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OptiMMA - OPTical Metrology for Maritime Applications

* Project started in 2006 at the Parthenope University as an interdisciplinary work
e Since 2011 supported by 3DOM — FBK

* Optical metrology and 3D reverse engineering techniques for supporting shipbuilding firms, naval architects and designers ...
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QUL OptiMMA - OPTical Metrology for Maritime Applications

COLLABORATION WITH THE ITALIAN NAVY IN LA SPEZIA (2008) — INDUSTRIAL PHOTOGRAMMETRY
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FONDAZIONE
BRUNO KESSLER

... of surveying free floating objects
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Develop a photogrammetric solution to the specific problem ...

Method 1

4
—

Nocerino et al., 2020

... of surveying free floating objects

(a) (b)
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LLIISS (g Costa Concordia shipwreck

Floating barrier

Tyrrhenian Sea

(Menna et al., 2013, Nocerino and Menna, 2020)
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(Menna et al., 2013, Nocerino and Menna, 2020)

Menna and Nocerino, 2024 — Underwater Photogrammetry for mapping and monitoring — Riunione ISME-2024 — La Spezia -



uniss

UNIVERSITA DEGLI STUDI DI SASSARI

- D(

Measuring the world across the water...

...it’s a big challenge!
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Semi-submerged caves: Grotta Giusti 3D project

UNIVERSITA DEGLI STUDI DI SASSARI

Menna and Nocerino, 2024 — Underwater Photogrammetry for mapping and monitoring — Riunione ISME 2024 - 1a Spezia -



=5 {1 uniss (i Semi-submerged caves: Grotta Giusti 3D project

Nocerino et al., 2020

https://ariadnel.isti.cnr.it/3d/grotta-giusti-0?standalone
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MODELLING THE REFRACTION IN FLAT AND DECENTERD DOME PORTS

Decentered dome

Flat port port (0#D)

The submerged point P is projected on the sensor at the distance 7; from the principal point following the blue path
according to Snell’s law.

In air the red coIIinearity_Iine would instead directly link the object point P with its image projection on the sensor,
differing by the quantity Ar with respect to the submersed case.

Ar is function of the distance Z

Menna et al. (2020), Nocerino et al. (2021)
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=5¢ ¢ uniss WS Unmodelled refraction and systematic errors

Errors in a measurement process:

* Errors in the observations = random and gross errors
* Errors in the functional or stochastic model = systematic errors

Camera calibration with the Brown/Beyer model satisfactorily compensates for systematic errors in most typical
cases in aerial as well as close-range photogrammetry but does not consider phenomena such as refraction in
multimedia photogrammetry.

Uncompensated systematic errors:

° may appear as systematic residual patterns in image observations
* produce deformations of the photogrammetric model in object space

7.5m

Menna et al. (2020), Nocerino et al. (2021)
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2D image observations generated in MATLAB using

Z[m]

f

35

10

Subsampled 3D point cloud (1
point/20cm) +

nominal 10
parameters
EO parameters without distortions \ decentered dome /

R

water refraction index of 1.34 and
port thickness neglected

Menna and Nocerino, 2024 — Underwater Photogrammetry for mapping and monitoring — Riunione ISME-2024 —1a Spezia -




UNIVERSITA DEGLI STUDI DI SASSARI

POSER: an oPen sOurce Simulation platform for tEaching and tRaining underwater
photogrammetry

2024 ISPRS Educational and Capacity Initiatives

- An integrated framework to evaluate photogrammetry data, quantifying overlap,
resolution, angular coverage, individual image quality, and deviation from baseline.

- An integrated framework to replicate water refractive effects into a virtual
environment

An integrated framework to simulate light dropoff and surface caustics

- An integrated framework for SCUBA dive planning to enhance non decompression
limits and air consumption awareness (using for example the open source project
Subsurface)
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multitemPOral  SEagrass  mapping

monitoring of posIDONia meadows
banquettes for blue carbon conservation
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=3( Monitoring paramuricea

Developing a photogrammetry-based method as an alternative to the
traditional STAR method currently used
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NAUTILUS

UNDER AND THROUGH WATER
DATASETS FOR GEOSPATIAL sTUDIES
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Underwater long-term monitoring with geomatics
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Underwater long-term monitoring with geomatics

Moorea

warm water (=27 Celsius degrees in August)

(©)
possible swell (®)
crystal clear water (©)

plots of different size recorded with ground
sample distance (GSD) < 1mm

still images (time-lapse) and fixed focus
permanent targets installed at the seabed

change detection — expected growth 10-14
mm/year
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Antarctica

-1.8 Celsius degrees polar water (®)
3m thick ice (®)
crystal clear water (©) (November)

20 m transects recorded with ground sample
distance (GSD) < 1Imm

videos (used also for other scientific
analyses) and autofocus (point and shot
setup)

no permanent targets installed at the seabed

counting and measuring benthic species (=2-
3mm)
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PERMANENT, UNDERWATER GEODETIC NETWORKS

Temporally stable and common reference datum and, also, an independent quality

check for the photogrammetrically derived multi- temporal 3D models of the reef
structure

EVALUATION OF UNDERWATER CAMERA SYSTEMS

Test for accuracy potential estimate with action cameras, low-cost and professional-
grade off-the-self underwater cameras

RELIABLE CAMERA NETWORK GEOMETRY

To minimize the deformations of photogrammetrically derived 3D coral reef models
due to accumulation of non-compensated systematic errors

PROPAGATION OF MEASUREMENT AND MODELING
UNCERTAINTIES

Throughout the photogrammetric workflow to identify statistically significant changes
over time
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Nocerino et al., 2020
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Nocerino et al., 2020
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Propagation of measurement and modeling uncertainties
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Grey values represent distances
that do not exceed the required
95% confidence interval

Nocerino et al., 2020
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=<
Long -term monltormg in Antarctica with underwater photogrammetry and
image understanding

We introduced a new image acquisition protocol, camera system and quality control

20m long transects are recorded with three strips (one nadir, two later oblique strips pointing inward)

7.5m

Improved camera network for self-calibration

Piazza et al. (2018)
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Long-term monitoring in Antarctica with underwater photogrammetry and
image understanding

The current multi-temporal processing provides co-registered 3D point clouds between successive years without control
points nor direct georeferencing methods

CNN deep learning approach to semantically segment:

e sand, gravel and markers (yellow)

o Bl pink coral alga Tethysphytum antarcticum Sciuto, Moschin & Moro 2021
(Sciuto et al., 2021), whose growth rate is estimated less than a mm/year (red)

* Jm tape meter (cyan)
e i crawling benthic species like sea urchins and sea stars (green)

ol soft algae and animal turf (blue)

For details, see Menna et al. (2022)
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Long -term monltormg in Antarctica with underwater photogrammetry and
image understanding

Selective masks of potentially unstable areas of the image = outlier reduction and speed improvement (30 to 70%)

We propagated the semantic segmentation to the point cloud (details of the procedure in the paper)

We automatize quality checks by generating a different dense point cloud for each strip or epoch and compare only classes
considered stable (e.g. corals between different years)

For details, see Menna et al. (2022)
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Lesson learnt 1/2

1) Real-time support during data acquisition

* Above the water, in GNSS enabled environments, precise
positioning systems (RTK/inertial) can support automatic
photogrammetric surveys with great effectiveness and at low-
cost.

* Under the water, positioning solutions have existed for long
time, but their cost and implementation may still be
unpractical or prohibitive in many applications.

Menna et al (2019)

=

Direct georeferencing aerial-like nadir image
acquisitions are common using off-the-shelf UAV
platforms in different application domains.

Little, if no feedback at all is given in real-time
(distance, next pose, motion blur, exposure...)
during the survey as it is processed only
hours/days after the image acquisition.

Piazza et al. (2018)
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LSS e Lesson learnt 2/2

2) Minimal ground control underwater

* Ground control underwater is expensive,
unsafe or even impossible

* Minimal control survey is desirable

e Sensor integration is beneficial
Nocerino et al. (2019)

(Menna et al., 2013, Nocerino and Menna, 2020) Menna et al (2019)
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1) Real-time support during data acquisition

2) Minimal ground control #
underwater

Menna et al (2021)
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1) Towards VO/vSLAM aided surveying

Visual Odometry (VO) and visual Simultaneous Localization And Mapping (VSLAM) provide 6DoF of the agent using only
visual information from cameras.

real time trajectory estimation in a subsea metrology scenario

COMEX ORUS 3D (3000m)
subsea metrology system

g
*
é

for Oil&Gas industry

= & Oxcomex
o - INNOVATION

Menna et al (2019)
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To develop a real-time image acquisition system based on vSLAM that is:

* Modularity = lenses, focus, baseline, axis configuration, underwater

* Portable 2 mobile applications, especially indoor/underwater
* Low-cost = ideally less than 2k euro
* Lightweight - less than a professional DSLR

* Real-time quality control = GSD, accuracy, reliability estimates

* Easy to use = ideally start/stop, traffic light style visual feedback
 Memory efficient—=> smart image capturing, local/global map management
* Robust to dynamic scenes > public spaces, underwater

* Energy saver = run on a common USB power bank, can be carried on a plane (max 100Wh)
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GuPho “alpha” prototype

GuPho - Guided Photogrammetry concept

Guided Photogrammetry — GuPho developed prototypes

main hardware components

IMAGING
Model Sensor Lenses
Daheng Imaging 12" Global shutter 4.0 mm rectilinear
MER-131- CMOS1280x1024 (pixel size wide angle
210U3C USB3.0 4.8um) 1.85 mm
Cameras (x2) oM fisheye lens
COMPUTING UNIT
Model CPU RAM Disk
Raspberry Pi 4 Cortex-A72 1.5
model B GHz 8GB 128 GB SD
VISUALISATION AND CONTROL
Model CPU RAM GPU
© ;’;“;Eg’fs‘gsigeﬂ) Qualcomn 845 6GB Adreno 630
BATTERY WEIGHT

5V/3A 10400mAh
power bank

1.4 kg without light (terrestrial version)
5.3 kg above the water without lights (underwater

version)

0 Kg (neutral buoyancy) with lights once immersed in
fresh water (underwater version)

Menna et al (2023)

FROG - the GuPho underwater
prototype
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GuPho/FROG stereo calibration

Frog, GuPho’s UW prototype

1) Image orientation (SfM or vSLAM)

2) Target measurement and triangulation

3) Simultaneous self-calibrating bundle
adjustment (BROWN Model) for Left
and Right cameras (interior + lens
distortion ki, Pi) with/without baseline
constraints

3DOM lab testfield (video) Temporary test-field of targets and scale

bars (video) Asymmetric relative orientation from EO
parameters

RIGHT CAMERA ASYMMETRIC RELATIVE ORIENTATION

[mm] [deg] f X Xop’
g PR=|y| =RE-|Y Y| =RE-(PC—0F)
b+a, w * a, P 0, | K £ 0, 7 Z—Zp
Rectilinear - terrestrial ’
24532 £0.11 | -0.094 £0.039 [-22.112 +0.012 [-0.024 + 0.034 «—

cock cwsk+tswsepck swsk—cwspck
—cpsk cwck—swspsk swck+cwsesk
sg —swcy cwcy

Fisheye - terrestrial RR —
30593 +0.17 | 0.405+0.013 | 1.970 +0.016 | 0.042=0.007 ¢
Fisheye - underwater
244.09 £0.24 | -0.175 = 0.048 | -0.929 + 0.025 | 2.754 + 0.042
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https://drive.google.com/file/d/10ZUuDSoqDn6wje-iTdsbyQMZy0wfa6qK/view?usp=sharing
https://drive.google.com/file/d/10W15UASD7vSTdqtb41z0Sv48BTuroNul/view?usp=drive_link

GuPho’s outputs and visual quality control

UNIVERSITA DEGLI STUDI DI SASSARI

Testing "Frog", GuPho's UW prototype K:ELEELET RS
November 2022, Sardinia, Italy '

Menna et al (2023)
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uniss Wl GuPho's outputs and visual quality control

Mean GSD

Other metadata (e.g. multiplicity, camera exposure time, ... ) can be visualized
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=5¢  uniss § FROG in action — ARGENTIERA case study

speed [m/s]
0.624
0.585

0.546
0.507
0.468
0.429
0.390
0.351
0.312
0.273
0.234
0.1951
0.156
0.117 4
0.078 1

-0.000

Real-time point cloud colored according to the GSD Real-time trajectory colored according to speed

...others available... redundancy, number of image observations
per photographs, exposure time... Menna et al (2023)
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uniss QI FROG in action — ARGENTIERA case study
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DEM (1cm) OTHOPHOTOMOSAIC (1cm)

(45x35m?, depths: 1.5-9 m)
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SCALING IN UNDERWATER PHOTOGRAMMETRY

STEREO AND MULTI-CAMERA SYSTEMS

&» Great flexibility

€» Ability to measure dynamic scenes
& Require synchronization

& Increased cost

Q Heavier and more cumbersome

LASER “SCALERS”

€» Low cost
€ Do not require synchronization
& Backscattering and speckle artifacts

Q Require a further alignment and calibration process
Q Laser spot visible in 3D models and orthophotos
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Underwater depth with a pressure sensor

Based on the principle of hydrostatic pressure

D=(P;-Py)/pg - AZ

Hydrostatic pressure to depth D »

Sensor depth

to entrance pupil depth

=

is a function of camera exterior
orientation !

Menna et al (2021)
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=3¢ PRINSY — PRessure INertial SYstem

Scaling accuracy about 1:1000
Local vertical direction accuracy
1/100 degree

Version 1 : Pressure sensor only Version 2 : Pressure + AHRS

four depths from four
non-coplanar points are
necessary to level and
scale the 3D
photogrammetric
model using pressure 2y
measurements T

Menna et al (2021)
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Back to the 80s....(from Newton, 1984)

Underwater photogrammetry is still in its infancy

The future will bring changes in equipment and operating techniques

New developments in ROV’s particularly of the small, less expensive type are constantly emerging.

Will the future see the introduction of a metric camera in an underwater housing?

Research is underway to investigate whether a measurement capability can be introduced into a stereo system

More work is needed to investigate the influence of the underwater camera behaviour
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What’s next?

.... there is still a need for guidance on how to apply novel 3D technologies for marine applications. Multiple
teams from around the world are leading the application of 3D photogrammetry in the marine environment. The
widespread adoption of 3D methodologies produces a growing need for agreed standards to assess the quality of
3D data (e.g., error metrics). Similarly, standardized techniques where possible, will ensure collaboration and

compatibility of 3D data across space and time ...... (adapted from Ferrari et al., 2022)
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