Cabo Verde Digital Deep: Acoustic Highlights and
Challenges from a Multi-System, Multi-Expedition
Effort to Collect a Rich Digital Dataset
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Overview

* OceanXlIntro

» Cabo Verde, Digital Deep, and
Other Expeditions

* Challenges

* Highlights & Outcomes

OCEANX



OceanX s a nonprofit ocean research, media, and education organization. Our
mission Is to explore the ocean and bring it back to the world.

THE OCEANX PILLARS
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A RESEARCH & MEDIA VESSEL A COMMITMENTTO CREATING TRADITIONAL, PHYSICAL, AND A PURPOSE-DRIVEN COALITION OF MAKING MARINE SCIENCE
LIKE THE WORLD HAS NEVER SCIENCE THAT GOES DIGITAL STORYTELLING EXPERIENCES WORLD-CLASS PARTNERS ACCESSIBLE TO EVERYONE
SEEN 6,000 METERS DEEP FOR GLOBAL AUDIENCES OF ALL AGES

Since 2012, OceanX has traveled to 47 countries, undertaking over 180 multidisciplinary science
expeditions

70+ scientific institution partnerships globally; 150+ publications in major scientific journals

OceanX’s current exploration ship, OceanXplorer, came online in 2020 (previous ship: R/V Alucia)
Since 2020, OceanXplorer has mapped nearly 540,000 square kilometers and undertaken nearly 1800
combined sub, ROV, and scuba dives

Our data has contributed to the creation of 3 MPAs
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OCEANXPLORER
ACOUSTIC MAPPING CAPABILITIES

HULL MOUNTED:
KONGSBERG EM304 MKI (0.5 x1 DEGREE)
KONGSBERG EM712 (0.5 x 1 DEGREE)
KONGSBERG EK80 18-38-70-120-200-333 KHZ SUITE
KNUDSEN CHIRP 3260 SUBBOTTOM 3.5 & 12 KHZ
TELEDYNE OCEAN SURVEYOR 75 KHZ ADCP
RDI WORKHORSE 300 KHZ ADCP
POSITIONING: SEAPATH (x 2, SP380-5+, Veripos)

LAUNCH (METAL SHARK) / USV (OTTER):
KONGSBERG EM2040C DUAL HEAD
KONGSBERG EM2040P
KONGSBERG EK80 WBT-MINI 38-120-200 KHZ
POSITIONING: POSMV

ROV:
RESON T50

OTHER CAPABILITIES

TWO TRITON 3300/3 MANNED SUBMERSIBLES, Nadir & Neptune (1000m)
ARGUS MARINER XL ROV Chimaera (6000m)

MINI-ARGUS, MINI-MOLA ROVs

SBE CTD + ROSETTE

HELICOPTER

DRONES

DIVE CENTER

STATE-OF-THE-ART LABS

MEDIA CENTER

NEXT-GEN DNA SEQUENCING CAPABILITIES




Cabo Verde

 Situated on Cabo Verde Rise, a large mid-
plate bathymetric swell

* Volcanic landscape of ten islands,
numerous seamounts — hotspots of
marine diversity

* Regional collaborator— Cabo Verdean
Institute of the Sea (Insituto do Mar —Imar
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Cabo Verde - Nola Seamount Complex
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Cabo Verde Digital Deep

* Digital Deep Idea: Plan an expedition to collect the data necessary to
create a digital model of Cabo Verde’s Nola Seamount complex, with a
strong focus on collecting underwater visual census data of Vulnerable
marine Ecosystem (VME) taxa and eDNA to determine baseline
biodiversity > Digital Deep Expedition - OXR20250706

* Goal of building a robust dataset for in-house machine learning,
visualization projects, and analysis

* |Inall we did SEVEN expeditions collecting data in Cabo Verdean
waters, all of which contributed to our bathymetric synthesis and
observations for the region and to the development of the digital
model



OXR20250326 - Characterization of the Nola Seamount Complex

EM712
EK80

(opportunistic)

O ROV
(O Submersible

Part of Around Africa Expedition 2025,
partnership with OceanQuest

Seafloor mapping & geology (multibeam
mapping) - 2591 km?

Standardized visual census (Challenger 150
protocol, ROV) + additional ROV and
submersible transects =8 ROV, 9 sub dives
eDNA, net sampling

Helicopter megafauna surveys
Collaboration with GEOMAR (RV Meteor) —-
dual ship ops - CTDs, currents, towed
camera observations



OXR20250627 - Multibeam QAT
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OXR20250706 - Digital Deep Expedition
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EM2040C
EK80 (opportunistic +
dedicated)

I:I OXR20250326,
OXR20250627

O ROV
(O Submersible
(O CTD

Survey focus was on
supplementing/completing MBES survey
started on OXR20250326, collecting data
at different resolutions, and dedicated
EK80 and ADCP surveys

Building a robust dataset for in-house
machine learning and visualization
projects

1114 km? of EM304 and EM2040 data
collected at base and summit of
seamount (respectively)

9CTDs

25 ROV, 11 sub dives



Transits - OXR20250306, OXR20250403, OXR20250620, OXR20250730

OXR20250326,
OXR20250627,
OXR20250706

e 97,310 km?of EM304 data total,
15,445 km? within the Cabo
Verdean EEZ
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Challenge: Overlapping Coverage, Multiple Systems

* |ntention to acquire full EM304, EM712 and EM2040 datasets over summits to
have at least one area to compare systems, effects of resolution on modeling.

OXR20250326
« EM304, EM712 (synchronized)
e Challenges

* Fishing boats at summit

* Reduced ping density
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OXR20250706
e EM712, EM2040 intended
e EM2040 success! ¥
* Challenge
e EM712 out of commission

Nola West (left) and Nola East (right), 5m weighted moving average grid




Challenge: Vertical Referencing Issues

* Typical OceanX workflow -
* Acquisition:
* Allacquisition through SIS, logging KMALL files
* QINSY used for situational awareness (mapping, ROV & sub ops),
line planning, etc. but not as primary acquisition software
* Processing software: Qimera
* EM2040C: POSMV. Log POS files, post-process, apply SBETs in
post-processing.
« EM304, EM712: Seapath + Veripos corrections. Use online solution.
» Set allto use ellipsoid heights and reduce to MSL using EGM2008.

* Challenge:

e OXR20250706 - POSMYV files failed to log during EM2040C survey
* ...Noproblem, use online solution in KMALL files....



Vertical Referencing Issues

R QM2pt10_CV_Testing_EGM2008 - Qimera 2.10.0

Project Source Layer View Tools Export Window Help

A RBR R %0 &% %

Project Sources m

U
U‘w Outlier (1D Stack)

v/ Raw Sonar Files
2 Vessel EM2040C_SN20224
4 Vessel EM304_SN10005
v Processed Point Files
v/ Position & Motion Files
Tides
Stations
Strategies
Sound Velocity Profiles

Project Sources Filters

Project Layers X

Sound Velocity

NS

® Processing Settings Editor

Vertical Referencing Options, Qimera 2.7.6

Position, iviotion, Heading Vertical Referencing Deptn Biocking Sonar Shifts

Vertical Geodetic Offset

Note: Separation values will be subtracted from input heights to obtain output heights, following the geodetic

Static offset:
¥ | No exclusion ma...

Separation model:

V| Qinsy model:

convention H=h-N. Static offsets are subtracted from heights, for example, an offset of -1 will adjust
heights to be 1 m shallower.

SD offset:

SD model:

SD model:

Vertical Referencing Method

None (Instantaneous Water Height)

Qinsy Online Computation (Object Track)

®  RTK (Accurate Height)

v/ Position 1

Only option » Read from KMALL SPO

datagram. ‘Ellipsoid’ values coming

from POS (via GGA) are not ellipsoid,

. . V' N
Vertical Exaggeration: 1.00% | Profile

v/ Dynamic Grids
v Static Grids -
v MS RTK+EGM Position default (SPO)
MS RTK Position Motion 1 (MRZ) Grid
EM304 IWL MS RTK+EGM Position default
vV EM304 RTK+EGM (SPO)
v Cables & Pipes
v Sd Objects
v/ PFM Objects
v Route
v Background Charts
v Charts

EM304 RTK+EGM

~26 m offset In

cotormep: | final surfaces

Rendering: Shaded Grid

Shading: Parameters...
Transparency:
Offset:

Drape Image...

Segment 2D Dist = 5790.31m, Bearing 32.0603° Line-

EM304 bathymetry

but orthometric heights based on
EGM96. Qimera also applying geoid

correction (EGM2008) = offset

:::g — ——
- EM2040 bathymetry
E- -85.0 /,—/ ~—— — = & " — —~— OK | Cancel Apply

2700 2750 2800 2850 2900 2950 3000 3050 3100 3150
Distance (m)
2D Distance: 3051.89m, Grid Distance (EM304 RTK+EGM) : 3152.2Tm, X: 650288.18m, Y: 1902522.21m, Delta Z: 25.72m

3200 3250 3300 3350 3400 3450 3500




© "Nerticat Referencing Options, Qimera 2.8.1+ ~

Vertical Referencing Issues

Sound Velocity Position, Motion, Heading Vertical Referencing Depth Blocking Sonar Shifts

Vertical Geodetic Offset

Note: Separation values will be subtracted from input heights to obtain output heights, following the geodetic

M QM2pt10_CV_Testing_EGM2008 - Qimera 2.10.0 convention H=h-N. Static offsets are subtracted from heights, for example, an offset of -1 will adjust
Project Source Layer View Tools Export Window Help heights to be 1 m shallower.
* = xx & Q @ f l!J- l!’ i v | vclusi I
lé—, E%} E'?} E%) Q O K> B> S 1{ Outlier (1D Stack) No exclusion ma... Static offset: SD offset:
Project Sources s - : '

vV Raw Sonar Files Separation model: ... SD model:
P Vessel EM2040C_SN20224
B - o v/ Qinsy model: SD model:

vV Processed Point Files
v Position & Motion Files
Tides
Stations
Strategies
Sound Velocity Profiles

Vertical Referencing Method

None (Instantaneous Water Height)

Qinsy Online Computation (Object Track)

New ‘Position from Motion 1°
option to read position from
SKM packet > actual ellipsoid

T U AT = heights, handled properly

®  RTK (Accurate Height)

r\/ Position from Motion 1
v/ Position 1

Project Sources Filters
Project Layers e X
Vertical Exaggeration: 1.00x Profile @®
v/ Dynamic Grids . — o X Q é} 6 N Profile Exag: 3.94 : v
V Static Grids
v MS RTK+EGM Position default (SPO) Grid Depth Slope

v/ MS RTK Position Motion 1 (MRZ)

ASRERRE < EM304 bathymetry

v Cables & Pipes MS RTK Position Motion 1 . ~

v Sd Objects VA (SKM) -46.15m | +0.69 1 e ""‘"\

v PFM Objects e

v Route v EM304 RTK+EGM -4631m | -1.37° T ————

v/ Background Charts \
v/ Charts

S

Small offsets
S as expected for
w1 differences in

R *|  system, grid

resolution o

Segment 2D Dist = 5790.31m, Bearing 32.0603° Lin

Depth (m)

EM2040 bathymetry (SPO)

OK | Cancel Apply

2D Distance: 2431.72m, Grid Distance (MS RTK Position Motion 1 (MRZ)) : 2150.11m, X: 650503.85m, Y: 1902497.28m



Kongsberg Record Viewer 1.1.0

i o
ﬁ File directory: Zoom: + — Export to: ‘ csv ’ ‘ TXT ’ (2]
Grouped Sequenced Datagram Statistics <> VEIEERED (1S St e Uers e
Datagram length in bytes 146 System ID 40 Date Wedn I VS K M I a C ke t S I M 2 O 4 O
Files [ Index Time Ping/Seq. Multibeam datagram type #SPO Echo sounder identity 2045 Sz b
. . .. UTC time 18:06:
Datagram version 0 File revision J
]
0007_20250709_160637_0XR20250706_EM2040... X 1 2025/07/09T a a
18:06:37.871
Z v Common
2 2025/07/09T Number of bytes common part 8 i ] i . —
18:06:37.971 —
z e : positioning source
3 2025/07/09T Sensor status 1089 (i ]
18:06:38.714
yA v Sensor data
4 2025/07/09T Time sec 16:06:37.000Z seconds (i ]
18:06:38.171
Z Time nanosec 866000000 (i )
5 2025/07/09T Position quality 0.30 m (i )
Record type Total ;8:06338-271 Corrected latitude 17.21888017 decimal degree (i )
Corrected longitude -25.57736683 decimal degree (i )
. 6 2025/07/09T
Installation (#lIP) 1 18:06:38.371 Speed 3.38 m/s (i )
Runtime (#I0P) 1 Z Course 208 75 dj I ii i '
Sound Velocity Profile (#SVP) 1 7 2025/07/09T Ellipsoid height 1.48 &
Qensor antind Veloeity (#3VT) 28351 ;8506338-471 Position data SINGGA,160637.866,1713.1328 % File directory: Zoom: — Export to: ‘ csv ’ ‘ TXT ’ o
. 1,N,02534.64201,W,5,29,0.6,1.48
Position Sensor (#SPO) 11340 % 1S
C tibilit ition (#CPO) T340 8 2025/07/09T M,,,4,0803*07
ompatibility position -06- i ' imei
P yp 18:06:38.571 Soiree e SR S s Datagram info System info Time info
Range and Depth (#MRZ) 4518 z _
Datagram length in bytes 13368 System ID 40 Date Wedr
Clock (#SCL) (REZ! 9 2025/07/09T _ _ 2025
. ) . 18:06:38.671 Files . Index Time Multibeam datagram type #SKM Echo sounder identity 2045 ‘
Attitude and attitude velocity (#SKM) 1116 ; .
7 . . - UTC time 18:0€
Datagram version 1 File revision J
—— e E—
0007_20250709_160637_0XR20250706_EM2040... X 1 2025/07/09T
128:06:37'261 Display data: #KMB #KMB i ]
Datagram length 132 bytes (i )
2 2025/07/09T @ All )
18:06:38.271 Datagram version 1 i ]
7 Accelerations UTC time 0
3 2025/07/09T Attitude Nano seconds 255545336 ()
;8:06:39.291 T remainder
- Bit pattern 0 ()
4 2025/07/09T o
18:06:40.301 Position Position
z Rates Latitude 17.21889488 decimal degrees (i )
5 2025/07/09T . Longitude -25.57735536 decimal degrees i ]
Record t Total 18:06:41.321 vl
el L 7 Ellipsoid height 26.40 m (i )
6 2025/07/09T
Installation (#11P) 1 18'06/' 42/331 Rates
) e Roll rate 0.20 degree/s (i )
Runtime (#I0OP) 1 Z
. Pitch rate 0.87 degree/s (i )
Sound Velocity Profile (#SVP) 1 7 2025/07/09T
. -06° Yaw (heading) rate 0.13 degree/s
Sensor sound Velocity (#SVT) 28351 ;8'06'43'351 ( 9 : °
Position Sensor (#SPO 11340 i
N (_ . ) 8  2025/07/09T Velocities
Compatibility position (#CPO) 11340 18:06:44.361 Velocity North (X) -2.58 m/s (i ]
Range and Depth (#MRZ) 4518 V4 Velocity East (Y) -1.93 m/s (i ]
Clock (#SCL) 1134 9 2025/07/09T Velocity downwards  -0.41 m/s (i ]
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ttitude and attitude velocity ( ) 7 Delayed heave
Time in sec 1752077062.000 seconds




Challenge: Ship © Shore Processing

* Typical OceanX workflow -
* Processing software: Qimera

* Build project on ship, load data near acquisition to check

* Process when possible, focusing on areas needed for subsea (ROV & sub) ops

* (Generate ‘preliminary final’ products for end-of-expedition data package

* Complete processing shoreside post-expedition to generate ‘submission final’
products for submission to syntheses and archive and to provide to collaborators,
internal data users, and 3" party data requests (...timeline T month — 5+ years...).

* Required data transfer:
* KMALLSs transferred to shore as part of standard CruiseData package — happens
pretty regularly
* Transfer of partially completed processing projects ship - shore — large projects,
not transferred regularly = delay before processing can continue
* + software version concerns when returning to old projects etc.



Ship © Shore Processing

Improvement:

Qimera 2.7.0 update: Ability to export out QPD edits from processing project — lightweight files

containing edit flags, saved in CruiseData, easy automatic transfer to shore

Shoreside, allowed for loading KMALLs from various expeditions, applying QPD edits from

various processing projects started on ship, and continuing processing on combined datasets

® OXR20250706_EM304_CaboVerde_WGS84UTM26N - Qimera 2.7.6

Project Source Layer View Tools Export Window Help

(| . ~ W oW w
[} <] %"o%ﬁﬁo ok eum}@‘
Project Sources S
v/ Raw Sonar Files A

Add Raw Sonar Files...
Append Lines to a Dynamic Grid...

v/ 0001_202501
v/ 0002_202501
v 0004_202507
v/ 0005_202501

V0006 202507 » ) )
V 0007 202501 2x Edit Processing Settings...

v/ 0008_202507 Edit Vessel Configuration...
Vv 0009 202507  Edit Modified Flags...
V0010202507  ppy Run..

v 0011_202501 o

v 0012_202501
/0013 202507

Remove Lines from a Dynamic Grid...

Remove Lines from all Dynamic Grids...

Select in Area

Project Sources Run Sounding Filter on Files...
Apply Edits from...
Export QPD Edits
Export

Add Group...

Create Group From Selection...

Vertical Exaggeration % >
v/ Dynamic Grids
v/ Dynamic Grid

V Static Grids
OXR2025070
OXR2025070
OXR2025070

vV PFM Objects

v/ Cables & Pipes

v/ Sd Objects
survey_area

v Route

v/ Background Charts

v Charts

Organize 4
Select »

Remove... Del

Job Activity o x

ID Name Progress Core Progress

Profil

Exported Edits: 0028_20250716_232637_OXR20250706_EM304 “ Gri
Exported Edits: 0029_20250716_235349_OXR20250706_EM304

Exported Edits: 0030_20250717_002121_OXR20250706_EM304

Exported Edits: 0031_20250717_012121_OXR20250706_EM304 =

Info:
Info:
Info:
Info:
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4 »
00:00:00 00:01:21

Job Activity Properties Tim

Information not available.

® QM2pt10_CV_Testing_EGM2008 - Qimera 2.10.0

Project Source Layer

]| []] )

v/ OXR20250627

» / Vessel EM304
v/ OXR20250706

v \/ Vessel EMT~

View Tools Export Window Help
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\/ 0001 Append Lines to a Dynamic Grid...
W 0002, Remove Lines from a Dynamic Grid...
v/ 0004, Remove Lines from all Dynamic Grids...
v/ 0005 OQ Edit Processing Settings...
v/ 0006_ Edit Vessel Configuration...
V0007, Edit Modified Flags..
\/, 0008_ Dry Run...

Project Sources Fi

Select in Area

Run Sounding Filter on Files...

Apply Edits from...
Vertical Exaggeration: e %
Export QPD Edits
v/ Dynamic Grids Export
v/ Dynamic Grid Add Group...

v/ Static Grids
MS RTK+EGM P
MS RTK Position

Create Group From Selection...
Rename Group...

Organize

Select

Remove...

o4

Error: Invalid Bounds: 003

Error: Invalid Bounds: 0059~ zu::ui[r_UJZUSJ‘_UAKZUZDU/"rv;twrjonzkman'
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End Create Static Grid 00:00:00.091

2026-09-28 16:43:55 Start Create Dynamic Grid 520 lines
Info: Updating Grid Values

Info: Illuminating Grid

Success Dynamic Grid.sd

2026-09-28 16:44:41 End Create Dynamic Grid 00:00:45.184
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Rich Dataset for Analysis & Modeling

* Bathymetry, seabed backscatter, and
water column backscatter ranging from
Lo ommm R T owmmecnones 35— 3500+ m from three Kongsberg
R e W 07162009, MBES systems
* 4000+ km of EK80 data including 550 km
of dedicated EK80 survey
* Dedicated and opportunistic ADCP data
e Subbottom data
e 9CITD casts
e 33 ROV dives
e 21 submersible dives
* ?hours of ROV and sub video and
Imagery
* Nettows
* Water sampling, eDNA
* Helicopter megafauna survey




Gap Mapping When Possible

* 19,000+ sg km mapped in CV waters
 Adjusted transits when possible to
Increase coverage




Opportunistic Re-mapping of Problem Areas

* Worked with regional
researchers to identify
problem areas in existing

A — P NN mapping data and collect

W | new data during transits
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Increased Resolution on Summits - EM2040C Survey

* 5 m onthe summits
* Improved resolution elsewhere too (at
least over what is publicly available)

N
X
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Images of EM2040C data on the Nola West (left) and Nola East (right) summits by Hayley Drennon



Dedicated EK80 Survey & Analysis of Acoustic Scattering

* Dedicated EK80-only survey,
Including 24-hour continuous
repeated transect of summits

* Echoview analysis

* Strong interest from
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Scattering group analysis and image by Haley Viehman, Echoview




Preliminary Geophysical Analysis

Nola Seamount complex bathymetry (A), backscatter (B), slope (C) and VRM- vector ruggedness measure— fine terrain roughness index (D)

Drennon et al.
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Machine Learning Efforts - SeaSwipe

In-house Al-accelerated annotation + predictive
modeling

* Scans video for target organisms (based on
researcher training set), extracts frames and
georeferences

e Presents frames to reviewer for verification

* Results presented as collection of positive
detections, distributions plotted on map,
depth distribution chart

* Working on predictions aspect, integrating
environmental variables (bathymetric
derivatives + other observation — salinity etc.)




Data Visualization Efforts - DATAXPLORER
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Step 2 — Map the seafloor HETGHT

False-colour mapping from pink peaks to

blue depths. Each hue represents a specific
depth range, making the vertical structure i J
legible at a glance.
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Data Visualization Efforts — OceanX Digital Twin

& OceanX Digital Twin
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Navigation

Location i Cabo Verde
Latitude 17.0403322659
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Data Sharing

Sharing data back to Portuguese Hydrographic Institute for integration in charts and their
Cape Verde Bathymetric Model (in progress)

N idrogfdfi(/d— Hydrographic+ Q. To look for @ Map % To enter Portuguesa v

-

Q Back to Search < Previous Next > < To go down ~ @ Display mode ~

Overview

SCape Verde Bathymetric Model

Bathymetric grids constructed from multibeam hydrographic surveys carried out in the area(s) of interest under
the Mar Aberto initiative, and data acquired during scientific cruises crossing the waters of Cape Verde.

The resolution of the bathymetric grids is as follows:

Depth between 50m and 250m — Resolution of 32m;

Depth between 250m and 1000m — Resolution of 64m;

Depth between 1000m and 2000m — Resolution of 128m;

Depth between 2000m and 4000m — Resolution of 256m;

Depth with values greater than 4000m — Resolution of 512m.

Instructions for accessing the data are available at: https:// www.facebook.com/share/r/1FKz78kvpp/?
mibextid=wwXIfr

*

. N ti
Download data and links O ratings

®, See all feedback ¥ Add your comment

9 https://geomar.hidrografico.pt/ Open link

@ Space extension




Data Accessibility

NOAA NCEI, IHO DCDB

Acoustic Seafloor Mapping (Bathymetry,
Backscatter, and/or Coverage Area) GMRT, MGDS

Seabed2030, GEBCO
NOAA National Center for

Subbottom Acoustics Environmental Information
(NCEI)

Underway and Deployment Sensor Data NOAA National Center for

(CTD, ADCP, SV, vessel & vehicle Tracks, Environmental Information

multibeam and single/split-beam water (NCEI)

column, meteorological)

Visual Data: Imaging and video (ROV, Sub) TBD

Likely available after March 2027

Within next few weeks:

e OXR20250326 EM304
« (OXR20250627 EM304
e OXR20250706 EM304

via MGDS

Likely available after March 2027

Likely available after March 2027

ASAP (a few more months):

All transits
EM2040
EM712if itadds coverage

Likely available after March 2027, and likely on request for

foreseeable future

OceanX’s goalis for all scientific research and data arising out of the Vessel’s operations and

activities to be properly collected, catalogued and stored, and made available publicly and usable
for general educational purposes, including in scientific publications and in public repositories.




Summary

* The Cabo Verde Digital Deep Expedition, along with six other expeditions in
or through Cabo Verde waters, utilized multiple Kongsberg systems to build
a comprehensive dataset for the Nola Seamount complex and surrounding
area

* This data has been (and is being) used for development of visualizations
and Al-assisted modeling of the environment

* Challenges with data processing led to improvements in software tools, to
the benefit of the wider mapping community

* |n addition to ongoing in-house and collaborator analysis, the data is
making its way to the regional hydrographic organization and public
repositories, extending its accessibility, and we hope, its use
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Erin Heffron

Mapping and Geospatial Coordinator, OceanX

erin.heffron@oceanxplorer.org

oceanx.org
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