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Shall we cross the ocean?
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Inland Wetlands: Undervalued Ecosystems in Brazil's
Hydrological Landscape o

B Auantic forest [ Cerrado

Geographically isolated wetlands
(GIWS)
are undervalued but vital to water
storage, biodiversity, and nutrient
cycling. s

2222
Corumbatai River Basin DEM

Localization of inland wetlands in Sao Paulo State, Brazil,
overlaid with the distribution of the Cerrado and Atlantic Forest




Inland Wetlands: Undervalued Ecosystems in Brazil's
Hydrological Landscape

Permanentl

Geographically isolated wetlands
(GIWS)
are undervalued but vital to water
storage, biodiversity, and nutrient
cycling.
Seasonally flooded

Cordeiropolis (SP)

Piracicaba (SP)

Understand the
quantitative
contribution of these
ecosystems to
regional hydrology.




Inland Wetlands: Undervalued Ecosystems in Brazil's
Hydrological Landscape

Seasonally flooded

Cordeiropolis (SP)

Piracicaba (SP)




Our methods

Drone surveys for surface hydrodynamics
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Hydrogeophysics for subsurface
hydrodynamics
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Surface models to estimate the amount of soil transported to
the wetlands — changes in volume

Orthomosaic zoom-in i

Surface water flow
path was automatically
traced over this area,
overlapping with
erosive interrill and rill
features primarily
created by the
machinery used during
various stages of
sugarcane management

— T —_—
Water preferential surface-flow Soil water from uplands Run-off from uplands




Acquisition data design

3D Hydrogeophysics: Revealing Subsurface Water Pathways
with 3D Resistivitz Modelling — Permanent Waterlogged

Drone-based DEM and orthomosaic
&< ERT acquisiton lines
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Another area — hydrological simulations

W

28000 m* of water was stored in February 2020




Perspectives and challenges

Calculate the volume of permanently flooded areas.

Always integrating surface, underwater, and subsurface data.

We are testing different
methods, as they need to be
cost-effective and quickly
applicable.
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Bandini et al., 2018
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Multi-scale Transformer-based classification of bathymetric
LiDAR data in shallow water environments
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Motivation

* Leverage UAV-Based Bathymetric LIiDAR for High-Resolution 3D Mapping
* Improve Classification of Complex Aquatic Features
* Address Geometric and Spectral Ambiguities in Submerged Environments

* Ensure Computational Efficiency Without Sacrificing Detail

¢ Captures ultra-high-resolution data above and below water surfaces.

Emergent

Free-floating Floating-leaved
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-

Submersed

¢ Classification targets include:

Water surface, Aquatic vegetation, Seabed, Ground, and Tree.
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Transformer-based Classification
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Dataset and Result

Seabed Vegetation Water Surface Tree Ground

Aquatic Vegetation
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Katharlna Riederer, David Simbock, Gottfried Mandlburger

Detectlon and documentation of a submerged
neolithic pile dwelling settlement using airborne
laser bathymetry and multimedia
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m Where?

Lake Mondsee in Upper Austria

The pile dwelling settlement
was classified by UNESCO
as World Heritage site in 2013.

ALB and airborne multimedia
photogrammetry were used for
data acquisition.

ISPRS — 3D Underwater Workshop | 2025



m Why?

Increasingly bad state of preservation:
< Natural decay
< Human intervention
< Climate Change

Efficient documentation and continuous
monitoring is needed to support the
protection of submerged cultural heritage.

Source: Henrik Pohl, © Kuratorium Pfahlbauten.

ISPRS — 3D Underwater Workshop | 2025 7



m What?

Data processing

Data visualization

GIS-based
archaeological
interpretation

ISPRS — 3D Underwater Workshop | 2025

Legend

Interpretation
Erosion mat
Cultural layer
Excavation trench
Wood

Pile

Pile field




m What?
Airborne Laser Multimedia

Bathymetry | | Photogrammetry

Comparing both methods:
% Quality of data
s Maximum depth
*» Detection of piles
* Distinguishing other structures

Airborne Laser
Bathymetry

Multimedia
Photogrammetry

ISPRS — 3D Underwater Workshop | 2025




M What?

Combined interpretation
of DTM and ALB point
cloud

Good contrast between
piles and ground, when
colored according to
reflectivity

Distinction between piles
and rocks is easier

ISPRS — 3D Underwater Workshop | 2025 10
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Developing a Multi-Sensor Perception system for ROV-Based Underwater Operations

Why Smarter Perception is Needed

Underwater
« Complex underwater environments require adaptive sensing;

* Traditional ROVs lack modularity and perception capabilities;
* Operator workload is high due to poor spatial feedback;

* Field testing is expensive, risky, and time-consuming.

Our goal

Improve Spatial Awareness and Operator Support

2023-08-10 12:56:58
Depth 26.4m <
Heading 241.1* & "
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CIPA ;.
i Heritage =

3D Underwater Mapping from Above and Below ‘ 8-11 July, 2025 ‘



UNIVERSITA
DELLA CALABRIA

Modular Multi-Sensor Perception and Real-
e Fusl 0

Ti - -
. ggmpact% VideoRay Defender) with modular payload; Imaging Sonar Blueprint Oculus

* Sensors: trifocal vision, FL sonar, DVL, IMU, lighting, USBL

Developing a Multi-Sensor Perception system for ROV-Based Underwater Operations Lagudi A., Rino V., Calabria M., Muzzupappa —

M., Bruno F., Barbieri L.

USBL Blueprint Seatrac X010

Videoray Manipulator

manipulator; Camera Videoray 4K
. . . DVL Nortek 500 m
* ROS-based edge computing for real-time fusion and AR ,
VideoRay AHRS

visualization. Strobo light (250.000 lumens)

Point Cloud

: [ Management | Stream Viewer

Real-Time Video }

Monocular (61 Mpix) and stereo camera
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Developing a Multi-Sensor Perception system for ROV-Based Underwater Operations Lagudi A., Rino V., Calabria M., Muzzupappa NIVERSITA
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Virtual Testbed for Perception Design, Data

M Sent simMuLATION ~— ROS2 3D VIRTUAL Unity® Ul FOR AR Unity®
Fusion and ROV Training ENVIRONMENT ([ UNDERWATER e VISUALZATION )

* Digital twin of the real ROV system, developed in Unity and ROS2;

* Realistic simulation of stereo vision, sonar, DVL/IMU, and robotic O @
arm, ) ROV -
. . . . TCPIP - TCPIIP
* Enables early design and testing of perception algorithms and AR Som || IneoneticjFSoRAR <°:>
& e ul
interfaces; T |
* Used for pilot training, interface validation, and mission rehearsal Gal ovi i “
under variable conditions; om | o]
» Seamless transfer of perception modules from simulation to field — AVIGATION omirs _—
HARDWARE  SUBMODULE  VIDEO PAIR DATA CONFIGURATION ~ THOTOCOL  SCENE DATA
deployment.

m @ @ 2 & W

0,360me1ers
25,0267deg Right 60,48938deg Below

Colored depth map overlaid on Point selection on the camera
the left stereo video feed: feed, with the generation of a
Colored depth-map overlaid on green indicates  reachable 3D vector indicating distances
the left stereo video feed. points for the robotic arm, red and angles betweeen the
indicates unreachable points target and the end - effector of
Underwater scene AR interface $he:rakiotic am.
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Conceptual development of a floating multi-sensor system for
mapping complex adit environments

Yu Lan M.Sc.
Mario Kolling M.Sc.
Prof. Dr.-Ing. Jens-André Paffenholz

Institute of Geotechnology and Mineral Resources
Department of Geo-Engineering

Geomatics for Underground Systems

www.igmr.tu-clausthal.de
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Motivation

Development of the floating multi-sensor system (MSS) in
particular for the spatial data acquisition unit

The floating MSS is designed to fit the geometric constraints of the
adit and overcome water resistance

Mapping LiDAR innovatively collect data under and above the
water line at the same time

The floating MSS can be used to create a high-precision 3D model
of the adit

No 3D point cloud with classical 3D laser scanner

Yu Lan, Mario Kolling and Jens-André Paffenholz
Institute of Geotechnology and Mineral Resources — Geomatics
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Clausthal University of Technology

Conception and design of the MSS mounted on a floating unmanned
surface vehicle (USV)

Spatial data acquisition unit Actuator unit

IMU Mapping Mapping&Positioning Controlling

Supporting

Navigation LIDAR

Physical sensor frame

Yu Lan, Mario Kolling and Jens-André Paffenholz
Institute of Geotechnology and Mineral Resources — Geomatics



TU Clausthal

Clausthal University of Technology

Core sensor of the spatial data acquisition unit: LiDAR ULi

= The LiDAR ULi can:

= Detects objects within mm accuracy over
the distance of several tens of meters

= Resolvability of structures/objects under 1
cm, 10 times more accurate than a sonar
system

= |n contrast to traditional laser scanners
used either above or below water

= The floating MSS is integrated using
ROS2

Yu Lan, Mario Kolling and Jens-André Paffenholz
Institute of Geotechnology and Mineral Resources — Geomatics
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Test in the virtual and real environment

Turbidity in driving direction
(View point of the ULJ)

Yu Lan, Mario Kolling and Jens-André Paffenholz
Institute of Geotechnology and Mineral Resources — Geomatics
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A LIDAR-INTEGRATED
UNDERWATER IMAGING
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TOWARDS A LIDAR-INTEGRATED UNDERWATER IMAGING SYSTEM

PROOF-OF-CONC [ res



TOWARDS A LIDAR-INTEGRATED UNDERWATER IMAGING SYSTEM

RESULTS (TEST TANK)

Checkerboard Imaging distance Checkerboard
—
@6.9m @10.4m
C~0.0062
Best results
C~0.31
Camera limit
Turbidity
C~0.67

Lidar limit

C~0.94
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