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The team DYNI

We are research group of the Laboratoire 
d’Informatique et Systemes (LIS) - UMR 7020 

CNRS hosted at the Université de Toulon 
(UTLN), France. Our aim is develop and 

innovate in methods of machine learning, 
signal processing and data analysis in order 

to improve our knowledge and understanding 
in physical, natural and human sciences.
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SMIoT:  Scientific Microsystems 
for the Internet of Things
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Design of electronic hardware (conception et routage des PCB), 
front-end, RF.

Assembly and testing of electronic prototypes
Industrialization of connected objects

Design, Test and Construction of the 
HIGH BLUE MONO system
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Map of the DYNI collaboration
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Tara Ocean 6
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Schedule: 
2nd Day 
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1. What is sound ? Definition and 
introduction to sound processing

Maxence Ferrari
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Definition and introduction to sound processing
Basic notion
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Sound velocity

Speed at which the sound 
wave (information) 

propagate

Particle velocity

Speed at which the particles 
oscillate

Definition and introduction to sound processing



Definition and introduction to sound processing
Sine wave

Period T
Frequency f = 1/T in Hz or rad/s
1 rad/s = 2π Hz

Am
pl

itu
de

 a
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Definition and introduction to sound processing
Log scale

13

A log scale is useful way to study 
ratio between two values



Definition and introduction to sound processing
Decibel

The amplitude in dB is computed from 
20 log10(a / Aref), with a the scalar 
amplitude, and Aref a reference 
Amplitude

An increase of 6dB means that the 
sound is 2 times louder
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Definition and introduction to sound processing
Decomposition
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Definition and introduction to sound processing
Spectrogram
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Window size : 128 samples

Window size : 1024 samples Window size : 8192 samples



Definition and introduction to sound processing
Filter
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Definition and introduction to sound processing

Cutoff frequency : anything pass it will be 
below 3dB

-3dB is equivalent to divide the amplitude by 
√2 or the power by 2

Order : each order will increase the slope by 
-20 dB/decade or -6dB/octave

lowpass : only low frequencies stays
bandpass : only middle frequencies stays
bandstop : filter out middle frequencies
highpass : only high frequencies stays



Definition and introduction to sound processing
Filter
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Definition and introduction to sound processing

Order 8 highpass filter at 2 kHz



Definition and introduction to sound processing
Directivity and frequency response
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Definition and introduction to sound processing



Definition and introduction to sound processing
Directivity and frequency response
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Definition and introduction to sound processing



Definition and introduction to sound processing
Loss

21

Definition and introduction to sound processing

Spreading loss



Definition and introduction to sound processing
Types of noise
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Definition and introduction to sound processing



Definition and introduction to sound processing
Types of noise
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Definition and introduction to sound processing



Definition and introduction to sound processing
Sampling

24

Definition and introduction to sound processing

Sampling frequency : 1/T

Every period of T the value of 
the signal is sampled

Higher sampling rate also mean 
larger file (in Mb) and higher 
energy consumption.



Definition and introduction to sound processingDefinition and introduction to sound processing
Quantization
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2 bits quantization 3 bits quantization



Definition and introduction to sound processingDefinition and introduction to sound processing
Quantization and clipping
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Definition and introduction to sound processingDefinition and introduction to sound processing
Quantization and clipping
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Definition and introduction to sound processingDefinition and introduction to sound processing
Quantization and clipping
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Definition and introduction to sound processing
Aliasing

29

Definition and introduction to sound processing



2. Introduction to bioacoustics 
and ethoacoustics

Marion Poupard

30



The sound: present in all ecological niches
The acoustic niche hypothesis
Intact habitat: complex and well-defined soundscape with most acoustic 
frequencies occupied
Degraded habitat: the soundscape becomes less rich and less well-organized

Example of Papua 

Recording

ListeningStorageAnalyze

2. Introduction to bioacoustics 

31

Cross-disciplinary science: biology and acoustics
Study the sound production, the dispersion and reception in 
animals (including human)
Different steps of bioacoustics :

Rossing, T. (Ed.). (2007). Snaddon, J., Petrokofsky, G., Jepson, P., & Willis, K. J. (2013)



 
The sounds of any ecosystem are inherently unique and can reveal 
important information about the health of that ecosystem

Passive acoustic monitoring 

More and more accessible with new material: hydrophones and 
microphones 
Improvement of processing power and digital recordings 
technology 
Availability of open-source software, audio processing tools

Recording

ListeningStorageAnalyze

Introduction to bioacoustics 

32
Sueur, J., & Farina, A. (2015)



Introduction to bioacoustics 
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Objectives of bioacoustic

Rare species detection 

Population trend estimation
 

Influence of human on population

Advantage to bioacoustic

Cost effective

Less invasive

Repeatable 

Archivable 

Big temporal and spatial scale !

Sueur, J., Pavoine, S., Hamerlynck, O., & Duvail, S. (2008). 



Introduction to bioacoustics 
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Bioacoustics to Ethoacoustics 

- Bioacoustics : the branch of acoustics concerned with sounds produced by or affecting 
living organisms, especially as relating to communication.

Some bioacoustic programs give greater consideration to animal behavior.
Particularly for cetaceans that pass 90% of their time under the surface. 

- Ecoacoustics: method of large‐scale quantification of ecological communities and their 
habitats (Acoustic Complexity Index)

- Ethoacoustics : Describing behavior of animal that we do not see but listen at.
Spatiotemporal pattern of acoustic and animal behavior in wild animals: soundscape 
ethology

Describe behavior for a better conservation 
Example: Behavioral responses to anthropogenic impacts



Marine bioacoustics :

- Understand the marine mammals behaviour and their relationships with the marine environment

- Marine mammals : 90% of their time under the surface 

- Count or estimate the number of individuals living in a given area

- For some species, bioacoustics may be the only feasible approach with which to acquire 
behavioral data

- Propagation: 1500 m/sec, almost five times greater than in air

- Marine mammals use sound to navigate, avoid danger, locate prey and partner 

Introduction to bioacoustics 

35Au, W. W., & Hastings, M. C. (2008)



Marine bioacoustics 

- Production of sound by many aquatic organisms: Invertebrates (crustaceans), fishes, marine 
mammals... to infrasounds until ultrasounds. 

- Cetaceans : very active with the sound. 

Introduction to bioacoustics 

36

Odontocetes Mysticetes 

- 1.4 to 18 meters
- They feed on fish and squids: Echolocation
- Socialisation: tonal whistles for 

communication
- Buzz (low-power echolocation clicks at high 

speed

- 8 to 28 meters 
- Filter feeders feeding on plankton and small 

fish
- Low frequency tonals for inter-animal 

communication



Different types of sounds: 
- Clicks
- Whistles / Vocalizations

Introduction to bioacoustics 

37AU W.W.L., 1993



Introduction to bioacoustics 
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Intra click effect: 
the inter pulse Interval
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6.66 µs of IPI ~= 14.1 m 
in body length

Simulated versus recorded Sperm Whale click (Ferrari et al 2018)

[1] Clarke, M. R. (1978). Structure and proportions of the spermaceti organ in the sperm whale. Journal of the Marine Biological Association of the United Kingdom

3D model based on a 14.2 m long sperm whale [1] 



Introduction to bioacoustics 
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Introduction to bioacoustics 
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https://youtu.be/NnOkQBzBqms

https://youtu.be/NnOkQBzBqms


Different types of sounds: 
- clicks
- Whistles / Vocalizations

Introduction to bioacoustics 

50



- Hearing in Cetaceans

No external pinnae. Nearly similar cochlea.
B
Vibration of the basilar membrane on cochlea 

Odontoceti can hear underwater through the lower jaw 
bone which conducts sounds to the middle ear.

Large size of the auditory nerve indicate that cetaceans 
are very good at discriminating high frequency tones and 
sound waves and especially where they come from.

Human : audible range sound: 20 Hz to 20kHz 
Odontoceti: 20 to 150 kHz (7 times more than human)

Introduction to bioacoustics 

51credit Science direct



Uses of hydrophones 

- Fix station, sonobuoy
- Towed array during navigation 
- Other kind of mobile array

Marine mammals are subjects to lot of 
treats:

Chimic pollution 
noise pollution 
Loss of biodiverisity
depletion of living ressource 
Increase of human disturbance 

Conservation of marine mammals is 
essential 

Introduction to bioacoustics 

52



How to do a good recording ? 

- Good sampling rate 
- Signal-to-noise ratio (SNR): that compares the level of a desired signal 

(vocalization or clicks) to the level of background noise. SNR in decibels
- Band pass

Good example                                                                            Bad example

Introduction to bioacoustics 

53



How can bioacoustic help in conservation

Studying bioacoustics at the soundscape level is emerging 
as a useful tool for conservationists to assess ecosystem 
health.

Animal vocal behavior can reveal important information 
about critical life history events: ethoacoustic

Influence of human on marine mammals : marine traffic 

54Laiolo, P. (2010).  Richardson, W. J et al 2013



Ethoacoustic

Ethoacoustic 

55

Sexual selection for call 
complexity

Presence of juveniles

Alarm and defense 

Monitor presence via prey 
species’ alarm calls 

Specific calls for hunting

Sociality and vocal 
complexity 

Vocal convergence within 
and between groups
cultural transmission

animals that live in 
complex societies exhibit 
complex vocal repertories

Reproduction and 
recruitment

Monitoring programs should be designed to record appropriate vocal behaviors while 
maximizing efficiency 

Teixeira, D., Maron, M., & van Rensburg, B. J. (2019)



How can bioacoustic help in conservation

Example of applications

Provide direct measure of reproductive events: birds
Acoustic allometry

Group behaviors and contexts, for example, foraging, fission–fusion, demographic composition

Social complexity hypothesis for vocal communication: animals that live in complex societies exhibit complex 
vocal repertoires

Monitor predator presence or abundance via prey species' alarm calls

Signal the presence of juveniles in groups

56
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Conclusion

Introduction to bioacoustics 

Acoustic monitoring 

Behavioral state
ethoacoustic Influence of human Population 

trend estimation
Rare species detection Physiological information

Conservation / Management

Important to choose the algorithm according to species and the problematic 

Whitehead, H. (2010).



Emitted Frequency
25 kHz 50 kHz 75 kHz 100 kHz 125 kHz 150 kHz 175 kHz

                                                                                                                                                      Stenella longirostris - 100 Hz -- 160 kHz
                                                                                                                                                Delphinus delphis -  200 Hz -- 150 kHz
                                                                                                                                               Tursiops truncatus - 200 Hz -- 150 kHz
                                                                                                                                                Stenella attenuata - 3 kHz -- 150 kHz
                                                                                                                                                                                Kogia sp. - 60 kHz -- 200 kHz
                                                                                                Grampus griseus - 2 kHz -- 105 kHz
                                               Mesoplodon densirostris - 1 kHz -- 55 kHz
                        Orcinus orca - 100 Hz -- 35 kHz
                                Peponocephala electra - 8 kHz -- 40 kHz
                     Physeter macrocephalus - 100 Hz -- 30 kHz
          Stenella frontalis - 1 kHz -- 23 kHz
                                         Mesoplodon europaeus - 30kHz -- 50 kHz
                                  Ziphius cavirostris - 22 kHz -- 42 kHz
              Globicephala macrorynchus - 500 Hz -- 20 kHz
       Globicephala melas - 10 Hz -- 15 kHz
           Stenella clymena - 6 kHz -- 19 kHz
    Megaptera novaeangliae - 20 Hz -- 10 kHz
    Steno bredanensis  - 4 kHz -- 12 kHz
  Pseudorca crassidens  - 4 kHz -- 8 kHz
    Lagenodelphis hosei  - 8 kHz -- 13 kHz
Balaenoptera acutorostrata - 60 Hz -- 6 kHz
Balaenoptera edeni   - 70 Hz -- 950 Hz
Balaenoptera physalus   - 10 Hz -- 750 Hz
  Trichechus manatus - 2.5 khz -- 5 kHz

       Human 

58

Targets in Carimam project



3. Examples of Study Cases 

a. Pantropical spotted dolphin (Stenella attenuata)
b. Long term stereo sonobuoy
c. Orca (Orcinus orca)
d. Sperm whale from Autonomous Surface Vehicle

© Marion Poupard

© Marion Poupard
59



a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on 
dolphins

- Pantropical spotted dolphin, Stenella attenuata
- Analyse impact of whales watching on communication of Pantropical spotted dolphin : 

comparing whistles produced without boat with whistles in the presence of several boats
- Develop a method of analysis of treatment and interpretation of a bioacoustic dataset

60



- A number observations were made
- Motor was off
- Hydrophone (H2a-XLR, Aquarian Audio Products)
- Continuous recordings were made during the times when dolphins were present.
- The environmental data :
- -  Start and end of the observation, the date, Geographic coordinates
- -  Number of animals, Behaviors, adults and juveniles
- -  Number of boats in the area

a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on 
dolphins

61



-

D
etection processing

Automatic detection

Signal on spectrogram
 
Binarization

Continuous trajectories ? 
62

a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on 
dolphins



Extraction of
features for 

each whistles

Autom
atic detection

Matrix for each recording containing: 
12 features (for each whistles) : maximal, minimal frequencies,  duration, 
velocities of whistles... 

Dimensionality reduction
 t-SNE: Ethoacoustic clusters? 

clustering and NMI

Max freq Min freq duration … … … …

whi 1

Whi 2
63

a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on 
dolphins
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a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on dolphins



- Whistles depend on activity 
- Acoustic emissions in 

anthropogenic pressure (AP) are 
different compared to other 
behaviours 

- Modulations of frequencies
- Variations between species, 

areas and individually
- Extension of this method for 

other species

65

a. Ethoacoustic by bayesian non parametric and stochastic 
neighbor embedding to forecast anthropic pressure on dolphins



b. Long term stereo sonobuoy  

Hervé Glotin

66

Cumulation of maritime roads 
during one summer : high risk 
of collision of large cetacean



b. Long term stereo sonobuoy : soundscape 
monitoring  
Noise emitted by this Ferry with various hydrophones and directions but same place



SABIOD BOMBYX Observatory – near Port Cros 
National Park – 2014 – 2019...

b. Long term stereo sonobuoy  



Bombyx undersurface 
sonobuoy, pointing to south, 

with stereo antenna to 
estimate azimuth of the 

sourceStereo allows 
azimuth estimations

 Hydro 1                        Hydro2

b. Long term stereo sonobuoy  



Time Delay of Arrival 

Hydro1

Hydro2

Time Delay of Arrival

b. Long term stereo sonobuoy



Example of monitoring of Pm versus time from stereo Bombyx. Time Delay Of Arrival showing acoustic detections of Pm going from East 
to West in 5 mn nearby Bombyx the 21/09/2016. 71

b. Long term stereo sonobuoy  



72

b. Long term stereo sonobuoy  
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b. Long term stereo sonobuoy : Example of track  



Following Physeter’s tracks  

Example of monitoring of Pm versus time from stereo Bomby Total Pm countings and directions in the 0-15 km range of 
Bombyx, Red: from East to West, Blue inverse, Green: unknown, on 76 days of summer 2016 (Glotin et al., Vamos Pelagos 
2016) 74

b. Long term stereo sonobuoy  
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b. Long term N-hydrophone subsurface sonobuoy: GIAS 2019-22 
     biopopulation and anticollision system

● Extension of BOMBYX subsurface stereo sonobuoy to 3 to 5 Hydros for biopop. studies
● Online detection
● Low power subsurface buoy
● Analogic trigger 
● Computation into the buoy of basic features
● TDOA 
● Intensity difference
● Transmission of detection each 30 min to manager to help to avoid boat / whale collision

more details : 

http://interreg-maritime.eu/fr/web/gias/-/gias-presentato-a-palazzo-san-giorgio

http://interreg-maritime.eu/fr/web/gias/-/gias-presentato-a-palazzo-san-giorgio


c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 

- Orca (Orcinus Orca) top predator of the marine food chain.
- The Northern resident killer whale community [1] pods dialect: repertoire of 7-17 discrete calls.
- But how could we more describe the orca communication ? 
- Who When voices Which pattern nearby Whom ?
- Is there any acoustic individual Identity that would complete the acoustic pod Id ?

These question demands detailed timing and localisation of the vocalisations and pulses. 

© Orcalab© Orcalab 76



How describe the orca communication? 

2 different protocols: analyze the actuals recordings and put 
another antenna 

© Orcalab© Orcalab 77

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



Material 
The hydrophones record the soundscape continuously.
Transmission of recordings to the Orcalab station in real time via VHF.
Then digitized to a  Presonus analog-to-digital converter (ADC) and sent to a PC in Orcalab. 
The recordings are then compacted in segments of 2 minutes including all 5 channels (.flac, 22050 Hz)
Each segment is then sent to DYNI Toulon University big data NAS (Network Attached Storage) .
In total, from July 2015 to 2017, around 50 TB of sound (about 14,500 h) was stored on our server.

© Orcalab© Orcalab 78

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



Material 
Data set for training is composed of 872 orca vocalization samples and 6801 noise samples (boats, rain, 
void..).
Split randomly with 20% for the test set, 60 % for the training set; 20 % for the validation set.
Train a CNN originally designed for a bird detection task [3] to distinguish orca vocalizations
Computation of Orca predictions from 2015-2017.
An ROC threshold of 0.9 is applied to the output of the model.

© Orcalab© Orcalab

Table 1. TEST SET PERFORMANCE OF DEEP LEARNING  
MODEL FOR ORCA DETECTION

79

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



Material 
2 days of computation required for 2015-2017 data.

Orcas  are  present (acoustically) mostly during summer 
(June, July, August and September)[4].

orcas are abundant in Johnstone Strait between July 
and October, when salmon migrate into it.
The second peak (October-December) may reflect the 
presence of Humpback whales [5].

© Orcalab© Orcalab 80

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



Results
Estimation of the acoustic activity of orcas in the range 
of each hydrophone over time.
Example for August 24, 2017.

© Orcalab© Orcalab 81

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



Protocole 2: installation of an antenna with 4 hydrophones
Calculation of the TDOA 
Identification in real time of each individual 
Pictures and videos

+ Photo Id of the fin

82

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 

https://docs.google.com/file/d/1GU5vEQ3hg0qfth5uKGpZpiNo_XZ-xKxW/preview


Identification in real time of each individual 
Pictures and videos

83

Group 1: Big group made up of I16s, I65s and I27s
Group 2: one orca, A66

Az
im

ut
h

Time

c. Can we identify Individual orca Calls within a Cocktail Party 
of Orcas ? 



d. Mission Sphyrna 
Odyssey 2018/2019

Monitoring bioacoustic

pollution measurement

Mapping

Trajectography

84



- 17m long and 4m large, made of carbon 
fibre

- Inspired by the shape of Polynesian 
canoe

- Two asymmetric hulls: decreasing pitch 
and roll

- Electric propulsion (solar energy)

d. Mission Sphyrna Odyssey 2018/2019

85
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The drone Sphyrna

d. Mission Sphyrna Odyssey 2018/2019



d. Mission Sphyrna Odyssey 2018/2019

H5

H4

H3

H1

H2

Design of the antenna

87

http://sis.univ-tln.fr/~glotin/GOPR2703.MP4


Direct                                          Surface echoes

C75

C57

C57

C75

C75

Example of Clear dolphin clicks, TDOA measures, recorded on 5 channels

88

d. Mission Sphyrna Odyssey 2018/2019



12th of august

89

d. Mission Sphyrna Odyssey 2018/2019



Data analysis

90

d. Mission Sphyrna Odyssey 2018/2019
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d. Mission Sphyrna Odyssey 2018/2019



breathbreath

Raw position during 2 hours of recording of Physeter

92

d. Mission Sphyrna Odyssey 2018/2019



Calculations of TDOA
Calculation of positions
Tortuosity: index of the movement behavior

93

d. Mission Sphyrna Odyssey 2018/2019





2019 Sphyrna Odyssey : 2 drones 
=> long term drifted monitoring
=> comparison to towed array
Perspectives in monitoring biodiversity between sonobuoys
 

95

d. Mission Sphyrna Odyssey 2018/2019
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d. Other tracking : Large Fixed Antenna  

Bahamas AUTEC



Demonstration on real data : 

[Glotin et al. Multiple whale tracking USA patent 2013
Glotin et al. Whale Cocktail Party, Canac Acoustics, 2008 
Bénard Glotin, Neutrino whale tracking, Applied Acoustics 2011 ]
 

Online demo at http://sabiod.org/tv
RANGE [ 500 to 5000 m] prec :15m



3. Listen to various cetacean 
4.Recordings: Orcas, Sperm whales, 
Dolphins...

Marion Poupard

98



Some recordings...

Orca (Orcinus orca) Pantropical spotted dolphin 
(Stenella attenuata)

Humpback whales 
(megaptera novaeangliae)

Sperm whales (Physeter 
macrocephalus) 

Long-finned pilot whale 
(Globicephala melas)

Beluga whale 
(Delphinapterus leucas)

99



5. First results of the Cariman project 

Maxence Ferrari
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5. Classification, overview : (a) Machine learning

101



5. Classification, overview : (a) Machine learning

102

Learning = separate classes in optimal representation



5. Classification, overview : (a) time frequency dictionnary

Classification of mysticete sounds using machine learning techniques

103

Southern R.         Hump.                  Bowhear               Blue                   Fin                          
Fin



5. Classification

Truth

Pr
ed

ic
te

d 
Va

lu
e

- Classification of Mysticetes

South righ w.
Humpback w.
Bowhead w.
Blue w.
Fin w.

104



5. Classification : (b) Convolutionnal Deep Learning

105

Convolutional Neural Networks (ConvNets or CNNs) are a category of Neural net that have proven very effective in 
areas such as image recognition and classification. ConvNets have been successful in identifying faces, objects and 
traffic signs apart from powering vision in robots and self driving cars.

LeNet was one of the very first convolutional neural networks which helped propel the field of Deep Learning. This 
pioneering  work by Yann LeCun was named LeNet5  and was used mainly for character recognition tasks such as 
reading zip codes, digits, etc. (1988).

There have been several new architectures proposed in the recent years which are improvements  over the LeNet, all 
mostly based on same cascade of (Conv, non lin, pool) and then classification.



5. Classification : (b) Convolutionnal Deep Learning

106

credit 
Harley 
2015

The Deep Neural Net
learns from lot of
labeled samples
a representation
to classify 
inputs.

raw input : signal

output : proba
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Neural network architecture of the DOCC10 model

RAW
WAV
Input

 signal

Output
 probabilities

0.03

0.9

0.03

0.001

0.01

0.01

0.00

0.008

0.01

0.001

5. Classification : (b) Convolutionnal Deep Learning
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Training dataset made by CARI’MAM

5. First results on Carimam

Characteristics

Sampling rate ranging from 128 Hz to 1 MHz

Each species has a specific recording device 
associated

Weak label

Unbalanced classes

Why is it not convenient yet ?

Resampling can generate learnable artifact

The network could learn to discriminate 
using the background noise

Unusable if the cue rate is too small

Smaller classes will be overfitted
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Training dataset made by CARI’MAM

5. First results on Cariman 

stenellaattenuata_137105_mtq_aqs_20112016_17.wav showing various noises band at 25, 
75 kHz and some impulsions.
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5. First results on Carimam

Characteristics How to improve week label
3 To

Sampling rate at 200 kHz

Multiple site location per species / site are 
not species specific 

Weak label

Almost balanced classes

1) Tk based detector

2) Discard samples with multiple labels

3) Filter on the centroid of the clicks

DCLDE dataset



5. Automatic classification, first results on Cariman

111

Examples of dclde test instances for each class (4096 samples long)
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Zoom on the 256 middle samples of the previous test instances 

5. Automatic classification, first results on Cariman



113

Examples of dclde training instances for each class (4096 samples long)

5. Automatic classification, first results on Cariman



First results - DCLDE test set (12Go)
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 Pm  Physeter macrocephalus- Sperm whale

5. Automatic classification, first results on Cariman



Effect of 
NOISE :

High to 
Low Signal 
to Noise
Ratio

115

5. Automatic classification, first results on Cariman
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5. Automatic classification, first results on Cariman

Merging in groups :  for simplicity of illustration
we merge the probabilities of species into these 7 groups

( except Kogiidae which is not yet represented )



HighBlue Mono recorder

- 24 bits / 16 bits / 8bits mono channel
- Sampling frequency up to 512 ksps.
- Easy schedule of recording sessions
- SD storage : up to 512 GB
- 7 to 28 D -type (24Wh) batteries
- Up to 28 batteries in 56cm tube 

117

5. First results on Cariman 



The sound card

Qualilife sound: high performance 
audio extension board

high performance anti-aliasing filter
Analog pre-filtering 

Direct HDD USB recording

Hydrophone

C75 
omnidirectional 
high freq. answer
(200 kHz)
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5. First results on Cariman

3 sets 

SABA 2nd to 12th of April 2019
St Barth 1 : 26th March to 3rd April 2019
St Barth 2 : June 2019

Result :
Presence of Humpback in SABA and St 
Barth 1

Presence of Physeteridae in St Barth 2 
(days 4 & 5), nursery ?
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Probability of 
each classes 
but the noise 
class

Thresholding: 
Detection for 
each species

Distribution 
of the
probability of 
the sperm 
whale class

Mode 1:                                                                                            Mode 2: 
no presence                                                                                     presence

day 1                 day 2               day 3                day 4                 day 5                day 6

day 1                 day 2               day 3                day 4                 day 5                day 6

Detected

Not dtetcted

5. Automatic classification, first results on St Barth 2

Delphininae
Globicephanlinae
Physeteridae
Ziphidae



St Barth. session 2 : Classification and detection of Physeter macrocephalus
Validation in day 4 : 
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IPI
~
2ms

5. Automatic classification, first results on St Barth 2



Click train of Physter in St Barthelemy

121

Inter
Click
Interval
~
1 sec

5. Automatic classification, first results on St Barth 2



Physeter IPI distribution on St Barthelemy : small individuals nursery ?
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signal

 

IPI
(from AC)

Distribution

5. Automatic classification, first results on St Barth 2
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5. Automatic classification, first results on St Barth session 1

no presence of Physeter, but possible Delphi.
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Voicings can be automatically 
extracted to classify the 
different species.

Blue whale : [ 10 , 50 ] Hz
Fin whale : [ 30 , 80 ] Hz
Megaptera n. : [ 400 , 8000 ] Hz
Orca : [2000, 20000] Hz (here : )

We have developed such tools
for CARIMAM.

5. Automatic classification, time frequency tracking

Filtering
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St Bart session 1 & SABA : Classification of Megaptera n.

Voicings are automatically extracted also 
at low SNR with local TF tracking.

Then we follow by a neighbour search in 
time frequency domain voicing.

Results are given here with classification 
of Megaptera on St Barth session 1 :

5. Automatic classification, first results on SABA

Filtering

CARIMAM
SABA

file 222



5. Automatic classification, first results on Cariman 
Result on complete 2 days, full time of SABA 2nd to 4th April 
2019

H
z

Humpback
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Time (5 days, file number) 

Detection
1

0

1000

800

600

400

200

0



Maps of the study area : There will be joint observations between several stations  

5. Perspectives : Network of joint observations
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Importance of collaborative
annotations for data set 
construction

=> Crowd annotation, 
online tools : Dynitag

5. Perspectives : Online collaborative validation
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5. Perspectives : 
unsupervised 
approach & crowd 
annotation
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Projection from raw audio
of clicks of DCLDE (will be 
Carimam), showing
groups that are partialy  labeled : 
crowd annotation
will add label of the centroids
and we will propagate labels
(Schlüter Glotin 2019)



5. Perspectives : semi-sup and active learning in Carimam
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Journal of Biomedical 
Informatics

Volume 72, August 2017, 

Pages 67-76

https://www.sciencedirect.com/science/journal/15320464
https://www.sciencedirect.com/science/journal/15320464
https://www.sciencedirect.com/science/journal/15320464/72/supp/C


5. Perspectives : unsupervised approach and song analysis
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Automatic
writting of the score
of the song
(Bartcus, Glotin 2015)



6. Explanation of the material and the 
experiment

Hervé Glotin
Maxence ferrari
Marion Poupard
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Steps for the installation

Step 1

Deploy underwater 
and retrieve after 40 
days

Step 2 Step 3 Step 4

Store in a secure 
place and Repeat

Set up the 
hydrophone and 
transport to the 
mooring

Make a local copy of 
the data and send a 
hard drive with the 
2nd copy in France
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Step 1: Set up the 
hydrophone and 
transport to the mooring

SD card information

Electrical connections

Setting up the batteries 

Close the tube

Turn on the switch

Setting up the hydrophone 134



SD card informations : set up of the card

SD card
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The script must be like this one



Electrical connection

Alimentation connector

Hydrophones 
conector

Interconector
External capacitor 

connector 136



Setting up batteries

First row Second row Third row in the center Raise the second row

Introduce the third stack in the middle *Repeat * 5 timesRibbon on the last stack 137



Close the tube 

Slide the assembly into the 
tube with the 4+1 threaded 
shaft
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Close the tube 

- Screw the upper nuts (4) + the big screw (ring)
- Put the locking pin
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Turn on the switch
- Turn the switch all the way to turn 

on the card
- Check that there are orange and 

green LED
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Setting up the hydrophone

141

Do not expose to direct sun.



Set up the Station

- Rugged Barvell plates (20kg) as an anchor: easy to 
handle on boat and sustainable underwater. 
- Dyneema rope: good resistance for low drag
-Deep water-adapted low volume buoy to avoid 
entanglement 
- JHB hydrophone system at a depth accessible to 
divers (20m) at mid depth (far enough from the 
bottom
- Zip ties to attach hydrophones to the mooring line
- White sub-surface buoy
- Surface buoy
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Step 2: Retrieve after 40 
days

- Open the tube after being dried 
- Remove the split pin 
- Unscrew the axle nut
- Check that there is no water inside 

the tube
- Open the tube
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Step 3:Retrieve data, 
copy, and prepare new
installation

● Remove the uSD card
● Make a local copy of the data, keep it in 

a safe place (dry, no sun, medium 
temp.) 

● Make and send another copy to France 
● Open the sound with Audacity to check 

the quality of the signal  
● Prepare the uSD for the next recording

(check scripts and clear .wav files)
● Reset the clock (UTC) of the recorder 

before to reinstall it, so all stations of 
CARI’MAM are always synchronous.

SD card
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Step: storage of the 
material

- Rinse the outside of the tube and 
the hydrophone

- Store dry in the suitcase
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Recording IntervalThe final analysis yields to 
1 min recording for 5 min stop, 
512 kHz Sampling Rate, 16 bits
as sum up in this table. 
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Thank you !
Hervé Glotin                                                      Marion Poupard                                                   Maxence ferrari
http://glotin.univ-tln.fr                                                     marion-poupard@etud.univ-tln.fr                                     maxence.ferrari@gmail.com
glotin@univ-tln.fr                                                             Tel: +33668283348                                                              
Tel: +33 4 94 14 28 24
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