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Abstract

This paper describes a simpleindoor positioning system
that uses ultrasonic and RF technologies, and further out-
lines research which has been enabled by the system. Exist-
ing indoor systems are expensive and have substantial user
or physical impacts. This system is inexpensive and has
minimal impact. It has been used at the University of Sus-
sex to help under stand how children collaboratively explore
mixed reality spaces, and it has also assisted with research
into digital and physical co-visiting in the Mackintosh In-
terpretation Centre of the Lighthouse in Glasgow.

1 Introduction

The measuremenof positionis one of the fundamen-
tal requirementf location aware computing. The intro-
duction of GPShasbeena significantfactorin the devel-
opmentof outdoor location aware computerapplications.
This paperdescribesvork thathasbeencarriedout usinga
simpleindoor positioningsystemusingultrasonicand RF
technologieslesignedo promoteindoorresearch1].

Therearethreetechnologiecommonlyusedfor indoor
locationsystems ultrasonicsinfraredandRF Infraredsys-
temstendto rely onthe usertakingexplicit actionsto iden-
tify theirpresencé?]; andRF systemsequiresophisticated
(and often cumbersomepntenna[3] - ultrasonicsoffer a
low cost solution which can operatewithout ary explicit
userinteraction. Shortcomingof ultrasonicsystemsarise
from loss of direct signal and interference. Thesecan be
minimisedandsophisticatedystemsgroducecby commer
cial supplierssuchasintersens§4] andAT&T [5] have suc-
cessfullyimplementedultrasonicpositioningwith impres-
sive results. The Cricket Location-SupporSystemdevel-
opedby researcherat M.I.T [6] provideslow costposition
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estimationdesignedo achieve portion-of-a-roongranular
ity usinga network of beacons.We describethe useof a
simplesystemdevelopedby the Universityof Bristol Wear
able Computing Group as part of the EquatorIRC, sup-
portedby the EPSRC focusingon the integrationof physi-
cal anddigital interaction[7]. This simpledesigngivesre-
sultsproviding accuracie®f 10-25cmandhasproved suit-
ablefor severalresearclapplications.

Two Equatorprojectshave successfullyjusedthe posi-
tioning system.TheHuntingof the Snarkled by the Univer-
sity of Sussg [8] in whichresearchwascarriedoutinto un-
derstandindhow children collaborate discover and reflect
uponnew kindsof experiencesn mixedreality spacesand
the City projectled by the Universityof Glasgav [9] where
the designwas extendedto provide an ambitiousinstalla-
tion in the MackintoshinterpretationCentreof the Light-
housein Glasgav. The systemhasalsobeensuccessfully
usedfor otherresearchoy Hewlett-Packardnot describedn
this paper10].

2 Positioning System Design

To determinepositionin a 3D spaceusingtrilateration
we require three distancemeasurements.In this system
we usea RF signal- or ‘ping’ - asa synchronisingpulse
followed by four preciselytimed ultrasonic signals- or
‘chirps’.  This arrangmentallows the times-of-flight be-
tweenfour separatelyocatedtransmittingtransuceranda
recever to be determined. Thesetimes-of-flight are con-
vertedto distancesby factoring them with the speedof
sound.We usefour to increaseherangeof the systemand
to compensatéor occasionsvhenonesignalis lost - it also
simplifiesthe geometriccalculations.

The ping, containingan eight byte codedpacket broad-
castby a 418MHz FM shortrangetransmitter ensureghat
the recever is synchronisedo the transmitter The paclet
consistsof two identifier bytes,andsix bytesof room spe-
cific information. The maximumrangeof the ping is 100
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Figure 1. Timing diagram (notto scale).

metres,thoughthis canbe reducedo enableseparatesys-
temsto operatein adjacentooms.

The chirps consistof 48 cycles of 40kHz generatedy
a PIC microcontrollerand are transmittedsequentiallyat
50msintervalsasshawn in Figure1l. We use48 cyclesas
1msof signalis relatively easyto identify usingsimpletest
equipment. Openfacepiezotransducersanufcturedby
Polaroid[11] have beenselectedo give optimum results.
Thesedevicesprovide the widestpossibletransmissioran-
gle combinedwith high output(tx)/highsensitvity(rx). The
four ultrasonictransmittersare mounted,facing vertically
downwards,on theceiling of theroomto be covered.They
areplacedat the cornersof a squareand connectedo the
transmittermodulewhich containsthe microcontroller ul-
trasonicdriversandRF transmitter In our 4.2mx 6.5mtest
room we have obtainedbetterthan 15cmaccurag within
the squareusing 2, 3, and 4 metre squareconfigurations
with aceiling heightof 3.2metres.

The recever usesa matchingRF recever, decoderand
PIC microcontroller and an operationalamplifier to pro-
cesgheultrasonicchirp. Thesecomponentsremountedn
a smallmodulewhich is eitherattachedo a palmtopcom-
puterwith a graphicdisplay or, in the caseof a wearable
computerplacedontheshoulder(spf theuser A rechage-
able PP39v batterycanprovide sufficient power for a full
day’s operation. The PIC is programmedo measurehe
numberof 100usdelay units occuring betweentransmis-
sion and receptionof eachchirp. Eachdelay unit corre-
spondgo 3.4cm,giving anoptimumresolutionof 2.4cmat
one and a half metresbelaw the centreof the transmitter
square.The delayunits are combinedwith the eight bytes
from the pingerandsentto anRS232output.

3 The Snooper

The ‘Snooper’device is basedon two maincomponents
- anH-P Jornadé&b48 PDA andanenhancediltrasoundoo-
sition sensingrecever. The Snoopeiis intendedto provide
a tool for childrento discover virtual items hiddenin the
realworld. The four transmittingtransduceultrasonicpo-
sitioning systemwasinstalledin a 3.0 by 3.5 metreroom.

Figure 2. Children with the 'Snooper’

Thereceiverwasaugmenteavith atwo axiselectroniccom-
passproviding orientationdatathatis combinedwith the
ultrasonicpositiondataat around2Hz. The JornadaPDA
hasa Windows CE operatingsystemrunningon a Hitachi
133MHz SH3 processar This is suitablefor analysingthe
positiondata,providing agraphicdisplayandplayingaudio
files.

Threedisplay optionswere experimentedwith. These
wereintendedo helpusassessheimportanceof providing
anoverallview of all surroundingrirtual objects;automatic
orientation;anda display of only the objectsin the users
field of view. Our experimentauiseimagedisplayandaudio
playbackto give the userimmediatefeedbackwhena vir-
tual objecthasbeendiscovered. The threeoptionswerea
cornventionalmap displayshowving aplanview of theroom;
aradar displayshawving therelative positionof the virtual
objectsaroundthe userappropriatelyorientatedanda lens
view which only shoved the objectsin thefield of view of
theuser againappropriatelyorientated.

Eachtime the positionof the useris updatedoy the po-
sitioning systema table of imagesandtheir associatedb-
cationsis searchedor a match. Whena matchis foundan
associate@mageis displayedo indicatesuccesé locating
oneof the virtual items,andan audio promptis triggered.
The children easily understoodhe purposeof this device
and moved aroundthe roomin searchof the items. They
hadno problemunderstandinghat the invisible, asrepre-
sentedas pictureson the screen,could alsobe realisedas
physicaltokens.They alsoreadilyunderstoodhefloor map
usedandtheir positionin relationto it onthe Snoopetool.

The positioning systemworked reliably with problems
only being experiencedwhen both children ‘crowded’
aroundthereceverobscuringthe ultrasonicpaths,andalso
whenthe Snoopemwastilted causingthe compasgo mis-
read.



Figure 3. The Mackintosh Centre

4 TheMackintosh Centre

In the EquatorCity projectbasedn Glasgav, we have
been combining mobile computers,hypermediaand VR
systemsnto onelarger systemwhich aimsto weave digi-
tal mediainto the physicalspaceghat peopleuse,andto
do this in meaningfulwayswhich shov and supporttheir
activity. We areexploring waysthatpeoplecaninteractand
maintainawarenes®f eachother eventhoughthey maybe
spatiallyseparatedyy usinga variety of interactiondevices
andmedia. The life andwork of CharlesRennieMackin-
toshprovidesawell documentedhemefor ourresearctand
hencethe MackintoshinterpretationCentrein the Light-
house [12] waschoserasa suitablestartingpoint for this
project.

The needto determinethe physicalposition of the user
in the MackintoshCentrewascritical to determiningthein-
terestsandpathof the user This 13 by 20 metreroom (see
Figures 3 and 4) presentonsiderablehallenges it is
subdvided by a 2.3 metrehigh partition, containsfour 2.1
metrehigh opencubicles,andary installedpositioningsys-
temmust,for aestheticeasonsbewell hidden- precluding
the ceiling mountingof transducers.

The maximumareapreviously coveredby the ultrasonic
positioningsystemhad been4.2 by 6.5 metres. After ex-
ploratory laboratorytestingit was found that it would be
worthwhileto investigatea positioningsystembasedn ul-
trasoundcsignalsreflectingoff the ceiling of the Mackintosh
Centre.The original four transduceultrasonicsystenmwas
extendedo provide eighttransmittingtransducersFour of
thesewereplacedfacingupwards,alongthetop of the par
tition, and the other four were centrally placedon top of
eachof the cubicles,also facing upwards. This arrange-
mentmet the aestheticconsiderationsthoughit relied on
usingthereflectedsignalsthatbedeil otherultrasoundpo-
sitioning systems. It was recognisedhat therewould be
areaswherethe positioningwould not work satishctorily

Figure 4. Mackintosh Centre Test Path.

e.g.insidethe cubiclesandin areasshadavedfrom there-
flectedultrasound.This installationprovidedanideal ervi-

ronmentto testthe limitations of a simple ultrasoundsys-
tem. An initial installationand testingdemonstratedhat
thetheoryworkedin practice howevertherewereproblems
with range deadspotsaccurag andjitter.

The initial testswere mainly basedon following a pre-
determinedrail aroundthe Mack Room over a period of
two minutes.Thistrail wasdesignedo includeareasvhich
were known to have inadequateultrasoniccoverage. The
testerstoppedfor five secondsat eachof eight reference
spotsaroundthe room. The trail is shovn asthe continu-
ousline in Figure 4. The diamondmarkersshav the ac-
tual positionsas measuredy the ultrasonicsystem;they
areconnectedequentiallyby thedottedlines.

While an accurayg of within 0.5 metreswas achieved
50% of thetime, figure 4 clearly shovs thatpositionsens-
ing was severely degradedwhen the userentereda cubi-
cle. Consequentlgxperimentsverecarriedoutto compare
infra-red, RF and ultrasonicbeaconswithin the cubicles.



Theinfra-redbeacorrequiredexplicit actionto ensurethat
it hadbeenfound andthe rangeof the RF beacornwasdif-
ficult to setaccuratelyand dependecdbn recever orienta-
tion. Thesewererejectedasbeingunsuitedto our needs.
The ultrasonicbeacorbenefitedrom the featureof simple
rangeadjustment. By extendingthe existing eight trans-
ducerswith an additionaltransducefitted underneattthe
ceiling of eachcubiclewe wereableto achieve satishctory
results.

As well aslimited public demonstrationsf this system,
tentrials wereconductedwith two participantsvisiting the
MackintoshCentreusinga digital interfaceanda third ac-
tually in theroomtrackedby theultrasonicpositioningsys-
tem. The participantin theroomwasgivenadisplaywhich
shaved a map with their position, and the notional posi-
tionsof theothertwo participantsisiting from their digitial
worlds. Onedigital visitor alsohada mapdisplay andthe
otherentereda 3D modelwith avatarsrepresentingill three
visitors. The participantswere connectedoy an openau-
dio communicatiorsystem Eachtrial lastedapproximately
onehourwith the participantscompletinga seriesof inves-
tigative tasks. Initial obsenationsshoved thatthe partici-
pantscarefullymanagedheir bodily positionswith respect
to eachother, asin corventionalcollaboratve digital ervi-
ronmentsandshowvedlittle problemwith mappingbetween
betweerphysicalobjectsandthosein the graphicdisplays.
Furtherdetailedanalysisof theresultsof thetrials is under
way.

Theultrasonidnstallationin the MackintoshCentresuc-
cessfullydemonstrateghossibilitiesfor extendingthe cov-
erageof the positioningsystemdesignin a difficult ervi-
ronment.While areasof poorcoverageremainedidueto the
peculiaritiesof the room, the systemadequatelysupported
testingwhich involved the use mapsdisplayingthe posi-
tionsof the participants.

5 Conclusion

We have developeda low costindoor ultrasonicposi-
tioning systemanddemonstrateds usefulnesgor research
purposesin particularwe have worked with childrenwho
have shavn their capacityfor understandingnd adopting
locationawarenessn finding virtual objectsin real spaces.
TheCity projecthasshavn thevalueof locationawareness
for enhancingsynchronouwisiting and communicationn
realanddigital environments.

This work hasdemonstrateg@otentialfor locationbased
servicesn indoorernvironments We arecurrentlyresearch-
ing thepossibilitiesof integratingmultiple positioningtech-
nologiesto provide locationbasedservicesvhich spanboth
indoorandoutdooruse.
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