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Ocean Space - The blue economy

o Ocean Science and
Shipping Management

Marine mining Tourism and consumer market

Offshore renewable

energy

Aquaculture and
biological production

Coastal Oil & gas in deeper ....and in Arctic

infrastructure water... areas
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Next step in research, education and
innovaﬂop

Hydrodynamics and Guidance, Navigation

Knowledge fields & Structural Mechanics and Control
research methods -<

New: Big Data Cybernetics,

e(’ > 7’6 Sensor Fusion, Computer Vision,
6\)((\ ] GO,. Artificial Intelligence,
Experiments ¥ Marine Biology, Archeology,
\_ Geology,
NTNU AMOS Oscancraply

NTNU Centre for
Autonomous Marine
Operations

T and Systems
Interdisciplinary

research
areas &
challenges
K Offshore Open water
# ot renewable  oj| & gas in deeper -... and in Arctic biological
Excellence energy water... areas production
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NTNU AMOS Facts and Figures (phase 1: 2013-2017)

Personnel by end of 2015:
6 Key scientists/professors

2 Scientific advisors/professors
10 Adjunct professors

13 Affiliated professors

4 Post Docs/researchers

5 visiting profs./researchers

81 PhD candidates

2 administrative staff

2 + lab engineers

3 Spin off companies

Partners and collaborators:
) N
Partners (x) gi;{cei?earch E ;‘y — MARINTEK SINTEF

F
of Norway NTNU Statoil

International collaborators: Denmark, Sweden, Portugal, Italy, Croatia, USA, Australia,
Ukraine

National collaborators: University of Tromsg, UNIS, UNIK, Kongsberg Maritime,
Rolls-Royce Marine, FMC, Ecotone, Maritime Robotics, FFI, NGU, Ulstein Group, Eelume,

NORUT, Marine Technologies, Akvaplan Niva, ...
#‘ Hnmgiéfm @NTNU AMOS

Centre o .
Excellence Centre for Autonomous Marine

BUdget (10 yearS) 800+ MNOK (“"95 MEUR) Operations and Systems
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http://en.wikipedia.org/wiki/File:Statoil_2009_logo.svg

NTNU AMOS Research Areas

Ocean space: The blue economy

Autonomous unmanned Smarter, safer and greener marine
vehicles and operations operations and systems

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Autonomous unmanned vehicles
and operations — 4 projects

« Autonomous unmanned vehicle systems

« Autonomous underwater robotics for mapping,
monitoring and intervention

« Autonomous aerial systems for marine and arctic
monitoring and data collection

» Safety, risk and autonomy in subsea operations

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Smarter, safer and greener marine
operations and systems — 5 projects

« Optimization and fault-tolerant control of offshore
renewable energy systems

* Intelligent offshore aquaculture structures

« Energy management and propulsion for greener
operations of ships and offshore structures

« Autonomous marine operations in extreme seas,
violent water-structure interactions, deep waters
and Arctic

« Consequences of accidental and abnormal events
on ships and offshore structures

JNTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Why autonomy?

More intelligent systems that
depend less on human operators

Unique (or cheaper) solution when no (or limited)
communication is available (bandwidth, remoteness)

Unmanned systems may be smaller, lighter,

cheaper and safer to deploy and operate(>

O Qualified operators may be a shortage

Mandatory for new functions

O

Enables complex functionality; provides fault
tolerance and robustness

Enables operations in complex, harsh and remote
environment (Dull/Dirty/Dangerous Operations) B NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Bottom-up vs. top-down approach to
autonomy

* In order to develop autonomous robots, the focus of engineering cybernetics
must be widened to include methods for cognitive planning, typically through
methods within artificial intelligence (Al)

« Considerations by autonomy expert Kanna Rajan:

— "While Al has often been in the public imagination and associated with robotic platforms, the
field’s impact on real world problems especially in robotics has, till recently, been relegated to
interesting laboratory methods that do not scale to real world environments. This is changing,
with top-down abstractions in Al meeting bottom-up methods coming from Robotics."

— "While Al is a conglomeration of techniques, the most relevant towards the key goal of ocean
exploration, observation and monitoring are, we believe, Automated Planning and Execution,
Machine Learning, Autonomous Agents and Diagnosis."
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Control architecture for underwater vehicles

Mission control Autonomy layers

objectives
_— >
Mission planning Artificial Intelligence
layer
. « >
Guidance system Payload sensors Optimization
Waypoint .
Onboard data processin
Guidance and Contigency Sl
optimization layer handling : S D
(anti Wayp0|.nt Data interpretation .
collision, generation Sensor fusion
depth, etc) Reference
. Data analyses
Auxiliary modules
_____________________ E | S S
|
Hybrid and supervisory
Controller Navigation sensors control
Control execution Observers Onboard data processing Fault-tolerant control
layer

Plant control Filtering Adaptive control

Robust and optimal

Actuator control
control

Weighting/voting
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NTNU AUR-Lab og UAV-Lab: Integrerte teknologi plattformer
for forskning 1 havrommet

Alir:
Penguin B fixed-wing UAV /ﬂ(
X8 fixed-wing UAV . X ~~

Hexa-copters

Surface:

Manned vessel — Gunnerus
Unmanned vessel — Jetyak

Underwater:
ROV Minerva
ROV 30k

AUV Remus 100
HUGIN HUS

2 LAUVs
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Arctic operations

+ Ny Alesund 79°N

« Polar Night -
January

« AUV

« Zooplankton
migration

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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AUV track out of Ny-Alesund 79°

\
www.ntnu.edu/amos
\

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Isfjorden Backscatter: New Moon Period
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Isfjorden Backscatter: Full Moon Period
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Diurnal migration of zooplankton in the polar night
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Archaeology in the Arctic

* Figaro
— Northernmost
Identified wreck

« Shipworms

— Newly discovered at
higher latitudes
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Network and communication

MBR

Acousticcom

Acousticcom & nav

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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Glimpse from Arctic field campaigns
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Glimpse from Arctic field campaigns
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Summary

« AMOS Centre
— Autonomy

* AUR-Lab
— UAV
— UsV
— AUV
— ROV

« AMOS In the Arctic

— Biology in the polar night
— Archaeology
— Education

@NTNU AMOS

Centre for Autonomous Marine
Operations and Systems
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