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AUV development trends and their implications for
risk management strategies

Autonomous underwater vehicles
(AUV) have been under substan-
tial development since the 1980s.
The first AUV, the self-propelled
underwater research vehicle
(SPURV), was built in 1957, at
the University of Washington’s
Applied Physics Laboratory
(Widditsch, 1973). Other early
AUVs were built in the 1980s,
such as the L’Epaulard and the
ARCS built by the Institut
Francais de Recherche pour
I’Exploitation de la Mer (IFREMER,
2017) and International Sub-
marine Engineering (ISE, 2017)
respectively.

Here I argue that the risk
management strategy adopted in
the early days is still in use for
most AUV operations butis unsuit-
able for informing decision making
for modern AUV operations.

A risk management strategy, or
strategic framework, is a multifac-
eted set of design considerations
that underpin the implementa-
tion of the risk management pro-
cess (Ward, 2005). It is partly
concerned with the philosophi-
cal and cultural context for risk
management practice, and seeks
to influence and improve how
people engage with problems or
situations. For example, one con-
cept commonly identified as a vital
enabler for early and effective
responses to possible risk is ‘mind-
fulness’ (Weick and Sutcliffe, 2001)
which is perhaps best known as a
state of mind advocated by the
teachings of Buddhism where it
promotes meditation in order to
reflect on experiences.

Mindfulness, when considered
as a risk management strategy,
compirises psychological techniques
aimed at ensuring constant vigilance

against the unexpected. It con-
sists of a combination of on-going
scrutiny of existing expectations,
and continuous refinement and
differentiation of expectations
based on new experiences. Argu-
ably, mindfulness was the risk
management strategy adopted
by the early AUV owners. One of
the dangers of following a mind-
fulness risk management strat-
egy is that it consumes a great
deal of resources in attending to
what often turn out to be false
positive errors.

Many AUV pioneers had only
one vehicle to operate and this
understandably influenced a con-
servative operational mindset.
There was relatively little scope for
experimental learning through
flexibility (Hamblin, 2002). This is
a risk management strategy that
advocates the definition of alter-
native states of success and ongo-
ing experimentation to learn and
re-evaluate what success can mean.

The exception to conventional
AUV deployments are the long
endurance missions carried out
underneath ice covered areas,
such as the missions of Autosub 3
under the Pine Island Glacier in
2009 and 2013 and the missions of
ISE Arctic Explover as part of the
Cornerstone Project (Brito et al,,
2010; 2012). Here a resilience
risk management strategy was
adopted, which favoured mitiga-
tion rather than a constant review
of objectives. For these missions,
mitigation was applied in terms
of improving the robustness of
design vulnerabilities and intro-
ducing a monitoring distance.
The resilience philosophy seeks to
manage the entire cycle of unex-
pected events from first detection
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through crisis management and
eventual return to normalcy. Such
mitigations were planned on a
combined ex ante and ex post basis
that is, through the planning of
both precautionary and remedial
risk controls.

In the last five years, technologi-
cal developments and substantial
investment from both government
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and industry have led to an
increased confidence that AUV
technology can be used successfully
for more complex applications.
These trends, some of them high-
lighted in the early days of AUV
development, force us to question
the suitability of risk management
strategies adopted thus far. Some
trends by their own nature imply
the use of a certain risk manage-
ment strategy, whereas for other
trends there is currently a lack of a
risk management strategy. There
are three key new trends in AUV
development that could benefit
from a new risk management
strategy:

1. Higher autonomy. Several
large research projects have
sought to increase the au-
tonomy of AUVs. The aim is
to augment AUV capability
by enabling platforms to con-
duct intervention tasks such
as valve turning (PANDORA,
2017), to search for explosive
mines and to identify and
track physical, chemical and
biological features (Monterey
Bay Aquarium Research Insti-
tute, 2017; Natural Environ-
ment Research Council, 2017).

2. Multiple vehicle operations.
Self-configuration AUVs have
been proposed as solutions
for optimal sampling of ocean
fronts, large eddies and other
mesoscale ocean processes
(L’Hévéder et al., 2013). Virtual
moorings also provide a solution
for expensive mooring deploy-
ments (Alvarez and Mourre,
2011; Hodges and Fratantoni,
2009; Smeed et al., 2013).

3. Deeper and long endurance
AUVs. Both commerce and sci-
ence have a stake in increasing
the depth and range of plat-
forms. Ocean explorations
and sea mining are expected
to reach deeper regions of
the ocean than ever and there
is now a strong emphasis on
developing AUVs capable of
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operating at depths of 6000 m
(McPhail, 2008). Mindfulness
is of course important for any
new technology development.
However, for a wider group of
AUV users, developers must
adopt a fuller range of risk
management strategies that
must be hybridised and some-
times traded off against one an-
other. A criticism raised about
the first trend listed above is
the uncertainty associated with
the platform behaviour at a
given point of the mission. To
address this problem a combi-
nation of other general strate-
gies such as anticipation and
resilience is required. Both im-
ply that the mission objective
must be met. In contrast to re-
silience, anticipation does not
favour mitigation. The mind
set for anticipation is one that
favours precise identification
of possible problems so that
specific remedies can be de-
signed or recalled. The use of
this risk management strategy
alone can be dangerous, be-
cause it presumes a level of un-
derstanding that is impossible
to achieve when dealing with
unknowable and unpredicta-
ble environments. A resilience
strategy can also be applied to
higher level autonomous sys-
tems by the implementation
of mitigation functions in the
design or operation phases.

Multiple vehicle operations
favour the use of flexibility or
slack. Here we have both the
ability to reach other acceptable
states and excess capability
(Naslund, 1964). In technical terms
going deeper and for longer mis-
sions only implies more robust
pressure housings and connec-
tions, more powerful energy sup-
plies and more energy efficient
systems and design. Of course,
developers must be mindful of
the technological limitations.
However, resilience is also crucial

particularly in mission planning,
where the mitigation actions and
recovery procedures must be
defined for different stages of
the deployment.

These arguments do not con-
sider any overlap between trends.
If there is overlap, then the risk
strategies suggested for the trends
involved must be applied. For
example, if for one application, the
developer is considering a long
endurance mission with high
autonomy then anticipation, mind-
fulness and resilience strategies
should be applied.

Once there is agreement on a
risk management strategy, the
next stage is to consider how to
implement the strategy in a
given organisation or project.
Here several risk management
frameworks can be adopted. The
IRM framework provides guide-
lines for implementing risk man-
agement processes (IRM, 2002).
This and other risk management
frameworks have been devel-
oped by risk managers, engi-
neers, accountants and financial
analysts. These can be tailored to
any technology or organisation.

In my view, a fundamental fea-
ture in persuading others to
adopt AUVs is the level of trans-
parency regarding risks as well as
opportunities. Naturally, being
very enthusiastic about technology
makes developers better at artic-
ulating the opportunities rather
than the risks. Identifying the
risk management strategy before
building the risk management
process enables developers to
objectively communicate the
advantage of autonomous under-
water vehicles.
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