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Summary

This thesis aims at exploring the possibility of using a novel mobile robotic manipulator
system to automate identi ed operations within smolt production facilities. The work has
been done as part of a masters thesis at NTNU Trondheim in collaboration with SINTEF
Ocean.

A literature review within the eld of smolt production and related industries with par-
ticular emphasis on a technological level and possibilities within automation has been
conducted. Based on these ndings and a comparative study of available commercial
robotic solutions within relatable elds such as agriculture, oil and gas and various clean-
ing operations a requirement speci cation was de ned to be used as a basis for the chosen
robotic system.

The manipulator part of the de ned novel robotic system was created and simulated in
Gazebo using the online Robot Operating System (ROS) based environment ROS Devel-
opment Studio. The development included Computer Aided Drawing (CAD) work, Uni-
ed Robot Description Format (URDF) descriptions, ROS con gurations of manipulators,
simulation environment and controls, and nally simulations and extraction of results.

Ultimately, Matlab was used for constrained multi-goal path planning of identi ed opera-
tions within smolt production. This included the development of an approach for de ning

a coarse workspace using screw theory and uniform Monte Carlo method, and algorithms
for creating paths of Movelt compatible poses. Path following was then introduced to
demonstrate different operations such as cleaning, feeding and gripping using the ROS
compatible motion planning framework Movelt.

This thesis has laid a good foundation for further development and research within the
use of robotic systems in smolt production by creating a generic approach for de ning and
simulating manipulators within Gazebo simulation environments and mapping of where
robotic intervention efforts should be applied.

Keywords: Smolt, automation, SolidWorks, ROS, Gazebo, Movelt, C++, Matlab, workspace,
multi-goal path planning.




Sammendrag

Denne oppgaven tar sikte pa & utforske muligheten for & bruke et nytt mobilt robot system
for & automatisere identi serte operasjoner i smoltproduksjonsanlegg. Arbeidet er gjort
som en del av en masteroppgave ved NTNU Trondheim i samarbeid med SINTEF Ocean.

Et litteratursgk innen smoltproduksjon og lignende naeringer er gjennomfart. Teknologisk
niva og muligheter innenfor automatisering var spesielt vektlagt i sgket. Basert pa funnene
fra litteraturen og en sammenligning av tilgjengelige kommersielle robotlgsninger ble det
de nert en kravsspesi kasjon som videre ble brukt som grunnlag for det valgte robotsys-
temet.

Robotarmen av det de nerte robotsystemet ble laget og simulert i Gazebo ved hjelt av det
nettleserbaserte Robot Operating System (ROS) utviklingsmiljget, ROS Development Stu-
dio. Dette innebar dataassistert design (CAD), Uni ed Robot Description Format (URDF)
beskrivelser, ROS-kon gurasjoner av robotarm, simuleringsmiljg og kontrollere, og til
slutt simuleringer med tilhgrende resultater.

Matlab ble brukt til ermals- baneplanlegging av identi serte oppgaver innen smoltpro-
duksjon. Dette inkluderte utvikling av en metode for & de nere et ytre arbeidsomrade
(workspace) ved bruk av skruteori og uniform Monte Carlo metode, og algoritmer for &
lage baner som var kompatible med det ROS kompatible bevegelsesplanleggings rammev-
erket, Movelt. Videre ble bane-falging introdusert for & demonstrere forskjellige oppgaver
som rengjgring, mating og griping ved hjelp av ROS og Movelt.

Denne avhandlingen har lagt et godt grunnlag for videre utvikling og forskning innen bruk
av robotsystemer i smoltproduksjon ved a skape en generisk tilnaerming for & de nere og
simulere robotsystemer i Gazebo-simuleringsmiljger og kartlegge hvor roboter bar brukes.

Ngkkelord: Smolt, automatisering, SolidWorks, ROS, Gazebo, Movelt, C++, Matlab,
workspace, multi-goal path planning.
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Chapter

Introduction

The salmon farming industry is rapidly shifting from small-sized countryside facilities to
larger and more industrialised facilities and solutions, both for the land- and sea-based
segments. Salmon is a premium and sought-after source for protein, and up until now,
only a few countries have been lucky enough to have the geographical facilities to pro-
duce salmon due to discerning in terms of surroundings, especially temperature. There-
fore, most salmon farming has been done within certain latitude bands in the northern and
southern Hemisphere such as in Norway, Chile, Canada and Scotland [1]. These countries
have been fortunate, and Norway as the most signi cant player in the Atlantic salmon
market stood for export of 1.1 million tonnes of salmon corresponding to a value of 72.5
billion NOK in 2019 [2].

Traditional salmon farming consist of both land- and sea-based stages whereas all juvenile
sh is hatched and grown in land-based facilities up until they become a certain size be-
fore they go through a metamorphosis and gets ready for their sea-based growing phase.
This is just like a wildlife salmon would be grown out in their freshwater lake of origin
before moving to the big and scary saltwater ocean to ful | their life cycle. The sea-based
growing phase is in constant threat of external factors such as sea lice, algae blooming and
escapees through net-pen holes which in Norway accumulated to 171 thousand reported
escapees of bred salmon in 2019 [3]. Also, there are many challenges associated with com-
peting claims for useful areas along the coastlines of the dominating supplying countries,
which is limiting the growth in sea-based production. Therefore, there has been a shift
towards increased efforts within post-smolt production and full-scale land-based produc-
tion in recent years [4]. This has resulted in enormous spending on new, large and more
technological smolt production facilities for increasing the land-based phase of the salmon
farming, hence decreasing time in the sea and the threat from mentioned external factors,
and maximise utilisation of the maximum allowed biomass (MAB). Also, there have been
signi cant leaps within full-scale land-based salmon farming requiring even bigger facili-
ties that can ultimately make it possible to farm salmon anywhere in the world. This last
segment has seen great interest in the US and China, to name a few.
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In this environment of ever-increasing size of facilities, a lot of the traditional manual
operations could and should be automated to increase ef ciency and prot. Automation
could also cope with some of the tedious and hazardous operations to get a better working
environment for the employees such as carrying or cleaning tasks. Also, potential risks
to the sh welfare due to sub-optimal manual operations can be reduced. There are little
available information related to sh welfare parameters but it is found that the mortality
rate varies greatly in between facilities, pointing out production and routines as the cause
of the large differences [5]. It is therefore of great interest to explore requirements, speci-
cations and possible solutions to automate some if not all manual operations by applying
robotics.

1.1 Introduction to smolt production

A normal land-based smolt production site typically consists of three dedicated areas or
units, namely the hatchery, start feeding and growth feeding. These production units are
typically divided into individual departments for hygienic and practical reasons as men-
tioned in the interview with Artec Agua in Appendix E. Naturally, the sizes of these areas
and their corresponding tanks increase with the increased size of the sh. For land-based
salmon farming a new stage namely the grow-out stage can be added to the list. This
stage can be subdivided into different units based on the size of the sh. This section will
present a short overview of a typical salmon farming life cycle and trends in the industry.
Since there is lack of extensive research and published articles on adapted practices and
use of technological tools in smolt production the cited sources are mostly based on public
information from rms within the segment, industry partners of Autosmolt2025 project
and web articles.

Overview of a salmon farming life cycle

A typical farmed salmon life cycle can be schematically illustrated as seen in Figure 1.1
and will now be explained using on the following sources [1], [6], [7], [8], [9] and project
work in the Autosmolt2025 project [10]. This gure is borrowed from Scottish Fish Farms.
Therefore, the illustrated months does not necessarily apply for the different stages. The
rst stage in the process is the fertilisation and hatching of eggs. The eggs and sperm have
their origin from bred sh, called "brood-stock" either locally by the facilities own inherit
board or bought from external providers specialised in salmon breeding. This rst pro-
cess stage happens in a secluded area at the facility. It is a semi-automatic process where
hatched eggs automatically end up in a batch (hatching tub) where it moves on to the
next stage, which is called yolk sac feeding. In this stage, the now called alevin lives on a
nutrient-rich sac that hangs below its body (the yolk sack is the orange pouches under their
bellies and are often called "lunch bags"). They are bad swimmers at this stage, mostly
staying in the bottom of their tanks. The lunch bags last a month typically (4-6 weeks)
before the alevin evolves into the third stage, namely the initial pellet feeding stage where
the shis called fry and is about 2-4 cm in length. In this stage, the juvenile sh start to
accept pellets as feeding and are moved into small tanks. Once the sh gets black marks
on their sides, the sh has entered the fourth stage where they are called parr and are ready
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for their extensive freshwater growth. At this stage, they are moved into larger tanks. Once
the parr has reached a weight of 60-100 grams, they undergo a transformation process to
get ready for seawater life. This process is called smolti cation and is governed by light
and temperature conditions which are typically controlled in the facility to optimise this
transformation. The process causes major physiological and morphological changes in the
sh to be able to tolerate a saltwater life. After this transformation, the smolt is typically
transferred to sea cages for saltwater growth up until slaughter weight of 4-6 kgs. The
total freshwater cycle takes approximately 10-16 months, whereas the following seawater
phase lasts around 12-24 months, resulting in a total production cycle length of an average
of three years. The seawater phase is estimated to be the most vulnerable phase due to
uncontrollable challenges.

Figure 1.1: Salmon lifecycle of scottish farmed salmon for visualisation borrowed from Scottish
sh farms homepage [7].

The initial growth phase in seawater is called the post-smolt phase. A lot of effort and
work is being made within this phase to move it inside facilities to increase the contained
and protected growth phase of the sh. This land- or sea-based phase takes place in large
tanks since post-smolt growth typically goes from the initial smolt size of 60 grams and up
to 1000 grams before nal sea cage placements. Much effort is being put into the last part
of this growth phase testing brackish water using recirculating systems (RAS) or partly
sea-based cages by No ma under their CtrlAQUA centre of research [11] and other insti-
tutions and industrial players. The intention of the increased time in land-based facilities
is to have larger and more robust smolt put out in the sea cages and thereby have a shorter




