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Methodology Overview



Dataset A 

Depth : ~30 meters

Images : 280

Scene: Underwater artifact 
concentration

Notes : Moderate turbidity, 
consistent lighting

Dataset C 

Depth : ~20 meters

Images : 321

Scene: Mermaid statue, sandy plain, and 
rocky zone

Notes : Natural light, fewer objects

Dataset B 

Depth : ~30 meters

Images : 200

Scene: Structurally complex, nearby 
location to A

Notes : Greater surface variation, 
added reconstruction difficulty



Results

Method Dataset Reconstructed Points Detected Features Reconstructed Features

Unprocessed A 762,431 14,563 6,156

CLAHE A 836,012 17,321 7,033

RGHS A 691,507 11,977 5,039

RGBïCLAHE A 846,060 18,149 7,535

Unprocessed B 435,918 12,290 5,883

CLAHE B 446,378 12,566 5,941

RGHS B 405,403 11,401 5,416

RGBïCLAHE B 469,433 13,240 6,498

Unprocessed C 264,790 13,556 2,991

CLAHE C 235,625 12,581 2,716

RGHS C 225,567 12,911 2,556

RGBïCLAHE C 258,693 12,078 2,931

Unprocessed Total 1,463,139 40,409 15,030

CLAHE Total 1,518,015 42,468 15,690

RGHS Total 1,322,477 36,289 13,011

RGBïCLAHE Total 1,574,186 43,467 16,964
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Provide meaningful knowledge , based on cutting-edge exploration and data 

capture technology, contributing to the conservation of the natural and cultural 

resources associated with the Yucatan Peninsulaôs aquifer.
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GIS INTEGRATIONÅGoogle Sheet ïActs as the Single Source of Truth (SSOT) linking all systems.

ÅNAS ïStores raw imagery, expertsô assessments, processed clouds, project folders

ÅDropbox ïRead-only links auto-generated to share with scientific partners.

ÅSketchfab ï3D models linked to metadata records for quick visualization.

ÅGIS Layers ïSynchronized with the SSOT & cave survey for real-time updates of spatial data.

SINGLE-SOURCE-OF-TRUTH APPROACH 



Å Automatic links to data sources

Å Queries & filters for analysis

Å Photogrammetry visualization

GIS INTEGRATION



Å43.7% Productivity Gain : for model processing rate after workflow automation.

ÅDemocratization: lower barriers - more equitable workload (CV dropped from 114% to 68%)

ÅScientific Impact: documenting of low-yield sites revealed carnivore dens and horse remains

ÅInterpretability & GIS: Overlay of models & survey data exposed new patterns (mining paths)

AUTOMATION & GIS INTEGRATION RESULTS
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Å How many of you know that only about 40%of EU 

surface water bodies meet the Water Framework 

Directive's good ecological status?
Å According to the Finnish Freshwater Foundation, 

only 18%of Finnish stream waters are in a state of 

least concern, which can be interpreted as being 

closest to pristine condition.

Å River restoration efforts aimed at returning 

channelized rivers to natural like, ecologically 

functional conditions.

Å In our study on the Tornio River in northern

Finland,we applyhigh-resolutionUAS imageryand

machinelearning approachmonitor the successof

therestoration.

Å the researchwork focuses in 39 reachesfrom

around 10 streamsalong side 6 reachesfrom 3

pristinerivers.

Rocks taken out of the 

river

An ongoing restoration 

by a machinery

Rocks ready for 

placement in to the river
Rocks piles ready 

for spreading

DJI MAVIC 3M GCPts RS5 ADCP CAPROK IOT

Mapping and Estimating Changes in Physical Conditions Using a Before-After-Control-

Impact of River Restoration Using High Resolution Unmanned Aerial Systems (UAS)
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Red Band

NIR Band
NDVI = NIR-R/NIR+R

RGB

Surface flow velocity from 

LSPIV 

ADCP Flow velocity profile

DJI MAVIC 

3M

Video

Machine Learning 

Models to classify 

the ndvi maps in to 

ecologically meaning 

full classes

Green Band

Red Edge Band
Detect the change 

between the after and 

before Restoration
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Mapping and Estimating 
Changes in Physical 

Conditions Using a Before -
After -Control -

Impact of River Restoration 
Using High Resolution 

Unmanned Aerial Systems 
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Introduction

The work reports some results of the REEForest Project (101074309 - LIFE21-NAT-IT-REEForest)
funded by EU with the aim to map, monitor and restore the brown macroalgae Cystoseira spp .
meadows in different Italian Marine Protected Areas (MPAs) . The Project started in September 2022 ;

High -resolution imagery acquired by autonomous vehicles across different seasons during 2023 -2025 ,
was used for mapping an area within the Cilento National Park (Campania Region, Italy), known for
its established presence of Cystoseira spp ., in order to select a Ẍdonor siteẍof Cystoseira spp . for the
subsequent restoration activities .

This research evaluates the potential and limitations of integrating aerial and underwater Structure
from Motion (SfM) photogrammetry using Unmanned Aerial Vehicles (UAV) and Autonomous Surface
Vehicles (ASV).

3D Underwater 2025 Conference - TU Wien 8-11 July 2025
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Methodology
UAV : DJI Mavic Pro 2

DJI Mavic Pro 2

Marker (GCP)

High -resolution camera: 20 MP;

Altitude: 40m;

Speed: 2m/s;

Overlapping images: 80%

Ground Control Points (GCPs) were
positioned using precise GNSS RTK
technology to ensure accurate spatial
referencing .

3D Underwater 2025 Conference - TU Wien 8-11 July 2025

Flight plan

Orthomosaic of the investigated
area

Donor site

Donor site
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Methodology
ASV : BASIC developed by ISPRA

GoPro Hero 11 
27 MP sensor, Ultra HD 5.3K video

ASV Basic

Underwater images captured at one -second intervals while traveling at 2 m/s during image acquisition ;

Images georeferenced by matching the ASV's recorded coordinates with the image timestamps .

Georeferenced underwater datasets combined with UAV surveys to collect ground -truth data points at sea, providing essential
references for validating UAV -derived habitat maps .

3D Underwater 2025 Conference - TU Wien 8-11 July 2025

equipped

Posidonia oceanica

Cystoseira spp .

Posidonia oceanica
Cystoseira spp ..

Orthomosaic of the « donor site»
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Photogrammetric Processing

Agisoft Metashape Professional 2.2.1, generating high -quality dense point clouds and
orthomosaics for both types of survey (UAV and Basic ASV).

Results and Conclusion
The combined UAV -ASV approach emerges as an efficient and cost -effective methodology for
monitoring shallow marine habitats within coastal management programs .
The UAV represents an excellent solution for mapping Cystoseira spp . in intertidal and very shallow
water areas, although its effectiveness decreases in deeper regions due to water transparency and
penetration issues . Integrating ASV-based underwater imagery effectively addresses the UAV
limitations, ensuring detailed habitat discrimination and enhancing the accuracy of habitat mapping
through sea-truth data collection .

3D Underwater 2025 Conference - TU Wien 8-11 July 2025
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On accuracy and completeness of UAS-based underwater 
bathymetry reconstruction: a case study of a natural mountain 

river with coarse substrates
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3rd International Workshop 
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Environmental flow assessment (EIA) : 
Typical example тwater diversion for hydropower generation:

Å Complicated river bathymetry
Å Simulation of low water discharges

Habitat 
modelling 
for target 
aquatic 
species

Hydrodynamic flow 
simulations

(depth,
velocity,

substrate)

Flow regime 
recommendations for 

dewatered stretch

(seasonally adjusted)

River Wangchhu, Bhutan, photo: IAmHydro

Motivation
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Method
Coupled SfM and hydrodynamic modelling method*

Workflow: 

1. SfM-workflow (Agisoft Metashape) as for dry areas -> vegetation-free and thinned-out point cloud

.

.

.

2. Iterative 2D-ƘȅŘǊƻŘȅƴŀƳƛŎ ƳƻŘŜƭƭƛƴƎ ŦƻǊ ŎƻƳǇǳǘƛƴƎ ǘƘŜ ǿŀǘŜǊ ǎǳǊŦŀŎŜ Ҍ ŜƭŜǾŀǘƛƻƴ ŎƻǊǊŜŎǘƛƻƴ ǳǎƛƴƎ άǎƳŀƭƭ 
ŀƴƎƭŜ ŀǇǇǊƻȄƛƳŀǘƛƻƴέΦ 

3. Validation of the model using some measured water-surface and cross-section elevations

*I. Kopecki, P. Thumser & M. Roth (2025). A method for high resolution underwater bathymetry using coupled SfM and hydrodynam ic modelling. 
Proceedings of RiverFlow 2024, Liverpool, UK
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Method
Coupled SfM and hydrodynamic modelling method*

*I. Kopecki, P. Thumser & M. Roth (2025). A method for high resolution underwater bathymetry using coupled SfM and 
hydrodynamic modelling. Proceedings of RiverFlow 2024, Liverpool, UK
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Problems and Solutions
1. Different AgiSoftMetashape versions produce different results based on the same sparse clouds, 

newer version = less points

2. Old Agisoft version: If too oblique photos ςbreaks in the uncorrected underwater elevations

Depth mapversion 1.5.2 Depth mapversion 2.1.2 Original photo

3D model1.5.2 - colors 3D model1.5.2 - elevation 3D model2.1.2 - elevation
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Problems and Solutions
1. Different AgiSoftMetashape versions produce different results based on the same sparse clouds, 

newer version = less points

2. Old Agisoft version: If too oblique photos ςbreaks in the uncorrected underwater elevations

Depth map version 1.5.2 Depth map version 2.1.2 Original photo

3D model 1.5.2 - colors 3D model 1.5.2 - elevation 3D model 2.1.2 - elevation

{ǿƛǘŎƘ ƻŦ ǘƘŜ ŘŜǇǘƘ ƳŀǇΩǎ ƎŜƴŜǊŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳΚ 
ς> communication with Agisoft (or use old version)

Adaptation of multicamcorrection method (Dietrich, J.T., 2017) 
ς> use appropriate camera angles for correction
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PRELIMINARY RESULT

Presenter: Seble Hailemariam

INTRODUCTION

INTRODUCTION



Thermal refuges help aquatic life 
survive heat stress and support 
ecosystem resilience.

We integrate UAV and field data to 
identify types of thermal refuges, 
assess restoration effects, and 
ƨŰĬĲƖƚƣċŰĬШŊƖŸƨŰĬƽċƣĲƖќƚШƖŸũĲШŔŰШ
boreal rivers.





Preliminary result



Virtual reality -based geovisualisation of combined ALS and MBES 
surveys for lake and coastal terrain assessment

Tomasz Kozakiewicz, Tomasz Templin, Dariusz Popielarczyk 
University of Warmia and Mazuryin Olsztyn, Poland 

Department of 
Geodesy

3rd International Workshop

3D Underwater Mapping from Above and Below
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