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PhD Thesis: Mapping and monitoring of the surface condition and biological colonization of

submerged parts of offshore wind turbines using acoustic imaging

Research Motivation
« Growth in Offshore (Floating) Wind Energy .
BVG Associates [1]

Expensive and safety critical inspection and maintenance
\\\L Biofou“ng [2] | subtialzons [

[ Operations and maintenance 33.8%

Side effect in the marine echosystem ?
(Artifical reef, migration behaviour, electromagnetic sensitive)

Unsafe close-range operation

Prior knowledge of the infrastructure
(Except for new Biofouling and Scratches)

Vertical zonation of
fouling community

Use Underwater Robots ! Ocean Wind OWF

WindEurope Forecast [0]

OWEF Artificial Reefs [3]




Problem Statement Related Works ...

VideoRay Pro 4 ROV, OWF Inspection a— ™

: my sensors configuration?
Where am 1?
What am | looking at?

Exteroceptive:

v

Camera Imaging sonar

Sonar epipolar geometry, Acoustic StM, Kaess M. [7]
S. Negahdaripour [6]

Xo X1 Xn—1 Xn

Elevation + Bearing (Range?) | Range + Bearing (Elevation?)

Proprioceptive: IMU, Pressure Sensors, Magnetometer ) L )
P P J Under-constrained landmarks SLAM, Kaess M. [9] Predictive 3D Mapping, McConnell J. [10]

Lo :

SOLIRMM


https://www.youtube.com/watch?v=bchHnKeatko
https://www.youtube.com/watch?v=bchHnKeatko

Sensor Inputs Feature Extraction & Data Association SLAM Estimate

... Related Works

Multibeam Sonar Opti-acoustic Fusion
> > 3D Position ’ '
s D YN
[Monocular Camera | Object Detection Feature Extraction Feature Embedding T
! MAP Estimation
ot A N x 38 K x 384, K € {1,3}

MU a4 v

DVL EKF Data Association | [ Factor Graph_|
Pressure Sensor

t J

a O

Input: Underwater images

Output: Restored Color 3D Gaussians

Turbid Opti-Acoutsic
Reconsruction, lvana C. [15]

Underwater object detection, Ge L. [11] Underwater 3D GS, Leonard J. J. [13]

CoralScapes Semantic Reef, Sauder J. [18]

Sonar images

April 2011
id

¥
/ Generated map
y ),‘ | =

Inderwater structure
Corrected trajectory

= s s Al il oo : (a)
Sonar detection of local damage, Semantic Segmentation in Underwater Multi-year benthic habitat survey, 3DSSDF, Sonar Signed Distance

Tan H. [12] Ship Inspections, Waszak M. [14] Pizzarro O. [16] Function, Simon A. [19]
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Nerfstudio [21]: Neural Radiance Field (NeRF)

3D Reconstruction (Offline) and Gaussian Splatting (3D GS)

Colmap [20]: Structure from Motion (SfM)

File Processing Reconstruction Render Extras Help
i: w@E “» M /K B @3 (Modes ~

File Processing Reconstruction Render Extras Help
WEE LB -~ FrH Lt

Time 00:00:00:00 0 Frames - 0 Images - 4793893 Points
n

ng Reconstruction Render Extras Help
S8 20D > Wil G, 0 BB 3 models -



Simulation ( Stonefish [221) .

S optical Camera & Forward Looking Sonar (Polar) |© | @ Forward Looking Sonar (Cartesian)

JFollow Camera
Camera View
Top View

[TIshow Points
[TIShow KeyFrames
[Tishow Graph
[TIshow Inertial Graph Stonefish Simulator

[ JLocalization Mode

Reset
op
[ |step By Step

ep

[ ]Show LBA opt

ORB-SLAM3: Map Viewer

[[IFollow Camera
Camera View
Top View
[CIshow Points
[TIShow KeyFrames
["IShow Graph
["IShow Inertial Graph
[JLocalization Mode
Reset
Stop
[Istep By Step
Step

[]show LBA opt

g Optical Camera 2 < o
@ Forward Looking Sonar (Cartesian)




3 Cartesian(xy)

Setting up my tools

Sonar Driver

oculus _driver + oculus ros2

/sonar_pose /sonar_point_cloud

Q oculus_driver /oculus_ping | — @ELLEIER CICRESUNENT]) sonar_point_cloud
o =
\ P y
_" /ping | —, @ELEIRICLCE) —— | /fan_image

/rtheta_image

===

8 Cartesian(xy) o

oculus ros2
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Shipwreck datset
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https://www.lirmm.fr/shipwreck-dataset/

PhD Project

Research Plan

hole ghosting

= Image filtering )
= Image enhancement Acoustic Based

0 = Prioprioceptive

= (Calibration
= Synchronization

, Pre-processing Sensor Fusion 3D Reconstruction Field

Prior (Semantic) knowledge Inference
|ICP-based damage evaluation
Colonization registration

Scene Segmentation

= Loop closure
New Dataset Vision Based . Mull’?imap

Leverage YOLOvX
Synthetic data
Biological Survey

? =  Semantic landmarks

wo w2

S0 ll 52

= Synthetic data Enhancement

@ 11




“The sea, once it casts its spell, holds one in its net of p X

wonder forever.”
Jacques Yves Cousteau

14/01/2026

Thank you for your attention!
Discussion and Questions
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Master Thesis
Motion Control and Manipulability Analysis of LIMBERO-GRIEEL: A Multimodal Limbed Robot for Unstructured Environments

LIMBERO-GRIEEL Stable Transformation Manipulability Theory

select next limb (LF) Transform GRIEEL LF
SP

Grieel Mode

SP

X

Estimation of next SP Limb LF Down

SP* SP
&,
Base Translation select next limb and SP
SP* SP*
Grasshopper
Abdomen

Limb LF Raise

SP
) neerwoge |

Spiracles

Long
jumping legs Walking legs

)(

©ZoomSchool com
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Motion Control and Manipulability Analysis of LIMBERO-GRIEEL:
A Multimodal Limbed Robot for Unstructured Environments

Gazebo Sim

';. Model
Name
Static
Wind Mode
Pose
Self Collide
Source File Path
Parent Entity
Model Sdf
Model Canonical Link
System Plugin Info

Entity Tree
W default
44, mars_surface_2

';‘ perseverance

Entity 14
LIMBERO

<urdf-string>
1

R

/home/ale/tbr_ws/install/lbr_sim/share/lbr_sim/config/lbr. 2 8
File Panels Help

Ginteract Move Camera Select Focus Camera Measure

o Time =
ROS Time: .73 ROS Elapsed: .72 Wall Time: .59 Wall Elapsed: .08 Experimental

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More fps
. Y %, grounag_prane

[lbr_limb_contro ! 41048555. 514 6] [RF.lbr
limb_controller]: Gripper action succeeded.
ed: wheel | finish signal to H

[lbr_high_level sending lay down command
[br_high_L
[lbr_high

e 3k 201

SSM [m]: 030
SSM Normalized [%]: 94.34

time [s]: 2
SSM [m]: 030
SSM Normalized [%]: 94.34
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