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Marine Robots:; From Laboratories to the Real
Underwater Adventure

By Chen Wang™, Ming Cao, Junzhi Yu, Guangming Xie, Derek A. Paley,
Corina Barbalata, and Stefan B. Williams

In our continuous exploration and
exploitation of the ocean, marine robots
are powerful tools for accessing oceanic
environments that are sometimes harsh
or even too dangerous for humans. Early
marine robots acted under human super-
vision, executing preprogrammed tasks
or working under the control of highly
trained specialists. In recent years,
with the advancements in hardware and
software, marine robots have begun to
possess the capability to autonomously
sense and adapt to the intricate ocean
environment, thus working more effi-
ciently and intelligently. By integrating
recent advances in science and technolo-
gy, ranging from biomimetic technology
and new materials to advanced artifi-
cial intelligence methods, marine robots
have the potential to be more powerful
in the exploration of the ocean environ-
ment and facilitating a broader spectrum
of tasks, such as studying marine life
in their natural habitats or performing
inspections and dexterous manipulation
in the deep sea.

Unlocking the full potential of marine
robots calls for further improvement in
their autonomy, intelligence, and capabili-
ties of perception, detection, and opera-
tion. However, great challenges arise from
the hydrodynamics around marine robots
and the complexities of the unpredictable
natural environment. While extensive
research has been done on autonomous
and intelligent marine robots, significant
new joint efforts are crucial to expedite
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the transition from laboratory conditions
to real-world applications.

This special issue attempts to close
the gap between theoretical development
in marine robotics and its widespread
real-world applications. It focuses on up-
to-date research in marine robots and
innovative technologies with practical
potential, where special attention is given
to bionic marine robotics, perception and
detection in underwater scenarios, and
real-world applications. The following is
an overview of the 10 articles accepted in
this special issue.

Bionic robotics, drawing considerable
attention over recent decades, continues
to be a fascinating subject, particularly
in the area of marine robots.

Li et al. [Al] design a platform to
capture realistic morphology, kinemat-
ics, and movements from real schooling
fish and create high-fidelity fish-like
robots accordingly. By measuring critical
parameters such as the power cost, thrust,
and detailed flow fields of the robots, one
can map the sensory information to the
locomotory and movement responses and
hydrodynamic information of real fish,
which are extremely challenging to col-
lect from real animals. This work not only
offers a possibility to investigate authentic
fish behavior using robots but also pres-
ents a way to improve the performance of
bionic marine robots.

Wang et al. [A2] focus on the chal-
lenges arising from disturbances caused
by unknown dynamics and environmen-
tal factors in controlling an underactu-
ated bionic underwater vehicle. They
propose a control approach, combining
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the robustness of a model predictive con-
troller with the modeling capabilities of
a learning-based observer, which real-
izes disturbance rejection control while
ensuring real-time application, constraint
satisfaction, and recursive feasibility under
complicated disturbances. Simulations and
real-world experiments verify the effi-
ciency and practicality.

To promote the practical usage of
marine robots, it is imperative to strength-
en their perception and detection capabil-
ities to improve their ability to sense and
understand the environment effectively.

Wen et al. [A3] focus on the realm of
camera vision, which remains a prevailing
perceptive technology for robots operat-
ing in underwater scenarios. The authors
propose a transformer-based network for
underwater image enhancement, effec-
tively leveraging the advantages of global
and local features while being computa-
tionally efficient. Extensive experiments
demonstrate that their method outper-
forms other state-of-the-art methods both
qualitatively and quantitatively.

Qi et al. [A4] present a comprehensive
review of detection techniques developed
over the past 15 years for identifying small
leaks (fewer than 1 L/s) in water distribu-
tion networks—critical infrastructures
vital for sustaining daily human life.
Encompassing experiments and simula-
tions carried out using both in-pipe robots
and continuous monitoring, this review
provides valuable insights. It fosters a clear
understanding of the strengths and limi-
tations of existing detection techniques,
thereby facilitating future research endeav-
ors in the field of small-leak detection.
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Chen et al. [A5] concentrate on an
underwater hexapod robot equipped with
an inertial measurement unit, an accel-
erometer, six encoders, a Doppler veloc-
ity log, and a depth sensor. Leveraging
these proprioceptive sensors, the authors
propose a terrain-adaptive locomotion
controller for the robot, perceiving the leg-
terrain interaction forces using propriocep-
tive sensory data and employing thruster
forces to effectively compensate for these
interaction forces. Extensive indoor pool
and outdoor lake hardware experiments
validate their approach. This work unveils
new possibilities for underwater legged
robots, enabling them to traverse diverse
and unknown underwater terrains.

In addressing the diverse demands of
tasks in oceanic environments, research-
ers consistently pioneer innovative tech-
nologies for marine robots.

Wang et al. [A6] set out to tackle the
launch and recovery demands of auton-
omous underwater vehicles, which are
essential for ensuring the safe and continu-
ous operations of these vehicles in marine
environments. After providing a summa-
ry of various existing launch and recov-
ery mechanisms, the authors propose a
launch and recovery system for autono-
mous underwater vehicles. This system
involves an unmanned surface vehicle as
the mother ship and a manipulator-based
mechanism and an auxiliary mechanism
designed for clamping the autonomous
underwater vehicles. Experiments show
the effectiveness of their system.

Astolfi et al. [A7] develop a marine
sediment sampling system tailored to the
specific demands of marine biologists
engaged in active investigations of micro-
plastic pollution. The system comprises a
medium-sized underwater legged robot
equipped with a customized sampler, con-
sisting of a grab mounted on an underactu-
ated mechanism. Testing in real conditions
shows the system’s capability to fulfill all
user requirements, including the penetra-
tion depth, the weight of the sample, the
ability to collect replicas without return-
ing to the boat or the shore, the amount of
sediment perturbation introduced by the
system, and the sampling accuracy.

With recent advancements in marine
robot technologies, humanity accelerates
exploration into the depths of the sea.

Tosello et al. [A8] pres-
ent an autonomous under-
water architecture designed
for the long-term inspec-
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to perceive its surround-
ings, plan a mission, and
dynamically adapt to con-
tingencies and opportuni-
ties, all without human
intervention. The success-
ful deployment of their
system in the field in
Norway has established substantial reli-
ability and garnered acceptance within
the oil and gas community.

Neettiyath et al. [A9] introduce their
multiyear survey of cobalt-rich man-
ganese crust deposits utilizing mul-
tiple marine robots. Two autonomous
underwater vehicles and one remotely
operated vehicle conducted a combined
438 h of seafloor observation, surveying
about 589 km of seafloor in different
locations. Leveraging camera systems,
multibeam sonar, and sub-bottom sen-
sors, the authors create a comprehensive
database of cobalt-rich manganese crust
distribution estimates. This work show-
cases the power of autonomous marine
robots in conducting prolonged and thor-
ough deep-sea surveys.

Zuo et al. [A10] implement a soft robot-
ic gripper composed of nitinol-embedded
soft fingers and an in situ wearable mech-
anism that allows the soft gripper to be put
on and removed from the traditional rigid
gripper, adapting to the specific require-
ments of deep-sea tasks. The soft robotic
gripper has been subjected to numerous
tests during three deep-sea dive trials.
When deployed on a human-crewed deep-
sea submersible, the gripper can perform
nondestructive sampling tasks, includ-
ing picking and placing fragile porcelain
and operating a precision instrument at a
depth range of 1,410-3,600 m. This study
provides new design insights into creat-
ing next-generation deep-sea intelligent
robotic systems capable of intricate dex-
terous manipulation.
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PIONEER INNOVATIVE
TECHNOLOGIES FOR
MARINE ROBOTS.
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special issue will inspire
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marine robotics.
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