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The Ear as an Environmental Sensor
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The ability to hear and to interpret sound is one of our basic senses.
Acoustic signals produced by the environment is an untapped resource to
assess the dynamics and health of the Earth’s ecosystems within which
we live and extract resources.




Sound as an Ecological Indicator and a Stressor
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Soundscape
Acoustic Spectrum from 40 Hz to 11.050 kHz
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Spectral Analysis

These formulae are
mathematical derivations

of the acoustic activity
within the three primary
spectral regions. The
variables are used In
analyses. The automation
system rapidly calculates
the values necessary to
derive these variables for
multiple samples.

Anthrophony

Biophony

Geophony

Activity

a = Mean from 0 to 2 kHz
a, = Ratio of anthropogenic
activity mean to grand mean

(o)
£ =Mean from 2 to 11 kHz
B, = Ratio of biological activity
mean to grand mean

o
y= Mean from 8 to 11 kHz

7. = Ratio of geological activity
mean to grand mean

(04
o = Ratio of biological to
anthropogenic activity

ap — LLZ) x100
D 1llevels
a,, = Percentage of activity in the
anthrophony band

(> L3toL11

== (x100
P [leLevelsj><

S, = Percentage of activity in the
biophony band

D L8tolL11
Vo= %100

D 11Levels

%, = Percentage of activity in the
geophony band

Global Variables

L =1 kHz level

o = Mean value of entire signal
(Grand Mean)




Eramework fior
Environmental Acoustic Monitoring
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Automated Acoustic Monitoring Locations

(Sample rate: 30 seconds every %2 hour and transmitted to MSU server)
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Gordon Truces Residence Sice Characreristics

Audio File Characteristics

Recording Time &334 T3 a0 8

Gordon Trtes
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Coordinates {Lat, [ 43 . 74875 | -
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M7

System DatefTime &/71/°2004 202824 AM

Recording Location

County, Twp, State

Clickable Beosypsfem Concepf Glossary of Terms

Audio File Analysis

Sonogran

Click on image {(sonogram) to hear sound

Click here to view the data
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Summary.

n Standardized imeasuienents and metneds
PErMILS comparisen Within and between
soundscapes.

x Dividingl a spectregram; intoe fregqUEenRec), Gomains
provides; anility ter develep ecosysteni stressor
and Inaicater IndIces.

n @QUantiy envirenmentaifaceUSHES o)
IRterpretaion: of soundscape meaning




SUmmeary: (cont.)

s Allematien prevides; an anility: teranalyze and
Intenpret seundscapes at times: net usually
moenitored.

x LIRKinG seUnEscapes and 1I2nescapes Via
femote Sensing provides mechanism te scale
10 region

x Develeping soundscape system demonstrates
potential for Gther SENSers




Acoustical Detection

ime-Varant Spectial Analysis
a Shoert-time: Eeurier transformi (STET)

s Separate aceustic signal inte a seguence ofi
GVErlappIng| SECHIONS, OIf falies

= ypicaliframe: length: 20-40/ms

a View: result as;amplittide & freguency: vs. time
(Spectrogiam), or find spectial PEeak: acks

ATter gerection, Need o c/ass/iy,




Short-Time Fourier Transform
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STET Spectrogram

SPEctial energy. asi a filnctien of time
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Peak Track Analysis

Eeliew: only spectirall peaks fiame: to fiame
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Time [sec]




Acoustical Classification

Pattermimatching between measured time-
Variant; spectrun andi reference templates

Easy/ fer human: Brain;, hard for cemputers

ApPpProaches:

s Segmentation and Walping

x Model-based analysis

s Peak track similarity measures
» Map-seeking circuits

= elc.




Example Application: Bird Strkes

Bidl strikes are estimated e cost
US $300 millien in damage and dewntime

Various means are availalble te aerect the
presence: ol birds; BUt c¢/ass/iying the
threat requires identiiying the species

One appreach: classification eif bid
VocallZatiens




Bird Vocalization ldentification

Requirements:

x Achieve highracetiracy withr smallf datalbase
s Reasenable computatienali conmplexity

x Capanle of near real-time: classification

s Reliablereven i neisy: alport envirenment




Peak Tirack Matching Strategy.
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Spectrall Peak Track Method

SPEctrall peak: tirack search:
s Coarse search (McAulay and Quatier procedure )
s 1st finersearch (Discontinueus, shoert or Incensistent)
m 2ndifine search (Peak track numiber and order)

Eeature extraction: 12 parameters fior evenry tiack
Ereguencies  and EFreguency. differences

Shape and! Trend

Relative: Intensity,

Duration

Target and classification:
s Represents the desired syllable in the best possible manner
s Compares an unknewn bird seund with targets ofi bird species




Syllakle ldentification Experment

Birdl Species
s 12 natural bird species: (crew, goese, swan, gull; bliuejay, etc.)
s 16 syntiesized bird Species (tenall, harmenic; Inharmenic)

Bird Soundl Fermat

a Single channel

s Sampling freguency: 16 KHz
a Quantization: 16 bits

Syllable Eermat
s NManual/'syllable extraction' firem the bird sound
s Silent onset and release at syllable bheundaries




Classification Results

Natural Sounds Natural + Synthetic Sounds
(10 instances of 12 species) (10 instances of 28 sound classes)

Error Tally: Error Tally:
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Grand Teton National Park — Permanent Monitors
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Permanent & Portable Equipment Types

DataLogger and RF modem

MP3 Recorder
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Grand Canyen Natienal Park

Autemated ldentifications off Mechanical/Repetitive Sounads
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ECOEars System Specifications

Low: pewer: data acguisition device capanle of collecting
and transmitting the: iellewingl Infernaton:

2 Aucie data WAV er M3 file format)

s Envirenmentall data (Wind speed & direction,
allr & 'splliftemperature; selar radiation and

rain)
= On-hoard GPS| fier precise timing eff data anad
location of SEnsor;

x Data storage: te; hardl drive and/er compact
flash




ECeEars Systen Specifications (cont.)

» \Wireless communication

s Real-timer tracking/identification ofi mechanical
sounds

a Low cost - abeut $1000 per unitwWitheut the
SEeNnsors

s Real-time identification off animali seunds
(Seme Is dene currently: and more: in: the
EUTURE)




Benefits of the EcoEars System

Acoustic signals, provide informatien en wildlife and
nabitat trends/changes

Allows the users to) decument current conditions
Weather infermation: previdess additienal 1nsight
VIGNIters; RBISE IeVels IR real-time

ool 1o remotely detect and menitor the
presence/alnsence: ofi animal species

Ability: te moeniter neIse Impact firem seurces like
militany equipment/aircrait/venicles/ete

NOR:-Invasive type: off monitering (minimizes biasead
measurements and reduces lanor)

Longl term acoustic recoradings can e used for pPost-
precessing by other scientists (Iif properly: documentead
and calibrated)
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