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Helmholtz-Alliance ROBEX

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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Sensors



Wikipedia

Europa: An Ocean under the ice
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Demonstration Missions

Deep SeaAWI
HAUSGARTEN

Vestnessa
Ridge

On Mount Etna 12.6.-7.7.2017
On Research Vessel Polarstern PS108

22.8.-9.9.2017

Moon-Analog



RV Polarstern

PS108

TromsØ - TromsØ

Aug. 22th till Sept. 09th, 2017

Total distance covered 2359 nm
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RV Polarstern PS 108 

Duration: 19 days 

22. August – 9. September 2017
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ROV Kiel6000

Number of Participants: 51

Deep-Sea Demo-Mission
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Deep-Sea Demonstration Mission Aims 

 Demonstrating the functionality of 
new and innovative robotic and 
sensor systems 

 Evaluating their operation for 
different mission scenarios

 Scientific challenges

CH4 distribution at seep sites off Spitzbergen
Steinle et al. Nature Geosciences 2015

Seasonal studies on pelagic- benthic coupling 
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Platforms & Sensor Systems 

Mansio-Viator Tramper Glider UAV’s

O2-Microprofiler Underwater-
MassSpec

Camera systemsLab-On-Chip
(LOC) 
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Platforms & Sensor Systems 

Mansio-Viator Tramper Glider UAV’s

O2-Microprofiler Underwater-MassSpec Camera systems
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TRAMPER - TRAnsecting Marine Profiler for Ecological Research

An autonomous crawler for long-term biogeochemical 
(benthic O2 flux) studies in remote deep sea ecosystems



Quantification of carbon export in ice-
covered regions and its implications on 
Arctic deep-sea sediments

TRAMPER - TRAnsecting Marine Profiler for Ecological Research

Mission scenario

Payload:
- Cameras
- O2 multi-microprofiler

1-year deployment

Measure 
microbial 
activity



AWI - Crawler Tramper

Deployment
11.7.2016 (RV Polarstern PS99.2)
AWI LTER HAUSGARTEN HG IV
79°03,59'N 04°11,90'E 2478m wd

Recovery
27.8.2017 (RV Polarstern PS108)
AWI LTER HAUSGARTEN HG IV
79°03,56'N 04°12,89'E 2478m wd

Duration: 59 weeks + 6 days
Distance: 345m + 35 circles (525m)
Measurements: total: 59 cycles -> 24 cycles useful (72 profiles) 

drive

Timeline for 1-cycle

Wait Obstacle avoidance
3-times

Measure-
ment



Data

- 59 profiling cycles
- In-between sensor calibration 

Tramper



MANSIO-VIATORMANSIO-VIATOR

 Autonomous deep-sea crawler and lander system (physical –
and biogeochemical measurements & sea-floor mapping)



Technical information and payload

• pH, O2, conductivity, 

temperature, pressure, 

turbidity, chlorophyll a, 

currents, …

• CH4 sensor

• …

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
• Obstacle avoidance system
• Energy supply: 12 kW LiPo, inductive recharge



MANSIO – VIATOR

Detection and quantifying 
escaping free gas

Mission scenario 

Payload:
- ADCP, CTD, O2, 

pH, Turbidity, 
Chlorophyll a, 
CH4

Detection 
of life



3D mapping - Laser Aided Photogrammetry

Reconstructed path segment 10 m using
laser aided photogrammetry

Image sequence

Sensor Head 
• PTU
• Camera
• Line Laser



processed image

MANSIO-VIATOR naviagation/docking

 … active LED markers work up to a distance of 10 m
 … 7 LEDs per marker -> pose estimation



AUV mission under sea ice

Quantification of biological and 
physicochemical properties under sea ice

Detection 
of life



9 km

AUV mission under sea ice



Lab on a Chip 

Vision: Miniaturisation – in situ „Lab-on-a-chip“ (microfluidics)

Sensors Analytics
Nutrients (NO3

-, NO2
-, Fe), pCO2, DIC, pH 

organics, etc.

Experiments 
Lung tissue Chip (Whyss Institute)

How?

Shipboard systems using liquid-waveguide-capillary cells have been 

previously validated1. We successfully measured nitrate and phosphate 

reaching nanomolar limits of detection (figure 3). These techniques are 

rugged, portable, automated and capable of high sample throughput.

Fabricated from polymers, microfluidic chips (figure 4) are used to mix 

seawater with reagents that induce a colour change. The intensity of this 

colour change is directly proportional to nutrient concentration and is 

measured  precisely using LEDs and photodiodes aligned using grooves 

milled into the chip.

Current research is optimising and enhancing microfluidics technology to produce fully integrated sensitive 

sensing systems promising to deliver a paradigm shift in the data available to environmental science.

Development of nanomolar nutrient Development of nanomolar nutrient 

sensors for oligotrophic oceanssensors for oligotrophic oceans

François-Eric Legireta,b, Matthew Mowlema, Malcolm Woodwardc, Douglas Connellya, Eric Achterbergb

Challenge
Developing fully integrated Lab-on-a-chip (LOC) devices that  

could be used autonomously and remotely to provide in sit u

real-time data on processes with high temporal and spatial 

resolution.

Microfluidics technology allows manufacture of LOC devices 

that are small, low-cost and low-power. Therefore these are 

suitable for long-term deployments and be deployed on 

global-monitoring platforms (figure 5):

Current measurement methods cannot provide the quantity and quality of data that is required. Though, this data is vital for 

understanding biogeochemical changes with location and time and responses of ecosystems in an increasingly stratified 

future ocean. Sensors (figure 2) can provide high temporal & spatial distributions with high duration deployments.

Nano…why?

Sensors…why?

Nutri…what?

Oligo…where?

Climate change is the most important environmental problem that future generations will face. The warming 

of the oceans and consequent further stratification has significant consequences for ecosystem functioning 

and carbon sequestration. Nutrients play a regulating role in microbial ecosystems.

Surface water nutrient concentrations in large regions of the global ocean are depleted to levels below the detection limit of conventional 

analytical techniques. This strengthens the requirement for techniques with limits of detection at nanomolar concentrations as 

conventional methods are unable to detect nutrient concentrations in these regions where nutrients control primary production.

Oligotrophic regions (figure 1) will increase in size as a consequence of global warming. In highly-stratified 

low-productivity oligotrophic waters, biological uptake depletes nutrients to nanomolar concentrations.

Figure 2: Lab-on-a-chip chemical sensor. 

Figure 4: Photograph of a microfluidic device milled into 

tinted-PMMA (95 mm long, 37 mm wide and 6 mm thick).2

Figure 1: Sea-surface nitrate distribution, blue areas mostly correspond 

to oligotrophic regions. Image courtesy from World Ocean Atlas 2009.

Results

Figure 3: a) Cruise track along 24°N transect in north Atlantic, b&c) Respectively 

nitrate & phosphate contourplots down to 300 m, d) Detailed cruise track.

Figure 5: Numerous platforms can be used to deploy sensors. 

Image courtesy from OceanSites.

AUVs, gliders, ships, 

observatories, moorings,

surface floats and drifters,

coastal infrastructure, offshore structures.

Contact Corresponding author: fe.legiret@soton.ac.uk

a/ National Oceanography Centre, Southampton, European Way, SO14 3ZH, UK

b/ School of Ocean & Earth Sciences, University of Southampton, National Oceanography Centre, 

Southampton, European Way, SO14 3ZH, UK

c/ Plymouth Marine Laboratory, Prospect Place, The Hoe, Plymouth, PL1 3DH, UK
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Conclusion

Courtesy Legiret et al. NOC UK

 

 

 

 

Tissue Chip for Drug Screening 
NIH-DARPA-FDA Collaboration to Help Predict Drug Safety 

Program Overview 

The National Institutes of Health, in collaboration with the 
Defense Advanced Research Projects Agency (DARPA) 
and U.S. Food and Drug Administration, is leading an 
initiative to improve the process for predicting whether 
drugs will be safe in humans. The goal is to develop 
human tissue chips that accurately model the structure 
and function of human organs, such as the lung, liver and 
heart. Once developed, researchers can use the tissue 
chips to test drug candidates and help predict safety in 
human studies more rapidly and cost-effectively than 

current methods. 

More than 30 percent of promising medications have 
failed in human clinical trials because they are 
determined to be toxic despite promising pre-clinical 
studies in animal models.

1

The 

 Tissue chips may enable 
scientists to predict more accurately the toxic effects of 
potential therapeutic candidates because they use human cells capable of mimicking an organ’s structure and 
function. 

NIH Tissue Chip for Drug Screening initiative marks the first interagency collaboration launched by NIH’s newly 
created center, the National Center for Advancing Translational Sciences (NCATS). NIH’s Common Fund and National 
Institute of Neurological Disorders and Stroke led the trans-NIH effort to establish the program. 

Wyss Institute Photo 

Improving Predictive Systems for Drug Safety 

In July 2012, NIH issued 17 awards, 10 of which will 
support studies to develop 3-D cellular microsystems that 
represent a number of human organ systems. These bio-
engineered devices will be functionally relevant and also 
accurately reflect the complexity of the tissue of origin, 
including genomic diversity, disease complexity and 
pharmacological response. The additional seven awards 
will explore the potential of stem and progenitor cells to 
differentiate into multiple cell types that represent the 
cellular architecture within organ systems. These could 
act as a source of cells to populate tissue chips.  

In addition to focusing on organ systems, some of the 
awarded researchers will develop tissue microsystems 
that target specific health conditions, such as 
cardiovascular disease, cancer, degenerative arthritis and 
gastrointestinal disease.

                                                           

Wyss Institute Photo 

1
 Kola, I., Landis, J. Can the pharmaceutical industry reduce attrition rates? Nat Rev Drug Discov, 2004;3(8):711–715. 

National Center for Advancing Translational Sciences 
ncats.nih.gov/tissue-chip.html 

U.S. Department of Health and Human Services  
National Institutes of Health 
NIH Turning Discovery Into Health 

Advantages
Low weight, size, energy demand, 
fast analysis time, calibrated 



UW LOC measurements of nutrients

Fe-LOC

NO2
-/NO3

-LOC

Yücel et al. 2015
coop. with NOCS



Astrobiology / ISS (LOCAD-PTS: Gram +/- Bacteria, Fungi), search for life

Ocean science (emerging but still in it´s infancies, potential might be vast
but needs to be explored)

Space applications of LOC Technology 

on-chip capillary electrophoresis, Skelley et al. 2005



Membrane (Teflon/Silicone
on permeable metal carrier) 

Membrane inlet

vacuum;
to mass spectro-
meter

ambient sea water

membrane

inflow

outflow

this part gets
Integrated into lid
of pressure housing

UW-MIMS technology – Quarupole mass filter



UW-MIMS technology for simultaneous measurement of volatiles  - First tests at methane
seeps off Spitsbergen Polarstern Cruise PS108

UW-MIMS technology – Quarupole mass filter



CH4: 75 – 100  ppm

Methane seepage off Spitsbergen – hydroacoustic, chemical, and visual sensing



PS 101 2016 (Karasik Seamount –
Hydrothermal vents)

Identify physico-chemical and 
biosignatures generated by 
hydrothermal plumes and  
chemosynthetic ecosystems 

WHOI HROV NUI

PI: Chris German (WHOI), Antje Boetius (AWI)



Expedition Programme PS108

HROV NUI (WHOI)

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)

Europa: An Ocean under the ice
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PS 101 2016 (Karasik Seamount –
Hydrothermal vents)



Summery/Conclusions

• New robotic and sensor systems for 
ocean exploration

• Autonomous carrier platforms

• Concepts for mission scenarios for 
habitat detection and mapping

CH4 distribution at seep sites 
off Spitzbergen

Steinle et al. Nature Geosciences 2015




