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Observation of animals during their dives
Biological marker
Evaluation of the acoustic pollution
Anti-collision program

Goals

Usual methods
Visual observations

random

DTAG
unstable

Active acoustics
repulsive

Observation of Marine Mammals ?
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Sounds emitted by marine mammals

Harmonic sounds (vocalizations, whistles…) and non-harmonic sounds (clicks, buzz…)
A large set of differents sounds

A vast diversity of vocalizations from one species to another 
and from one individual to another within a species

diverse acoustic pressures (20-220 dB re1uPa at 1m)
wide band of frequencies (20Hz – 200 kHz)

Illustrations

Sperm whales: regular clicks, creaks, codas

Striped dolphins: clicks, whistles
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Our proposal : Passive Acoustics Marine Mammal Monitoring

Objectives
Endeavour for the inventory of marine mammal species
Distinction between resident, semi-resident and non-resident species
Localization of possible hot-spot in front of Hyères
Study of the behavior and their displacements

Method
Passive acoustics
Detection and identification of the local marine mammal species
Localization of individuals in the same time

Difficulties
Variant underwater noise
Variant size of the group
Large bandwidth and large variability in the sounds they emit

Challenge
Extraction of individual emission inside a “WHALE COCKTAIL PARTY”
Estimation of the number of individuals from their sounds
Extraction of parameters for acoustic signature
Behavior analyses

=> No interactions with the animal neither its environment, low cost & long term survey
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The strongest points of our proposal
Our experience

More than 20 journal papers since 2004, 
Development of real time tools for detection and tracking of marine mamals
Benchmarks on : NEMO, 

NAVY/AUTEC Bahamas, 
Porquerolles,
DGA tremail,
Madagascar,…

What we propose
Software for automatic analysis and classification of marine mammals sounds 
recorded by Nemo and Antares
Real-time processing
Estimation of the localization of individuals
Organization and gestion of the cetacen dataset (stock, access, XML structuration)

What we need
Access to all acoustic recordings
1 Post-doctorant, 18 months
1 technician, 18 months
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Recordings of underwater sounds using hydrophones

Passive Acoustics data…

Photo:Nauta

Alignement of the hydrophones
Position of the hydrophones
Time synchronization

Difficulties
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Our acoustic observations (TOULON 2004)

Mission MARIKA 2004
20 scientists
7 hydrophones
6 laptops
3 sailing boats
1 airplane

Visual and acoustic observations 
of sperm whales, fin whales, 
dolphins

huge organization 
for one week

Not the solution for 
long-term observations
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Hydrophone array acquisition

Dataset of the 
2nd International Workshop of Detection and Localization of Marine Mammals 

using Passive Acoustics (Monaco, 2005)

Satellite Image from NASA
AUTEC

Data from Atlantic undersea Test & Evaluation Center (AUTEC) / Tongue of The Ocean (TOTO)
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Hydrophones position

-1 522-19 23812 0075

-1 361-18 0648 6724

-1 553-16 18914 3183

-1 556-11 89712 7882

-1 530-14 95310 6581

Z (m)Y (m)X (m)Hydro
phone

• 25 audio files 
• Total of 25 min
• Recorded on 5 hydrophones
• FS =  48 KHz
• Data set 2 of the workshop

[map from AUTEC ]

ANDROS
(Bahamas)
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RESULTS : Detection and Localization of Sperm Whales

Multipulsed structure : Mohl's model (2003)

Remark
Length of the animal deducted from

sc
DF2IPI =

Click analyses : a specific structure
Sperm whales emit high level click

for communication, these clicks are omnidirectional
for echolocation, these clicks are directional. 

With a click at 185 dB re: 1 µPa (resp. 225 dB re: 1 µPa), the sperm whale could detect
a 10-cm length cephalopod at a distance of 100m (resp. 1000m)
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Detection and Localization of Sperm Whales

Parametric approach

Interest
Fast convergence
Instantaneous tracking of features
Stability of the algorithm
Time-frequency representation
Real-time applications
Robust to noise

Applications
Detection of the clicks
Robust measure of the IPI
Recognition of the clicks

Schur Method
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Detection and Localization of Sperm Whales

Advantages
Detection and localization
Material easily portable
No extern synchronization
Less sensitive to the directivity
Hydrophone at an unknown depth

Photo:NautaPhoto:Nauta
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With the direct signal and one echo
in 3D : hyperboloïde

Method
Direct path and echoes
Measurement of the delays
Measurement of the relative amplitude

Localization using a single hydrophone

Results
Extraction of the depth of the animal
Distance from the hydrophone
Using the law, roll, pitch
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Filtering TDOA

Localization using multiple hydrophones

TDOA(i,j) + TDOA(j,k) = TDOA(i,k) ±err

initial TDAOs Selected TDAOs

Detection and Localization of Sperm Whales
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Estimation du profil de célérité sur le Set2• 5 hydrophones
• Estimation de |c| en fonction du temps
• Correction du biais

D
ep

th
 (m

)  

Time (min)

1 whale tracking with 3 different models: PIMC (LSIS), Bellop (SOEST), M3R (US Navy) 



16

Detection and Localization of Sperm Whales

- Multiple tracking of simultaneous clicking whales  (patented) 

Localization using multiple hydrophones

- Confidence regions: 30m large

Advantages

- Real-time

DEMO: 
http://glotin.univ-tln.fr/PIMC/DEMO

- Behavior analyses

Compared to Hawaï univ estimates : 



Blind Source Separation

Behavior data

Semiotics analysis

Dialect & Group Id.

Age & Sex Id.

Population & Migration dynamic

Species identification

Tracking

Voicing pattern 
and transient

analysis

counting

Hydrophone array records

Labelling

PIMC project : integrating multimodal analyses for cetology

Tracking for 
counting…

Ingestion … 
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SPECIES the ANTARES site :

dB 1uPa 1m  - frequency (Hz)
sperm whale (Physeter macrocephalus)            160-220         [  100 ;  30000]
fin whale (Balaenoptera physalus)                     150-190         [    30 ;      750]
long finned pilot whale (Globicephala mela)       180                [  500 ;  24000]
Risso's Dolphin (Grampus Griseus)                   120                 [5000 ;  65000]
striped dolphin (Stenella coeruleoalba)                                     [6000 ;150000]
bottlenose dolphin (Tursiop truncatus)              125-220           [  800 ;130000]

credits H. Peltier – Risso’s dolphin

credits S. Mizroch –pilot whales

credits F. Gally – bottlenose dolphincredits NOAA – striped dolphin

Last inventory of marine mammals species done in 1990 :
incomplete and submitted to discussions
A new inventory is planned for the next two years (2008-09)
program supported by Accobams, PELAGOS Sanctuary
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