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Wireless Sensor Networks
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e The quality of the translated manuscript is suitable for publication in an international journal.

Prolonged audio signal observation in the design of Wireless Sensor Networks

1. Introduction

In the rapid progress and maturation of wireless communication technology, small size and mobility have
been the primary design criteria for electronic products. This has stimulated interest in Wireless Sensor Network
(WSN) research and deployment. WSN are automated, self-configuring and wireless communication capable.
Therefore, WSNs have commonly been used to sense changes in the environment such as temperature changes.

The low cost of sensor hardware, ease of maintenance and the ability to self-configure when randomly
deployed enables sensor nodes to be deployed in remote and dangerous places to collect and transmit data. In
addition, a WSN can be easily deployed and has low maintenance and installation costs. However, a WSN has a
limited energy source, which imposes a challenge that needs to be addressed. This is because a sensor is battery

powered and a battery’s lifetime is limited. Furthermore, the energy consumed by a sensor during transmission is

thousands of times greater than that used in computation. If a sensor transmits all sensed data back to the server,
then its energy source will be depleted quickly. As a result, the sensor’s battery will need to be replaced manually,
which can be a costly and demanding task.

At present, there is limited research work in the area of audio signal processing in a WSN. The challenge in
this area is that audio signal processing is resource intensive and requires a large amount of memory for performing
computations accurately. This is difficult for resource-constrained sensor nodes. For instance, if a simple
processing technique is applied, although only a small amount of memory and system resources would be required,
the result obtained would be less accurate. Conversely, if a more complex processing technique is applied, the
obtained results would be more accurate but more energy would be consumed, which would be impractical for a
sensors network.

Different families of living animals make different, unique sounds. The same is true for animals belonging to
the same family but of a different species or genus. This research targets this unique characteristic of living animals
(i.e. sound). Specifically, we study the ten different frog species in Taiwan because: (1) there is little research done
on studying animal sounds. Current research work focuses on sounds made by humans and; (2) there is a need to
autonomously monitor the frog species that only appear at unconventional hours, i.e. during the wet season for
mating or during nighttime.

In this research, the sound identification technique used is known as SMDF. In this technique, the detected
sounds are first processed at the sensor node to extract characteristic features of the sound such as the high pitch
and compare against the high pitch distribution state. Then, the sensor determines whether to transmit the sound to
the server for further analysis or removes it entirely. At the server, existing classification methods such as GMM
are then used to determine the frog species that the sound has originated from. In essence, SMDF uses a simple
pitch distribution state comparison technique to correctly distinguish sounds, performing autonomous analysis and
decision making to reduce sensor energy consumption and prolong sensor network lifetime. This in effect reduces
the need for manual battery replacement.

This paper is organized as follows: Section 2 describes related work pertaining to WSN and audio processing
techniques. Section 3 introduces our research and details the proposed technique. Section 4 describes our
experiments and the results obtained. Lastly, section 5 discusses conclusions.
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ARBBEHRERE 0 EEEHEMNMTBRA  ETESNRZEURE/), FEBTARERE,
EES WSN Wi ERA L ZEHE R, WSN EEAHIRER, TESLAMR. BERERSHME , Bk
AZATENRAERENNE  WRES,

sensor BIEEX A, ATEIAIRERTERKEEERERERNERN MY , FHFEEERS WSN ERAEA
EmsmeRE , LETERNKREHEDE  FRALFERSE , EANE TRANMREEZEEA, &
WSN EEA L BEEENRIFEEZFHR , IEHFEE, Esensor WEHRHEMME , EMEENIFER
BAEK , M sensor —XEEMREHATFEZENE D AT LURM sensor BT RRERNWAIHEER , & sensor —3#
KB ERMEIPEE server, PENRESSEERLE | ERAEFEMMREFREMRERBERN TIE,

BRI ZARERMERTE WSN LHWHARNT S, EEREFRERMEENCEREEERERE
R, HEEBIEEI TR sensor TS , EREBRHHTHEE BIFEFHELEHNERENRE — KRB, sensor
ENBEEE A LESIBNRFHEBNER , tFERBEASHERBHERARER , B ERESZIT I
2 MR ERERAEMNERL  HATUESRENSHRR BHRKERRE—KER , W\ LHEHA
£ WSN L,

ARTREB B (amily WEY2EBEEEB /O WE | B R BERETE B 5B (genus) 2+ B & 5l
(species) VI B th FFEME, FAHARIHERENESYE  UBEESRENETEEEABAISER , KR
TRAREBEIHABRMZATARL  HEYETNHIAAREFIRRS , F—ARAREERTEEE
EEHMARXRTRRERARBI , HttfEZ2ER LES  BEABTEETHRBEASEE , AEEAE
mE , REFREEEEICWHEBRRRIBEIBANEY,

RS, EAINHEZMEER SMDF , BEAZINEE KT sensor EITESZFISBEMNEE ,
BRIASTENSHEERER , URERBERIFBEER R server ME—F 54 , HIE sensor MILER
MIBR. MIE server RIFAHMBECREN D EEE L , I GMM ERSMYIETELEZHBERB—F
WS  URIHENSTS/OMEBHKBERGRERHMAERS EHEEADHEHN. 2 MHEHENAX ,
HRiF A sensor BAIHFE , EEf sensor BAERE , BRERKEEEBREMERHALRE,

HMEHEBOT @ 582 B2 8 WSN, ZASBEMEBN SRR, % 3 BN BAHRHEBER
RhHiE. F4TRPERRERTHE R, ZBE S TRERRBINESR.
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