TOWARDS AN
AUTOMATED REAL-TIME
ACOUSTIC MONITORING

OF BEAKED WHALES

A PRELIMINARY CLASSIFIER FOR
ANTARES UNDERWATER OBSERVATORY

DCLDE 2015, San Diego, July 14, 2015

Alba Solsona Bergq ’, I Laboratori d’Aplicacions BioacUstiques (LAB),
Universitat Politécnica de Catalunya, Barcelona

Simone Baumann-Pickering ?, Mike van der Schaar!, | 1.

Marie A. Roch 3, Michel André! 2 Scripps Institution of Oceanography, University
of California.

AE @ biu| G'Enginyeria de Vitanova i Ia Geltra SR T i T 3 San Diego State University

UNIVERSITAT POLITECNICA DE CATALUNYA © UCSanDiego  SaN DGO STATE
UNIVERSITY




LB (@) @ | | | o] |

=== =

DetectorID, (SNR)

- S0 onses'om

P{Class), {Features)

 Onsetsoffsets, P(Ciass) 1 |
. — Azimuth, Elevation, {Distance) -
ido

LISTENING TO THE DEEP-OCEAN ENVIRONMENT
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TRAINING
PROCESS

1. Extract features from training data
2. Standardize feature values

3. Train model for each class with Gaussian
Mixture Models

and select a good model conformation via

1. BIC (Bayesian Information Criterion):

select model type and number of
components

2. Test data: select regularization
parameter

4. Validate the models

Acousticdata set 1 | | Acousticdata set 2

Feature
extraction

Feature matrix 1 | | Feature matrix 2

Merge feature

matrices

Feature matrix 12

Clean feature

matrix

STDVAL

Feature matrix 12¢

!

Trained GMM

Model selection

Preliminary model

el conformation 1

Preliminary model
conformation 2

-

Final model
conformation

viatest set

Acousticdata set 3

Feature matrix 3

Trained GMM

Multiclass classifiaction configuration file
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DATA BW: Cuvier’s beaked whales
Not BW: Dolphins and Unidentified Odontocetes

Training Data Validation Data

BW: N = ~30,000 clicks 20 files BW: N = ~9,000 clicks 15 files
Not BW: N = ~1,070,000 clicks 22 files Not BW: N = ~1,130,000 clicks 12 files

Season: late spring and beginning autumn  Season: late spring and summer
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FEATURE EXTRACTION

8 SPECTRAL FEATURES 8 TEMPORAL FEATURES

1. Center of Spectrum 9. Standard deviation

2. Standard deviation 10. Skewness

3. Skewness 11. Kurtosis

4. Kurtosis 12. Degree of peakiness

5. Degree of Peakiness 13. Duration

6. Peak Frequency 14. Duration envelope above 50%
7. Sweep Rate 15. Inter-pulse-interval (IPl)

8. R? — Goodness of fit 16. Reliability Measure (RM)
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SWEEP RATE
ESTIMATION

1. Problematic with non zero mean pulses.
Solution: Osculating Circle Method
2. Problematic with distorted envelopes.

Solution: Smoothing the phase

Frequency {(Hz)

Frequency (Hz)

BW

Not BW
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SWEEP RATE
ESTIMATION

1.

2

Problematic with non zero mean pulses.
Solution: Osculating Circle Method
Problematic with distorted envelopes.

Solution: Smoothing the phase

Traditional Gabor’s method using Hilbert Transform

Y
A Velocity

A
.
R
o0
\O

Osculating Circle Method

i

A
Velocity

(1)

a Accelgration

0,(1)

X

Hsu et al. 2011
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VERCOMING

THE NEGATIVE INSTANTANEOUS
FREQUENCIES

Instantaneous Frequency (kHz)
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AN DILGO STATS

VERCOMING

THE NEGATIVE INSTANTANEOUS
FREQUENCIES

Instantaneous Frequency (kHz)
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THE NEGATIVE
INSTANTANEOUS
FREQUENGHES- freauence

Sweep rate: 91.96 kHz/ms
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Q.2
SWEEP RATE
ESTIMATION
RESULTS

Sweep Rate (kHz/ms)

-000F ' . S

N = 1103063

Sweep Rate (kHz/ms)
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INTER-PULSE-INTERVAL (IPI)
ESTIMATION

— IPl estimation modules:

Select neighbors of focal pulse
Select neighbors by spectral dissimilarity
Estimate IPIl with respect to neighboring pulses.

Obtain the Reliability Measure (RM): estimates
the number of pulses that could be joined to a

consistent sequence that contains the analyzed
pulse.
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INTER-PULSE-INTERVAL (IPI)

IPI(s)

ESTIMATION

N = 8968

N = 1103063

Reliability Measure

IPl estimation modules:

1.

Select neighbors of focal pulse
Select neighbors by spectral dissimilarity
Estimate IPl with respect to neighboring pulses.

Obtain the Reliability Measure (RM): estimates
the number of pulses that could be joined to a
consistent sequence that contains the focal pulse.
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IPI ESTIMATION:
NOT BEAKED WHALE
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TRAINING
CLASS MODELS
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Preliminary model
conformation 1

via BIC
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Classification technique:

Gaussian Mixture Models (GMMs)

Preliminary model
conformation 2

Trained GMM inalmodel Trained GMM
conformation

via test set

GMM:s input — extracted features

GMMs output — a class prediction
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MODEL SELECTION FOR s sesmarm swescor

EACH CLASS o e

15210 Regularisation param: 1010, 1 25419 The best model is selected using the
BAYESIAN INFORMATION CRITERION (BIC)

BIC is based on the likelihood function that
introduces a penalty term on the number of
parameters.

BIC (Bayes Inforration Criterion)

0.9 I L I o i : d
0 5 10 15 20 25 30
number of components
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PULSE-LEVEL
DECISION
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PULSE-LEVEL
DECISION
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SEGMENT-
LEVEL
DECISION

PULSE-LEVEL DECISION
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Segment class decision:

O i 5MENT-
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LEVEL

DECISION:
VALIDATION

DATASET

v

v
v
v

If winner ratio is < 60%:
model classification
unreliable

N

BW: WinnerRatiog,, > 60% and WinnerRatioy s < 60%

Not BW: WinnerRatiog,, < 60% and WinnerRatioy 5 > 60%

Mixed: WinnerRatiog,,, > 60% and WinnerRatioy ,zw > 60%

UnRelib.: WinnerRatiog,, < 60% and WinnerRatioy gz < 60%

Segment winner ratios
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SEGMENT-LEVEL
CLASSIFICATION

Unreliable

(%)

Number of
segments

Validation Not BW Mixed

Dataset ID (%) (%)
BW 83.78 0.49 0.25
Not BW 8.46 86.66 1.82

Mixed 83.67 16.84 14.29

15.48
3.06
23.47

407
2091
271




Observatories

Active L
Restricted &

Group @
Selected &

Iberian margin
- Norwegian Margin
- Black Sea
- Porcupine
- Azore:

- Nordic Sea

West
Mediterranean Sea
- Ligurian Sea

tern
Mediterranean
- Shannhon Estuary
- Arctic trial
- leListen

3NeT
North America
- Folger Passage
- Barkley Canyon
- Barkley Slope

Sheringham Point

Tilly Point
- Deita Node
- East Node

wwWw.listentothedeep.com
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