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AUTONOMOUS OPERATIONS IN DYNAMICALLY
CHANGING ENVIRONMENTS USING UNMANNED
UNDERWATER VEHICLES (UUVS)



Underwater Robots for Subsea Applications
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Construction, Inspection Search and Recovery

Archeology
and Maintenance

Telecommunications
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Subsea Operations

Reduce the Risk: ‘NO man on seabed or surface’
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http;://W\;vw?youtube.com/watch?v:q74Vf52nauw l.imbe.com/watch?v:ZOstzDLL-M ‘ '

Reduce Cost and Increase Efficiency: ‘Adapt autonomous robotic solutions’
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Aquaculture Industry
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Salmon Aquaculture in Norway

» 90% of the seafood produced in Norway is Atlantic salmon (Salmo salar)

= 1.3 million tonnes in 2016 ( ~60 % of world production)
Aquaculture sites for

» 165 companies with 986 sites + 98 research licenses Salmon

Rainbow trout
Trout

e Max. 200 000 fish /cage
 Slaughter weight: 5 kg /fish
=» 1000t fish /cage

= Up to 15 000 t fish /site

© aquacroup.com



Current Technology
and Operations in
Aquaculture Industry

e Complex marine operations
* Interaction with the fish
e High risk

e General lack of instrumentation
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Current Robotic Solutions in Aquaculture Operations
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Photo: AKVA Group

Photo: Cavit Net Cleaner ] Photo: Mithal AS
Photo: Ocein AS
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Operation in Dynamically Changing Environments

Flexible and Deformable Structures
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 More fish farms ¢ .

« More exposed areas e Strict demands for autonomous IMR operations

« Need for autonomous operations * Increase welfare and reduced cost



Precision Fish Farming — PFF Q)SINTER

A new framework to improve production in aquaculture - Developed in SINTEF Ocean
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Two seaweed

SINTEF ACE — Full Scale Aquaculture farming sites
Engineering Laboratory e

Tristeinen Korsneset Rataren Hosengya

12 SINTEF



Autonomous Aquaculture Robotic Lab - SINTEF ACE

> Fish status
» Cage and mooring inspection
» Net inspection

» Environmental monitoring

» Light intervention

Photo: TNA Fish\8achine Interaction projes
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EXPOSED Aquaculture Operations research centre

Vessels
&
Technological é) Requirements for
innovation RY sustainable
¥ production
AREA 1 Autonomous systems and % o AREA 5 Safety and risk management
technologies for remote operations 2 ’?EEH{‘:‘EDE IFIETSLE]E;EH_EASED NOVATION AREA 6 Fish behaviour and welfare

AREA 2 Monitoring and operational
decision support

AREA 3 Structures for exposed locations

AREA 4 Vessel design for exposed operations Structures

® = Cemire for AQS e Kongsberg Maritime e Aqualine e Marine Design o AF e Mgre Maritime
Research-based Anteo .rgus_g Remote Syster?'ls e lerow e Instgltute of Marine Research SINTEF
Innovation Norwegian University of Science and Technology ¢ SINTEF Digital ® MacGregor Norway ¢ DNV GL

ch Council of Norway
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Relevant Projects
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MERDROV-ROV as tool for net cage operations

Developed knowledge, technology and demonstrators for semi-
autonomous ROV operation for net inspection and repair

Navigation and motion Net failure ROV-based net
control — net tracking detection using repair tool
machine vision
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Approaches to preventing escapees

ob rope slope mmu horisontal positions
\ A
oy W v
s w1 o 2 10 150
, VL beam lengths ; depth
\ A W
y f’\/ VVAY 21/ 1,
SR | g e
25 >
mmmmmmmm 20 4“0 60
5 yaw compass PS
/'L 1)
i “\««M\/m’ﬂ
( 6 : 2 s
i 1 1 0 2 10 1% w0 & = 55
\ / optical flow linear velocity  optical flow angular velocity
e \ M
S \ \J L\\
Navigation and path flndm e e

Feature and hole detection
() SINTEF EXPSED




Unmanned Underwater Vehicles (UUVS):
Operations in Fish Farms-ARTIFEX Project
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ARTIFEX — Remotely
controlled operations

Daily and periodic operations using
Unmanned Surface Vehicle (USV) as
carrier of ROV and RPAS (Remotely
Piloted Aircraft System)

Illustration: A. M. Lien - SINTEF Ocean

Cv) The Research Council
of Norway
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CageReporter — Autonomy and Bio-interactivity

in Aquaculture Cages T
X

Control Room

Resident (24/7), autonomous, non-

tethered vehicle (AUV) for high

quality data acquisition

The Research Council

CX of Norway

J ) NTNU - Trondheim
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INDISAL — Individual based observation

SalmonlID: V19C45A89 Today

Wound 2 cm

Develop an individual 21102019

05.08.2019

biometric "finger-print"

15.05.2019
=

identification of each salmon

Photo: A.M. Lien

The Research Council
of Norway
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Autonomous Aquaculture and Robotic Lab

COMBINE BIOLOGY AND TECHNOLOGY
\
MULTIDISCIPLINARY RESEARCH

g

FULL SCALE VALIDATION

) g
SOLUTIONS TO AQUACULTURE INDUSTRY
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Teknologi for et bedre samfunn



