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VTT Microspectrometers team in brief

Team expertise:

- MEMS process design
- Optics, electronics and
mechanics design

- Assembly, testing &
characterization

- Software and Ul
development

Key research topics

- Space CubeSat
instruments

- Environmental sensing
- Stand-off detection

- Medical and
diagnostics

- MEMS sensors for
automotive, mobile and
process industry

- Gas sensors

- Optical readers

Our offering

- Contract R&D

- Product prototyping

- Pilot MEMS
production

- IPR out-licensing and
sales
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EPI'Is atunable optical filter.— electrical actuation changes the passband wavelength

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

EPI-based microspectrometers and hyperspectral imagers can be scaled'to voelume production

-

Incoming light
(broadband, or "white”)

Tunavie [ :
air gap — :> Mirrors

Transmitted light
(narrow wavelength band)

Basic equation: mA = 2d
where m is operation order and d is air gap width




FPIl tunable pass-band filter in spectroscopy

M 774

(Comparison to pixel )

array-HSls:

v' Smaller size than
pixel-based
spectral imagers

v" Hundreds of
spectral bands

v' Does not require

bulky and

expensive
telemetric lenses

v' Compatible with
low-cost mobile

\ optics! )




VTT’s complementary FPI technologies

MEMS FPI optical
apertures up to 4 mm

g Piezo FPI optical
: apertures up to 24 mm




FPI platforms and examples of realized filters
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FPIl technology applications —
examples and demonstrators

Aalterl(2014-2017)*

PICASSO Vision! (2015-
2018)*

Space and environmental ool uCirates
sensing

Stand-off - and
and chemical
detection
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Hyperspectral imaging for small satellites

= Traditional optical remote sensing from nanosatellltes can be

challenging due to the I|m|ted 5|ze and capabilities.c o|li

platforms
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CubeSat missions

1. Aalto -1 imager will image land and ocean targets at Wavelengths 500 -
900 nm to demonstrate the technology at lo

VISION-ins n S|CASS @ nanosatellite will ook
sphere and: record the atmospheric
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Classification of imaging spectrometers for remote sensing
applications

Spectral imagers have traditionally been realized as push-broom instruments, where the movement of the
spacecraft provides the other spatial dimension for the images.

Requires a stable and precise attitude control, which can be diffi

Table 1 Classification of imaging spectrometers.

Along-track scanning

Whiskbroom Pushbroom Windowing Framing
+ Filter array + Band-sequential
Filterin + Multiband + (No known + Wedge filter + Filter wheel -
9 radiometer examples) + Linear variable  + Tunable filter Yy
filter {AQTF or LCTF)
. . . ) . . . . + (No known * Image slicer
Dispersive Grating or prism Grating or prism examples) » Tomographic
« Traditional FTS . Ctat » Static FTS . .
Interferometric ~ « Point FTS Static FT3 (Mach-Zender, Traditional FTS

(Michelson) (Sagnac) Sagnac) (Michelson)

-~

Ref. R. Sellar&G. Boreman, “Classification of imaging spectfometers for - Ref. X Prieto-Blanco & al., “Optical configurations for Imaging

"

remote sensing applications®, Opt.Eng. 44(1), Jan-2005. - - =~ Spettrometers, Comput. Intel. For Remote Sensing, SCI 133, pp. 1-25,
' - : : : ’2008 Springer-Verlag, Heidelberg 2008. '

.
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Piezo FPl assembly concept for space environment

Piezo{" _,;Tl Ag ,lz'used Slllca Supportlng ,' "' . FPI
actuators SIO2) FPk~ support plats,:aﬁ frame ._*,,;:-;.;;-::-:f»;'-_.r e Preamplifier
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Spectrum Lecation (407,28)
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~ ground-station & operatlons




Solar occultation and mission scientific goals

e —

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

= Occultation technique is self-calibrating
(dividing by ou ignal)
= Vertical di

Scientific goal 2: Mesosphere and strato
temperature profiles

stratospheric 0zo

Absorption increases
when looking deeper in
the atmosphere (lower
tangent heights). Ozone
retrieved from the

Chappuis band (~600 ‘ Q <

Methods: 1) shape of the sun, 2) sunlight dilution




VISION instrument parameters..

Parameter Value Notes
Field of View 25°x25° f =244 mm

Image size 2048 x 2048 1024 x 1024
RGB pixels  spectral pixels

Spectral range 430 - 800
nm

Spectral <10 nm

resolution
(FWHM)

Mass 526 g
Power < 3W

Operation -35 °C to -
temperature +55 °C




Ground:based measutent

Measurement'time: noon to sunset arison to simulation

Measurement vs MODTRAN-simulation, 30 deg elevation

— Measurement

= Simulation high H20
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Spectral radiance (arbitrary)
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187 wavelengths between 440 nm — 770 nm at Goad correlation at 600 nm — 770 nm.
elevations from 30 deg to 2 deg
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Missﬁn{?; -/Heﬂo World

In-orbit demonstration mission -
NIR spectral imager payload
= 1000 — 1600 nm

IRI5712 pixels -
eusable CubeSat platform, 2-6U
Reconfigurable software
Linux application processor
S-band user cogamunications
Launch: Q272018
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Ground

for Hello World

E:ZIY(R:Eand 22,G:Band 14,B:Band 24):pskealibrated20171019-144546 RHW_.. = | =) & £F] Zoom: Resize (3)

Spectrum Location (207,316}

2.ox10*

1.5x10*

1.0x10*

5.0x10°

lllllllllllllllllllllll

900

1
1000

1 1
1100 1200
Wavelength

1
1300




Future plans ‘

Asteroid Spectral Imager mission (ASPECT)
3U CubeSat capable of measuring \B/ISc(l;anrjA\ell 1 .
ased on Aalto- pectra mager

from 5084hm to 2500 nm (can be - Spectral range: 500 — 900 nm
extendg® to 3000 nm) Image Slizbe: %14x614

: ; ) Spectral bands: ca. 14
Aims for measuring asteroid
Composition NIR channel

pectral range: 900 — 1600 nm

Instrument envelope: 1U age size: 256 x 256 / 512 x 512

2 spectral imagers, VIS and NIR
1 SWIR spectrometer
Includes the AOCS navigation camera
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Summary and conclusions

» VTT has developed spectral imager solutlons
for UV, visible and infrared region . ’

* FPI-based
miniatures
- - anna.rissanen@vit.fi
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