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Abstract—This paper examines the use of low-cost sensors and
systems for automated underwater navigation and control. A
low-cost dynamic positioning system is developed and utilised
as critical component for remotely operated vehicle (ROV) tasks
such as general visual inspection and photogrammetric survey.
Unlike unmanned aerial vehicles (UAVs) that can rely on cost-
effective and widely available GNSS sensors, this is not available
to the subsea vehicle domain as these signals do not penetrate
through water. In absence of GNSS capability, GPS-denied
solutions such as dead-reckoning systems are required. This
usually requires advanced motion and angle sensors with an
array of aiding sensors. In this paper we use one of the world’s
most affordable and high-performance ROVs, the BlueROV2,
and with the integration of a waterlinked DVL we report on
the development of a low-cost dynamic positioning system for
BlueROV2. The paper showcases a low-cost solution for advanced
function control subsea and demonstrates the capability and use
of such ROVs in a wider range of underwater applications.

Index Terms—ROV, autonomous control, new applications,
open source, DVL.

I. INTRODUCTION

Remotely operated vehicles (ROVs) are critical compo-
nents in underwater construction and commercial applications,
underwater mapping and research, military, and hobby ap-
plications [1]. However, ROV operations can be extremely
expensive, from the initial capital equipment costs to in-field
operation costs. Importantly, the use of more comprehensive
and larger ROV systems usually results in the requirement
to have much larger and complex vessels. Furthermore, the
dependence on manual flight control across the industry can
also drive the need for dynamic positioning (DP) vessels [2].
These vessel requirement also significantly increases overall
cost, with daily ROV system deployments easily reaching
upwards of C150K per day [3]. A significant cost associated
with ROV operations comes from the requirement for large
manned offshore vessels with station keeping capabilities,
often referred to as DP capabilities. Moving from larger
expensive ROV autonomy such as waypoint following can help
eliminate this large DP vessel requirement, unlocking a lower
cost mode of operation for some application areas. There is
also a gap in capabilities between lower cost ROVs and high
end ROVs. Advanced sensors utilised for full autonomous
navigation such as Fibre Optic Gyros (FOGs) are generally
only found on high valued work-class construction vehicles
[4]. In the aerial domain, many autonomous platforms and
functionalities are available and targeted to low cost vehicles
and low cost solutions [5]. This is because aerial vehicles
can utilise GPS to perform such functionality [6]. Given the

nature of water and the rapid attenuation of acoustic and
electromagnetic radiation, underwater vehicles cannot utilise
GPS for accurate 3D position [7] [8]. There is a gap in the
market and a demand for capabilities that can bring autonomy
to low cost vehicles, specifically addressing markets such as
scientific work or other domains where resources are stringent
[9] [10].

Fig. 1. Typical advanced (a) INS and (b) DVL for subsea navigation

Figure 1 shows a typical advanced inertial navigation system
(INS) for subsea navigation which incorporates a doppler
velocity log (DVL) used as an aiding sensor providing accurate
speed over ground measurements. The cost of incorporating
such systems can be a very large percentage of the total
cost of the ROV. For a low-cost ROV, incorporating such a
system could cost several orders of magnitude greater than all
other components combined. As an analogy, this is similar to
investing in the highest-end graphics card for a low-spec and
outdated computer. Additionally, the extra weight of these high
precision instruments make them incompatible with low-cost
low payload vehicles such as the BlueROV2.

In [11], Paturel explores such high-end sensors and their use
in dynamic positioning systems (DPS). However, adding such
a system to cheaper hardware is unfeasible both in cost and in
its physicality. These components are quite large and weigh a
number of kilos, in which mounting such a component would
require a full ROV redesign or a movement towards a larger
ROV platform increasing overall cost.

There are a number of approaches to dynamic positioning
control underwater. Acoustic positioning systems such as long
baseline (LBL) or ultra-short baseline (USBL) systems are
one such way to implement a DPS similar to what could be
seen on an aerial drone. Given a known geocoordinate for

 
 



the topside transponder the ROVs position can be accurately
determined from the angle and distance measured acoustically.
This has been achieved with a BlueROV2 [12], however due
to the cost and complexity of the system has not seen it gain
widespread usage. This technology is however, often utilised
in larger systems for navigation. [13] [14]

While a number of theoretical models and approaches exist
[15], without accurate and affordable real-world sensors, these
simulations cannot transition to real world application. Taking
inspiration from end-to-end solutions such as [13], and previ-
ous tests completed by BlueRobotics [16] we chose to develop
our system with the use of a Doppler Velocity Log (DVL). This
in combination with the more affordable IMU utlised in the
BlueROV2 system is enough to start implementing an accurate
DPS.

In this paper we examine the use of new affordable sen-
sors including a combination of DVL with IMU (inertial
measurement unit). These devices can be used to develop a
dead reckoning position system for the unmanned underwater
vehicle, opening a path to low cost autonomous underwater
vehicle control.

II. SYSTEM

Seen below in figure 2 is the overall minimum hardware
utilised in the system. The BlueROV2 is a subcomponent
of the ArduPilot project and thus uses the pixhawk as the
flight controller for the system. While BlueRobotics has now
recently moved towards their own flight controller hardware
solution [17], this work was started in 2020 and our hardware
has yet to have been upgraded.

Fig. 2. System Overview

Connected to the flight controller is 6 to 8 electronic speed
controllers (ESC)s which are in turn connected to thrusters.
The standard BlueROV2 comes equipped with 6 thrusters, 2
vertical and 4 horizontal allowing 5 degrees of freedom (DOF)
in its control. Utilising the heavy model which has 8 thrusters,
4 vertical and 4 horizontal, the system now has a full 6 DOF.
The original tests were completed with the standard model but
later were completed utilising the heavy mode, the results of
which are discussed in section IV.

Aiding sensors such as a barometer for depth readings and
GNSS are also directly connected to the flight controller.
Additionally, other peripheral devices such as lights, servos
and voltage monitoring sensors are connected directly to the

flight controller, allowing the pilot to monitor the ROVs
parameters and adjust their perception of the environment by
increasing the light on the scene or the angle of the camera.

The camera is connected not to the flight controller but to
the companion PC, a raspberry pi. The companions PCs main
functions are to stream the video to the topside PC and relay
commands from the autopilot to the topside PC. Where subsea
vehicles also differ to aerial vehicles is the physical connection
to the topside PC or ground station. Often an aerial vehicle
will be piloted with just a radio controller. This is not possible
with a radio frequency (RF) link due to the rapid attenuation
of these signals underwater [18]. Acoustic links are possible
but do not offer much bandwidth. For the highest reliability,
bandwidth and lowest latency, a tethered connection is usually
used. This is usually a fiber optic connection but in this
system it is cat-5 ethernet utilised with Fathom-X boards (long
range ethernet adapters) which are more affordable. Given this
physical requirement and the reliance on the video feed for
navigation, the utilisation of a top side PC is reasonable.

Lastly is the additional hardware of the DVL. The device
has an ethernet interface and its output is forwarded to
the autopilot via the companion computer. This allows for
additional expansion beyond what the pixhawk is capable of
directly connecting with. A switch is also added to allow
for the extra IP device. While the use of the zero order
barometer sensor in regards to depth position estimates, allows
for adequate automatic depth control, as well as the magnetic
compass for automatic attitude control, the addition of this first
order velocity sensor in combination with the second order
IMU allows for a robust positional DPS for surge and sway
automatic control.

III. SOFTWARE

Fig. 3. ArduSub Architecture [19] [20] [21] [22]



The software development for the system has been focused
on two important elements: the control software and topside
interface.

The control software is based entirely within the ArduPilot
project [23], specifically ArduSub. The ArduSub project is
heavily based on the ArduCopter project given the many
similarities that can be drawn between aerial and subsea
vehicle dynamics.

Figure 3 shows a high-level overview of the autopilot
architecture inclusive of the changes and developments made.
There is commonality between all sub projects in the ArduPilot
project and thus was the base of the further development. The
Ground Station can communicate with the Autopilot directly
through the MAVLink protocol [24]. This is a widely used
protocol for unmanned vehicles with many predefined message
types that can be utilised in a DPS.

The flight controller runs the majority of its code in its main
thread with some background threads utilised for navigational
data capturing. The main loop considers all available sensor
data, fusing the results for the flight mode code to follow util-
ising an Extended Kalman Filter (EKF). The next stage is the
flight modes control code which will generate values to be sent
to the actuators of the vehicle, once these values are passed
through the hardware abstraction layer (HAL) code. Firstly,
Stationary Position Hold was successfully implemented given
a beta driver from BlueRobotics for the DVL. Utilising EKF3
which has support for the VISION_POSITION_DELTA mes-
sage, the velocity values and calculated position values of the
DVL are fed directly to the autopilot via the companion PC.
The Guided mode was chosen as the base of the DPS mode
given this position estimate, as this flight mode has already
been heavily utilised in the ArduCopter project utilising GPS
position estimates.

Fig. 4. Topside DPS graphical user interface (GUI)

A topside user interface was created to allow the user to
command the ROV to the desired position. Relative positional
waypoints in North, East, Down (NED) or Body frame can be
sent to the ROV via the a python program utilising the Py-
mavlink Library. With this, a full 6 DOF could be commanded

in Roll, Pitch, Yaw, Surge, Sway and Heave. The program
is connected as a parallel connection to the ROV such that
QGroundControl (QGC) can still be used. The combination
of all this leads to a package that is easy to use and accurate
to control in many scenarios. Work is being completed to
fully integrate the DPS GUI directly into QGroundControl.
The BlueROV2 becomes a much more powerful tool with the
addition of the DPS. While stabilize and depth hold modes
exist using the standard IMU, compass and barometer, it is
extremely difficult for a user to accurately control the ROV in
surge and sway given the standard Xbox controller often used.
Small user errors in commanding surge lead to a bearing that
does not match the heading, meaning straight paths are near
impossible for a user to achieve, even in calm water.

IV. RESULTS

As part of a funded project ROBOVASS (robotic-vessels-as-
a-service) for the marine industry, the system was originally
trialed in Portroe Quarry Co. Tipperary Ireland in September
2020. Position hold functionality was tested proving robust in
operation both in close proximity to a observation class ROV
and for a duration of 1 hour continuous work.

Fig. 5. Results: ROV response to surge commanded position in steps of 0.5m

Fig. 6. Results: ROV response to sway commanded position in steps of 0.5m



Shown above in Figure 5 and 6 are two test routines of 4
commanded positions of 0.5m back and forth in both surge and
sway respectively. Given the use of the original BlueROV2
system without a full 6-DOF it is clear from the results a
lack of stability in pitch causes some additional overshoot
for the surge commands. However, for small commanded
results the overshoot is acceptable as the max velocity was
not limited for the test routine. This is an adjustable parameter
in which could be adjusted based on the user’s preference.
Given the velocity feedback now in the system, an auto-tune
mode similar to what is used in ArduCopter could also be
implemented for further improved results. A ground truth for
these measurements was not completed at the time due to
a limited testing opportunity. The results are also shown in
NED frame. Any error in estimated heading could also be
attributed to seemingly additional overshoot as the testing tank
was metallic.

V. FUTURE AND ONGOING WORK

Velocity mode developments are being made such that the
ROV can be commanded to move in a specific direction at a
fixed velocity shown below in Figure 7. As discussed, this is
not something a pilot can manage with good accuracy, but
it can be completed easily with automated platforms. The
addition of automated systems can also improve accuracy
during flight and generate better quality survey data overall.

Fig. 7. New GUI interface and system under development

Use cases for such low cost automated ROVs include
photogrammetric surveys and other high precision navigation
and control tasks including site planning purposes or hull
inspection in ports where full coverage is required. These

types of subsea tasks where precision is necessary would
have been typically completed by large commercial ROVs
in the past however systems such as the DP ROV system
described herein will pave the way for rollout of more low cost
platforms to these missions. Shown below in figure 8 are some
photogrammtric maps generated by our developed platform,
demonstrating the capability of the developed platforms to
execute complex surveys.

Fig. 8. Photogrammetry survey completed in Portroe Quarry

VI. CONCLUSION

This paper presents a Dynamic Positioning System for a
low cost ROV.

A popular consumer ROV, the BlueROV2 has been used as
the base for the system with WaterLinked DVL-A50 being the
sensor of choice for integration.

The results show the feasibility of the developed system
for performing high precision taks, reducing the requirement
for large ROV systems, large sensor platforms or DP support
vessels. The systems described demonstrate the capability of
low cost systems to significantly reduce day rates, all while
maintaining survey output quality. Many new applications are
possible given the decreasing costs and more competition in
the market including low cost underwater photogrammetry,
hull inspections, port security and many more.
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