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What is Seafloor Mapping?

« The process of measuring and visualizing the
topography, composition and habitat of the ocean floor.

Receiver

« Utilizes technologies like multibeam echosounders and
side-scan sonar to unveil the complexities of the
Seabed . y Return echo

» Benefits high-impact end-user applications, such as
marine debris detection, offshore wind development,
etc.

Seafloor

How sonar images are recorded.
Image courtesy of NOAA.
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The Current State of Seafloor Analysis

« Current analysis techniques are labor-intensive and reliant on manual

interpretation.
* Time-consuming

« User subjectivity due to individual expertise
 Introduces inconsistencies in the process

Record sonar
images

Collect grab
samples

Analyze grab
samples

\ 4

Analyze survey
region

{ N

>4 &’“%Q

e

Map survey
region

» The integration of machine learning holds the promise of enhancing the analysis process.
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The Current State of Al-Ready Seafloor Datasets

Existing seafloor datasets are limited in terms of environmental setting and scale.

Unrealistic Environment
Setting

Singh and Valdenegro-Toro [1]
captures sonar dataset in a
water tank.

~

Limited Area Coverage
& Locations

Luo et al. [2] collects data
from a single location.

~

Small-scale dataset

Barge No. 1 Monrovia Haltiner

i
%
oX

Sonar Image

ar

Sethuraman et al. [3] collects
a shipwreck dataset with only

Ground Truth

286 sonar images.

\_ )
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The First Large-scale Al-ready Seafloor Dataset

Region 1: Arcata to Cape
Mendocino, CA

Region 5: Salisbury to
Northern Cape Cod Bay, MA

Public Data Surveys

Region 2: Salt
Point to Aptos, CA

.
.
.-.
.
.... SanF,
san!

Region 3: Point Buchon
to Morro Bay, CA

K
K
kS

Region 4:

to Hueneme Canyon, CA Q

Point Conception

Region 6: Buzzards Bay
& Vineyard Sound, MA

=

-
-

Region 9: Little River
to Winyah, SC

Region 8:
Delmarva

Survey Statistics

# of surveys 62
# of regions 9
# of geographic layers 9
Total coverage area 17,300 km?
Image Data

# of samples 696.5K
Image size 224 x 224
Pixel resolution 1m to 10m
Annotation Details

# of segment masks 827.2K
# of text descriptions 696.5K
# of text instructions | approx. 7™M

Input Layers

Backscatter

1
@ Bathymetry E
l

- Slope '.

- Rugosity

o,

2" Geolocation

SeafloorAl Dataset

Mapping Layers

Sediment

@ Physio Zone

® Habitat
@ Fault
@ Fold

SeafloorGenAl Dataset

USER: What types of
sediment are depicted in
this sonar image?

ASSISTANT:
There are four different
sediment types in the sonar
image:

I

b

Gravelly Rock (19%), and

Sediment

Physio Zone

USER: What physiographic
zones are in the image?
Please segment them.

ASSISTANT:

There are three different
physiographic zones types
in the image: Continental
Shelf <SEG>, Continental
Shore Complex <SEG> and
Shelf Basin <SEG>.

General VQA Capability

Instruction-following Segmentation

K. Nguyen, F. Qiao, A. Trembanis, and X. Peng, SeafloorAl: A Large-scale Vision-Language Dataset for Seafloor Geological Survey, NeurlPS 2024 Dataset and Benchmark Track.




SeafloorAl: From Public Data to Al-Ready Dataset

Region 1: Arcata to Cape Region 5: Salisbury to Region 6: Buzzards Bay
Mendocino, CA Northern Cape Cod Bay, MA & Vineyard Sound, MA

SeafloorAl Dataset P S~
Input Layers Mapping Layers =

: Region 2: Salt S - 1 A o Region 7: Martha’s
& Sediment Point to Aptos, CA [KEREEEREAES | LA ) 1k &

Public Data Surveys

B B ckscatter

I
1
1
1
: v W v . A s . Vineyard & Nantucket, MA
I Q , ° - o [CRwd0 SwTIS S e e, S
Bathymetry | Physio Zone £ = ) GRPa A 52
0 NV - | OH (¢ DE
,  r @, - o SOOI Y
| § CA | . KS MO - VA No rw:r )
Slope : ® Habitat Region 3: Point Buchon \ o » o | LA S v Region 8:
! to Morro Bay, CA = & \ Delmarva
. 1 g 25 ' LFL
Rugosity ! Q Fault 5 T el e, /
| 72 ;oo ‘ - g A Region 9: Little River
e . Y TS= T T N, to Winyah, SC
2 Geolocation | Fold : =
1
1 J

Region 4: Point Conception
to Hueneme Canyon, CA

We compile 62 public USGS and NOAA hydrographic data surveys to construct the
SeafloorAl dataset.

> Covers an area of 17,300 km? > Contains 696K sonar images

» Distributes across 9 regions » 827K expert-annotated segmentation masks
» Supports 9 geological layers » Supports 5 seafloor mapping applications

K. Nguyen, F. Qiao, A. Trembanis, and X. Peng, SeafloorAl: A Large-scale Vision-Language Dataset for Seafloor Geological Survey, NeurlPS 2024 Dataset and Benchmark Track.



From Public Data to Al-Ready Dataset

Problem: Naming convention for geological attributes is not uniform

lllustration of inconsistency in naming conventions in the Sediment layer.

Coarse Sand
® Medium Sand
@ Fine Sand

® Mud

@ fne_sand

@ Sandy Gravel

® Mud

@ Sandy Mud
Sand

@ Gravelly Sand

Muddy Sand

Figure adapted from Pendleton et al. [4] Figure adapted from Trembanis et al. [5]

K. Nguyen, F. Qiao, A. Trembanis, and X. Peng, SeafloorAl: A Large-scale Vision-Language Dataset for Seafloor Geological Survey, NeurlPS 2024 Dataset and Benchmark Track.



SeafloorGenAl: Creating Language Annotations

« SeafloorGenAl incorporates vision and language understanding via image captioning
and visual question answering (VQA), facilitating the advancement of large vision-
language models in the marine science field.

+ We leverage GPT-4 to generate language annotations with domain knowledge injected.

Description

This sonar image presents a diverse marine landscape characterized by a mix of sediment types
and physiographic zones. The backscatter data, with a mean intensity of 160.17 and a standard
deviation of 41.20, suggests areas of varied substrate hardness, with notable high-intensity
regions indicating harder, more reflective materials such as rock. Depth variations range from -
8.20 meters to -24.49 meters. The rugosity index is exceptionally low at 0.01, suggesting a
predominantly flat seabed with minimal texture variation. Sediment distribution is dominated by
and S@RAYIGFaVEl, which cover a significant portion of the area, indicating a rough
terrain. Physiographic zones vary from Continental/lsland Shelf regions to more Complex Shore
zones and deeper Shelf Basins, showing a dynamic interplay of marine environments.

Backscatte Bathymetry

Slope Rugosity

Question-Answer Pairs

Q. What does the high mean backscatter intensity of 160.17 suggest about the seabed?

A. The high mean backscatter intensity indicates a seabed composed largely of harder, more
reflective materials like [EJENEIIRLEEL, consistent with the sediment composition data.

Q. Describe the distribution of the Continental/lsland Shore Complex in the image.
A. The Continental/lsland Shore Complex, covering 48.50% of the area, is distributed across
various polygons indicating a heterogeneous environment with complex edges and transitions,
e 4 ] likely influencing local hydrodynamics and habitat structures.

Sediment Physio Zone

K. Nguyen, F. Qiao, A. Trembanis, and X. Peng, SeafloorAl: A Large-scale Vision-Language Dataset for Seafloor Geological Survey, NeurlPS 2024 Dataset and Benchmark Track.



Marine Scientists Help Al Annotate Data

1.a. ldentify, Extract Key Analytical Indicators and Spatial Distribution

@, Geophysical Geological Spatial
&

Parameters Composition Distribution

- ~ - ~
- ~ - ~

- ~ / \ - ~

. ( t Y ettt ettt
1.a. Automatically | Depth range: -36 to -54 m 1! NilAAYISERAN45% ::(
extract key indicators iSteepest slope at bottom-right' | Gravel Rock: 11% ! Shelf Basin: [142, 0, 140,...]

A

\
\
i

Continent Shore: [0, 116, ...]
' Mean intensity of 119.71 Muddy Rock: 25% ' Shelf Basin: [0, 0, 0, 11, ...]

____________________________________________________________________

Sediment Physio Zone |
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Marine Scientists Help Al Annotate Data

1.a. ldentify, Extract Key Analytical Indicators and Spatial Distribution

@, Geophysical Geological Spatial
&

Parameters Composition Distribution

A

\
i
[

Backscatter Bathymetry 1.a. Automatically 'Depth range: -36 to -54 m ii_ 'Contlnent Shore: [0, 116, ...]
; extract key indicators .Steepest slope at bottom-right: | Gravel Rock: 11% .Shelf Basin: [142, 0, 140,...]

' Mean intensity of 119.71 Muddy Rock: 25% IShelf Basin: [0, 0, 0, 11, ...]

__________________________________________

This region shows a heterogenous mix of soft and hardbottom patches. Most
of the region is dominated by a patch of NIBGAYESERd that runs from the
N lower left portion up through the middle and then turns toward the right where

I _| it narrows between a patch of Gravelly Rock with higher relief in the upper

1.b. Marine scientists "| right corner which is part of a Shelf Basin Complex and to the lower right
describe the image’s where the NMIB@EYISERE patch is constrained by a Continental'Shore'Complex

. comprised of MUAAYRGEK which is also elevated. The central NIUGEYISERE is
geOIOglcaI Iayers in a deeper depression with water depths between -50 to -55 m...

Rugosity

Sediment Physio Zone |

K. Nguyen, F. Qiao, A. Trembanis, and X. Peng, SeafloorAl: A Large-scale Vision-Language Dataset for Seafloor Geological Survey, NeurlPS 2024 Dataset and Benchmark Track.



Marine Scientists Help Al Annotate Data

1.a. ldentify, Extract Key Analytical Indicators and Spatial Distribution
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Parameters Composition Distribution
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. ( t Y ettt ettt
Bathymetry 1.a. Automatlcally i Depth range: -36 to -54 m i: Muddy Sand: 45% :I(
extract key indicators  Steepest slope at bottom-right: ; Gravel Rock: 11% |1 Shelf Basin: [142, 0, 140....]

A

\
\
i

Continent Shore: [0, 116, ...]
' Mean intensity of 119.71 Muddy Rock: 25% ' Shelf Basin: [0, 0, 0, 11, ...]

This region shows a heterogenous mix of soft and hardbottom patches. Most
of the region is dominated by a patch of NIBGAYESERd that runs from the

N lower left portion up through the middle and then turns toward the right where
I it narrows between a patch of Gravelly Rock with higher relief in the upper

»

1.b. Marine scientists "| right corner which is part of ? Shelf Bgsin Complex Iand to the lower right
: . , where the patch is constrained by a Continental Shore Complex
describe the image’s here the HINEEJISARE patch trained by 2 BEUTEHEREHETEREGHP!
. comprised of MUAAYRGEK which is also elevated. The central NIUGEYISERE is
geological layers

Sediment Physio Zone | in a deeper depression with water depths between -50 to -55 m...
Q: What is the dominant sediment type in thi mage? In-context
: What is the dominant sediment type in this sonar image” Learnin
A: The predominant sediment type is Niliddy#Sand (Sm), which 9 Prompt
covers approximately 45% of the region, extending across most [\
of the image. GPT-4 p—— P 2. Prompt
Q: What is the range of depths observed in this sonar image? —_— Engineering
A: The depths in this sonar image range from -36.92 meters to
-54.90 meters, which may correlate with variations in sediment
types and their distribution.
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Marine Scientists Help Al Annotate Data

1.a. ldentify, Extract Key Analytical Indicators and Spatial Distribution
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Continent Shore: [0, 116, ...]
' Mean intensity of 119.71 Muddy Rock: 25% ' Shelf Basin: [0, 0, 0, 11, ...]

This region shows a heterogenous mix of soft and hardbottom patches. Most
of the region is dominated by a patch of NIBGAYESERd that runs from the

N lower left portion up through the middle and then turns toward the right where
I it narrows between a patch of Gravelly Rock with higher relief in the upper

»

Rugosity

1.b. Marine scientists "| right corner which is part of ? Shelf Bgsin Complex Iand to the lower right
: . , where the patch is constrained by a Continental Shore Complex
describe the image’s here the HINEEJISARE patch trained by 2 BEUTEHEREHETEREGHP!
. comprised of MUAAYRGEK which is also elevated. The central NIUGEYISERE is
geological layers

Sediment Physio Zone | in a deeper depression with water depths between -50 to -55 m...
Q: What is the dominant sediment type in this sonar image? | In-context
A: The predominant sediment type is Niliddy#Sand (Sm), which Learning Prompt
% <«———— covers approximately 45% of the region, extending across most N
~ of the image. p—— P 2. Prompt
: . o . GPT-4 — —
. . . Q: What is the range of depths observed in this sonar image? - p— Engmeermg
3. Marine scientists A: The depths in this sonar image range from -36.92 meters to
evaluate generated -54.90 meters, which may correlate with variations in sediment
content types and their distribution.

{ 4. Refine Prompt }
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Thank You For Listening!

Region 1: Arcata to Cape Region 5: Salisbury to Region 6: Buzzards Bay
Mendocino, CA Northern Cape Cod Bay, MA & Vineyard Sound, MA

Public Data Surveys
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Region 2: Salt
Point to Aptos, CA

Region 3: Point Buchon
to Morro Bay, CA

Region 7: Martha’s

Region 9: Little River
to Winyah, SC

L
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Region 8:
Delmarva

Region 4: Point Conception
to Hueneme Canyon, CA
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