4_ad

| REAL-TIME,
RESOLUTION
NAVIGATIONAL

NARE FOR WHALE
AVOIDANCE

BENEDICTE MADON!",
RENE GARELLO?,
ROMAIN DAVID?,
LINWOOD PENDLETON!,
RONAN FABLET!

'UBO/IUEM: ?IMT SIMBE




SUMMARY

1. THE ISSUE

1.1 Whales vs Ships
3.2 Eco-System

2. AN OCEAN OF DATA

1.1 Whale watching
1.2 In situ sensors
1.3 Satellites

3. CONCEPTUAL APPROACH

2.1 Machine learning
2.2 Towards Al

4. OUTCOME

3.1 Conclusions

MY

IMT Atlantique
Bretagne-Pays de la Loire
Ecole Mines-Télécom

A CRRSNE I et 7 Lk ntih ol S
el drtrerin



THE ISSUE
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WHALES AS ECOSYSTEM ENGINEERS

Zooplankton, Fish Marine Mammals
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Copyright Roman and McCarthy (2010) The whale pump: Marine
mammals enhance primary productivity in a coastal basin (Image
from Wikipedia Commons)
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WHALE-SHIP STRIKES

©Thetys

O©CINNS/NOAA

=== ©Souffleurs d'Ecume

- &
i) r_ i =

e S
\
IMT Atlantique ®" ,, A
Bretagne Pay s de la Loire !,‘_

G
Ecole Mines-Télécom T IO O DRSS o & (IOp
et

SUSTECH 2017 - PHOENIX, AZ - NOV. 2017



AN OCEAN OF DATA
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DATA SOURCES: ACOUSTICAL SURVEY

PS5 poshoning

geoushical Trac KINg
of a sperm whale
IPhvseler macrocenhaius)

Centmo Inferdisciplinare di Bioacustica dell'Universita di Powvia - alia
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DATA SOURCES: REMOTE SENSING

o Manually digitized A Probale whale

Possible whale

Object only
visible in Band 5
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Fretwell et al (2014) Whales from space: Counting Southern right wales by satellite. PlosOne e88655
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DATA SOURCES: CROWDSOURCING

flickr ou

94 Whale watching
companies
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» Hammer Head <« 802 3 3 Taken on July 29, 2009
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Striped Dolphin Ii () Alrights reserved

PRO| Today's shot is of a striped dolphin as they swam around our
Turmares boat Rainbow on the sixth day of our WDCS whale
watching trip.

This was one of the striped dolphins that swam around the boat with Canon EOS 40D

the commean dolphins that | have posted in the last two days.

My blog of day 6 can be read here.

/6.3 100.0 Ceuta Province, Spain
EQS 40D ™ 100-400L @ 100mm ™ 1/800 ™ {6.3 ~ 1SO200  Av mode. . @ f @ mm
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CONCEPTUAL APPROACH
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A Probale whale
Possible whale
Object only
visible in Band 5

Manually digitized

A MANUAL APPROACH
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Goal: Deep Learning -
Automatic Recognition

REaltime Plotting of CETacean (http://www.repcet.com/ en),
Example of end-users

4 /.YTbe
IMT Atianti
oy Jo fa Loie - g

gPdI
Eco écom

SUSTECH 2017 - PHOENIX, AZ - NOV. 2017



METHOD: MACHINE LEARNING

Deluge of available data, BUT in need of interoperability (unit, time
& space, etc...), synergy and models,

Systems too difficult/expensive to manage manually,
Systems that can automatically adapt and customize,

Towards Al, as a help.
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MACHINE LEARNING

Measurin ; Dimensionality o Model
ﬂE'H'lI':Hg Freprocessing reduction Prediction selection
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Sensors Feature selection Cross-validation
Cameras Feafure projection Bootstrap
Databases
Noise filtering Classification
Feature extraction Regression
Normalizafion Clusterng
Descriplion
After “Machine Learning”, Dr. Lior Rokach,
. Ben-Gurion University
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NEURAL NET - KALMAN

Inputs Output
Direct
detections
Sensor Probability
detections of
presence
Related
Parameters: SS
Ocean color, etc. Hidden Dependent
Variables
Independent layers
Variables
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OUTCOME

d_

IMT Atlantique ®
Bretagne-Pays de la Loire
Ecole Mines-Télécom mye o oyt rerim

Pt e ittrranden O DO vertld of o dooioge




TENTATIVE SCHEME

Live map of whale encounter likelihood

information
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<- Heterogeneity complexity- Data mining - Graph theory- Modelling ->
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CONCLUSION

Maritime activities relies on the sustainable use of oceanic
ecosystem services,

Benefits ranging from food production to climate regulation,
Whales, large influence on their ecosystem by controlling the
biomass at lower trophic levels, shuttling nutrients throughout the
water and contributing to carbon storage.

Concerns
< underwater-noise-pollution
< rising ship strikes

Mitigation tools
< understanding through variety of data sources
< predicting, when, where and how ship strikes may occur
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