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Supporting AUV localisation through next generation underwater
acoustic networks: results from the field

Andrea Munafò1, Thomas Furfaro1, Gabriele Ferri1 and João Alves1

Abstract— This work describes how the localisation of au-
tonomous underwater vehicles can be supported through net-
worked acoustic communication. The localisation approach in-
cludes timing information within acoustic messages to create an
interrogation scheme similar to that of long-baseline methods,
but realised at the application level of the network. In this
way, the network itself is able to provide vehicle localisation
information, reducing the needs for additional on-board sensors
or dedicated deployed platforms/transponders. The aim of this
work is to report at sea localisation results as obtained in
two completely different application scenarios. The first one
is represented by the FP7 MORPH project (HORTA15 sea
trial) where the proposed approach has been applied to support
navigation of a fleet of AUVs in a tight formation and in very
shallow waters. The second application is represented by the
NATO STO CMRE multistatic network demonstrator with the
acoustic network used to support navigation of AUVs working
in large operational areas. In this latter case, results are given
from the COLLAB–NGAS14 experimental campaign.

I. INTRODUCTION

The ability of Autonomous Underwater Vehicles (AUVs)
to accurately move in the environment (underwater naviga-
tion), is still a challenging task [13]. The usual approaches
rely on ’proprioceptive information’ usually obtained from
Inertial Navigation Systems (INS) or deploying static bea-
cons with known locations that act as external references.
There are characteristic limitations and constraints associ-
ated with these traditional approaches, which often require
a trade-off between performance and cost. Commercially
available INSs range from very expensive systems with a cost
of over 1 Million USD with drifts of less than 1800 metrs
per day, to more economic systems with drifts as high as 60
metres per minute [3]. To compensate for the unavoidable
INS drift, a typical underwater navigation mission requires
periodic resurfacing to acquire GPS fixes, which involves
interrupting the task and, in sensitive scenarios, risking
detection while on surface, hence reducing the underwater
vehicle effectiveness and stealthiness. Requiring a vehicle to
surface is an operation that takes more time the deeper the
vehicle has to work and also incurs an energy expense. The
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use of static and dedicated beacons as in the case of Long
BaseLines (LBL) [9] avoids the problem of cumulative drift,
but imposes constraints on the operational area. Depending
on the scenario, this might be incompatible with the higher-
level mission requirements, as in the case of operation in
denied areas, or when the vehicles need to be data driven.
To obtain a good navigational fix from beacons, multiple
dedicated beacons must be deployed around each mission
area. Deploying beacons, and navigating them in to provide
a known location, requires a great deal of instrumentation to
be deployed and calibrated at each site. This is impracticable
for many operational scenarios. Recently, there has been
a significant effort to reduce some of these limitations.
Examples of such efforts can be found in [6], [5], [16],
[8], where some of the leading manufacturers of acoustic
modems focus on making the acoustic modems themselves
able to produce localisation data. The new generation of
acoustic modems are in fact almost always able to provide
the distance with their communication counterpart, given a
message exchange. This kind of information, which, in this
paper we call localisation data, can be used to determine
the position of a vehicle in space, as for instance using
triangulation or trilateration [5]. An alternative approach
has been investigated at CMRE, where preliminary studies
done in recent experimental campaigns have shown that
when the underwater vehicles are part of a network, the
inclusion of localisation data together with normal traffic
can be instrumental in enhancing AUV navigation even
at long ranges and with sporadic communication [12]. In
parallel, a first implementation [7] was deployed within the
CMRE Littoral Ocean Observing Network (LOON) [1]. This
first deployment focused on proving the feasibility of the
interrogation scheme in real-time with real data, but only
with static nodes. The work described herin expands the
previous work, demonstrating the usage of the proposed
network interrogation scheme to support navigation of AUVs
in real scenarios, explicitly including moving nodes.

The proposed method makes it possible for the system
to have heterogeneous capabilities (when a node joins the
network it can also receive localisation data, together with
the normal network traffic), mixed navigational fusing (inte-
gration of additional devices that might be available on some
of the assets), applicability to a range of modems and to be
explicitly tailored to software defined-modems [14].

The proposed navigational service does not rely on specific
hardware requirements or on stable-precision clock. This
is particularly convenient for inexpensive vehicles, and in
scenarios where there is the need to limit costs. The approach
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is independent from the specifics of the implemented acoustic
network, and it readily scales with the number of nodes. The
price to pay is that local clock data must be added to each
(localisation) packet, slightly increasing the communication
overhead. The system can be exploited by less capable
vehicles that need navigational aides to compensate the mea-
surement drift of their inexpensive on-board inertial sensors,
reducing total system cost. It may also be exploited by more
capable AUVs, increasing their persistence, improving their
performance, and/or to enlarge their area of operation. Of
particular interest for the authors is the possibility to augment
the navigation performance of systems operating in deep
water where some traditional tools are not available (e.g.
DVL).

The position uncertainty of multiple AUVs can be reduced
using localisation aware networks. For instance, in [17]
less capable vehicles acoustically measure their ranges, and
integrate received external fixes from better-navigated nodes
to increase their navigation ability. In this case however,
there was no network involved and the ranging system
was based only on what was made available directly at
physical level. Additionally the inter-node ranging utilises
synchronised one way time of flight measurements. The
exchange of measurements with a network can be beneficial,
it runs the risk of using the same data more hence running
the risk of estimate overconfidence. Navigation systems that
rely on collaborative measurements are at risk of produc-
ing overconfident measurements. This overconfidence is an
artefact of implicitly reusing the same data. For this reason,
a great deal of effort has been put in distributed multi-
robot localisation algorithms for underwater scenarios. In [2]
consistent cooperative navigation was performed, explicitly
filtering measurements that would lead to cross-correlation.
More recently, [13] proposed a method for AUV trajectory
estimation that explicitly tackles the limitations of the un-
derwater communication channel (i.e. unreliability, limited
bandwidth, high latency), and reduces the localisation uncer-
tainty and hence the number of GPS surfacing manouevres
that are required to achieve a target navigation accuracy. The
network-based interrogation scheme proposed herein can be
used within these frameworks as the information provided
by the network can be seamlessly fused within the AUV
navigation system.

The system has been shown effective for two very diverse
applications. The first one is represented by the multistatic
active CMRE experimental network demonstrator which
consists of two Ocean Explorer AUVs, gateway buoys and
wave gliders [4], collaborating together in operational areas,
oftentimes, of more than 100 km2. Within this demonstrator
the AUVs are capable of working together to search and
prosecute underwater targets utilising underwater network
communication protocols to exchange information. In this
scenario, the addition of localisation data to the normal
network traffic must not interfere with the normal network
operation (e.g. data on detected contacts, tracks, etc.) and
must make minimal use of acoustic communication for the
purpose of navigation. The second application is represented

by the system developed in the framework of the FP7 EU-
funded project MORPH [10]. The MORPH project devel-
oped a cooperative fleet of heterogeneous marine vehicles
to perform detailed 3D imaging and sonar surveys of topo-
logically complex environments. This fleet is composed of 5
autonomous platforms, including one surface vehicle and 4
AUVs, collaborating in a tight formation where the vehicles
are spaced on the order of 10’s of meters apart. In this
case, the formation control and coordination rely heavily on
the communication system, which augments the navigational
capabilities of each node, providing a method by which
the AUVs can measure their position with respect to the
others. Together with a description of the proposed network-
based localisation method, we report at-sea results for both
application scenarios, showing how the system was effective
in enhancing the navigation capability of the underwater
nodes. More in particular, results are reported as obtained
at-sea during the COLLAB–NGAS14 campaign, conducted
in October 2014 by NATO STO CMRE, and from the
HORTA15 sea trial.

The remainder of this paper is organised as follows:
Section II gives details on the inclusion of localisation
services into networked acoustic communications. Section III
describes results from the HORTA15 and the COLLAB–
NGAS14 experimental campaigns, where the proposed al-
gorithm was tested in very different operational conditions.
Finally, Section IV draws some conclusions.

II. LOCALISATION SERVICES IN UNDERWATER
NETWORKS

This section describes the integration of localisation data
together with normal network traffic so that the resulting net-
work is able to provide localisation as a service to connected
nodes. This integration has been based on the software-
defined communication system implementation efforts at
CMRE during the last years [14]. Such architectures are
meant to be flexible workspaces that provide standardised
interfaces and interactions between specific communications
building-blocks, paving the way for adaptive and cognitive
stacks that may react to sensed or learned changes in the
environment. Open and modular architectures are an attrac-
tive solution since they allow the reuse of already developed
modules to enhance new components in a given architecture.
In this respect, the developed localisation architecture is
designed to provide a module that can be incorporated into
such a software-defined architecture.

A. Theory of operation

Most acoustic ranging systems are based on measuring, at
the physical layer, the two-way time-of-flight (TOF) between
transponders, and converting this duration into distance using
measured or estimated sound speed values. For this to work,
an acknowledgement is required to be sent from all the
receivers to the transmitter, taking care that such replies
do not interfere. It is typical that this acknowledgement is
immediate, with an internal turn-around time that is known
a priori. While no absolute precision-clock is required for
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Fig. 5. Top: OEX Groucho navigation error on October, 31, 2014. Bottom:
node number with which a network interrogation cycle was completed. NRV
Alliance is node 1, OEX Harpo is number 3, Gateway is node 10, Wave
Glider Lisa is number 11, and Wave Glider Carol number 12.

acoustic communications using the software-defined com-
munications architecture paradigm. Traditional approaches to
AUV navigation such as LBL and/or USBL methods, require
the AUVs to query one or more modems/transponders while
measuring the two-way travel time of the acoustic packets.
Although these methods have been integrated together with
communication devices, this has been usually done at the
level of the acoustic modem. In this respect, the approach
proposed herein is more generic: the localisation data is
synthesised directly with regular communication traffic, and
is designed to be applicable to generic, including software-
defined, modems.

Results from the deployment of the system during two
sea-trials have been shown. Results have shown how the
proposed interrogation scheme is effective in limiting the
navigation error, both at short and long ranges and even
with sporadic communication. In the case of the COLLAB–
NGAS14 experiment, with nodes kilometers away, the
TDMA-based MAC layer of the network played a big role
in determining the overall localisation performance. Future
work will investigate how the usage of different MAC layers
impacts on the ability of the network to provide the range
measurements. Work is also on-going to support One-Way-
Travel-Time (OWTT) implementations and to take advantage
of multi-user waveforms and real-time channel analysis.
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