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ABSTRACT 1. INTRODUCTION
In the natural sciences, researchers use a variety of techniques th&esearch in wireless sensor networks (WSN) has primarily
rely on extensive mahours and can therefore lhfficult to focused on hardware design, seifanization, various routing

scale. This obviously limits questions that concern large spatial algorithms, or energy saving patterns. This trend is changing and
scales or that involve large numbers of animals. Hereleseribe an interestin realworld scenarios leveraging WSNs is now
the design and deployment of a wireless sensor network thatevident. Several research groups have started to deploy testbeds
delivers high resolution sensor data while monitoring seabirds on[1, 2, 3] and there have already been some examples of the use of
a UK National Naturé&keserveWe describe some of the problems WSN in ecological research [4]. We can now begin to address the
encountered and the solutions we have used. In geneeal, th challenges asing from real world deployment rather that those in
network has successfully demonstrated its utility in a realdwor simulations or lab based experiments. One very important
scenario and will be extended and enhanced for the coming fieldchallenge is the design of flexible interfaces to the WSNs and the

season. integration of deployment, management, and -datkection
functions into toolsresearchers from other fields than computer
Categories and Subject Descriptors science will find usable.
H.3.4 [Information Storage and Retrieval: Systems and In this paper we descrittde deploymentof a WSN on Skomer
Software 1 distributed Syems, information networks; Islandin March 2007. We discuss our experiencanclusions
J.2 [Computer Applications]: Physical Science and Engineering: and resulting modifications for the upcoming deploymentin
i Earth and atmospheric science. April 2008
Skomer Island is a UKNational Nature Reservecated of the
General Terms west coast of Pembrokeshire, Wales. The University of Oxford
Management, Measurement, DesiBeliability, Experimentation UK has an existing research prograen on the island
investigating the behavior and spatial ecology of the Manx
Keywords Shearwate (Puffinus puffinug a burrownesting, highly pelagic

seabirdthat spend mostof its life at sea These birds rely on the
ocean ecosystem#p which they attend, and are sometimes
referredto as integratar of oceanic resource®s such, their
behavior nforms usboth about the health of the ecosystethnat
they inhabitand also acts as a model fbe behavior of @ariety

of similar seabirds.

Wireless Sensor Networks ScatterWeb Platformy  Ecology,
Seabirds, Animal Behavior

Recently, esearchers have been actively investigating the spatial
Permission to make digital or hard copies of all or part of this work behavior of Manx Shearwaters using miniat@eS logges [5].
personal or classroom use is granted without fee gedvinat copies are i technique has indicated bdtte range and duration of their
not made or distributed for profit or commercial advantage and t  foraging trips, but has relied on very intensive manual techniques
copies bear this notice and the full citation on the first page. To ct Researcherperformedmanual burrow inspectionsvery 2630
otherwise, or republish, to post on servers or to redistribute to li minutesto recapture tracked birddhis technique is obviously

requires prior specidi permission and/or a fee. hard to scale and limits the number of animals thatlge feasibly
R E A L WS,Mpri0182008, Glasgow, United Kingdom. tracked or monitored.
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By detecting birds" activity around entrances to the burrows as2 2 System Components

well as the identity of tagged individuals, tdeployedsystem
was able toifr m researchers about
departures almoshstantly In addition, @r WSN basedsolution
was able tgprovide valuable higkresolutionenvironmentaldata

ZrZwleSeBSOFMOQ%S arrivals and

To build the network & used thévlodular Sensor Board (BB)
platform [6] from the Freie Universitt Berlin Germany The

about thetemperature and humidity inside and outside of the MSB platform was designed with a focus on modularity

burrows over the pdod of the study This combination of
immediatenotification and theability to record a variety of high

components of the platform can be stacked together tlaunsl
allow rapid adaptation toew requirementsThe MSB430board

resolutionvariables at each burrow allows researchers to not only Fepresentsthe core of this platform. It containsamong other

monitor a larger number of birds, but &oldressquestionsthat
would previously hae beerinfeasible.

We also address thgenerallack of tool integrationin the
deployment of such networkdn this paper we describe our
integrated system which allows researchers-imedant feedback

from the network in the field, redundantly records sensed data

componentsa low power TI MSP430F1612microcontroller a
Sensirion SHT11 temperature and humidity sensand the
ChipconCC1020 868MHz radio transceiverusually configured

for the data rate 019.2kbit/s. The board is equipped with an
SD/MM memory card slot forexternal storage of up to GB.
Various digital and analog sensors may be attached to 32 external

'available addon connectors The power consumptiorof the

and transmits the data back to mainland servers for later analy3|§\/|SB430 ranges between 250\ and 115mA depending on the

and processing=rom working @sely with field researchers, we
believe such a system has real kegn utility and is simple
enough to deploy and use in the field.

2. SYSTEM ARCHITECTURE

2.1 System Components and Overview

We designed and deployed milot system with ten battery
powered sertg nodes placedext to the monitored burrows, a
solarpowered base statiprand a mainland servewused by
researchers to access live and historical. d&fa useda General
Packet Radio Servic&PRS connectiorbetween the base station
and the mainland seer. A second data collection univas
deployedas a backup stratedyr the casewhenthe main base
station would fail. Figure 1 contains an overviewof the
components of the system
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Figure 1. System Components

The WSN formed a star topologyand communicated with the
base station usingime Division Multiple AccessTDMA) access
control The base station transmitted the collected datdhe
mainland serveonce a dayThe secondow powerdatacollection
unit interceptedall WSN data packets and logged thwran SD
memory card We used the same approath deliver instant
notifications to researchers in the fieldResearchworkstations
received data from the islandgliveredby the server, as it was
transmitted live from the islandduring fieldwork on thesland,

application.

Figure 2. Node Assembly.

We designeda custom extension boammpatiblewith the MSB
platform. The goal was tdind a generic solution that could be
used innewscenariosn the future The board waquipped with
two D-Cell batteries whichusually provide a capacityof up to
10 Ah. They poweredthe MSB430 and six switchable outputs
with stabilized3V and 5V The boardexposesa JTAG interface
for MSB430 programmingand a series of spridgaded
connectorsso additional sensorscould easily be added in the
field. Four connectors alivedus touse 5V based digital sensors
as inputs the remaining eight operated at .3KWurthermorea
charging circuit for NiMH batteries was provided. Tlegit was
designedor anyvoltage in the range frn 6V to 12V.

The extension board and MSB43@ere connectedas shown in
Figure 2 to form a sensor nodeNodeswere placed in short
sectiors of PVC pipe that were p#ally buried near each burrow

researchers @re equipped with handheld devices that could (seeFigure3). PVC pipe was chosen as it was an economical and

receive instant
burrows. These devices could also monitor thtal status

notificat i on geadiypvailable wategp@of hgusinlp requgeythe pgssibilityi ni t or

damage to thdanding Manx Shearwaters, we were limited to

information of nodes in the network (battery status, alive/dead, Sensors at the height shown (around 3Ociit)is constraint

most recent transmissish

significantlyreduced the radio range the network\We observed
an expected degradation in the range of the nodes from around



1000m (line of sight meairement with antenna at 1m height) deployed we implementelTDMA access conol with 6 second
down to line of sight only within 50m. long time slotsand 60 seconds frame lengtNodes used the
available slotand activated the transceivenly when collected
datawasqueuedor a failure was detected (e.g. low battery status).
The transceivewas deactivatedvith a 250ms delay after all
remaining data was transmitte@his allowedthe base statioto
issue control commands (e.g. to correct the titoghe nodes in
the field

2.2.2 Base Station

The networkwas deployed i@ star topologyvith the base station
asthe data sink. The base statioontainedtwo main computing
components:an MSB430 board referred further as th&ase

Station Node (BSN) andan EPIA Via singleboard PCreferred

further asthe Base Station PC (BSPC)Both were connected
usinga serialinterfaceandpowered independently

The BSN wadurned onat all times and operated in thetive
Mode theradio transceivewas enablednd used to communicate
with the sensor nodes in the fieldhe nodesynchronized the
clocks in the network andrchivedthe receiveddata onthe SD
memory @rd The card had sufficient storage capacépd was
The environmeral conditions were measured every two minutes. providing aredundanbackupsolutionat no extra energy cost
The wo PIR sensorsvere used to detetirds' activity The first =
sensor wadnstalled outside and the second one insiofethe
burrow. By observing the order in which the PIR sensors were
tripped we aimed to determine whether a bird was entering or
leaving the burrow. The RFID readglaced in the entrance/as
activated only when movement was detected and turned off after
5 seconds of inactivityThis approactallowed toreliably detect
identity of the taggedindividuals andpromisedreducingof the
energy consumption of the system.

Each installation at a burrow consisted of a sensor nodeavith
temperature and humidity sensdiwo passive infrared (PIR)
sensors and Radio Frequency IdentificatiofiRFID) reade in the
burrowswere attached usin5m long cablesSevennodeswere
equipped withadditionaltemperature and humidity sensans a

o L’ .::w',
Figure 3. Typical Deployment.

Many of the tracked Manx Shearwateare already fitted with
aluminum identificatiorrings To minimize the interference with
the birds,RFID tagswere glued to thosengswith cyaneacrylic
glue GeeFigured).

‘

Figure 5. Base Station.
The BSPC read newly arcleigt dataover theserial connection
during its scheduled upimes between 2:0@&.m.and 03:3Ca.m.
every night.The BSPGwas enclosed in a Pelican capictedin
Figure5 along with aFreescalé8332 microcontrollemanaging
the schedule,a harddisk drive a PCMCIlAbased GPRS radio
modem 802.11gwireless networlcard andthe base station node
We provided a LCD interface for monitoring of the schedule.
The schedule was fieldrogrammable and could be updated

‘ remotely by editing aconfiguration file on the base station
- computer.The BSPC also included a GP&eiverwhose output

was not incorporated durindiis deployment.The base station

A single sensonode consumed up 86 mA while sending data  was equipped with aolar systenctonsistingof a 30 by 45cm
over the radio andnotherl00 mA during the uptime of the RFID  solar panel, charge cantler, and twol7 Ah leadacid batteries.
reader We experiencedn average250 activationsof the reader During testing the batteries were fully charged in three days of full
and collected between two and four RFID tdgsing a dayAt all sunlight and a week of overcast.
other timesnodewas suspended in the low power mode and the the field since we gained accesspmwer from an existing solar
CPU was stopped (LPM&ith 250 1A power consumption The array atthe research station on the island.

power consumption of the Pi#hd SHT11 sensors anegligible The BSPCran Microsoft Windows XP. On startup, a GPRS and a
The radio transceiver was deactivatey default thus no virtual private network YPN) connection to the server on the
spontaneous communication wiknsor nodes was possible. The mainlandwereestablishedvhich allowedus to open maintenance
time in the network was synchronizddring the initialization of connectionsfrom our desktop system$ the basestation
the system The time and datevere used to timestamp the Connecting remotely tthe BSPC we couldeasily changeits up
collected sensor datdBecause of the small number of nodes time schedule; maintain the installed softwasmd send

Figure 4. RFID tag.



commands to the BSN and sensor nodResearchers could use In addition to the PDAased portable monitor, a standalone
the BSP® s 8 Owdrelessl mptworkcapabilities to establish a  LCD-equipped MSB430 was also provided. Its LT display

remote desktop connection from thisiptopsin the fieldas well provided a visual readout ofcentRFID sensor activity.

The BSPC run data replication service whighovided a

continuousstream of incremental data updatesthe serveras 3. RESULTS

long as the base station computer was powere@lanreplication One of the primary aims of the pilot deployment was to assess the
service was written using the Micros&bbotics StudidMSRS) impact of our sensor network on the Manx Shearwaters and the

software.We chose to use a custdmilt service instead of any  sensitive environment in which they live. There doesappear to
built-in file replication facilities in the Windows operating system have been any negative impact of the network on the monitored
because of thémited bandwidth availableOnce per boetip new birds. Of the birds monitored throughout the study, there were no
data and the content of system evens were alstransmitted observed changes in their behavior in comparison to unmonitored
birds: eggs hatched successfully at 89% of theito@d burrows,
chicks received around the same amount of food and reached
similar sizes as chicks from burrows without sensors. The low
impact of the network is encouraging for future deployments
when we will monitor a significantly larger number of buvsoin

2.2.3 Data Server the colony.
Data from Skomer Island was replicated to a dedicated server in
Cambridge UK. The replication services stored all records

received from the base station the islandn the locakerver for

further processingDirectories were monitored and all new entries

were automatically imported into the databasing a custom

developed web servicerhile collected data was available via a

customweb interface that generated quick overview over the
measureddata. Direct acess to the data records in the database

wasalso possible.

We deployed a modified version of the BSN that was not
connected to the BSPC. The noglas not communicating with
the network. Itwas intercepting the data sent to the main BSN and
storing it on its SDmemory ard as a backup.

Researcherscould also run the replication serviceon their
workstations and download raw data records as if they were
delivered directly from the base station on the Skomer Island.

2.2.4 Support Tools Figure 7. Aggregated data of the experiment.

After deployment, in response to requests from researchers, we igureé7 shows an example of data gathered from a wiretassrs
developed additional tools for use in the fiele equipped near the beginning of the study. Visits from individual birds can
researchers withVindows Mobilebased phones and PDAs that be discriminated from daytime tests and the change in temperature

were paired with dedicated MSB43(odesvia Bluetooth. The and humidity over two days is obvious.
MSB430 ran a custom application that intercepd the Figure 8 shows a 24our histogram of events detected cate
communicatios between nodes in the field atitebase station.. node over a 1 month period. It is interested to note both the

ambient activity over the day, and the peaks in activity around
midnight (when the birds were returning),am. (when they were
leaving) and some peaks when the network Wwaig tested
during the day.
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Figure 6. Windows Mobile based WSN management software.

The client application(see Figure 6)on the handheld device

dispayed detailed instant notifications of birds acti vi ty at
monitored burrows: their identityand thenames of activated PIR
sensorsAdditionally the application presented@mprehensive

history of events for a given node and allowed the operator to

maintain the WSN by sendirpmmands tdhe nodes.A similar

solution for desktop computers was provided for stationary use

with researcherés | aptops. Figure 8. 24-hour histogram.



