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ABSTRACT
This demonstrationshows partsof theAmbientWoodexpe-
rienceprojectwhichhastakenplacein anEnglishwoodland
settingduring the pastyear. The project provides a play-
ful learningexperiencefor schoolchildrenon a digitally en-
hanced�eld trip. A WiFi network wasinstalledin thewoods
to enablecommunicationwith PDAs anda collectionof in-
novative deviceswasdesignedto aid interactive exploration
of the woods. Most of the devicesthat wereemployed are
availablefor conferenceattendeesto usealongwith a facil-
itator's terminal. A video of the schoolchildrenusing the
devicesin thewoodlandis alsoshown.

Intr oduction

The AmbientWoodprojectis a playful learningexperience
which takesthe form of an augmented�eld trip in English
woodlands.Pairs of childrenequipedwith a numberof de-
vices explore and re�ect upona physicalenvironmentthat
hasbeenpreparedwith aWiFi network andRFlocationbea-
cons.Theintentionis to provokethechildrento stop,wonder
andlearnwhenmoving throughandinteractingwith aspects
of thephysicalenvironment(seeFigure1). Thechildrenare
ableto communicatewith a remotefacilitatorusingwalkie-
talkiesandaresentquestionsand informationby a remote
facilitatorusingthenetwork andhandheldPDAs.

A varietyof devicesandmulti-modaldisplayswereusedto
triggerandpresenttheaddeddigital information,sometimes
causedby the children's automaticexploratorymovements,
andatothertimesdeterminedby their intentionalactions.To
thisend,a �eld trip with adifferencewascreatedwherechil-
drendiscover, hypothesizeaboutandexperimentwith bio-
logicalprocessestakingplacewithin aphysicalenvironment.

Two spacesweredesignedfor the initial trial run, andeach
activity spaceofferedits own aimswith focuson thediffer-
ent kinds of technologiesandactivities thathave an overall
link into habitatdistributionsanddependencies.Theseaims
are: Exploring, Consolidating,Hypothesising,Experiment-
ing, Re�ecting. Pairsof childrenaroundtheageof 10 years
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Figure 1: Using the probing device to �nd (i) moisture
and (ii) light levelsand (iii) readingthe resultant visuali-
sationon a PDA screen

collaborativelydiscoveranumberof aspectsaboutplantsand
animalsliving in the varioushabitatsin the wood during a
visit lastingaroundonehour. Their experiencesarelater re-
�ected uponin a`den'areawherebothpairsof childrenshare
their �ndings with eachotherandthe facilitators. The chil-
drenhypothesiseaboutwhatwill happento thewood in the
long term undervariousconditionse.g. droughtor lack of
light throughthetrees.

Following on from a successfulrun late in 2002,the expe-
riencewasenhancedfor childrenvisiting the wood in June
2003. Building on the experiencesof the previous yearwe
continuedexploringourthemeof augmentingtheexperience
with digital tools. An `Ambient Horn' was addedto en-
ablethechildrento have morecontroloverwhenthesounds
within the wood wereheard. The Horn provided a way to
accesssoundsrepresentingprocessesinvisible to theeye or
eventsthathadhappenedat a differenttime.

The Demonstration

The demonstrationconsistsof most of the devices which
wereusedaspart of this project; a simpli�ed wirelessnet-
work which enablesthefacilitator's applicationto beshown
in conjunctionwith handheldJornadaPDAs; anda display
showing a videoof thechildrenusingthedevicesin theEn-
glish woodlands. The devices, laptopandJornadasare all
interconnectedandfunctioningasdesignedandused.

The Network Infrastructure

Theprojectrequiredthatdatashouldbecollectedby thechil-
dren;their positionsin thewoodsbemonitored;andthatlo-
cationbasedinformationcould be triggered.This wasach-
ievedby theuseof 418MHzlicenseexempttransmitterswith



Figure2: Ambient WoodDeviceAr chitecture.

limited rangesbroadcastingto receiversattachedto handheld
JornadaPDAs. We call thesedevices`Pingers'basedon the
simpledesignproposedby Hull et al [1].

A wirelesspersonalareanetwork (PAN) basedonthisPinger
technologywasprovidedfor eachof thepairsof childrenas
well asan802.11bWiFi localareanetwork accessedthrough
WiFi CF Cardsin theJornadas.TheWiFi network assisted
communicationfrom remotefacilitators, and enabledreal
timemonitoringof thechildren'sactivities. In thewoodswe
experimentedwith 3 WiFi accesspointsstrategically located
with extensionantennain thetrees.An areaof approximately
4 acreshadgoodcoveragethoughthis variedaccordingto
seasonandclimate.In ourdemonstrationweareusingasin-
gleaccesspoint.

As well asaJornadaandasmallPingerreceiver, thepairsof
childrencarrywith themvariouspingingdevicesincludinga
combinedmoistureandlight Probe,a `Horn', a DeadReck-
oningPingeranda GPSPinger(seedescriptionsbelow). In
additionthe receiver wasable to detectproximity to Loca-
tion Pingerssituatedat interestingplacesin theenvironment.
The contextual informationwasprocessedlocally to create
noti�cations of eventsto a network server asthey happened.
For theoriginal trials wirelessloudspeakers,andanunusual
interactive display, the Periscope[2], weredeployed in the
woodland.The systemarchitectureemployedElvin (a con-
tentbasednoti�cation andmessagingservice[3]) originally
connectedto a MUD environment[4, 5], andlater to a be-
spokeapplication.Thisarchitectureis illustratedin Figure2.

The Remote Facilitator

Eachof thepairsof childrenhadaremotefacilitatorwhothey
couldrelayinformationto usingawalkie-talkie.Thefacilita-
tor in turncouldsendthechildreninformationin theform of
`cards',which weredisplayedon thePDA, andsounds,also
playedby the PDA. Thesewere sentfrom the facilitator's

laptopPC using the WiFi network. The cardsshowed im-
agesof plantsandwildlife; illustrationsof naturalprocesses
suchasphotosynthesis;or alternatively couldposequestions
to stimulatethe children. The facilitatorswerealsoableto
monitor the progressof the childrenthroughthe woodsus-
ing aGPStrackingsystem.

The Ping er Devices

The designissuesfor a `Pinger' aresize,cost,power con-
sumption,range,transfercapacityanderrorrate. In its sim-
plestform our Pingerdesignconsistsof a singlePIC micro-
controllerconnectedto a FM transmittermoduleoperating
in the418MHzlicenseexemptband. It' s footprint is 3cmx
3cm; it costslessthan$20 in small quantities;it hasa six
monthbatterylife whenpoweredby two AA batteries;it has
anadjustablerangebetween2mand100m;it sendsan8 byte
packet at 1Hz; andit is 95%reliablei.e. approxonepacket
in twenty is corruptedor lost. Thepingingdeviceswereall
designedto bestatelesswith varyingdegreesof redundancy
basedon the level of interactionrequiredwith eachdevice.
Five typesof Pingerwereemployedin this project:-

� Location Pinger This is thebasicdesign,providing a lo-
cation beacon. A datapacket is constructedcontaininga
location identi�er. This is then Manchesterencodedat
2,400baudandtransmitted.ThepingpackethasaRFtrans-
mit timeof 35ms.Therangeof thetransmitteris governed
by theantennacon�guration. It extendsfrom 2m with no
antennato over 100mwith a quarterwavelengthwhip an-
tenna.For our applicationsa helicalantennawith a range
of around10m is normally used. The Location Pingers
wereset to transmitat slightly greaterthan1Hz to avoid
periodswhencontentionmight occurwith theGPSPinger
(seebelow). This guaranteeda ping beingreceivedwithin
two secondsof theuserenteringthe10mradiuslocation.
Ten of theselocationPingersweredeployed at pointsof
interestin the environmentsuchasin thistle patchesand
reedbeds.

� GPSPinger TheGPSPingerusesanGarminGPS25oem
boardwith anantennaon a shortcable.Theoutputof the
GPSreceiver is decodedusinga PIC anda minimal dat-
apacket containingthe local position datais constructed
whenever a valid �x is obtained,usuallyat 1Hz. This too
is encodedandtransmittedin thesamewayasthelocation
beacon.A GPSPingeris carriedby eachpair of children
in a small backpack.Thedataprovidesa timedrecordof
thechildren'smovementsandis furtheraugmentedby the
DeadReckoningPinger.

� DeadReckoning (DR) PingerTheGPSpositioningsignal
wasfrequentlydegradedby the treecanopy. To compen-
satefor this a deadreckoning systemwasdevisedwhich
usedanaccelerometerto detectmovement,anda two-axis
electroniccompassto senseheading. Whenever move-
ment above a thresholdvaluewas detected,a ping data-
packet wastransmittedcontainingheading,amplitudeand
sequentialidenti�er bytes.Thesequentialbyteshelpedto



identify whenpingshadbeenlost. This enableda simple
form of deadreckoningto beimplementedto augmentthe
GPSdata[6].

� Pinging ProbeA PingingProbewasdesignedto provide
interactionbetweenthe physicalworld, by sensingmois-
ture andlight levels,andthe digital world by graphically
displayingthe resultson the PDA. Again a simple data-
packet is constructedwith bytes representingthe values
measuredandwhichtypeof measurementthechildrenwere
interestedin asindicatedby a rotaryswitch. ThePinging
Probewassetto transmitat 10Hzto ensurethattherewas
nodetectablelatency in theinteraction.

� Ambient Horn A novel audioplayer, theAmbient Horn,
wasdesignedto play trackscuedby LocationPingers,and
to transmitping noti�cations eachtime a soundis played.
During the �rst run of Ambient Wood experimentswith
hiddenloudspeakersfailed to generateconsistentinterac-
tion with thechildren- thesoundsweretoo ambient.This
device was subsequentlydesignedwith the intention of
providing the childrenwith a greaterlevel of stimulusby
theprerecordedaudioeffects.Theaudiotrackswerestored
onasoundchipandthencuedwhena locationtriggerwas
received.TheHornproduceda`honking'soundandLEDs
�ashed when the new track was cued; the track played
when a pushbutton was activated. A physicalhorn ex-
tensionprovidedbothan organicmetaphorfor thedevice
andencouragedthechildrento listen to, andto probefor,
sounds(seeFigure3).

Device Performance

ThePingingProbedevice- usedfor bothcollectingandsub-
sequentviewing of thedata- provideda thoroughlyengross-
ing experience.Thepairsof childrenmadefrequentprobes
for bothmoistureandlight, usuallywith onechild doingthe
probingandtheotherholdingthePDA, readingoff thevisu-
alisation. Sometimesboth childrenwould look at the PDA
screentogether, andothertimestheoneholdingit would tell
theotherwhatthey hadseenon thesreen.Theprobedesign
wasparticularlysuccessfulasthedigital informationresult-
ing from thechildren'sactivitieswastightly coupledwith the
activity, andthe childrenreadily understoodthe connection
betweenthetwo.

Initially the Location Pingerswere lesssuccessful.While
the technologyperformedas intended,we had engineered
the digital information to be presentedto the children in a
morepervasive way i.e. wheretheir bodily presencein an
areatriggeredthedigital informationto appearon thePDA,
or soundsto be playedthroughnearbywirelessloudspeak-
ers. In thesecontexts, thechildrendid not have control,but
relied on the serendipityof their movementsas to whether
they passedin thevicinity of theLocationPinger. Thechil-
drenwerenever quite certainwhenthis would happenand
wereoftensurprisedwhenthey hearda soundor saw anim-
ageon the PDA screen.Part of our intentionof using this
pervasive techniquewas indeedto introducean elementof

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

surpriseandtheunexpected.Anotherreasonwasto augment
their physicalexperience,by drawing their attentionto cer-
tainaspectsof thehabitatthey might nothavenoticedother-
wise,andproviding relevantcontextual knowledgethatthey
couldintegratewith whatthey saw. Sometimesthisapproach
worked,andthechildrenrelatedthedigital informationthat
wasbeingsentto themonthePDA with whatthey saw in the
woodin front of them(e.g.a realthistle). However, at other
times, the childrenwere too engrossedin doing something
elseandso would miss the beginning part of a voice-over
or not even noticea sound. In thesemoments,the children
wereoftenreluctantto switchtheirattentionto whatwashap-
peningon thePDA from whatthey werealreadydoing. The
audioplayingHorndevicewasdesignedto addressthisprob-
lemandwassuccessfulin givingcontrolof thesoundplaying
to thechildren.While thiswasless`ambient'it still gavethe
opportunity for the serendipitoustriggering of soundsand
alsoenabledthe childrento replayparticularsoundson re-
quest. The similar physicaldesignof the Horn and Probe
encouragedthechildrento seeksoundsassociatedwith loca-
tionsby probingwith theHorn. We repeatedlyobservedthe
childrenassociatingsoundswith locations.

TheGPSPingerperformedwell enablingpositionsto bere-
cordedfor all thechildren'sactivities. Thelocalpositiondata
wasadequatefor thesetrials, thoughit wouldnotbedif�cult
to encodealargerdatasetinto theeightbytepacket. Theneed
for the DeadReckoningPingerwaslargely obviatedby the
useof ahighgainactivepatchantennawith theGPSreceiver.
Neverthelessinitial resultsfrom theDR Pingerindicatedthat
this approachcouldbe usefulin situationswherepoorGPS
receptionis experienced.Figure4 illustratesthe combined
positioningperformanceof the GPSand DR Pingers. We
alsoexperimentedwith virtual locationbeaconscreatedus-
ing the GPSdatahowever thesewere found to be unsatis-
factorydueto inaccuracy, drift andoccasionalspuriousread-
ings.



Figure 4: Aerial Photograph showing Position Sensing
using GPS and Dead Reckoning. The white pixels rep-
resentthe readingsfr om a GPSreceiver, the black pixels
show the positionsestimatedby deadreckoning.

ThePAN, thoughsimplewith noprotocolstackor handshak-
ing, worked well largely dueto the redundancy inherentin
the design. By settingthe transmissionrateof the Pinging
Probesto besigni�cantly higherthanfor theGPSandLoca-
tion Pingers,it wasensuredthattheProbesappearedto func-
tion with no latency andtookpriority over theotherPingers.
Any delay in receiving a location ping was not critical as
theuserinteractionappearedto beserendipitousin any case.
TheGPSpingsprovideda monitoringfunctionandwerenot
critical to theprogressof the trials. While we estimatethat
around5%of thepingswerelost, in practicetheusersof the
systemwerenotawareof any latency or datalossin thePAN.

Contrib ution

This project is notablefor it' s location away from any in-
frastructurewhatsoever. It requiredcarefulconsiderationof
powerrequirementsandtheeffectsof woodlandonRFprop-
agationunderdiffering climatic conditions.It alsobene�ted
from a lackof any possibleexternalRF interference.

Therangeof usesof thePingertechnologyis unusualandits
integrationto form a PAN for collectingminimal datapack-
etsextendstheconceptof usingdevicessuchasSmart-Its[7]
and the Berkeley Motes [8] for the collection of pervasive
data. The ProbeandHorn devicesbothhadgreatappealto
thechildrenwho enjoyedusingthemconstructively to learn
abouttheenvironment.Webelievethattheseinventionsmay
inspireothersto developfurtherinterestingwaysof interact-
ing with ubiquitouscomputingsystems.
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