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Abstract— Underwater robotic manipulation poses significant
challenges due to uncertainties from the dynamic environment
combined with sensing limitations. To address these issues, we
propose LURE (Learning from Demonstration for Underwa-
ter Robust Execution), a novel framework that enables skill
learning and robust execution from human-provided demon-
strations. LURE integrates Laplacian Trajectory Editing (LTE)
for learning and generalizing manipulation skills, a Linear
Quadratic Regulator (LQR) for robust trajectory tracking,
and a symbolic planner for multi-step task execution. In
contrast to existing learning approaches, LTE allows for flexible
adaptation to new scenarios while preserving essential skill
features and constraints. We validate our framework on a
loop-on-hook placement task both in lab and underwater. Our
setup includes a BlueROV platform equipped with a 5-DOF
manipulator and AprilTag-based pose estimation. Experimental
results demonstrate reliable performance and robustness to
sensor noise and environmental perturbations. As a potential
framework for advancing underwater manipulation, LURE
offers an adaptable solution with minimal data requirements,
with applications in underwater inspection and maintenance.

I. INTRODUCTION

Underwater manipulation presents unique challenges due
to complex hydrodynamics, limited sensing, and the dif-
ficulty of precise control on mobile platforms [1], [2].
Over the past few decades, several learning and control
methods have been studied and proposed to address these
challenges [3], [4]. Among existing techniques, Learning
from Demonstration (LfD) [5] offers a promising approach
to expedite robotic skill learning by leveraging a few human
demonstrations rather than relying on extensive data or
simulation. However, generalizing demonstration trajectories
to novel task configurations in a dynamic and uncertain
underwater environment remains an open problem [1], [2],
[6].

In this paper, our aim is to enable robots to learn skills
from limited training data, generalize them to novel sit-
uations, and execute them robustly while accounting for
uncertainties of mobile base movement and sensor noise.
Towards this goal, we introduce a novel robot manipulation
framework for Learning from Demonstration for Underwater
Robust Execution (LURE). Our framework integrates skill
learning from demonstration, optimal control, and symbolic
action planning. The LfD module in our framework employs
Laplacian Trajectory Editing (LTE) [7] that enables a robot to
learn and generalize manipulation skills from human demon-
strations. In contrast to alternative methods such as Dynamic
Movement Primitives (DMP) [8] and Probabilistic Movement
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Primitives (ProMP) [9], LTE is capable of generalizing the
learned skill to novel situations while preserving important
properties of the skill (e.g., shape) and satisfying essential
constraints (e.g., via points). For increasing the stability and
smoothness of the movements, we rely on the execution of
the generated skills through optimal control. More specifi-
cally, we utilize a Linear Quadratic Regulator (LQR) [10]
that can provide a robust execution of trajectories generated
by LTE. The LQR control and stabilization strategy equipped
with proper penalty terms allows the robot to counteract drift
and mitigate sensor noise. We also equip our framework
with a symbolic action planner to generate an action plan
to complete a desired multi-step manipulation task. The
discovered sequence of actions is then sent to the framework
to be executed.

By synergistically combining these components, LURE of-
fers a fast and reliable method for underwater skill learning,
reducing the need for extensive retuning or multiple demon-
strations. The proposed framework has broad implications for
underwater inspection, maintenance, and scientific sampling
tasks, where agile and adaptable mobile manipulators can
substantially enhance operational efficiency.

We validate LURE on a loop-on-hook placement skill in
which the robot is tasked to place a loop of rope on a hook.
We started by conducting experiments in the lab environment
where a 5 Degree-of-Freedom Reach Alpha 5 manipulator
was fixed to a desk in front of a set of hooks on a panel (see
Fig. 1a). Our results show that except in cases where the
AprilTags are obstructed (and thus the robot does not know
the hook’s location), our framework enables the manipulator
to successfully track the target and complete the hooking
task. To further validate the proposed framework in a real
environment, we performed another set of semi-controlled
experiments in a pool. Our underwater experimental setup,
shown in Fig. 1c, includes a BlueROV platform equipped
with the 5 Degree-of-Freedom Reach Alpha 5 manipulator
and a mounted camera for pose estimation using AprilTag
fiducial markers. The underwater experiments demonstrate
the adaptability of the proposed framework to more dynamic
and less predictable environments. They provide insight into
the system’s tolerance for localization noise, disturbances
from base motion, and imperfect perception caused by un-
derwater visual distortion.

II. RELATED WORK

Several other works have also encountered the challenges
of underwater manipulation with varying degrees of success.
Typically, these approaches need considerable data to train
and tune a behavior model. Ahmadzadeh et al. tackle an




