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Abstract—Marine aquaculture is deeply rooted in Norwegian
national economics and traditions, especially in the Møre og
Romsdal region. This paper presents the development of a
novel ROV for aquaculture inspection in marine application
to provide first-hand information in fishery nets. The ROV is a
part of so called "Sea Farm" project. When the ROV doesnot
work, it will be carried by a floating platform. A winch on the
platform could lift the ROV down to the sea water and lift it out
of water after operation. The basic concept of this ROV is low-
cost, built with off-shelf and easily manufactured components.
There are three wings on the body part. One thruster is
embedded into each wing to provide the propulsion. Based on
the cooperation of three thrusters, the ROV has omnidirectional
movement capability. A serial tests in the water tank were
implemented including motion comparison, speed and turning
tests to verify the concept and its propulsion mechanisms. In
the end, conclusions and future work are given.

Index Terms—ROV, Concept design, motion control, marine
aquaculture applications.

I. INTRODUCTION

Norway is the world’s leading producer of Atlantic salmon
and the second largest seafood exporter in the world [1]. The
Mid-Norwegian regions play a major role in salmon produc-
tion and fisheries, with a first-hand value of over 60 billion
NOK [2]. A healthy marine environment is a prerequisite
for marine production, and for the future sustainable growth
of the aquaculture industry in Norway.

Due to various factors, such as new technology and
equipment, restructuring, international competition, varying
quotas, etc., the traditional fishing industry has undergone a
number of changes in the past few years. Sustainability is
of increasing importance in fisheries as well as in national
and regional aquaculture. The development of tools for
monitoring and conservation of the marine environment is
of utmost importance for the primary seafood producing
sector and technology and service providers, as well as for
environmental researchers, policy makers and authorities.

In recent years, the growth of the Norwegian salmon
aquaculture has been hampered by the impact of diseases
and parasites. While actions have been taken and systems
to protect fish have been implemented on technology and
management level, the biological pressure on farmed salmon
remains high. Proper environmental monitoring is neces-
sary to understand aquaculture environment interactions,
transport processes and pathogen dynamics associated with
farmed fish in sea cages in order to further improve upon
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existing practices to develop efficient new solutions based
on detailed knowledge about harmful organisms, fish farm
structures and the environment, including their complex
interactions.

A range of relevant sensors and analytical methods exist,
but today these are mainly used at few discrete locations.
With sea cages encompassing large volumes of water and
up to 200.000 fish, such measurements are not sufficient to
properly map and monitor the cage and farm environment.
The use of mobile carriers allowing proper dynamic posi-
tioning of relevant sensors under water will allow to monitor
the cage and farm environment and the state and behaviour
of fish. Such information will support decision making
processes to safeguard the health of fish and to improve
fish welfare, for example by detecting harmful organisms or
unfavourable environmental situations at an early stage or
by enhancing our understanding of the dynamic interactions
of farmed fish with their environment, which is the basis for
optimizing farm and coastal zone management.

Therefore, this project aims to develop a novel low cost
ROV for use in aquaculture settings and for environmental
investigations. This paper is organised as follows: Section
II will present related work on the topic. Section III gives
an introduction of development of the ROV system from
concept design, buoyancy calculation, and to control imple-
mentation. In the section IV, the motion realisation will be
explained in detail. Conclusions and future work are shown

Fig. 1. Project concept.



in section V.

II. RELATED WORK

The latest decade has witnessed an increasing interest in
developing and employing modern machinery and robotic
systems for use in aquaculture as well as for a wide range
of environmental monitoring applications. Remotely steered
and autonomous underwater vehicles have the potential to al-
low the collection of data almost continuously in large water
volumes, in opposition to traditional measurements in few
discrete locations. High working efficiency, environmentally-
friendly work practises, high manoeuvrability and stability
are always necessary for such equipment and systems.

Underwater vehicles are being developed and introduced
to undertake more and more work in the EU, Asia and
the United States for many different applications [3]–[6].
For example, recently Ingrid Schjølberg introduced a ROV
project and the goal is to improve the capabilities of the ROV
leaving the operator mainly to supervise operation in subsea
inspection, maintenance and repair (IMR) operations with
non-cabled systems [7]. The EU FP7 TRIDENT project pre-
sented a new type of submersible, the intervention AUV (I-
AUV), and presented the different mechatronic components
including, the hardware and software integration, and the
performance of the vehicle during the project trials [8]. The
other project introduced ROVs to shallow and deep water
to perform the monitoring and the planned maintenance
activities required to prevent the biological colonisation in an
underwater archaeological site [9]. The system is equipped
with a custom arm and an opto-acoustic camera. To simul-
taneously satisfy position and force trajectory constraints,
the vehicle-manipulator system is also controlled through a
hybrid position force control scheme.

For ROVs, many important issues including control sys-
tem, underactuated condition, pose recovery or station keep-
ing, coupling issues and communication technique are well
introduced in [10]. In parallel, low cost and robustness are
also important for industrial partners to adapt the advanced
robotic technology to the transitional fishery domain. Re-
cently, a low cost ROV unit was designed and constructed
at Universiti Teknologi Malaysia (UTM) [11]. Equipped
with a network camera and manoeuvred by three motors
through 12 volts battery power supply, it is controlled by
joystick controller through network cable and is able to
submerge up to 20 meters into water to perform underwater
observation operation. The Blueye Pioneer is developed and
tested in rough conditions in Arctic waters. The robot could
be controlled by using your own smartphone, tablet or
goggles and the Blueye App [12]. The robot is around 8
kg, could work down to 150m. The other famous project
is OpenROV 2.8 Kit [13]. The robot weights just 2.6kg,
with the dimensions 30cm long, 20cm wide, and 15cm
high. Nominal battery life for one-time recharging could
run for around 2-3 hours. More importantly, the robot is
equipped with HD Webcam, red scaling lasers for different
applications.

In the literature, some researchers tried to employ
biomimetic technologies in order to develop fish-like robots
to applications [14]. Related research based on various
motion pattern has been studied and new prototypes of fish-
like robots have been developed [15]–[18]. However, current
research on this type of fish-like robots focus on propulsive

efficiency. The swimming performance payload capability
are still limited.

Noted that, there is few ROV or underwater robots de-
signed for aquaculture application so far. Several features
including noisy (disturbance to surrounding environments),
low manoeuvrability and low efficiency in limited working
space are critical for ROVs in order to carry out successful
and efficient work in practical aquaculture environments.
Nowadays the research society is urgently required to deal
with these problems and has to propose environmentally
sustainable aquaculture robotic automation systems and ser-
vices that minimise risks to the marine environment and to
biological diversity, which is a prerequisite for long-term
growth and development [19].

III. A NOVEL ROV FOR AQUACULTURE INSPECTION

A. Project concept

This project strives to equip the local aquaculture industry
with advanced bionic technology, and also to utilize and
improve technology to support environmental exploration
and monitoring. The whole project concept is shown in
figure 1. There are two parts in the whole system including a
"Sea Farm" mobile platform and a low cost ROV. The "Sea
Farm" will carry the ROV to move to the operation location.
A winch on the platform could lift the ROV down to the sea
water. Then the ROV will work independently following by
a cable which provides the power and transfer the control
signals. After the operation, the winch on the platform will
lift the ROV out of water, then move to the next location.

This project supported by Mechatronics lab at NTNU
Ålesund aims to develop a prototype ROV that can provide
the following requirements.

• Camera to inspect the net in aquafarm
• Locomotion capability inside the net, down the the fish

net bottom
• Umbilical for energy, control and video signal
• Flexible motion control including

– Controlled in the YAW axis
– Heave be controlled by winch
– Minimise the roll motion during the operation
– Friendly GUI

The goal in this project was to create an ROV with good
underwater capabilities with a robust construction. The ROV
design and prototype is shown in figure 2. There are three
wings on the body part. Therefore, the framework is built
with materials that have good properties such as PE plastic,
Plexiglas, 3D-printed thruster casings, and a flange combined
with a gasket. The Plexiglas is mounted to be able to see
through the framework with a camera, and the flange is used
for cable entry. These materials combined makes a robust
and waterproof ROV, with good underwater characteristics.

One thruster is embedded into each wing to provide the
propulsion. Based on the cooperation of three thrusters, the
ROV has omnidirectional movement capability. Since the
ROV is going to be controlled by an external winch, we use
three thrusters located 120 degrees from each other to get
movement in the two-dimensional plane. By using vector
calculation, it is possible to control the force and direction
of each thruster to get omnidirectional forces. A twisted pair
cable made for underwater applications is used as umbilical
cable to hold the weight and communication with the ROV.
This cable has specification working strength of 35kg and




