted ®

19/01/2018



Ground based imaging tests
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Picasso

» Picasso: Picosatellite for Atmospheric and Space Science
Observations

= VISION: Visible Spectral Imager for Occultation and Nightglow
= 2 scientific experiments for Earth observation

= VISION: retrieving vertical profiles of ozone and temperature via Sun
occultation (FM delivered in May 2017)

» SLP: studying the ionosphere (Langmuir probe)
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VISION operation principle

U Observation of sunsets and sunrises
through the Earth’s atmosphere

Elevation: 30.8 deg
Elevation: 23.9 deg
Elevation: 15.0 deg
Elevation: 11.5 deg
Elevation: 4.2 deg
Elevation: 1.8 deg

O Occultation technique is self-calibrating 1
(dividing by out-of-atmosphere signal)
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O Vertical distribution retrieved by onion
peeling method
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Reaktor /=
Space Lab WA
Hello World

= 0.5 U SWIR-1 spectral imager
= Measuring from 900 to 1400 nm

= First IR spectral imager for a
nanosatellite

= To our knowledge...

Raw uncalibrated spectrum

19/01/2018 13



ALTIUS

"VISION on steroids”
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High Pass Filter —
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FPI 1, FPI 2, FPI 3 and FPI 4
Fabry-Perot Interferometers in
series. Total transmission contains
only one spectral band.
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Asteroid Spectral Imager

* Instrument envelope: 1U

= 2 spectral imagers, VIS and NIR

= 1 SWIR spectrometer

* Includes the AOCS navigation
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VIS channel

Based on Aalto-1 Spectral Imager
Spectral range: 500 — 900 nm
Image size: 1024 x 1024

Spectral bands: ca. 14

NIR channel

Spectral range: 900 — 1600 nm
Image size: 640 x 512
Spectral bands: ca. 24

SWIR channel

Spectral range: 1600 — 2500 nm
Image size: N/A (1 pixel)
Spectral bands: ca. 30
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Next: Cubic-inch spectral imager

= Goal is to combine mobile phone camera modules with new MFPI
components

" From5x10x10cm3to 2.5x2.5x 2.5 cm?3
= Easily fitted in very small UAVs, satellites or rovers
» First demonstrator will be presented in Photonics West 2018
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Summary and conclusions

= Optical remote sensing is possible with nanosatellites
= Just choose the application well

= VTT has develope spectral imaging solutions for UV, visible and
infrared regions

= The technology is easily tailored for different mission needs
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