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Longterm Autonomous Recordmg
(Now Readily Available)

Chief Advantage

Rich 1n biological information
* Species + / —
* Spatial distribution

* Patterns of calling

© Bioacoustics Research
Program

* Repertoires & behavior

Chiet Constraint
Sophisticated tools required

* Long data streams =2>( Automatic processing
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Terabytes of Data Collected
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| over 40 years - Whales
worth of raw data



Elements of Signal Extraction

e Detection

— distinguish signals from background noise

e (Classification

— associate signal transients with group labels
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Approaches to Classification

e Instance-based

— training data =2 library of exemplars

— proximity determines class

e Model-based

— training data informs model

— model output determines class
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Instance-based Learning

Requirements

* Expert labeling
* Spanning set
* Proximity mettic

* Neighbor-based rule

L = {(Xl’ Qxl),(xz, 9)(2)1 e (Xn’ HXn)}

Snn = min{ |x; — x|}

NN Rule = HX = QNN




Instance-based Learning

Requirements

* Proximity metric

Distance between two
attribute vectors

2 2

+ ... -|—(ap1 —apz)

(a1 —ag) )2 +(ap; —apy)
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STFT Signal Decomposition

e FFT size

e Data window size
e Window increment
* Taper function

Freq (kHz)

* Sample Rate

Time (ms)
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SPCC to Assess Structural Hierarchy

Contact Call Examples
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Pairwise Correlation Matrix

Call Object =2
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PCO Analysis
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1. start with pairwise distance matrix

2. transform distance values

n obj
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Ordination using PCO

Object — Pairwise Correlation Matrix
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Ordination using PCO

Attribute = Object-Attribute Table
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SPCC-PCO
for examining
call structure
and identity

3D PCO Space
6 individuals

3 social pairs
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3D PCO Space
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LDA using latent PCO measures

PCO 1-14, 90% variation explained

By Individual

Canon[1]
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SPCC & SPCC-PCO Considerations

Kathryn A. Cortopassi, Meas

Variable timing patterns

unless using dynamic warping. ..

Decomposition parameters

patterns can be revealed or obscured...

Signal clutter / overlap

can affect correlation results...

L.atent measures are relative

all data must be available up front...

urement & Classification

of Acousti

c Signals

presented at Bioacoustic Monitoring in the Terre

strial Environment: A Workshop at the James
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Importance of Decomposition Parameters

1k Harmonic Stack : 1024 FFT 1.1k Harmonic Stack : 1024 FFT

0.15 . . 0.15

1k Harmonic Stack : 256 FFT 1.1k Harmonic Stack : 256 FFT

0.15 . . 0.15
time (sec) time (sec)
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Importance of Decomposition Parameters

1k & 1.1k Harmonic Stacks : 1024 FFT
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Model-based Learning

Requirements

T ) N I | 1°
* BExpert labeling
* Spanning set
e Measured attributes

* Modeling paradigm

L= {00, 8 (%2, By), s (X, 64, )}

Xi :{ali’aZi’---’api}

L = Model




Exploring Biological Variabllity

Species-specific tlight calls
—> relatively low variability

Swainson’s Thrush
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Model Types

e Rule Sets
— 1R, PRISM, PART

e Decision Trees
— ID3, C4.5, Random Tree

e Statistical Models

— LLDA, Bayes, Gaussian mixtures,
HMM, Neural networks

e Meta Learners

— Bagging, boosting, stacking
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Attribute Generation

[
— |

Energy distribution measurement
— Generically applicable

e Contour extraction & measurement
— Targeted to FM signals
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Signal Epe-::trngram
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Aggregate Envelope Measunng D|Str|bUt|OnS

Estimator
* Median
Quartile (p-Percentile) Range

e Skewness
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™

Signal Feature

e Central Time / Frequency
e Duration / Bandwidth
* Signal Symmetry
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Sorted Aggregate Envelope
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Time Index

Signal Feature
e Collapsed Dur / BW
* Expanded Dur / BW
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More measures

Estimator

* Bins to Median (p-Percentile)
* Index Range in CNC Bins

Sorted Aggregate Spectrum

dB Power

Frequency Index (kHz
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Aggregate Envelope

Ny
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A suite of duration /
bandwidth metrics
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Extracting Frequency Contours

Signal Spectrogram ST FT ApproaCheS

Track of short-time
medians

Parametric Frequency
Estimation & Tracking

Something entirely
different...
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Contour Measurement

Duration Estimation

Freq_Contour,Param_AR View
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Contour Measurement

Frequency Estimation & Tracking

Freq_Contour,Param_AR View

#4: Frequen stimates, EV-23

Best Track

66.04 66.06 66.08 56. 66.12 66.14
Time (s)
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Contour Measurement

Contour Summarization

Freq_Contour,Param_AR View

#7: Segment Contours & Derivatives, EV-
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Monitoring nocturnal bird migration

Gray-cheeked Thrush
Cafhgris TS

JE Kavin T, Karkson

Gray-cheeked Thrush

LEGEND
Year Round

Night Flight Call
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ldentifying nocturnal migrants

using contour extraction

6 Thrush species

Frequency modulated calls

with varying range, pattern & modulation rate

| L) a
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Random Forest Classification

100 trees, 7 random attributes of 98 total, 10-fold cross validation

Predicted Class

BITH WOTH HETH VEER GCTH SWTH| Recall

Actual Class

Precision
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Random Forest Classification

100 trees, 7 random attributes of 98 total, 10-fold cross validation

Predicted Class

Actual Class
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Attribute Sets

Requirements

* Quantifiable
* Repeatable
e Robust

. Discriminating

Whether physically intuitive
or hopelessly abstract...
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