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Transducer model Frequency (kHz) ~ EK60/EK: Vessel Year - month ~ Nominal pulse duration (us)
ES70-7C 70 EK60 Thalia (TH) 2017-04 256
EK80 Thalia (TH) 2018-04 256
EK80 Thalassa (TL) 2022-01 1024
ES120-7C 120 EK60 Thalia (TH) 2013-11 256
EK60 Thalia (TH) 2014-06 256, 512, 1024
EK60 Thalia (TH) 2014-11 256
EK80 Thalia (TH) 2018-04 256
EK80 Thalassa (TL) 2022-01 1024
ES200-7C 200 EK60 Thalia (TH) 2016-06 256
EK60 Thalia (TH) 2017-04 256
EK80 Thalassa (TL) 2022-01 1024
ES333-7C 333 EK60 Thalia (TH) 2016-06 256
EK60 Thalia (TH) 2017-04 256
EK80 Thalassa (TL) 2022-01 1024
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References Seabed type Frequencies (kHz) and MBES system Dataset

location

Bai et al. (20232) Sand (fine to coarse) 90, 300 R2 Sonic 2026 Netherlands Substrate/habitat classification
Bai et al. (2023b) Sand (fine and medium) 90, 200, 300, 450 R2 Sonic 2026 Netherlands Substrate/habitat classification

Brown et al. (2019) | Mud, cobble, boulder, gravel 100, 200, 400 R2 Sonic 2026" Canada Seafloor characterization
Buscombe and Grams Sand, mud, gravel 100, 200, 400 R2 Sonic 2026* Canada Substrate/habitat classification

(2018)
Costa (2019) Rock, cobble, mud 100, 200, 400 R2 Sonic 2026 Canada Substrate/habitat classification
Cutcliffe et al. (2024) Boulder, cobble, pebble, 100, 200 and 270 R2 Sonic 2026 Canada Substrate/habitat classification
sand/mud
Eleftherakis et al. (2018) | Gravelly sand mixed with 200, 300 Kongsberg EM 2040 France Cross-calibration/processing
coarse elements, fine to techniques

medium sand, mud

Feldens et al. (2018) Sand 200, 400, 600 Norbit iWBMSe Germany Seafloor characterization
Gaida et al. (2018) Hardground, gravel, 100, 200, 400 R2 Sonic 2026 Canada Substrate/habitat classification
sand, mud
Gaida et al. (2020) Sandy mud, sand, sand with 90, 100, 200, 300, 450 (for R2 Sonic 2026 Netherlands Seafloor characterization
shells one study area); 90, 170,
255, 350 and 425 (second
study area)
Haar et al. (2023) Silt, sand, clay, gravel 70-300 Multi-source Canada Multi-source dataset
harmonization
Janowski et al. (2018) Sand, gravel, boulder 150, 400 Norbit iWBMS Poland Substrate/habitat classification
Khomsin et al. (20242) Silt and sand 200, 300, 400 R2 Sonic 2020 Indonesia Substrate/habitat classification
Lacharité et al. (2018) | Mud, sand, gravel, glacial till 70-100, 100, 300 Multi-source Canada Multi-source dataset

harmonization; substrate/
habitat classification

Menandro et al. (2022) Mud, sand 170, 280, 400, 700 R2 Sonic 2024 Brazil Substrate/habitat classification;

seafloor characterization
Menandro et al. (2023) Rhodolith 170, 280, 400 R2 Sonic 2024 Brazil Substrate/habitat classification;
seafloor characterization
Menandro et al. (2024) Reefs 170, 280, 400, 700 R2 Sonic 2024 Brazil Seafloor characterization
Misiuk et al. (2020) Mud, sand, gravel 100, 200, 400 R2 Sonic 2026* Canada Multi-source dataset
‘harmonization
Misiuk and Brown (2022) Mud, sand and gravel 100, 200, 400 R2 Sonic 2026* Canada Substrate/habitat classification
Mitchell et al. (2018) Hydrocarbon seeps 12, 30, 200 Kongsberg EM122, United States Seafloor characterization;
EM302, EM2000 cross-calibration/processing.
techniques
Ntouskos et al. (2023) Mud, sand, mixed sediment, 100, 200, 400 R2 Sonic 2026* Canada Substrate/habitat classification
coarse sediment
Prampolini et al. (2021) Mud, sand, rhodolith, reef, 30-300 Multi-source Ttaly Multi-source dataset
boulder, bedrock harmonization; substrate/

habitat classification

Runya et al. (2021) Gravel, sand 30, 95,300 Kongsberg EM3002, United Kingdom Seafloor characterization
EM302, EM1002
Runya et al. (2024) Gravel, sand 95 and 300 Kongsberg EM3002, United Kingdom | Substrate/habitat classification
EM1002
Schulze etal. (2022) | Sand, gravel (seagrass, mussel 200, 400, 550, 700 Norbit iWBMS Germany Seafloor characterization
reef)
Spain et al. (2022) Sand, silt, hardgrounds 30, 200 EM302, EM2040 New Zealand | Substrate/habitat classification;
seafloor characterization
Trzcinska et al. (2020) Sand, boulder 150, 400 Norbit iWBMS Poland Substrate/habitat classification
Schneider von Deimling Mud (shallow gas) 12,95 Kongsberg EM120, Germany Seafloor characterization
etal. (2013) EM1002, ATLAS
Parasound
Wendelboe (2018) Sand 190-400 Reson United States Cross-calibration/processing
techniques

"Dataset from R2Sonic Multispectral Challenge.
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Number of Average and Number of Scaled Ranking in terms

questions standard times a cumulative  of priority themes
rom initial  deviation of self-  question from  counts (scc;) (standardized
list reported the theme selection)
expertise of made it in the
respondents top 7 selection
1| Technologies 15 (14.4%) 273 (1.28) 119 (14.2%) 82.51 7
2 | Calibration 10 (9.6%) 238 (1.29) 89 (10.6%) 92.56 2

3 | Backscatter data acquisition and 11 (10.6%) 286 (1.25) 91 (108%) 86.04 5
ground-truthing

4 Backsatter data processing 9 (8:7%) 278 (127) 77 (9.1%) 88.98 4

5 | Post-processing quality control, data 9 (8.7%) 270 (1.28) 89 (10.6%) 10284 1
handling and curation

6 Backsatter data analysis 12 (115%) 283 (137) 106 (12.6%) 91.87 3

7 | Backscatter data interpretation 12 (11.5%) 272 (134) 89 (10.6%) 77.13 8

81 Applications | Backscatter for 7 (67%) 253 (1.40) 46 (5.5%) 68.34 9

and end uses | monitoring and
change detection

82 Backscatter 9 (8.7%) 2.44 (1.30) 73 (8.7%) 84.36 6
discrimination for
physical and
biological targets

83 Backscatter 10 (9:6%) 234 (131) 61 (7.3%) 63.44 10
beyond the
scientific
community

All themes combined 104 (<= 10.4) 263 (1.32) 838 (x = 84)
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Global ranking

(N = 120)

Acad.
(N = 51)

Govt
(N = 44)

Ind.
(N =22)

Question

1(1) 22 203 23 (1) How can we move towards absolute calibration of Technologies
different systems (from different manufacturers, with
different engineering design) for example, to allow
interregional comparisons?

20 1(1) 109) 70) How can we quantify seafloor backscatter quality (i, = Post-processing, quality control, data
sensitivity and repeatability) and develop standards | handling and curation
similar to what exists with bathymetry?

3(4) 8(5) 103) 8(24)  How can we achieve open source and transparent Backscatter data processing
backscatter data processing software and pipelines?

103 9(5) 6(2) 5(3) How can the data acquisition settings of multifrequency ~ Backscatter data acquisition and ground-
sonar systems be optimised to collect multifrequency  truthing
backscatter data for habitat and seabed substrate
mapping, while still performing at the highest standard
for the collection of bathymetric data, for example, for
hydrographic surveys?

5(5) 5(3) 2(6) 30(3)  How can backscatter data collection and analysis e Applications and end uses - Backscatter
optimized for habitat mapping and modeling? discrimination for physical and biological

targets

6(6) 10 (11) 4(1) 15(11) | How can we establish acoustic signatures for biological | Backscatter data interpretation
(e.g, taxa, biomass, community composition) and
physical (e.g. grain size, roughness) information from
backscatter?

7 (10) 405 18 (20) 11(24)  How can we move towards standardization of Backscatter data processing
processing algorithms?

8(8) 25 (27) 7 (10) 1(1) How can we best combine different data types (eg,  Backscatter data analysis
seafloor backscatter, bathymetry, water column
backscatter, and/or their respective derivatives) for the
characterization of different environments?

9(6) 11 (11) 12 (10) 2(2) How can uncalibrated backscatter measurements be Calibration
calibrated a posteriori, post data acquisition?

10 (10) 303) 24 (29) 27 (24) What is required to establish absolute calibration Calibration
standards?

11 (12) 7(8) 9 (16) 18 (11) What are the best practices for transparent acoustic Calibration

backscatter calibration from multibeam sonars?
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T°C Survey Date 1ie

KW2205 02/03/ 7.6 | BRMC2205 02 March, 2022 73
2022
Kw2223 04/10/ 172 | BRMC2223 | 02 October, 2022 | 169

2022

BRMC2318 | 29 September, 2022 18.2

KW2318 22009/ 192
2023
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UKMO) processing

World Ocean Database statistical values L] SS¢

Kongsberg Discovery datagrams °
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Dataset Tag (Area &  Survey id  Date dd/mm/ Frequency (kHz) Seawater
MBES) yyyy temperature (°C)
Port Central Starboard

Single
Kwinte EM2040MKII Kw2202 b 04 February, 2022 NORMAL 270 295 225 58
SINGLE 300
KW205 | 01 Mach 01,2022 | NORMAL m | s 2825 76
Kw2216 04 July, 2022 SINGLE 300 17.7
Kw2221 04September, 2022 SINGLE 300 213
Kw2223 04 October, 2022 NORMAL 270 295 2825 172
Kw2227 02 November, 2022 NORMAL 270 295 225 158
KW2302 27 February, 2023 NORMAL 270 295 225 80
KW2311 29 May, 2023 NORMAL 270 295 2825 143
SINGLE 300
KW2318 22 September, 2023 NORMAL m | s 2825 192
Kw2324 02 December, 2023 NORMAL m s 2825 102
Carré Renard EM2040MKI | ESSTECH2019 28 April, 2019  NORMAL 260 320 290 109
ESSTECH2020 | 29 August, 2020 | NomwAL 260 320 290 94
ESSTECH2021 16 March, 201 NORMAL w0 | 30 290 | 178
ESSTECH2 | 24 March, 202 | NORMAL w0 | 30 290 128
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Data Information

MBES

Kwinte RA

EM 2040-04 MKII Dual Rx

Carré Renard RA

EM 2040-07 MKI Dual Rx

Research Vessel
Location
Center coordinates (d m.m)
Size of the area (m?)
Depth (m)

Sediment type

“Time period for data acquisition
Seawater salinity (PPT)
Seawater temperature ("C)
Absorption (dB/km)

Dataset tagged as

RV Belgica

Flemish Bank area, Belgium

SIN7.1978'N, 2" 37.7213E
500 x 220
236-247

Gravelly sand (gS)
Sandy gravel (5G)

2022-2023
3335
6-20
65-97

Kwinte EM2040MKII

RV Thalia
Bay of Brest, France
4820419'N, 428.770'W
400 x 400
189-19.8

Muddy sandy gravel msG
Gravelly sand g§

2019-2022
35
9-18
72-95

Carré Renard EM2040MKI
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Dataset composition

GAZCOGNE1 GHASS2
Experiment Training/testing WCls with WCls without WCls with WCls withor
dataset fluid fluid fluid fluid
#1 Initial configuration Training (four folds) 2214 0 1852 0
Testing (fifth fold) 554 237 463 198
#2 Adding relabeled WCIs with Training (four folds) (2714-4214] 0 [2352-3852] | 0
fluid Testing (fifth fold) 1,563 167,561 5483 164915
#3 Adding WCls without fluid Training (four folds) 2214 (117-949] 1,852 (97-794]
Training (four folds%) [5%-30%] [5%-30%]
Testing (fifth fold) 1,563 167,561 5483 164915
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Dataset composition

Detection Metrics GAZCOGNE1 GHASS2
algorithm

Haar-LBP Accuracy 0774 % 0.116 0797 £ 0.032
mcc | 0.587 £ 0.125 0387 £ 0.128

Precision 0.506 % 0.133 0742 £ 0.141

Recall 0.978 £ 0.042 0314 £ 0.127

YOLOVS Accuracy | 0.932 + 0,037 0980 + 0.012
mce 0.845 + 0.080 0955 + 0.026

Precision [ 0.927 £ 0,038 0972 £ 0.027

Recall 0.976 + 0.021 0.968 + 0.024
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Experiment #4 adding relabeled WCls with acoustic artefact Dataset composition: only GHASS2

Training/testing dataset WCls with fluid WCls without fluid ~ WCls with artefact
Training (four folds) | [1,852-1,852] 0 [206-1,852]
Training (four folds%) [90%-50%] 0 [10%-50%]

Testing (fifth fold) 5483 164915 5,180
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Experiment #5 adding WCls with different acquisition
mode (Kongsberg EM302)

Training/testing dataset

Dataset composition: only GAZCOGNE1L

WCls with fluid (shallow, WCls without fluid (shallow,
medium, deep) medium, deep)

Training (shallow only) (2,184, 0,0) (936,0,0)
Training (shallow, medium) (2,184, 30, 0) (474, 474, 0)
Training (shallow, deep) (2,184, 0,0) (468, 0, 468)
Training (shallow, medium, deep) @184,30,0 (316, 316, 316)
Testing (shallow only) (1,555, 0,0) (161,894, 0, 0)
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Key information

GAZCOGNE1

GHASS2 (LEG1)

MAYOBS23

Area Aquitaine Basin (Bay of Biscay) offshore Romania (Black Sea) offshore Mayotte (Indian Ocean)
Survey date July-August August-September July
2013 2021 2022
Multibeam echosounder Kongsberg EM302 Reson Seabat 7150 Kongsberg EM122

Frequency range (kHz)
Number of beams
Total pulse length (ms)
‘Water column sampling frequency (Hz)

Beam aperture

[2825-29.50]
288
[1.1-75]
203-1623

1'(Tx) x 2'(Rx)

22.50-24:50]
880
[2-10)
100-500

0.5%(Tx) x 0.5°(Rx)

(1175, 11.875]
288
(27-68]
202-505

1°(Tx) x 1'(Rx)

Across-track angular range/value () [118-140] [100-120] 80
Number of Tx sectors 4or8 1 lor2
Mean depth and std (m) 532 + 354 1,022 + 452 1,479 + 410
Nadir along-track bathymetry resolution 93 89 258
(m) for mean water depth
Nadir across-track bathymetry resolution 186 89 258
(m) for mean water depth
Type of fluid emissions Cold seeps Cold seeps Volcanic emissions
Fluid nature Gaseous CH, Gaseous CH, Liquid CO,

Acoustic and environmental conditions

multiple transmission sectors, presence

presence of dolphins, strong

multiple transmission sectors, strong noise

of biomass backscattering seabed level under MSR
Number of water column images 845,622 851,991 46,044
Number of manually picked fluid feet 2,768 2315 Not available
Number of detected fluid-bounding boxes 7,814 27,415 2,002
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Model trained with GAZCOGNEL1 +

Model trained with GAZCOGNEL1 +

Matrias GHASS2 GHASS2+MAYOBS21
Accuracy 0973 0.986
Mmcc 0.698 0.797
Precision 0.595 0.783
Recall 0.850 0.826
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Dataset

performance

GAZCOGNEL

GHASS2

Major improvement

Moderate improvement

Moderate improvement

Addition of WCIs without fluid (+25%)
(+25% MCC)

Addition of WCIs with fluid (+1500)
(+18% MCC)

Training using only WCIs from the same mode as in the testing set; e.g, Shallow training instead of SMD
(all modes) on Shallow test set
(+10% MCC)

Addition of WCIs with artefact
(50%)
(+25% MCC)

Addition of WCIs without fluid
(+30%)
(+11% MCC)

No improvement

Addition of WCIs with fluid
(+500)
(+0.5% MCC)
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Datasets Tr (GAZCOGNE1) Te Tr (GHASS2) Te Tr (combined) Te Tr (combined) Te

Metrics  (GAZCOGNE1) (GHASS2) (GAZCOGNEL1) (GHASS2)
Accuracy | 0960 + 0,053 0.986 + 0.021 0974 £ 0.016 0975 + 0.047
mcc 0.578 + 0241 0.843 + 0,090 0,631 £ 0.226 0719 + 0336

Precision 0401 £ 0322 0.817 £ 0.173 0469 £ 0.332 0614 £ 0.493

Recall 0908 £ 0.154 0.889 £ 0.107 0902 £ 0.148 0907 £ 0.109
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Experiment #7 evaluating an optimized Dataset composition

model
GAZCOGNEL1 + GHASS2 GAZCOGNE1 + GHASS2 +
MAYOBS21
Training/testing dataset WCls with WCls without WCls with WCls without
fluid fluid fluid fluid

Training (2,214, 1,852, 0) (0,0,0) (2214, 1,852, 1,176) (0,0, 208)

Testing (MAYOBS23) 1468 46,044 1468 46,044
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ARan Question Theme

+14 | What is required from the research community and manufacturers to jointly establish | Calibration
calibration protocols, for example, to allow repeat surveys of sites with variable angle and
penetration depth or to combine different surveys from different operators and platforms?

+11 | How can we best use angular range analysis to produce high-resolution, asy-to-understand | Backscatter data analysis
interpretation products (e.g, geotiff, vector file, sediment boundaries)?

+11 How can we provide best practice guidelines for acoustic seafloor characterization (e.g, | Backscatter data analysis
predictive modeling algorithm) in different depth ranges?

+10 | How can backscatter be applied to understand responses of mobile animals to varying | Applications and end uses - Backscatter discrimination for
conditions of the oceans (¢.g, variations in temperature, new shipping routes, development, | physical and biological targets
more food), to understand ecosystem function?

+10 | What are the bottom characteristics that are influencing multispectral responses, and how | Backscatter data interpretation
can we use that information for interpretation?

+10 What do we need to develop and deploy an accessible, portable, standardized calibration kit | Calibration
with targets of different sizes and natures that can be used with any system?

+9 How can we disentangle environmental variability in space and time from backscatter signal | Backscatter data interpretation
variability to use the latter as an interpretive tool?

+9 How can we use multibeam backscatter data to inform change detection across benthic | Applications and end uses - Backscatter for monitoring and
habitats? change detection
21 To what extent do water column properties and targets (g, marine lfe, anthropogenic | Backscatter data acquisition and ground-truthing

objects) affect water column backscatter and its variability?

-2 Which instrument characteristics and settings are best to optimize water column backscatter | Backscatter data acquisition and ground-truthing
data collection and reduce measurement uncertainty and influence from the seabed?

25 How can volume scattering be used quantitatively to accurately map the shallow and complex | Applications and end uses - Backscatter for monitoring and
subsurface to better predict future seabed dynamics and habitat suitability? change detection

25 How can backscatter data be used to study gas presence, release, circulation patterns, and | Applications and end uses - Backscatter discrimination for
interactions with the biotic environment? physical and biological targets

25 If relevant, what are the steps needed to have multibeam backscatter data become a Applications and end uses - Backscatter beyond the scientific

‘mandatory dataset in surveys that have to be certified in view of risk management, or to | community
become a requirement of licensing for development (e.g, resource extraction, renewable
energy sites)?

28 How can we use backscatter frequency ratios (., differences between the signal from | Technologies
different frequencies) as a function of water depth for sound velocity estimation?
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Operating frequency
Pulse mode

Range resolution
Pulse amplitude (Power)
Swath opening angle
Beam distribution
Beam steering

Static Gain

Gain settings

Ping rate

Adaptive Gates

Stabilisation

400 kHz - optimal frequency for the i80s
FM Long Range (500 ps sweep time), 0.9 cm range resolution (80 kHz pulse bandwidth)
0.9 cm (80 kHz pulse bandwidth)
Setting 15

130°

1024 Equiangular beams

No beam steering

-30 dB

Default Time Varying Gain settings
Adaptive

Manual - Narrow

Roll stabilisation only - Pitch and Yaw stabilisation disabled
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