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The Helmholtz Alliance ,,Robotic
Exploration of Extreme
Environments — ROBEX“ brings
together 160 experts of space and
deep-sea research. From 16
institutes involved in space and
marine research, the project
partners are jointly developing
technologies for the exploration of
highly inaccessible terrain, such as
the deep sea and Polar Regions, as
well as the Moon and other
planets.
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RV Polarstern PS 108
Duration: 19 days
22. August — 9. September 2017

Tromsg — Tromsg \¥ M T
ROV Kiel6000 \J') \PS ]1@8
Number of Participants: 51 9 . Py |

© o Bearlsland

Foto: S. Arndt




i Deep-Sea Demonstration Mission Aims
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» Demonstrating the functionality of
new and innovative robotic and
sensor systems

» Evaluating their operation for
different mission scenarios

OF

100+

200+

» Scientific challenges

Water depth (m)

300+

400

CH, distribution at seep sites off Spitzbergen
Steinle et al. Nature Geosciences 2015
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Platforms & Sensor Systems

Mansio-Viator Tramper Glider UAV’s

Underwater- Lab-On-Chip Camera systems
MassSpec (LOC)

3D Laser-
SmartCam

anowerk.com
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Robotic Exploration of Extreme Environments

Platforms & Sensor Systems

Mansio-Viator Tramper

Foto: ROV Kiel6000, Geomar
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TRAMPER - TRAnsecting Marine Profiler for Ecological Research

T

An autonomous crawler for long-term biogeochemical
(benthic O, flux) studies in remote deep sea ecosystems

Satellit Beacon

Accoustic Transponder

VHF Beacon

Camera

Electronics
LED-Light

Oxygen Optodes /

Reference Optode




TRAMPER - TRAnsecting Marine Profiler for Ecological Research

T i

Mission scenario

- o Measure
Quantification of carbon exportinice- . .
microbial

covered regions and its implications on )
Arctic deep-sea sediments activity

Payload:
- Cameras

- 0, multi-microprofiler

1-year deployment

- ABm_ o dm___m o __ cm oM
(M (I (M (I T (I
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(T T (D L (T (A
Deployment 1. Profil 2. Profil 3. Profil 51. Profil 52. Profil
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Deployment Recovery
11.7.2016 (RV Polarstern PS99.2) 27.8.2017 (RV Polarstern PS108)
AWI LTER HAUSGARTEN HG IV AWI LTER HAUSGARTEN HG IV
79°03,59'N 04°11,90°'E 2478m wd 79°03,56'N 04°12,89'E 2478m wd

Measurement Procedure Timeline

Timeline for 1-cycle

2,5 min. | 1 min. | 1 in. | 2 min. | 1 min. | 2 min. | 4h"7min. |
| drive 12m | drive 3m | sleep | photo and | bad | photo and | 02 sediment profile |
(slow motion) check ground ground check ground
‘ ’ ‘ l for obstacles move 2m  for obstacles ’ ‘ ’
drive Wait Obstacle avoidance  Measure-
3-times ment
Duration: 59 weeks + 6 days

345m + 35 circles (525m)

Distance:
WYAVIV/BR Measurements:  total: 59 cycles -> 24 cycles useful (72 profiles) =
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- 59 profiling cycles
- In-between sensor calibration




MANSIO-VIATOR




Technical information and scientific payload

 Camera and laser scanner for mapping and navigation

LED marker-based system for docking (near-field navigation)
USBL system for far-field navigation

e Obstacle avoidance system

* Energy supply: 12 kW LiPo, inductive recharge

* pH, O,, conductivity,

temperature, pressure,
turbidity, chlorophyll 3,

currents, ...

CH, sensor
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Mission scenario

Detection
of life

Detection and quantifying
escaping free gas

Payload:
- ADCP, CTD, 02,

pH, Turbidity,
Chlorophyll a,
CH4

' Lnder

Gas flare

mapping and
f E guantification

150m



:r ».\:;,‘, y “)3
/f;HELMHOLTZ SN g ;

| GEMEINSCHAFT

"' 3D mapping - Laser Aided Photogrammetry 9%

Image sequence

Sensor Head 5

e PTU

e Camera ' Reconstructed path segment 10 m using
. laser aided photogrammetry

e Line Laser

§
GEOMAR -




£ weumure MANSIO-VIATOR naviagation/docking ;
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» ... active LED markers work up to a distance of 10 m
» ... 7 LEDs per marker -> pose estimation

\ | D
\ = Forschungszentrul o™
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C Quantification of biological and
physicochemical properties under sea ice

Detection
of life

Microstructure
Data Logger

Nitrate Sensor Bouyancy

Modules

Light Sensor (PAR)

Microstructure Probes
2 x Temperature
2 x Velocity Shear

Payload Control
= Computer

Fluorometer (Chl. a)
(below vehicle)
Water Sample

Collector Fluorometer (CDOM)

(below vehicle)
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Sensors Analytics
Nutrients (NO3, NO,, Fe), pCO,, DIC, pH
organics, etc.

Experiments
Lung tissue Chip (Whyss Institute)

-
N
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reaction cell
Advantages
Low weight, size, energy demand,

fast analysis time, calibrated

GEOMAR
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NO,"/NO,LOC

Yiicel et al. 2015
coop. with NOCS

|
J E r‘_~—0—/_‘
=
Fe-LOC Calibration (0 to 223 nM) 23/03/2016 0
Alongshore Velocities, 45-50 m average
§ — adjusted R* 0.998 - 02
n
p-value: 2.272e-05 E 01
g 0
2 0.2 Acrosshore Velocities, 45-50 m average

23 24 25 26 27
. . . : : | | Days in June 2014
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i Space applications of LOC Technology 3 ,
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Ocean science (emerging but still in it’s infancies, potential might be vast
but needs to be explored)
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Membrane (Teflon/Silicone Membrane inlet
on permeable metal carrier)
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UW-MIMS technology for simultaneous measurement of volatiles - First tests at methane
seeps off Spitsbergen Polarstern Cruise PS108

online transfer video and sensor data

onboard
& o
z @ glass fibre cable
CH, plyme
¥ o o OF0S (Ocean Floor
¢ &9 Observation
g @ System)

' UW-MIMS (Temp, pH, CO,, O,, N,, Ar, CH,)
CTD, O,-optodes, turbidity

video/still camera s
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Methane seepage off Spitsbergen — hydroacoustic, chemical, and visual sensing
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PS 101 2016 (Karasik Seamount -
Hydrothermal vents)

WHOI HROV NUI

Identify physico-chemical and
biosignatures generated by
hydrothermal plumes and

chemosynthetic ecosystems

I focused flow me=p
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Investigate the fate of biosignatures as
they are released upward in
hydrothermal plumes into the water
column and/or the overlying ice-cover
(NASA funded project; WHOI)

Expedition Programme PS108

Europa: An Ocean under the ice

Metallic Core Ice Covering

Rocky Intérior
H,O Layer

Liquid Ocean Under Ice
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* New robotic and sensor systems for
ocean exploration

 Autonomous carrier platforms

* Concepts for mission scenarios for
habitat detection and mapping
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CH, distribution at seep sites
off Spitzbergen

Steinle et al. Nature Geosciences 2015
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