Geospatial data and tools for environmental sensing
~ Ocean Case Study ~

LN ~{ ks

[=];

Blair Thornton
Professor of Marine Autonomy Southampton

University of

Ship Science, 1999-2002 (B. Eng)

PhD Marine Robotics at Uni. Tokyo/UoS, Japan:2002-2006

Staff at Uni. Tokyo, Japan 2006-2016

Staff at Uni. Southampton, 2016-present with a cross appointment at Uni. Tokyo

500+ days at sea 60 expeditions deploying robots in the ocean
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€ 70 % of our planét IS cov€red by ocean
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k€ 70 % of our planet is covered by ocean

100% mapped at 5km resolution
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54,600,000 km away
100 % mapped at 100 m resolution

384,400 km away.
100 % mapped at 10 m resolution
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Capability d(iv_erss

. Inspection

529 subsea cables
1.8million km total length

95% of global data
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Seafloor mapping

€100% of the seafloor mapped

“ | ess than 10% mapped

Seafloor mapping
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€| ess than 0.01% mapped




L. Submersible sonar

~40m [Ocm '
Resolution ~ 1% of depth Fixed altitude
(av. seafloor is 4000m) and resolution W
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Seeing the b|g p|cture
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€€ Understanding the seafloor at scale




Strobed images Laser scans

€€ Understanding the seafloor at scale
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Line Sparse grid Dense grid

€€ Understanding the seafloor at scale

mm-resolution over km-extents
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C.japonicus ~ 30~60cm |ntensny
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Numerical summaries

Gas hydrates
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N = 100,000/dive
300 GB, ~31| years 5 days

- Expedition relevant timeframes

Process
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= 100,000/dive.vehicle

Teaching machines to see

Output




Teaching machines to see

Encoder
Network

Output

Encoder
Network

Representatlve -~

Teaching machines to

£ £ Features can occur on patterns
larger than a single image footprint

€ EFeatures can occur along a
depth gradient

sSee

Encoder
Network
Latent Features

Dive 2 Path
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#AdaptiveRobotics
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AE2000f ™,

Area : 11.8ha*, Tsuney: ~20h *1' ha =100 x 100 m
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Machine guided effort
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Studland bay
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Multi-hectare semantics in ope

Seabed facies

Sediments

® Scour tail
® Mound base

® Mound top

Coral cover

Probabilistic heat maps




Multi-hectare semantics |

Seabed facies
Bedrock
Boulders
Mega ripples
@ Sediment

Mega ripples

Boulders

Bedrdék/sediment

Seabed facies
Bedrock

Boulders
Mega ripples

@ Sediment

®

Scalable and Sustainable
Surveys




€& Can we decouple autonomous system
operations from crewed ships”?

€€ Can we decouple autonomous system
operations from crewed ships”?
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Online (remote)
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800,000+ nautical miles
18,000+ days at sea




Scalable operations under constraints”?
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Surface: Established

Underwater: Challenges

Ship-free submersible operations

@

woow

=D 2.4 KBps
30 minutes

Georeferenced classification (N=1500)
e *

- x :“_ “-_"{ ks

T
« Other « 4010 60%
« 0to20% « 60to80%
« 20t040% ,

80 to 100%

Remote awarenes

Knoll Beach

Remote awareness over satellite @’;2,,)- z
140GB summerised into 102kB (8min at 1.9kBit/s) ‘

summary
Summary Trammission
Tridiom SBDy (Lascots: Rep. images) ST (3516)
Time 10 transemit ssmmaries ~17min
Transmitted data size 102kBytes

Representative images
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Remote awareness over satellite
140GB summerised into 102kB (8min at 1.9kBit/s)

Tmaging Survey

lmages acquired 4007

Distasce tavelled 104km

Duration 1A Tmin

Raw image dataset size 190 GBytes

On-line Semmary Generation
150

Latcot represcatations
Pre.procesuag & encoding
images

10min 335 (0.42 vimage)

y ssica
Tidioes SBDs (Lascrns: Rep. images) 31 (35:16)
Time 10 transasit semmarics ~17 min

Transmitied data size 102kBytes

Representative images
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® Water column
* Sand
Algae & Rock
Seagrass 0-20%
® Seagrass 20-40% |
® Seagrass 40-60%
® Seagrass 60-80%

Ship-free shore launched underwater survey

University of
@Southampton

Boaty McBoatface+BioCam
Mass:  770kg

Depth: 4500m

Energy: 13.8 kWh

Forward Avoidance
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Mode Transit Survey
Speed 0.5m/s 0.6m/s
Range 880km 290km
Endurance 21days 6days
Vertical 30m depth | 5m altitude

AUV distance 1013 km
Dive duration 21.5 days

Total 21kWh
(Equivalent ~2L diesel)

Depth

21.9 day over-horizon iridium summary, n=100 points/day
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Transit at 30m depth
Survey (altitude control)

Recharge battery on land

Robot
Seafloor |
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Depth,
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@ Artificial objects
Black discolouration
Shells
Rocks

@ Sediments

— Average AUV is OK!
= Minimum Data is OK!
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@ Artificial objects 50 windows
@ Black discolouration from dive
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Artificial objects
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jo e g Still talking about
A W | A ) = small numbers of slow robots
= in a big ocean

Resolution and cover tradeoffs between modalities

Darwin Mounds  Studland Bay  Haig Fras

SSS 0.2 / 0.2
MBS 1 / /
Bathymetry 1 2 4
Satellite images / 3 /
Aerial images / 0.34 /

50.636°N

$0.644°N

Inferring visual classes onto multimodal priors

Priors
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Latent Features Geo co-registration

Predicted distributions

Measurements

Georeferenced
Images
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Single mode Multimode Spat\a\ data Spat\a\ data
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Analytics into observation feedback

® Machine assisted data interaction for
rapid, flexible summary and interpretation
for quality control & planning

= Robust intelligence together with
platform endurance scalable and
sustainable acquisition

® Predicting observations onto priors for
intelligent route planning and wide area
understanding
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https://oceanperception.com




