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Abstract

In recentyears, realworld objectshawe beenusedto re-
flectinformatian previouslyshownon the compiter screen.
While mostearlier efforts haverequired signifiant devel-
opa knowledg andskills to constructandprogramthedis-
plays,ourworkis investigatingnethod to enalte program-
meis to usereal world objectsin mud the sameway that
they would typical userinterfacewidgets. This pape out-
lines programminginterfacesdeveloped on top of the X10
protocd for contmwlling powerflowto electricaldevices,in-
cluding sampleprogramsfor eac.

1 Overview

With the availability of information soures like the
World Wide Web, usersoften needto stay aware of con-
stantlychangimy information,or at leasthave the informa-
tionreadilyavailableatappopriatetimesandin apprriate
forms. Quiteoften theinformationis notsoimportart that
it shodd occupy spacen a displayon the compuer desk-
top, yetit is of suficientinterestthatuserswantit readily
available. Onesolutionthathasbecone comma in recen
yeas hasbeento incomporatethe information in the ervi-
ronrment,anappoachtermedubiquitouscompting or per
vasivecompting. In thesefields, nontraditioral objects
in the ervironmen areusedto reflectinformationof inter-
est;for exanple, chargesin lighting cancorrespndto the
weatherforecast,chan@sin air flow could reflectfluctu-
ationsin the stock marlket, andchangsin ambien music
coud signalanupcaming meeting[5, 3, 2]. A nearly per
soncouldlook at or sensehe chang without devoting sig-
nificantattentiorto it andcertainlywithout having adisplay
thatoccupesvaluable compuer screerrealestate.

Theseand other devices have been corstructedusing
realworld objectsto reflectinformation, but typically they
arenot easyto constret. This goal of the work described
in this paperis to provide methals and programmirg in-
terfacesthat suppat the creationof information displays

using real-world objects. We call the resulting informa-
tional displaysreal-world interfacesor RWIs. Typical user
interfaces use buttors, scrollbas, sliders, and similar on-
screervisualdisplaysto corvey andinteractwith informa-
tion, whereasRWIs augnentor replacethesedisplayswith
chan@sin the surronding ervironment that corvey infor-
mationin alessdirectbut still noticealle manrer.

Perhapghe effort mostsimilar to our own comesfrom
SaulGreenlerg andhis phidgetsprgect[1]. Phidgetsshort
for physicalwidgets provide alayerof abstractiorbetween
physical devices and the progammer allowing program-
mersto focus on the creationof the physical device andits
inclusionin a software package However, phidgetsstill
requre speciallyadaped hardvare,and mostof the phid-
getapplicatiors requireda fair amourn of effort to be spent
in the physical constrction of the interactian device. Our
goalis to provide a progammirg interfacethat minimizes
or eliminatesthe needfor electrorics expertise.

Our work providesprogammerswith the ability to use
real-world devicesin muchthe sameway that they would
usea standardiserinterfacetoolkit. We have developedthe
RealWorld Interface (RWI) library, a proto®l and set of
abstractprogrammirg interfaces(APIs) for usein contiol-
ling X10 devices. TheRWI library empaversprogammes
with the ability to createtheir own RWIs. A progammer
canusea familiar API in displayinginformationusingary
X10 device.

The X10 protccol traditionally hasbeenusedfor home
autonation. The protoml is mostcommotty found in de-
vices that contrd the flow of electricity to appliarcesby
togding power or settingpower levels. Otherdevicesthat
have beenbuilt usingthe X10 pratocol include motionde-
tectors,camerasthermetats,andremde contrds. Signals
canbe sentfrom a computer over power linesto X10 de-
viceswithin alimited range like ahouseor alab.

To supprt multiple programming paradigns,andto un-
derstandhow different paradgmsareapgicablein thecon-
cept of X10 devices, the RWI library suppets multiple
languagesandtoolkits. We attemptedto mode the APIs
on paraligmsusedwhenprogrammirg in thatlanguageor



toolkit. With compactsimplecommandsusinga syntaxfa-
miliar to progammes, a progamcanbewrittento contrd
the pawer levelsto electricaldevices. Theendprodict is a
library that,with appiopriateoff-the-shelthardvare,allows
programnersto createapplicatiors for real-world devices.

We have usedthe RW1 library in thedevelopmen of sev-
eralapplicaions for homeandsmall office use. Sincereal
world devicesreflectinformationin a way not necessarily
obviousto outsides, it seemghatindividualsandsmaller
comnunitiesof userswherethe meanimg of changesn the
ervironment can be establishednore easily would bene-
fit mostfrom RWIs. In turn, RWIs could helpincreasehe
senseof community by geneating corversationaboutin-
formationthey representincluding anything from the state
of machnesin alabto the currentweathercondtions.

This pape describeshedifficultiesin creatirg RWIs us-
ing traditioral meansandintroducesour RWI library that
addesseghesedifficulties. We also describeseverd ap-
plicatiors built usingthe RWI library. Notethatthis paper
does not provide the full syntaxand descriptionfor most
commandsin the APIs; pleasevisit the RWI Web site at
http://www.cs.vt.edérwi for addtional informationandac-
cesgo thelibrary.

2 Bridging the gap tothereal world

Our initial concen was to make it practicd to con-
structrealworld interfaces.Thelimitationsinherer to real
world devices (and particdarly X10 devices) require sig-
nificant programmirg to overcome, and someresearches
feelthatX10 in particularis simply too high-level andlim-
ited for geneal device developmeri [1]. However, we have
foundthatshieldingthe progammerfrom theseissueswith
threadng anderror hardling techriquesmalesit possible
to usethesedevicesatanacceptabléevel of perfamance.

To avoid blocking andto bettersupprt erra checling,
we developeda quaie-basednultithreadedayer basedon
theconeptof passingnessagebjectsto virtual device ob-
jects that then control the X10 commaids. Messagesn-
tenda for X10 devices are enteredinto the input quete
maintaired in order by timestamp. A helperthreadde-
guauesthe message$rom the input quele and enquees
themin the appr@riate device quele. Messagesre de-
quauedfrom the device quelesin circularorder at the ap-
propriatetime intenals to limit blocking andfailure often
found with X10 devices. Themessagearesentto a virtual
device, which sendsthe messageo the actualX10 device
andrepots succes®r failure.

This layer suppementsthe standardX10 comnand set
to make it possibleto write progamsthat usereal world
objeds to reflectinformation. Several APIs not only make
it possiblebut furthermoe potentially simplify the job of
the programner. The APIs provide abstractionghat hide

mary of the detailsof the C++ multithreaed layer using
familiar progammingparadgmsfor severallanguagsand
toolkits: C++, C, Amulet,andTcl/Tk.

The C++ interfaceexterds the C++ multithreadedlayer
with commauls that suppaet easyaccesgo the functioral-
ity. The C interface exposesa proceduralinterface andthe
useof anopagie hande to maintainstate.The Amuletin-
terfacecreatesan Amulet objectclasswhich cantake ad-
vanta@ of constraintsand commaiml objectscomman to
widgetsin the Amulet system[4]. Theinterfacefor Tcl/Tk
suppats rapid developmen of interfaceswith the Tcl lan-
guage wherebyreal world objeds are manipdated similar
to graphical objectsin the Tk toolkit. Completedoaumen-
tationis availableat http://www.cs.\t.edu/rwi/

3 RWI applications

Limitationsinhetentto realworld devicesandto X10in
particdar constrairthetypesof applicatiors thatcanbede-
signedfor theRWI library. Specifically thelow information
transferratemalesdisplays thatchang frequentlydifficult
or impossibleto create.Oneoftensuggestedeal world in-
terfaceis anintrusive displaythatrapidy flashesalight or
chang@ssomeothervisualcueto alertsomeonef achange
in informationof interest.While thelow transferatemakes
this sortof displayimpaossible,we alsoarguethatthisinter-
faceis uncesirable If thegoalis to grabapersa’s attention
becasesomeurgent eventis takingplace,a visualdesktop
alarmor audiowarnirng seemddeal. If, on the otherhand,
thegoalis to makeinformationavailable,usingtheerviron-
mentto reflectthe stateof information seemsappopriate.
Whenuserscaredeeplyabou somespecificcharge, they
aremoretolerantof intrusive interfacesthatpopup ontheir
computerscreen®r createanaudioalert.

We sharethevision of Mark Weiserthatinterfaces inte-
gratedinto the ervironmen shouldencalm notintrude[5].
Thatis, thedisplayof informationshouldblendinto theen-
vironmentwith minimal negative impactuponothertasks,
yet it shouldbe visible at the timeswhena userwantsor
needst. This sectiondescribeseveral applicdions devel-
opedasa meanf demastratingboththe functionality of
the RWI library andthe areasvherewe feel realworld in-
terfacesare mostapprariate. For otherexamges, please
visit the RWI Website at http://www.cs.\t.edu/rw/

Alarm clock Perhapshe simplestapplicationwe devel-

opedwasa 104ine alarmclock progamthatdimmedadesk
lampasa meetingtime appr@ached.To usetheapplicatia,

a usertypesa conmandal ar m 60 to seta RWI alarm
for 60 minutesfrom the currert time. As the meetingtime

appoachesthelamp dims, providing a subtleremincer of

the appoachingmeeting Whenthe meetingtime arrives,
thelampturns off comgetely, providing a more noticeable
meetingalert.



Figure 1. The weather monitor RWI. The
brightness of the lamp reflects the current
temperature , and the fan reflects whether it
is currentl y raining. The RWIs remind people
to consider bringing ajacket or umbrella.

Weather monitor The Web provides abundant sourcesof
charging informationthat could be reflectedusing RWIs.
As ourlabhasnowindowsto the outsideworld, oneimpor
tant information sourceof interestis the current weather
All too oftensomeor would leave the building only to dis-
cover that it was raining or the tempeature had dropped
significarily. To alleviate this prodem, we createda RWI
that mornitored the weatherand useda lamp and a fan to
reflectthe weatherat the time (seeFigure 1). We situated
the displaysby the doa of the lab, aswe expectedpeope
would mostneedtheinformationwhenleaving.

Computer use monitor Oftenit is importantto maintaina
senseof how muchtime hasbeenspentusinga compuer,

device, or application. For exanple, the RWI prgectgroup
does mostof its developmentonasinglemachinédn ourlab,
andit is ofteninterestingo speculateavhenthemachinehas
beenin use. We constricteda RWI usingan electricclock
thatwe resetto 12: at eachlab meeting. Uponlogin to

the RWI accoum from the console the clock beginsto run,
andupa logaut it stops.At eachmeetingwe cantell how

muchtime hasbeenspentrecentlyon development.

An importantandstraightfaward alternatve to this ap-
plicationwouldbeakeyboardusagemoritor. By settingthe
clockto 12:0 eachdayandconfiguing it to runonly when
the keyboard hasbeenrecentlyused,it codd contirually
reflecthow muchtime hasbeenspentusingthe keyboard
during a day We seethis as highly useful for repetitve
stresgnjury (RSI) sufferers who needto limit thetime that
they spendtyping. The clock would provide a constanbut
off-the-dektopreminder of how muchtime hasbeenspent
during the day typing andcould help an RSl sufferer limit
typing andmanagébreaks.

4 Conclusions and future work

The work describedn this paperoutlines a methodfor
contolling real world devices using APIs similar to those
found in widely usedlangwagesandtoolkits. Our RWI li-
brary shieldsa progammerfrom the speedand reliability
prodemsthatarecomma whenusingreal world devices,
particdarly thosethat male useof the X10 protoml. In
additin, our APIs simplify the job of the progammerin
creatinginterfacesthat leverage objectsin the real world.
Applications were describedthat have beenimplemened
usingthe RWI library.

While this andotherresearclefforts have addresseds-
suesrelatedto the representatiorof informationusingreal
world objects,the researctareais still in its infarcy with
mary problemsremaning to be solved. An initial stepwill
beto exterd the framavork to includemoreinteractve de-
viceslike motion detectes, camera, andremotecontrds,
all availableas X10 devices. Sinceour ultimategoalis to
male it easiemotjustfor progmammersout for the average
userto construcRWIs, futurework shouldalsocontinte to
addframenork layersthatenableuserswith little program-
ming or evencompuer experienceto build anduseRWIs.

Finally, it is necessaryo undestandthe effediveness
of real world interfacesthrough empirical testing. While
RWIs we and othershave constricted have beenaneca-
tally describedasusefu andenterténing, empiricd testing
is needé to deternine the useflnessand appopriateress
of RWIs in avarietyof situations We suspecthatthereare
tradedfs betweerpromptingreactiors, supporting comge-
hensionandinterrupting curren tasks. By identifying key
aspect®f thesdradeofs,we canundestandbetterhow real
world interfacescanandshouldbe constrietedandused.
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