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Introduction & Objectives

Context: Why underwater mapping?

To aid in documentation and preservation of archaeological sites.

To monitor the extends of seagrass meadows.

Two case studies:
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Objectives: e
Habitat mapping: Complement bathymetry with orthomosaic [, ~ CRO e

2. Archaeological site documentation: Roman underwater

Archaeology: Increase the resolutin of DTM



Study Areas Overview: Posidonia meadows

-— -

——

T b
’ 4 >, :
i 4 AN ¢ Triest
'1,—, St - . ) 1 £ Trieste
LT el
o '/ |
) /{\r'!f_‘/ " Ly A
et (v » . 4
AN |
’, N \
7 & T4 N ) e N

v 2
# ~P. oceanica

| v Fizine meadows SLO

“JPortoroz

PN Posidonia meadows area

Underwater orthomosaic from 2016




Study Areas Overview: Fizine site
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Roman fish-farming ponds (piscina vivaria).
from 15t cent. BC to 5t" cent. AD.
Size: approx. 8o mx 5o m
Rectangular structures of the site visible on aerial image Depth:0.5mtosm
Mapping work: 2004 - 2008



Study Areas Overview: Fizine site
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Study Areas Overview: Fizine site
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SBES survey was folowed by total station
survey of individual stone bloks.
Data sets were merged into 3D model of

the site.



Study Areas Overview: Fizine site =
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In 2007 we did extensive MBES survey of
entire bay so also Fizine site was included.

Data provided first high resolution DTM of
the site.

MBES DTM at 120 cm



TOO | S Of th S tra d S Vessel for habitat mapping:

MBES Reson Seabat 8125
5 camera rig on flexible pole

Underwater imaging with GoPro from surface vessel oo

Acoustic survey with shallow water MBES system

Aerial imaging with UAV

MBES R2 Sonic 2022
3 camera rig on rigid pole

B L Vessel for archaeological mapping:
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GoPro Hero 6 Black DJI Air 25
Video: 2.7k @29.97fps  1” CMOS sensor (20 MP)
Image size: 5472 x 3648




Underwater photogrammetry workflow | Video Capture \

3 or 5 GoPro cameras mounted on horizontal pole Frame Extraction
Recording 2.7k video @29.97 fps
Altitude above seabed: 1m -3 m
GNSS RTK positions and attitude data
Sailing speed up to 2 knots

Video recording starts and ends with capturing the Ansi / Unix time

Cameras trace lines




Underwater photogrammetry workflow

| Video Capture \

Frame extraction: FFmpeg tools:
Every 10-th frame (3 fps)
Image Enhancement:
Contrast Limited Adaptive Histogram Equalization (CLAHE), Unsharp

Masking, and white balance correction.

Before After
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Underwater photogrammetry workflow Video Capture

Frame Extraction

Georeferencing of frames: Spreadsheet approach
Exporting positions and attitude from navigation software (Teledyne PDS): image knhancement
Ansi seconds,Time,x,y,z,heading,roll ,pitch @30 Hz Georeferencing

Merging frames with positions by time in spreadsheet
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List of frames Exported camera positions : ® o
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1677056026 10f_230222_gp0_00627 jpg  38B987.21 4261535 0.52 138,37 132
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Underwater photogrammetry workflow Video Capture

Frame Extraction

Standard processing in Agisoft Metashape:

Import images and reference, align, refine, depth maps, DTM, orthomosaik Image Enhancement

Georeferencing

Photogrammetric
Processing
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Results: Habitat Mapping

1.  Extensive bathymetry of the entire study area

Sonar point cloud resampled to 20 cm and 25 cm DTM grid

2.  Underwater orthomosaics of Posidonia meadows (west and
east) at 1 cm resolution

3. Aerial orthomosaic of coastal area at 1.5 cm resolution

Mapping of individual Posidonia features /f meadows

Depth (MSL) |

0.6 m o 100
M ]
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Results: Habitat Mapping

1.  Extensive bathymetry of the entire study area
Sonar point cloud resampled to 20 cm and 25 cm DTM grid
2.  Underwater orthomosaics of Posidonia meadows (west and east) at 1 cm resolution
3.  Aerial orthomosaic of coastal area at 1.5 cm resolution
4. Mapping of individual Posidonia featur
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Comparing different methods

Comparison of delineated Posidonia oceanica meadow outlines
obtained from MBES (slope analysis), underwater and aerial
photogrammetry:

MBES: 58 m?
Underwater photo.: 48.4 m?
Aerial photo.: 48.3 m?

Method

| underwater photogrammetry

The figure illustrates spatial discrepancies between methods and RS
highlights differences in boundary precision and surface extent.




Archaeological site mapping

Results

-~

oA

MBES derived DTM of the site with

horizontal resolution of 5 cm
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Results: Archaeological site mapping

Video recording time:

1.5 h with 3 cameras
Number of frames: 52,488
Ground resolution: <1.cm

Orthophoto mosaic: 2.5 mm
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Results: Archaeological site mapping
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Quality control?

Cross section of the two data sets:
Green — acoustic

Red — optical
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Difference model of acoustic and optical DTM
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Conclusions

* Integrating MBES and photogrammetry provides a powerful approach for high-
resolution mapping in shallow coastal waters.

* MBES ensures dependable baseline coverage, while photogrammetry enhances
spatial detail where and when environmental conditions permit.

* Errors between methods remained within an acceptable range, supporting the use of
this dual-sensor approach in long-term, cyclic monitoring efforts.

* However, optical methods remain sensitive to environmental constraints factors
particularly relevant in optically variable zones like the northern Adriatic.

» Seamlessly integrating these two datasets, each with different resolution, scale, and
error characteristics, remains an area of active methodological development.
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Video Capture

Underwater photogrammetry

Most demanding in terms of acceptable environmental

conditions, acquisition and processing.

Kartiranje podvodnih
travnikov pozejdonke

Koper 5. 3. 2025
Posneto s 5-iml kamerami GoPro 6

Razdalja med kamerami: 0,7 m

Visina kamer nad dnom: 1 do 1,5 m

Sirina posnetka: 4,5 m




MBES interfacing

MBES operates as a mobile real time mapping platform.
For precise georeferencing of beams we need accurate
vessel position (GNSS) and attitude (IMU/INS) in sync
with the sonar.

Velocity of sound has to be measured!

GNSS anteni

Auxiliary sensors:

Vrsta povezave:
“Eses
Posebna

[ oo ] " *  GNSS receiver (RTK or PPK)

SBGINavsight Apogee INS Serijska

VGA IMU and/OrlNS

BNC

SeaBat 8125 PC postaja
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Surface sound velocity
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