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the observational pyramid

Small Satellites (SmallSats))
remote sensing, ocean surface observations, rad
10,000’s km?
15000 knots

Unmanned Aerial Vehicle (UAV)
atmospheric measurements, ocean surface optical measurements

1000’s km?

40-60 knots
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Observation platform capabilities

Temporal scale
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Horizontal spatial scale



HYPSO: Hyper Spectral Imager for
Ocenaograpic Applications
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Do it yourself hyperspectral imager for
handheld to airborne operations
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! University Centre in Svalbard (UNIS), N-9171 Longyearbyen, Norway
’Northern Research Institute, Tromso, Norway
*Norwegian University of Science and Technology, Trondheim, Norway

“freds@unis.no

Abstract: This study describes rapid prototype construction of small and lightweight push
broom Hyper Spectral Imagers (HSI). The dispersive element housings are printed by a
thermoplastic 3D printer combined with S-mount optical components and commercial off-
the-shelf camera heads. Four models with a mass less than 200 g are presented with a spectral
range in the visible to the near-infrared part of the electromagnetic spectrum. The bandpass is
in the range from 1.4 - 5 nm. Three test experiments with motorized gimbals to stabilize
attitude show that the instruments are capable of push broom spectral imaging from various
platforms, including airborne drone to handheld operations.

© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement
OCIS codes: (120.4570) Optical design of instruments; (300.6550) Spectroscopy, visible.
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Back flange focus 8.6 mm
Magnification =1 (1)

(1) Front lens EO 50 mm VIS-NIR #67-717

(2) Adjustable slit Thorlabs #VA100C/M

(3) Collimator assemply Thorlabs #(SM1A:
Lens: EO 50.8mm VIS-NIR #49-792

(8) 3D printed Formlabs 2 grating holder; EO |

(5) Detector lens (1)

(6) C-mount plate Thorlabs #CP13/M

(7) Thorlabs steel rods #(ER1.5-P4, C3A, ER1-P4)




The ArcticABCD project:
Autonomous drifting buoys in the Arctic
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OASYS — Ocean-Air synoptic operations using coordinated
autonomous robotic SYStems and micro underwater
gliders
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Optical Sensors

O. M. Brokstad, R. Klaboe, E. Sollesnes, B. Vagen, A. Carella, A. Alcocer, T. A. Johansen, A. P. Zolich, Towards the development of Miniature
Underwater Gliders with UAV deployment/recovery capabilities, IEEE OES Autonomous Underwater Vehicle Symposium, Porto, 2018



Static Receiver Arrays - “connecting the dots”

Ex.: seaward migration of salmon smolts in Inner Sognefjord, Norway

Image © 2014, DigitalGlobe
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Data SIONOAA, U.S: Navy, NGA, GEBCO
© 2014 Cnes/Spot Image
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http://folk.ntnu.no/torarnj/iros2018_revised_v3.pdf

Delay- and disruption-tolerant networking
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D. Palma, A. Zolich, Y. Jiang, T. A. Johansen, Unmanned Aerial Vehicles as Data Mules: An
Experimental Assessment, IEEE Access, Vol. 5, pp. 24716 — 24726, 2017




Beyond line of sight
operations & autonomy
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Software tool chain

"\I C41 - Command and Control Framework

Neptus

http:,-',w'whale.fe up

http:jfwhale.fe.up.pt

Message Protocol

DUNE: Uniform Navigational Environment
On-board software

http:/whale.fe.up.pt

DUNE o=

Field proven: thousands of operations with air and ocean vehicles




technology, lower cost, digitalization, autonomy, onboard
processing, and ocean models =



