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ABSTRACT

This demonstratiorshavs partsof the AmbientWood expe-
rienceprojectwhich hastaken placein anEnglishwoodland
settingduring the pastyear The project provides a play-
ful learningexperiencefor schoolchildreron a digitally en-
hancedeld trip. A WiFi network wasinstalledin thewoods
to enablecommunicatiorwith PDAs anda collectionof in-

novative deviceswasdesignedo aid interactize exploration
of the woods. Most of the devicesthat wereemployed are
availablefor conferenceattendeeso usealongwith afacil-

itator's terminal. A video of the schoolchildrenusing the
devicesin thewoodlandis alsoshowvn.

Intr oduction

The AmbientWood projectis a playful learningexperience
which takesthe form of an augmentedeld trip in English
woodlands.Pairs of childrenequipedwith a numberof de-
vices explore andre ect upona physicalervironmentthat
hasbeenpreparedvith aWiFi network andRF locationbea-
cons.Theintentionis to provokethechildrento stop,wonder
andlearnwhenmoving throughandinteractingwith aspects
of the physicalernvironment(seeFigurel). Thechildrenare
ableto communicatevith a remotefacilitator usingwalkie-
talkies and are sentquestionsand information by a remote
facilitatorusingthe network andhandheldPDAs.

A variety of devicesand multi-modaldisplayswere usedto
triggerandpresentheaddeddigital information,sometimes
causedby the children's automaticexploratorymovements,
andatothertimesdeterminedy theirintentionalactions.To
thisend,a eld trip with adifferencevascreatedvherechil-
drendiscover, hypothesizeaboutand experimentwith bio-
logical processetakingplacewithin aphysicalervironment.

Two spacesveredesignedor theinitial trial run, andeach
actiity spaceofferedits own aimswith focuson the differ-
entkinds of technologiesand activities that have an overall
link into habitatdistributionsanddependenciesTheseaims
are: Exploring, ConsolidatingHypothesising Experiment-
ing, Re ecting. Pairs of childrenaroundthe ageof 10 years
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Figure 1: Using the probing device to nd (i) moisture
and (ii) light levelsand (iii) readingthe resultantvisuali-
sationon a PDA screen

collaboratvely discoveranumberof aspectaiboutplantsand
animalsliving in the varioushabitatsin the wood during a
visit lastingaroundonehour. Their experiencesrelaterre-

ected uponin a den'areawherebothpairsof childrenshare
their ndings with eachotherandthe facilitators. The chil-

drenhypothesisaboutwhatwill happerto thewoodin the
long term undervariousconditionse.g. droughtor lack of

light throughthetrees.

Following on from a successfuftun late in 2002, the expe-

riencewasenhancedor childrenvisiting the wood in June
2003. Building on the experiencef the previous yearwe

continuedexploring ourthemeof augmentingheexperience
with digital tools. An "Ambient Horn' was addedto en-

ablethe childrento have morecontrolover whenthe sounds
within the wood were heard. The Horn provided a way to

accessoundsrepresentingrocessefvisible to the eye or

eventsthathadhappenedt a differenttime.

The Demonstration

The demonstratiorconsistsof most of the devices which
were usedas part of this project; a simpli ed wirelessnet-
work which enableghefacilitator's applicationto be shavn
in conjunctionwith handheldJornadaPDAs; and a display
showing avideo of the childrenusingthe devicesin the En-
glish woodlands. The devices, laptop and Jornadasare all
interconnectedndfunctioningasdesignedandused.

The Network Infrastructure

Theprojectrequiredthatdatashouldbecollectedby thechil-
dren;their positionsin thewoodsbe monitored;andthatlo-
cationbasednformationcould be triggered. This wasach-
ievedby theuseof 418MHzlicenseexempttransmitteravith



Figure2: Ambient Wood Device Ar chitecture.

limited rangedroadcastingo receiversattachedo handheld
JornadaPDAs. We call thesedevices Pingers'basedon the
simpledesignproposedy Hull etal [1].

A wirelesspersonabreanetwork (PAN) basednthis Pinger
technologywasprovidedfor eachof the pairsof childrenas
well asan802.11bWiFi localareanetwork accessethrough

WiFi CF Cardsin the Jornadas.The WiFi network assisted

communicationfrom remotefacilitators, and enabledreal
time monitoringof the children's actvities. In thewoodswe
experimentedvith 3 WiFi accespointsstratgically located

with extensionantennan thetrees.An areaof approximately

4 acreshad good coveragethoughthis varied accordingto
seasorandclimate.In ourdemonstrationve areusingasin-
gle accesgoint.

As well asa Jornadaanda smallPingerrecever, the pairsof
childrencarrywith themvariouspingingdevicesincludinga
combinedmoistureandlight Probe,a "Horn', a DeadReck-
oning Pingeranda GPSPinger(seedescriptiondelow). In
additionthe receiver wasableto detectproximity to Loca-
tion Pingerssituatedatinterestingplacesn theernvironment.
The contextual informationwas processedocally to create

noti cations of eventsto a network sener asthey happened.

For the original trials wirelessloudspeakrs,andan unusual
interactve display the Periscopg?2], weredeployedin the
woodland. The systemarchitectureemployed Elvin (a con-
tentbasedhoti cation andmessagingervice[3]) originally
connectedo a MUD ervironment[4, 5], andlaterto a be-
spolke application.Thisarchitecturas illustratedin Figure2.

The Remote Facilitator

Eachof thepairsof childrenhadaremotefacilitatorwhothey
couldrelayinformationto usingawalkie-talkie. Thefacilita-
tor in turn couldsendthe childreninformationin the form of
“cards',which weredisplayedon the PDA, andsoundsalso
playedby the PDA. Thesewere sentfrom the facilitator's

laptop PC usingthe WiFi network. The cardsshoved im-
agesof plantsandwildlife; illustrationsof naturalprocesses
suchasphotosynthesigr alternatvely could posequestions
to stimulatethe children. The facilitatorswerealsoableto
monitor the progresof the childrenthroughthe woodsus-
ing aGPStrackingsystem.

The Ping er Devices

The designissuesfor a "Pinger' are size, cost, power con-
sumption range transfercapacityanderrorrate. In its sim-
plestform our Pingerdesignconsistof a single PIC micro-
controllerconnectedo a FM transmittermodule operating
in the 418MHzlicenseexemptband. It's footprintis 3cmx

3cm; it costslessthan $20in small quantities;it hasa six

monthbatterylife whenpoweredby two AA batteriesijt has
anadjustablgangebetweer2mand100m;it sendsan8 byte
pacletat 1Hz; andit is 95%reliablei.e. approxonepaclet
in twentyis corruptedor lost. The pinging deviceswereall

designedo be statelessvith varying degreesof redundang

basedon the level of interactionrequiredwith eachdevice.

Five typesof Pingerwereemplogyedin this project:-

Location Pinger This is the basicdesign,providing alo-
cation beacon. A datapackt is constructedcontaininga
location identi er. This is then Manchesterencodedat
2,400baudndtransmitted Theping paclkethasaRFtrans-
mit time of 35ms.Therangeof thetransmitteiis governed
by the antennacon guration. It extendsfrom 2mwith no
antennao over 100mwith a quarterwavelengthwhip an-
tenna.For our applicationsa helical antennawith arange
of around10m is normally used. The Location Pingers
were setto transmitat slightly greaterthan 1Hz to avoid
periodswhencontentiormight occurwith the GPSPinger
(seebelaw). This guaranteee ping beingrecevedwithin
two secondof the userenteringthe 10m radiuslocation.
Ten of theselocation Pingerswere deployed at points of
interestin the ervironmentsuchasin thistle patchesand
reedbeds.

GPSPinger The GPSPingerusesan GarminGPS250em
boardwith anantennaon a shortcable. The outputof the
GPSrecever is decodedusing a PIC anda minimal dat-
apaclet containingthe local position datais constructed
wheneeravalid x is obtainedusuallyat 1Hz. Thistoo
is encodedandtransmittedn the sameway asthelocation
beacon.A GPSPingeris carriedby eachpair of children
in a small backpack.The dataprovidesa timed recordof
the children's movementsandis furtheraugmentedby the
DeadRecloningPinger

DeadReckoning (DR) Pinger TheGPSpositioningsignal
wasfrequentlydegradedby the tree canopy. To compen-
satefor this a deadreckoning systemwas devisedwhich
usedanaccelerometeio detectmovementanda two-axis
electroniccompassto senseheading. Wheneer move-
mentabove a thresholdvalue was detected a ping data-
pacletwastransmitteccontainingheadingamplitudeand
sequentialdenti er bytes. The sequentiabyteshelpedto



identify whenpingshadbeenlost. This enableda simple
form of deadreckoningto beimplementedo augmenthe
GPSdata[6].

Pinging Probe A PingingProbewasdesignedo provide
interactionbetweenthe physicalworld, by sensingmois-
ture andlight levels, andthe digital world by graphically
displayingthe resultson the PDA. Again a simple data-
paclet is constructedwith bytesrepresentinghe values
measure@ndwhichtypeof measuremernhechildrenwere
interestedn asindicatedby a rotary switch. The Pinging
Probewassetto transmitat 10Hz to ensurethattherewas
no detectabldateng in theinteraction.

Ambient Horn A novel audioplayer the AmbientHorn,
wasdesignedo play trackscuedby LocationPingersand
to transmitping noti cations eachtime a soundis played.
During the rst run of Ambient Wood experimentswith
hiddenloudspeakrsfailedto generateconsisteninterac-
tion with thechildren- thesoundswveretoo ambient.This
device was subsequentlydesignedwith the intention of
providing the childrenwith a greaterevel of stimulusby
theprerecordedudioeffects. Theaudiotrackswerestored
on asoundchip andthencuedwhenalocationtriggerwas
receved. TheHorn produceda "honking' soundandLEDs
ashed when the new track was cued; the track played
when a pushbutton was activated. A physicalhorn ex-
tensionprovided both an organicmetaphoffor the device
andencouragedhe childrento listento, andto probefor,
soundgqseeFigure3).

Device Performance

ThePingingProbedevice - usedfor bothcollectingandsub-
sequentiewing of thedata- providedathoroughlyengross-
ing experience.The pairsof childrenmadefrequentprobes
for both moistureandlight, usuallywith onechild doingthe
probingandthe otherholdingthe PDA, readingoff thevisu-
alisation. Sometimesoth childrenwould look at the PDA
screertogetherandothertimestheoneholdingit would tell
the otherwhatthey hadseenon the sreen.The probedesign
wasparticularlysuccessfubsthe digital informationresult-
ing from thechildren'sactiitieswastightly coupledwith the
activity, andthe childrenreadily understoodhe connection
betweerthetwo.

Initially the Location Pingerswere lesssuccessful. While
the technologyperformedas intended,we had engineered
the digital informationto be presentedo the childrenin a
more penasive way i.e. wheretheir bodily presencen an
areatriggeredthe digital informationto appearon the PDA,
or soundsto be playedthroughnearbywirelessloudspeak-
ers. In thesecontexts, the childrendid not have control, but
relied on the serendipityof their movementsasto whether
they passedn thevicinity of the LocationPinger The chil-
drenwere never quite certainwhenthis would happenand
wereoftensurprisedvhenthey hearda soundor sav anim-
ageon the PDA screen. Part of our intention of usingthis
penasie techniquewasindeedto introducean elementof

Figure 3: Children using the Horn, PDA and Walkie-
Talkie.

surpriseandthe unexpected Anotherreasorwasto augment
their physicalexperience by drawing their attentionto cer

tain aspect®f the habitatthey might not have noticedother

wise,andproviding relevantcontextual knowledgethatthey

couldintegratewith whatthey sav. Sometimeshisapproach
worked, andthe childrenrelatedthe digital informationthat
wasbeingsentto themonthe PDA with whatthey saw in the

woodin front of them(e.g. arealthistle). However, at other
times, the childrenwere too engrossedn doing something
elseand so would miss the beginning part of a voice-over

or not even noticea sound. In thesemomentsthe children
wereoftenreluctanto switchtheirattentiorto whatwashap-
peningon the PDA from whatthey werealreadydoing. The
audioplayingHorndevicewasdesignedo addresshis prob-

lemandwassuccessfuih giving controlof thesoundplaying

to thechildren.While thiswasless ambient'it still gave the

opportunityfor the serendipitougriggering of soundsand
alsoenabledthe childrento replay particularsoundson re-

quest. The similar physicaldesignof the Horn and Probe
encouragethechildrento seeksoundsassociateavith loca-

tionsby probingwith the Horn. We repeatedlyobsenedthe

childrenassociatingoundswith locations.

The GPSPingerperformedwell enablingpositionsto bere-
cordedfor all thechildren'sactuities. Thelocal positiondata
wasadequatédor thesetrials, thoughit would notbedif cult
to encodealargerdataseinto theeightbytepaclet. Theneed
for the DeadRecloning Pingerwaslargely obviatedby the
useof ahigh gainactive patchantennavith theGPSrecever.
Neverthelessnitial resultsfrom the DR Pingerindicatedthat
this approactcould be usefulin situationswherepoor GPS
receptionis experienced.Figure4 illustratesthe combined
positioning performanceof the GPSand DR Pingers. We
alsoexperimentedwith virtual locationbeaconsreatedus-
ing the GPSdatahowever thesewere found to be unsatis-
factorydueto inaccurag, drift andoccasionaspuriousread-
ings.



Figure 4: Aerial Photograph shawing Position Sensing
using GPS and Dead Reckoning. The white pixels rep-
resentthe readingsfrom a GPSrecever, the black pixels
show the positions estimatedby deadreckoning.

ThePAN, thoughsimplewith no protocolstackor handshak-
ing, worked well largely dueto the redundang inherentin
the design. By settingthe transmissiorrate of the Pinging
Probedo besigni cantly higherthanfor the GPSandLoca-
tion Pingersjt wasensuredhatthe Probesappearedo func-
tion with no lateng andtook priority overthe otherPingers.
Any delayin receving a location ping was not critical as
theuserinteractionappearedo be serendipitousn ary case.
The GPSpingsprovideda monitoringfunctionandwerenot
critical to the progres=of the trials. While we estimatethat
arounds% of the pingswerelost, in practicethe usersof the
systemwerenotawareof any lateng or datalossin the PAN.

Contrib ution

This projectis notablefor it's location awvay from ary in-
frastructurewhatsoser. It requiredcarefulconsideratiorof
powerrequirementandthe effectsof woodlandon RF prop-
agationunderdiffering climatic conditions.It alsobene ted
from alack of ary possibleexternalRF interference.

Therangeof usesf the Pingertechnologyis unusuakndits
integrationto form a PAN for collectingminimal datapack-
etsextendstheconcepbf usingdevicessuchasSmart-1tg7]

andthe Berkeley Motes[8] for the collection of penasive
data. The ProbeandHorn devicesboth had greatappealto
the childrenwho enjoyed usingthemconstructvely to learn
aboutthe environment.We believe thattheseinventionsmay
inspireothersto developfurtherinterestingwaysof interact-
ing with ubiquitouscomputingsystems.
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