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INTRODUCTION

Climate change and human activity are subjectirgehvironment to unprecedented rates of change ity
these changes is an immense task that demandswels bf automated monitoring and analysis. We @seghe use of
acoustics as a proxy for the time consuming auglih fauna, especially for determining the preséatzsence of
species. Acoustic monitoring is deceptively simgleemingly all that is required is a sound recordewever there are
many major challenges if acoustics are to be usetifge scale monitoring of ecosystems. Key issuescalability and
automation. This paper discusses our approachigoirtiportant research problem. Our work is beingartaken in
collaboration with ecologists interested both iaritfying particular species and in general ec@systealth.

DATA COLLECTION

We have experimented with several systems for dicogsta collection, including acoustic data loggend
autonomous wireless sensors. Data loggers havadilentage of being simple and work well for sherirt monitoring.
However they do not scale well due the need fayUeat retrieval, depending on storage and battepadity. Several
commercial systems are available or, alternativielygers can be constructed from voice recordesh as Dictaphones,
recording MP3 players or even Smartphones. Cortetligensors must be enclosed in a weatherproddicentand need
supplemental power from rechargeable batteries.

Autonomous wireless recording devices collect soaimdl analyse it locally or upload to a server, iibgshrough
several intermediate machines. The challenge witbreomous devices is power consumption, espediathey are to
operate for long periods without intervention. Rrgging and transmitting large volumes of data regustorage space
(consider that a one minute MP3 recording occuplesut one megabyte), CPU power, bandwidth and lpji¢ation
energy. We prefer transmitting the data rather tlmal processing, to ensure all of it is availabbe subsequent
analysis. We have successfully constructed andogledl sensors which utilise Smartphones to captoce teansmit
sound over a 3G network [1]. When combined with2&V1solar panel and 35Ah battery, we have maintageth
sensors in remote locations for 6 months withoubdw intervention.

All recordings are stored in a relational databaseng with associated metadata, such as datediagadevice and
user ID. The recording protocol (duration and tigniof recordings) is set by the ecologist accordioghis/her
experimental requirement.

DATA ANALYSIS

While users must have the option of listening tg mtording, in reality the huge amount of datdexéd demands
automated analysis. In some cases, it may be muffito convert acoustic data to spectrograms iichvthe desired
vocalisations can be quickly recognised by the@csl signatures. But even this simple time sadegice may not be
practical for large volumes of data. The ecologith whom we work require two kinds of analyticaltput — summary
statistics that point to, for example, environméhtalth and recognition of the presence, absaheesity, distribution
of one or more target species. To this end we lkdaveloped a three step sequence; energy analysist, @nalysis and
template analysis.

Energy analysis locates acoustic energy in frequend time. When energy data are averaged oversyeatnths
or years, it is possible to derive indices that aseful indicators of environmental health [2]. Astic event analysis
identifies energy events in a spectrogram thatoeaattributed to a single source. Event analysisiges complementary
information to energy analysis, because the lasteonfounded by proximity of a source to the senEvent analysis
has a number of uses including: The event disiobudt a location can be used to characterisegastic landscape and
to make comparisons with other locations; The kiofdsvents detected in a recording can be usedléatsa shortlist of
templates for more detailed analysis; and the ptigseof an event (frequency band, duration, endigtyibution) can be
used to determine broad categories of non-vocahteyesuch as wind and machine noise. Finally, tatephnalysis
adapts speech recognition and machine learningnigues to the recognition of specific calls, sustbad species calls
or Koala bellowing.

AN AcousTiC WORKBENCH

We have developed a web interface, to support gitowith the analysis and annotation of theiordmgs [3].
Annotation is achieved using a folksonomy approd&ofents of interest can be labelled with newly tedeor existing
tags. Tags can be used to find and group recordRgsordings are simultaneously heard and viewad) s Microsoft
Silverlight control. Figure 1 shows the sonogranadoala bellow, with a portion selected for taggimag information
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(e.g. start and end time) can be saved to the as¢alihe user interface also provides a mechanisenelvy users can
select a template to scan multiple recordings fes@nce of a pre-defined vocalisation.

Figure 1. Koala bellow as it appears in the user terface.

RESULTS

Figure 2 displays the output of energy analysip)(tand event analysis (bottom) for a location oa #uge of
Brisbane city. The data were accumulated over awsek period and are displayed as the averagesi®funute
recordings taken every 30 minutes over a 24 hodlecyrhe energy map is dominated by crickets (~8)kdhd distant
traffic (~500 Hz). However event analysis revealgraminent morning and evening chorus and an amaedaf bird
calls in the mid frequency band. A comparison @sthtwo acoustic maps illustrates the importandeaging multiple
views over the acoustic landscape.
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Figure 2: 24 hour maps of acoustic energy (top) andcoustic events (below).

Templates have been constructed for the recognitfiothe Currawong and the rare Lewins Rail. Themier
template achieves an accuracy of 94% on unseend&tat The latter (derived from the vocalisatiofisone bird)
achieves only 60% accuracy due to confusion withilar bird calls in the locality but is neverthedesufficiently
accurate to have been of use in determining thahliion of this reclusive and difficult to studpecies.

We conclude that acoustics has much to contritutle investigation of species distributions andsgstem health
in general.
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