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ABSTRACT

The real-world implementation of Underwater Glider Path Plan-
ning (UGPP) over the dynamic and changing environment in deep
ocean waters requires complex mission planning under very high
uncertainties. Such a mission is also influenced to a large extent by
remote sensing for forecasting weather models outcomes used to
predict spatial currents in deep sea, further limiting the available
time for accurate run-time decisions by the pilot, who needs to
re-test several possible mission scenarios in a short time, usually a
few minutes.

Hence, this paper presents the recently proposed UGPP mis-
sion scenarios’ optimization with a recently well performing al-
gorithm for continuous numerical optimization, Success-History
Based Adaptive Differential Evolution Algorithm (SHADE) includ-
ing Linear population size reduction (L-SHADE).

An algorithm for path optimization considering the ocean cur-
rents’ model predictions, vessel dynamics, and limited communica-
tion, yields potential way-points for the vessel based on the most
probable scenario; this is especially useful for short-term oppor-
tunistic missions where no reactive control is possible.

The newly obtained results with L-SHADE outperformed exist-
ing literature results for the UGPP benchmark scenarios. Thereby,
this new application of Evolutionary Algorithms to UGPP con-
tributes significantly to the capacity of the decision-makers when
they use the improved UGPP expert system yielding better trajec-
tories.
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1 INTRODUCTION

The motivation of this work is to explain the provision of an alter-
native to the current glider mission control systems that are based
mostly on multidisciplinary human-expert teams from robotic and
oceanographic areas.

Initially configured as a decision-support expert system, the nat-
ural evolution of the tool is targeting higher autonomy levels, as
published recently in the journal Expert Systems with Applica-
tions [13].

2 UNDERWATER GLIDER PATH PLANNING
EXPERT SYSTEM

The real-world implementation of Underwater Glider Path Plan-
ning (UGPP) over dynamic and changing environments in deep
ocean waters requires complex mission planning under very high
uncertainties. [13] Such a mission is also influenced to a large extent
by the remote sensing for forecasting weather models’ outcomes
used to predict spatial currents in deep sea, further limiting the
available time for accurate run-time decisions by the pilot, who
needs to re-test several possible mission scenarios in a short time,
usually a few minutes. [12, 14, 15].
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3 OPTIMIZATION METHODS APPLIED

Hence, this paper features the recently proposed Underwater Glider
Path Planning mission scenarios’ optimization with a recently
well performing algorithm for continuous numerical optimiza-
tion, Success-History Based Adaptive Differential Evolution Al-
gorithm (SHADE) [7] including Linear population size reduction
(L-SHADE) [8]. The L-SHADE has been applied in several applica-
tion domains [1] and also extended to improved versions [9]. The
paper [13] also compared several other continuous optimization
algorithms, mainly Differential Evolution, which was already stud-
ied using high-performance computing earlier in works like [11],
and also applied to other important challenges, like energy sched-
uling [3].

4 BENEFITS OF THE SYSTEM

An algorithm for path optimization considering the ocean currents’
model predictions, vessel dynamics, and limited communication,
yields potential way-points for the vessel based on the most prob-
able scenario; this is specially useful for short term opportunistic
missions where no reactive control is possible, and producing a
new expert system joining optimization and UGPP. [12-15]

In the perspective of optimization algorithms, the set of pa-
pers [12-15] introduce also novel ways of benchmarking evolu-
tionary algorithms by assessing operational appropriateness of the
optimization algorithms compared in terms of fitness budget plan-
ning, convergence quality, and obtained solutions. Furthermore,
improvements of some algorithms are also proposed along, in or-
der to more widely include the benchmarking over well known
terminologies of heuristic stochastic optimizers.

Important works from other teams like [2, 4-6, 10] also use the
likes of evolutionary approaches from [12, 13], which is another
important contribution to the benefits of the line of research of
the system and the autonomous mission planning research topic in
general.

5 CONCLUSIONS

Over this mission planning task, the newly obtained results with
L-SHADE published in [13] outperformed existing literature results
for the Underwater Glider Path Planning benchmark scenarios.
Thereby, this new application of Evolutionary Algorithms to UGPP
contributed significantly to the capacity of the decision-makers for
mission plannings, as they are using the improved UGPP expert
system yielding better trajectories.
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