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ABSTRACT

Inlthis[paperwelpresent Thow awareness canlbe[$upportedin
pervasivell computing[] environments[] throughl] auditory
information.[] Wel introduce] an[] application”] which[J uses
soundscapes [ to[supportpeople’s awareness ofl eachother’s
presencel]in[Janoffice[Jenvironment. ] We[ldescribe [several
techniques[for[construction[and[control Cof such[Soundscapes.
Finally,] wel present[] an[] architecturel] for[] designing[] and
controlling[] soundscapes. ] The] architecture[] is[] based[] on
managers,[agents, [évaluators, dBlackboard information(storage,
and[] all control language, [ it[] emphasizes [ reusability[] and
extensibility, [and it s built ipon@common [Systemframework.

1. INTRODUCTION

Grouplawareness, orawareness0fl colWorkers, [ status[oflthe
tasks[andlactivities[in[alwork[group, [is[important fo cowork
andsocialClife[J oflJ individuals. ] Supporting[lawareness [in
pervasivel] computing[] environments [ benefits[] large[] target
audiences [in OwideCivarietyof[tasks, Csocial Csituations [and
physicallenvironments. [The isers[¢anlinteractWwith ¢achlother
normally,JandCcollaborate[innormaldaily[tasks, since[the
awareness [support[is[availablelintheleénvironment[itself. [The
awareness [ support[can[be done[inaltalm[andunobtrusive
manner, [exploiting[Jtheperipheral Csensing[Icapabilities [of
humans.
Pervasivellcomputing[]environments[]produceJtheirJown
challengesto awareness support Coflwork Cgroups.Gathering
informationtegarding[the isers, [their Wwork, [tasks and[$ocial
situations[is @ muchmore[domplex Situation than[infraditional
Computer[] Supported[] Cooperative ] Work ] (CSCW), [ which
focusesConlsystems[based[on[personal (computersand[desktop
applications. C[Awider[variety[oflinformationis[available, [and
thelscaleCofl topics “and [domaininformation[is[imuchlarger.
Information [ gathering[Jand Creasoning[JtechniquesJare[Jalso
complicated. Information[sources(can [fypicallyBe, For[example,
an[Jarray[Jof[recognitionresults fromIspeechJand [Ispeaker
recognizers, ] positioning[services, ] and [Jother[]software ] for
gatheringlinformation. Handling[that¢omplexity[isa[challenge
inlitself. [Such[fusion[ofldata, or[¢ontextlinformation, [is[often
called[contextlawareness. [Qurlapproach [folawareness supportfis
to[present ¢uesforpeople tolact,[and [keepinghumans in[the

loop, Clinstead CJofT “automatingJactions”, Ciwhich [[Bellotti [Jand
Edwards[[1]warndgainst.

InCthisCpaperDweCintroduce CanCapplication Cto Csupport
people’sCawarenessJofT leach Cother’s [presenceJin Clanoffice
environment. [Weise[éalm[and [¢ontinuous/soundscapes(such(ds
onesbasedlon[soundsoflbirds singingfand peoplewalking 2]
to[tonvey[theinformation[hile hotburdeningthelistener’s
cognitivelbad. [The@wareness information @pplication/is[part(of
allarger[pervasive[¢omputing[System[]3], (which[aidspeoplelat
theloffice[in[many[forms,e.g., (by[providing[indoorguidance,
spokenmessages, [and[other [relevantiservices.

InCorderJtoCconstruct Cefficient Jsoundscapes [to[Ipresent
awarenessinformation, [al$softwarel[architecture[Wwith[Sufficient
capabilities [l for Jmanipulatingand [Icontrolling soundsand
compositionslismeeded. Particularly, thereislaneed [folensure
the ] consistencyl] and (] context[] sensitivity[] of [ the[] dynamic
presentation. [This[fequires [$pecial [techniquesfor[transitions,
timing, [ixing, [adaptivityfoloutsideinformationSources and
forChandling[thecomplexitylofl controllingsuchalcompound
presentation. [We[present[altonceptual (modelCandlaltoncrete
softwareCarchitecture Cwith CabasicCset Cofcomponents [that
enablethelapplicationdesignersandSoundscapedomposers [fo
construct[] efficient[] auditory[] awareness ] applications.[] The
componentsconsist Cof four Ccategories “ofagents, Callcentral
information[storage, ‘and[$oundengines, all [¢ontrolled with[a
markupand[Scriptinglanguage. Thelarchitecture[is‘based ‘on
our[experiences [in¢onstructing[[3]landévaluating 4] auditory
pervasive[éomputingapplications. [Technology[wise, [themodel
extends[our(genericlagentiarchitecture [5].

Inlorderfoinderstand(the importance l0flawarenessSupport,
westart[by(brieflyldescribing[thepsychological echanisms[of
peripheral [awareness, and Thow [they[¢anbeutilized. [(Then[we
present[anlapplication [Wwhich[supports@awareness [through[calm
soundscapes. TAfter[that, weltakealcloser[look Cat different
challenges [in[producing[such [soundscapes:the Cmapping[lof
informationto[presentation, maintaining[thelconsistencylofla
presentation, [and [otherwisecontrollingthem. Then Wedescribe
anlarchitecture(designed fo[cater for[@ll these requirements.[We
concludeWwithdiscussionand[plansfor future work.

2. PERIPHERALAWARENESS

Infthis[paper, [awareness[ofl¢oWorkers, [Status ofTthefasksdand
activities [in[a[work ‘groupis[called [groupawareness. Dourish
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and[Bellotti[[6]defineawareness as[f‘understanding"bfl the
activities CofCothers, which Cprovides [alcontext [ for Cyour[own
activity.” [An[individual’s[social [éffect[on[6therscan[BelSeen(as
alJsumUofTIsocial Cbonds, [physical Cproximity[Jand Ctemporal
immediacy.[Thus, [thetole oflawareness, évenJustlof presence
oflothers, lis[importantfolcoWork and[Social Tife oflindividuals.

Nonetheless, [ bringing[] new[] output[] devices[] tol] an
environment(and [@addingthe@mount/6flinformation @vailablefo
peoplelispotentiallyCharmful, Csince[that[easilyladds[to[an
information overload which thightIead[folstress@nd(decreasein
productivity. [ Therefore, 'alJmajor challenge [lin[Jsupporting
awareness [isCoffering[information[onlan [linobtrusivelevel Cof
attention.

In[Jall cognitivel[] sense, ] awareness[ is[ closely[ tied[] to
attentiveness. Attentiveness [shifts [between[Jcategories [from
preattentionand [inattentionto dividedattention [and focused
attention[]7].[Thelshift{s[involuntarylor Voluntary,[depending
on[Jthel situation, ] which[J means[] that[] awareness[]support
applicationshavefobeunobtrusivelin thelsense thattheyldo
not[JdemandCattentionJunnecessarily Jwith[Jinterruptionsor
roughness. Thelevel "ofTobtrusiveness "has tolalsomatch(the
socialCandtask[$ituation. [Presentations havefolbel[tonsistent
and[continuous.

Pervasive computing[applicationsutilizing[the[peripheral
sensing[capabilities [0fThumans[candonveylinformation(ofiwhich
peoplelareaware[of, but have Mot focused [their(attention o [8].
Inattention Cand Cdivided Cattention Care [iused [incalm Cambient
presentations. [Inattentiondoes mot[burden(aperson’s[cognitive
capacity.In[this paper welstudyhow(this[danbelachieved With
audiolapplications [which Care[designed [to conveyawareness
information[inunburdeningways. [Nextwe[will Cdescribe[an
applicationwhich[uses Ccalmsoundscapesas[the “method Cof
presentinginformation.

3. ANAUDITORYAWARENESS[SUPPORT
APPLICATION

Inlorder fo Support group [dwareness, [as/presented in[Section 2,
wehavelimplemented Jlan Capplication Cwhich Caims “to[keep
peoplel] awarel] of[] each] other’s[] presencel] in[] the[] office
environment. 'Theapplication[isCpartCofCallargerpervasive
computing System[thathelpspeoplelin(their[éverydayfasks[in
officeCsettings[[3].[TheSystem[gatherspresence [information
fromVarious[sources, [for[example[byltrackingthe[frequency
peoplel] usel] their[] computers.[] Thel] auditory[] awareness
informationlis[presented through Toudspeakers i@mbedded in the
officelénvironment.

Figure[1 Cillustrates CgenericCproperties CofJthe Jauditory
awareness [Support[@pplication. Thefirst[phaselisfolcollect/data
from[various(sources, Such(ds iimplicit[@ctivitylinformation from
movement[Jsensors, JandCexplicit Cinformation[JfromCpersonal
computers((e.g.,[Galendar@pplications). ThelSecond phaselis the
refinement(oflthe [information, for[éxample by using [fule based
orstatistical Measoning[foake higher [level(abstractions. In(the
third[phasethe imappingbetweenthe awareness [information
andlavailableCauditory[presentation ‘methods[is[imade. In[the
fourth[phaselthetesultingauditorypresentation[is Sent[fo the
audiolengine [fobeplayedlout.

In[Jour Jawareness [ support[Japplication, [ informationlis
presented] in[J the[] form ] of ] soundscapes(] that [l consist[] of

thematically[similarsounds, $uchlas soundslofl birdssinging.
Traditionally[Soundscapes imean[thelentire[$onicenvironment
as[itlissensed[andlinterpreted Bylits disteners. 'Weise the ferm
narrowlyJtoCJmean[J]theJsounds[] created [ by[lthe Jdescribed
application, (ftheldesign6f[which[is mevertheless [dttached [fothe
physicalléenvironment[@nd[its[Sounds. Theldactivityldnd presence
offéach [personoflthe Work [group(is [depicted Bylthesinging ofla
bird J[BIRDSCAPE 01.0GG].InJearlyJmornings[Jand[1late
evenings[Whenlonlylalfew[peoplelarepresent, the soundscape
reminds(alquietTakesidelintheWwilderness withjust[afewBird
callsfechoinglaver [the[Wwater. [Duringlactive moments therelare
more[birds[¢reating[almoreactiveatmosphere. Inaddition, e
haveléxperimented With [several [different kinds[oflsounds,such
as[sounds[] of ] walking[1[2],[] and [l means[] of | constructing
soundscapes and[compositions[out0flthem.

1.[Sensing@®

Recognition Acg
Gy

V/(],@ate

2. [Notification@ontrol

3.[PresentationDesign

4.[Audio@utput

Figure[l. Algenericlmodelforlauditorylawareness
supportlapplications.

Thelapplication[¢ollects [presenceand[Activity[information
byltrackingChow[oftenpeople[isetheir computers. (Activity
withinlal¢ertain [fimeframe[(5 [min) s [interpreted [fobe tecent
enough, andthellocationCofTthelactivitylis[interpretedCasthe
location[ofTthe [person. This TatherSimplehodelisBasedonGur
iterative[design[éxperiences. [ TheTationale[is furtheréxplained
in[Section4.1.

Thel application] mixes ] sounds[] dynamically[] together
according[tol[certainconstraints. “Tolavoid[congestion[atthe
busiestCmoments, “only[alcertainCamountofl[ sounds{(3)[are
allowed[fo[playlsimultaneously. [Sounds(aremixedfolpartially
overlap,and[amewsound [¢an[belintroduced fothe[Soundscape
onlyCwhen(theprevious[soundslarelat[alsuitably[calm point,
e.g.,[during[pauses [or[low[eénergy[pointsin[bird ¢alls. In[our
installation, ‘people’sCofficesarelall[in‘alrow[along[the[$ame
hallway, the[seating[orderistised [dsthelorder0f'Sounds.These
rules[make(the soundscapelseem like[amoving[glancearound
thelénvironment.

Whilelimplementing[the[application Wwe[¢amelacross many
challenges. Therelis[a/strongmeed forfoolsof[compositionland
dynamic[control. [(Theapplication[imustChaveanleasy[tolluise
interface [foriterative[design[and[éxperimenting[With[different
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kinds[oflcompositions. [On(the other hand, [the@pplicationmust
havelanlefficientland flexible[protocol for [Gommunicating[With
the Cinformationsources “andJother Capplications. [TThese two
viewpoints ‘must[cometogetherin[aldynamiclandlinteractive
manner.[Weltackled(these[¢hallenges (bylincluding[éasy[fouse
markup[Tand[scripting[languages for[the[composers[toldefine
the[Soundscape[presentations. [At[the same[fime, [the Tanguages
allowlal¢learlyCdefined format[for application developersto
implement(applications. [Thefunctionality[6f[the [components[is
alsolconfigurableCinthe sameimanner, whichCallows[quick
experimentingland [feuse. [Themarkup [Tand [Scriptinglanguages
areldescribedin[Section(5.3.In(the[following[sections wewill
present[requirements “and technical Cchallenges [set[for[sound
productionland(presentation [in more(detail.

4. ELEMENTSOFAUDITORYSOUNDSCAPES

Whiledeveloping[the application[described Cin[the[previous
chapter, we [ learned [ that[the[three Cimostimportant areasof
auditory[Soundscape[presentationdevelopmentare mappinglof
information,handling[6ficontinuitylandconsistency, @ndcontrol
ofl]compositions. [Information[Jcan[lbe Jmappedto concrete
presentationsJinJmany[Iways, JwhichJare[Inot[trivial Jand
sometimes ] require[] musical[] knowledge[] and [ skills.[] The
continuityland[donsistencyloflapresentation [@ffect[its [Galmness
and[mnobtrusiveness. There[are anymethodsofldefiningland
controlling[wholecompositions. [ Inthe[hext sectionsve[Wwill
presentourlexperiences, [ design[tationale, (and[some[ general
findings.[Special [attention(is[paid foladaptivityland interactivity
ofltheaudio [presentation.

4.1. MappingConceptstoPresentations

Generally, Jsoundscapes Care Ccreated by lcombining[multiple
individual Csounds[together, “defining[rulesand variationfor
their[qualities, Behaviorland linteraction.[Whenthe [presentation
isCwellCdesigned, (itheClisteners Ccan Ceasily lunderstand[Cthe
changes[linCthe Jsoundscape, Cthe Cobjectsimoving Clinlit Cand
interacting[with [each[other, CasCalwhole. [In[order[topresent
meaningful CinformationCusingaudio weheed todefine the
mappingbetween(theinformationland [its[@uditorypresentation.

Themapping/canbe:

e aldirect[donnection[between(d[variableldnd[d[Sound, Where
thel¢hangeloflthe [ValueloflalVariable[¢auses a ¢changelin
thelSound orfit’s[qualities[directly,[as[@[¢ontinuous[stream
oriasfinitelauditorylicons;

e  static,[binaryloridynamic, Where[Static[sounds/canpresent
atmospheric,[defaultCand inchanging[information, binary
sounds[can[ present the presence ofl alpersonorother
true/false [information, “and Cdynamic[Sounds[can[present
information [on [processes@ndfinteraction;

e  hierarchically Structured, where, for[éxample, [Sounds[¢an
belrelated (tomultiple Ccategories[Jat[Jthe same[time
determined Byltheirmelodies, [fones [and Harmonies;and

e complete compositionsor[virtual Cconstructs Cof_objects,
wherelthelélementslare viewed [ds[individual lobjects[With
rules Jand[Jpatterns [ guiding[their[Jbehavior and Dtheir
interaction.

Manylofltheseldesign[challengeshave[beenladdressedlin
previousworklikethe Khronika[System [9]@and [ENO[10].[An
additional [designchallengel(is that[6flthe lincertaintyloficontext
information,[ds[described By Korpipad[l11].

After[alsoundscapelhasbeenldefined, it[¢an[be tendered
much[Jin[Jthe[Jsame[Jwayl]as[Jthreeldimensional (] graphics;
continuouslyl] in[Jreal [fime. ] The[ interaction] of (] individual
elements[generates [the [tichnessoflthe Wwhole [presentation. CAll
this[requires ways tolbind[different[types ofl information to
sound €lements [and [compositional [structuresin[differentlevels
oflabstraction, Wwhich[¢an[beldynamicallyledited[in[teal [time
dependingon[linput[according[to rules “which [dictate[their
behavior.

4.2. Timing, Transitions, ConsistencyandContinuity

Alsound[presentation[can[be[finite, Cor[tontinuous and open[]
ended. [Finite[presentationsare ¢asiertoldefine[and [¢onstruct,
sincelthey(canbepreprocessedbefore the actual [(presentation.
Continuous [presentations(dre Harder fo/define(andGontrol, [Since
their[definitions[change [constantlyWhile[the presentations Have
toBe KeptrunningWwithoutpausesor breaks.

InTorderfol¢reate[¢onsistentland continuous [presentations,
timingand [synchronizationbfl sound[elements[is [important.
Newlsoundlelementsandchanges[in[the previous elements
have(tobefimed[correctlylfolthelalreadyplayingpresentation,
its[élementsand musical [(passages. Changes[inthe information
cause[changes [in [the [presentation, [dnd fhese changing[points, lor
transitions, "havetobesmoothandhatural. [The[timing and
handlingloflfransitionsfequiresd motation @nd[control [System.

Alfransition[¢an[beJust[silencebetweenfwoldonsecutively
playedJelements Cor Ctheir [direct splicing, JalJcross fade Cor
synchronizedoverlapLoffléommon thythms, use effects[folease
theltransition, "or[in[thebest¢asebe completelyseamless. A
seamless[transition Cis[CdifficultCtoCachieve Cevenlin musical
terms, [dndit[is[éven(harderfolautomate fechnically. Tn[the tost
difficult(case, Mmusiclandthesystem[that [producesit liavefobe
readylto[makelthetransition[atCanylmoment. Thelbiggerthe
change, (the more difficult(it[is folachieveSeamlessly.

TechnologylWwise, [fransitions [¢an [be [¢arried [out By Gumping
in[fopreviouslymarked [points ofTthe predefined [composition,
either within[J the[J same[Jor[Jto[Jalldifferent[] presentation.
Transitions[] can[]also[l be[Jhandled [ by[I making[J]a[llayered
presentation. [A[layered [fransition meansaddingandfemoving
soundslor[fracks from[the¢omposition[inlayers. Afransition
matrix [¢anlalsobeised folhandletheltransition between évery
possible[] track[] combination[] with[] especially[] composed
transition [fracks. dt[is @lsopossible [fo[frack thelharmonies 6f’a
piecelofimusic[]12]Solthat mew [instrumentTayerscanbegin[in
harmony{withthe [previouslones. [Chord maps[13]canbeused
toldefineléven¢omplicated tules after Wwhich certain[chords[can
movelintolothers.

Sometimes ] compositional[] elements[’ start[] to[] repeat
themselves, Cwhich Ccan[becomeirritating. CAlternative [sound
elementsJcan[ beJrandomizedJaccording[Ito[certainCrules.
Generative [music[[14]Cis[specialized Jin(randomness [Jand
indeterminacy.

Thelsystem[and motationhas fobelextensible, [sinceltherelis
nolWwaylfopredictiall possible Wways fimingland fransitioning[can
beperformed.
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4.3. Controlling[SoundPresentation Compositions

Thelargerthe[amount oflinformation[to[bepresentedlis, the
more[] demanding[” is[] the[] task [] of (] controlling " the[ sound
presentation[]during[Japplication [run(fime. I Because ] of[Ithe
growing[ complexity, [it[is[alsoiseful [to[$eparate application
design[Ibetween[JprogrammersJandJcomposers. JAJlcommon,
multidayered “abstraction, as imentioned [insection[#4.1,can
supportmakingdifferentWersions0f’d[presentation for(different
uselcdontexts,[évenwhen(theinformation[stays[dtherwisesame.
Different(hardware [platforms,e.g.[PCs[and tobile [phones, [an
belusedtolrender[the same[presentationin thisCway.[The
software [Jcomponent[Jproducing Jand [lcontrolling (the [Jsound
presentationhas[fo(beflexibleland [Versatile,[and [it(has[fooffer
aldlear[fool for [designing[presentations.

Alsoundscapeldan(feactfolchangesin[thelinformation [fobe
presenteddirectlylin[realfime, Cwith [aCldelayClor CJeven Cby
anticipatinglévents.DirectTeaction Teans Teal fime[changesin
the[] presentation. ] Realfime[] reactivity[| means[] concurrent
operationoflJindependent[Jcomponents. [JA[delayed[Jreaction
means[that[the[changeis[timedfor[thehext[moment[it[is
aesthetically[] or[] psychologically appropriate.] Anticipation
means[preparing[tolpreviouslylarranged fand known[¢hains[of
events or Cstatistically[JprobableCsituations. [IByJanticipating
eventsthefransitionfoalchangelinthe Sound[presentationdan
belstarted before(the[changedctuallylfakes place.

Oneloflthemajor[¢hallenges s foldefine how the Software
component] which[] controlsC] the[] sound[] presentation
communicates With thefest[oflthe[System, Whatelements [0flthe
presentation [can[belchanged, @nd (how [the[System friggers these
changes.[Computer[games([115;16;17;18]drelalgood [example
for[these[challenges, [sinceltheyhavenised [differentkinds of
triggers(inSetting[off[changesin[their[Sound[presentations for(a
longtimealready. [ Similar Otriggering[Jtechniques Ccan[Jbe
employed[to[react[alsoJto[real (world Csituations. [IFor [(this
purpose,[thesound[presentation[Software [componentneedsan
openlinterface "and Calwayltol communicate[back [to[different
externalinformation(Sources.

Control[¢anlalsobelachieved (bymsing[éventsandScripting
tollcreate[Jalink CbetweenJsoundscapes Cland [the Cunderlying
information [Sources. Scripting[inthis contextieans aWwaylof
buildingcomplex [combinations[and [events [from[single[Tules
and[]commands [ with[JalJsimpleJannotation Jmechanismor
language.[] Technologywise, [Iscripting[requiresJal]language
general [énough, [$o[that[other [Soundscapel¢ontrol fnethodsand
components[¢anbemsed, andlevents ¢anbeldefinedin al¢lear
andleasy[way. [ThiskindCoflscripting[¢an[bethoughtfolbela
parallel Cand[somewhatoverlappingwaylofTdefining[asound
presentation [ito[traditional Cmusical Cicomposition. JThereCare
many(kinds [ofTScripting[languagesand motations, fanging from
concurrent’audio[programminglanguageslike[ChucK []19][to
synthesismarkup TanguagesTike [SSMLI20].

5. ANARCHITECTUREFORDESIGNING,
PRODUCINGANDICONTROLLING
SOUNDSCAPES

Whileldevelopingourlapplication, wefaced the[Same[problems
as[Deyletlal.[21],[.e.,[a[badlytinderstood motion [0f[context, [d
lack[ofT¢ommon Modelsand methodology, [and alack [éfTfools

for[Supportinglapplicationdevelopment. [Just[as[they, welsaw
that[] providing[] means[] for[] more[] systematic[] application
development(drethe mext[step(in facing(thesechallenges.
Welintroducelan [drchitecture for [producingland¢ontrolling
soundscapes[] for[] pervasivell computing[] applications.[] It
implementsthegenericCimodel “presented [in“Chapter[B. The
architecture[takesintolaccount(the[$pecial Theeds[of pervasive
computingenvironments, Cwherethe targetaudience [ imoves
around (in[Spaceland [from[social [Situation foanother, [@and Wwhere
work [tasks[and[technologicalltapabilitiesCoflthe[environment
change. [In[addition, [differentmsers, Suchlasusers With[Special
needs[[5], Jare takenlintolaccount. [IForCexample, Cdifferent
versions[oflthe [Same[presentation[¢anbeleasilydreated [fo Suit
thediminishedcapabilities[ofThearing[impaired. [The general
structure(oflthel@rchitecturelis(illustrated inFigure2.

,_I: Other Jaspis]
Watcher@gents applications |
e Information Storage ‘§
Logicgents (blackboard)
:\
Composition |
agents //
i -
[ —
Instrument
t
e r Sound[Bngines

Figure2. Thelarchitectureconsistslaf fourigroupsof
agents, d[soundlengine, (andother domponents|dividing
theltasksbetween(them.

TechnologyWwise, thelarchitecturelis builtCon topofl the
Jaspis[Speechland[pervasive [computingapplication framework
[5]-[Sincethelarchitectural [Solutions [presentedhereare builtion
top [ofTthe[commonuinderlying framework, [the functionality[is
availablelalsolfolatherapplications[builtlonfopoflJaspis. The
structure Cand functionality[isClargelyobject[oriented, Cand it
follows(theldgent[eévaluator fnanager Gprinciple. Managers form
theJ basic[] blocks[] and ] handle[] the[J coordination] of[] the
applications:[] information] gathering[] management,[] logic
management,]  compositionT] management,”] instrument
management(and(such. Theproductionldnd[control [0fthe Sound
presentation[isCdecentralized [to[Subtasks Cofl different[agents.
TheCagentsare [compact, Chighly Cspecialized “and Cnumerous
software¢omponents, [ which[énables ¢asylteuseand[éxtension
oflfunctionality. [Theylhandle[small [fasks[and tesponsibilities,
andlare[dynamicallyl¢hosen[tolSuit[the task[atChand.[Agents
bothinheritfunctionalityland [fake[advantage[ofconfigurability
through Scripting. [Evaluators¢hoose [which[agents [fouse atla
specificfmoment,and fhushandle [the[system[level [ddaptation.
ThisCadaptivity[lis Cimportant“inChandlingthe Cever[changing
presentations(as(describedin[Section4.2.
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Awarenessinformationlandlits[auditory Tepresentationare
stored Cin[Jashared Csystemknowledge [base, Cor “Information
Storage, Jon[ldifferentJabstractionJlevels. JThis[Jkind JofT]a
blackboardCissimilartoTHearsaydI[[22], Cwhich[describes[a
classical Oway[toCpresent Cinformation [lin Cdifferentlevels Cof
abstraction. CAll CofTthe[Jagents "can[modify[thepresentation
according[foltheir Specifications@nd(the(situation. The[freedom
oflinformation Cflow[lisCensured “by[the“central CInformation
Storage, ‘Where[information[is available[and nodifiablefolall
agents.

Thepresentation[ createdand tontrolled [by theagents[is
produced byl sound[engines Which[parse [ the[commandsand
requestsgivenbylthelagents. The[communication[works both
ways,[Ssoleévents[inthe[presentation[¢an[frigger furtherlactivity
offthe agents,and[thus[éven oflother [applicationsfhroughthe
common [architecture.

Thelarchitecture[Supports [distribution, Which means[that it
is[possiblefofunléachlagent’and[énginelon Separateplatforms
in[differentphysical Tocations[[23].Thisanswersfolan(éssential
requirementlin[Jubiquitouscomputing[Jenvironments, “where
hardware [énvironments(aredistributed @nd(diverse.

As[describedCearlier [(Figure[J1), CdatalJcan Cbe[Jacquired
through [publiclinformation[providers, [other [applicationslinthe
same[ framework [ setup, Cor Cones [especiallydesigned[for the
purposel] ofl] thell awareness[] presentation] application.
Manipulationand[Fefinementbfl the Fraw[datalisCalseparate
function [ from[the [ constructionJof I the[Jpresentation. ) The
components handling[presentation [ofTinformationare$ervices
which can sharetheirfesources [fothanylapplications. Thesame
isffrueforinformationgathering[Gomponents.

Nextwe[will[describeleachofTthe[fain[¢omponents[Wwith
examples. [First[welWwillCpresenteachlofltheagenttypes and
their[responsibilities. ‘Then[we[will [describe[the[sound éngine
anditslinterface. [Wewill[conclude Wwith the scriptinglanguage.

5.1. SoundscapeControl’Agents

Theldesign, ¢creationand[ control [ofT $oundscapeslaredone by
agents. [The[combination[of manylagents[enablesistolbuild
largelapplications [@ndhelp keep [theldontrol [éasy(foTiandleland
modifyrandlextend. [Agents [With[atomicfasks ¢anbeused by
otherlagents for[combined[tasks, and[solon.[Agents ¢canlalso
inheritfunctionality[in[hormal Cobjectbriented programming
ways. [ ThisCldistributionlis [Jimportant [l for Creusability[Jand
extensibility. [ Agents[] can[] be ] roughly[] grouped [Jinto [ four
categories:

e  watcher[Cagents, Cwhich “conveyllinformation[toand
from/outside Sources, [Sensorinputs@ndsuch,

e logiclagents, Which[state how the [perceived[events
affect[] the[] presentation[] and[J composition[]in[] a
conceptual evel,

e  composition"agents,which[designthe composition
and(guide theinstrumentlagents, and

e instrument(agents, Whichiseland anipulatethelow
levelelementsCofl thepresentationdescriptionand
defineland [create the final [dnd[concrete Wersion which
is[sent(fothe[soundenginefoberendered.

Defining[theboundaries ofléachdgent/category depends[on
thelcase, and[theldategorization[is[more 0fd[default’suggestion
toChelpthedesignofl the presentation"andthe application.

Nevertheless, [the[division[dsAmportant[from[the viewpoints of
concurrencyloflfasks, [iterative [development[and(the Specialized
skilllareas ClofJapplicationJdesignersJand Ccomposers. [nCithe
following, WweWwill [present€ach [oflthese @gents in hore detail.

5.1.1. Watcher Agents

ThelGwatcherCagentscollect[information [for[the[heedsCoflthe
applications. [For[example, [in[anlapplicationwhich[presents
awarenessinformation [Jabout[the [presenceJoflIcoworkers,
watcher[agents[¢an[collectinformationaboutuser activityland
location from[differentsources (PClactivity, [pressurelsensitive
floor Mats, [Speaker [fecognitionresults), Tasks iisers @redoing(at
the[moment, (wholare(talking in[the same[toom, and whohas
reserved(Calendar €vents.

Watcher[agents [use[€ither the [dommon Information[Storage
or[] external[] databases[] to[] gather[] the[] information.] The
informationmay(be [formed [and [Stored [by another [parts oflthe
application, Cor Cexternal Capplications. T'When[necessary, the
watcher[agents can[transform[thisCinformation[into[aimore
conceptual [ form Cbetter Junderstood [by[] other Jagents. [1For
example, [theymight[clean Cexcess[detailsfrom[Trecognition
results, [so[thatonly(the [partsmeeded by Togiclagents dregiven
to[them. [In[thelcontextloflalwider[¢ollectionoflapplications,
which form[a[pervasive[computing/énvironment, [itis Matural [fo
distribute [information[¢ollectionandpresentationas[separate
and[lindependent“applications, [iwhich[still Cuse[the "common
InformationStorage.

5.1.2.  LogiclAgents
Logiclagentsuise[informationgathered (bywatcheragents,and
use[it[for[teasoning of planningand[initiating[actionsCatla
conceptual CapplicationCdomainClevel. [The[ reasoning[lis [not
related [to Jmusic[orsound, Jbut[to[things Csuch TasCiwhen
presentations [should[be Cstarted, [to Cwhom[the Cpresentation
shouldbegiven, how muchmsers¢anbeldisturbed, dandSolon.
InlotherWwords, theselagents(actlas(friggers forlactivity.[Where
watcherJagents[JareJmore Jconcerned Jabout[Jconveyingland
transforming[] information,] the[] logicl] agents[] use[] more
responsibilityl] in[] combining[] the[] information,] making
conclusions(and friggering(activitybasedonthatinformation.
For[Jexample,Tlogic[JagentsJunderstandthat[Ipieces Jof
information ike[*‘the time [is [08:00”, (the [date (s [May[13™
20057, Jaakkolhas[been[tecognized[atlthe door”, IJaakko’s
previous[Activitywas @t May12" 2005 @t[19:50” fogether mean
that[¥"Jaakkolhaslarrived [fo[ork”[and [‘a[sound[Tepresenting
Jaakko’slarrival must/belddded/to [the [Sound [presentation.”

5.1.3. Composition[Agents

Thetask[ofTthe[composition agentsis[to create[a conceptual
sketchloflthepresentation, or the[composition, based [onWhat
thelogicCagents “have decided Con[alconceptual [leveltobe
presented. [ Thel¢omposition[dgents map[the@pplicationdomain
information Cinto[presentation “domain[form. [Theirtask[isto
decide whichlinstruments Candtracks[are[ised, Thow [ theylare
linked [ together [Jcompositionally and Clwhat[J other I melodic
decisions[are[made. "Compositionagents [buildcompositions
basedlon thelconclusions/the Togicagentsmade.
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For[] example, ] composition[Jagents[] combine ] pieces] of
information ike[TJaakkohas arrived [fo[work”[and [FEsa[Pekka
hasbeenldtWwork for40minutes” fogether(intoinformation that
the[Soundscapelis‘éomposed[oflfracks[dalledTJaakkolarrivesfo
work”, [ “transition[ from[1Jaakko’s[arrival [Jto[] Esa[Pekka’s
presence”,[1“EsalPekka’s[Ipresence”,[]“EsaPekkallusestext
processinglapplication”,[and [transitionfrom [EsaPekka’sfext
processing(toltheeénd[0flpresentation.”

Atlthisdevel,thepresentation [is[still[in[d[conceptual form,
and(thelelements oflthe[composition @rethought[oflin theferms
oftheCapplication Cdomain. ['The Ccompositionlis[Idefined Cin
layered [abstractions[Whichhide the ¢complexitylofltheWhole.
Transition[élements(aredlgood [éxample[0fTthis.

5.1.4.  InstrumentAgents

TheltaskCofTtheinstrumentCagents [is[toturntheconceptual
tracks, [instruments [and [éffects Mised (by[the [compositionagents
intol¢oncrete[¢ommandsandparameters [for the Sound[engine.
InstrumentagentsCcreateanddefinethings[likeaudiolevent
requests, [filenames, [precise [fimingfand [¢ondition[descriptions,
effectslikeVolumesand[teverbsandlother [¢oncrete[elements.
InCsomelcases, [the Tsameltasks[can[be Cperformed Cby[the
instrument[agents(and [compositiondgents, [Since[certain [effects
likeYolume¢hanges¢anbelisedbothat_compositionalllevel
and[] at[] instrument[] level. [l The ' main[] difference] between
compositional (and [nstrument[evel[is [the[difference [(between
conceptual "and[concrete Svaystoldescribe alpresentation. For
example, Clinstrumentagents CunderstandCthatCatrack Ccalled
“Jaakko[arrives[]to[Jwork”[Imeans[Jallfile Clwith[Jthe[Jname
“pird_13.wav”’[must[belfadedlinlin five[$econds, after [which
the[Samefile mustBe repeated three fimes(at[100% Volume.

When[thelinstrument[agents havedone[their[work, [the
wholepresentation[is[described [in[aformwhich[the[sound
engine understands, “and [t Cis “sentthrough[the [Information
Storage[tothe[soundengineto[be[played asdescribedin
Section[5.2.[Thelenginelteacts [foltheltequestsaccording[tolits
state[and Cinternal ‘fules. [FurtherCcommunicationbetween[the
engine“and the[Trest Coflthe “applicationcan[imeanthat[the
presentation[Jis[Jadjusted[to[Jsuit[]certainJconditions, ] like
synchronization. [Next[Wewill [describethesound[éngines [for
which thelagents [created the [presentation(description.

5.2. Sound[Engines

The(ast[stepLofltheSound [presentation[processisthesound
enginedomponent, which[produces the(final [Sound[datalstream
and[$ends[it[fo[theaudioloutputlinterface. [Sound[éngines are
independent(services, [@nd[anyldpplication[can dontact them(and
sendJa[presentationrequest. [Thereis[JaCservice Jfor Cevery
physical Cresource, Cfor CexampleJaloudspeakerin “alroom.
TechnologyWwise, this eans[alservice [for[éachphysical ‘dudio
outputchannel CofCany[givencomputer’s sound[tard[in[the
system/setup.

Thelhardware[interfaceand [low (level functionality[¢an[be
implementedWith fhird party(software, For[éxampleJavalAudio
Synthesis[System[(JASS)[{24]lorMicrosoft[Direct[Sound[17].
Atlthemomentweluse[Java[SoundAPL [Next[Wweloutline the
interface, Services [and functionality the[Soundlengine dffers.

Thelsoundlénginelis[an[independent, [dontinuouslyfunning
service,[Which[¢an[teceive[tequests and ¢ommands,laccording
tolwhichlitlacts. [Theleénginelis[generic, Whichmeans thatthe
commands/andfequests/ittinderstandsare Mot fied folany/single
application, Cbut[tosound Cmanipulation[and “presentation[in
general. [Forléxample,aléommon/commandcan[be[dTequestfo
playCalirack,Cor[fadelaltrack[tolalcertain volumellevel[inla
certainamount(oflmilliseconds.

Thelénginel¢anlalsolcommunicateback [fo thelapplications
thathiselit, ile., [it(has(alcallback [interface. Theéngineresponds
tolrequestsJdependingJontheir[content, Ifor Jexample by
acknowledging ] the[] received] commands, ] informing[] the
applicationlofTpossible(momentsofl¢hanging [the[presentation,
or[WhenlitGvould[bepossible[tolsynchronizeevents, such as
graphical Canimations, [outsidethe[audio [presentation. [In these
ways[theléngineldan[be Morelactivein helpingthelapplications
that[uselt. CAll[¢allback[¢ommunication s [based[én[Variables
with[Cwhich[thesoundCengine keepstrack “oflthings[itChas
presentedCand will [present. (Al variable[tanlbe,[e.g.,[alsingle
track [consistingloflseveral [Sounds(and[a[fade dutleffect, orithe
timeJinOmilliseconds[] from[Jthe[Ibeginningof [Jthe Twhole
composition. This[Cisanalogousto[speechsynthesis control
techniques, [éspeciallylaudiofoVideoSynthesis, suchlasthose
usedfin“ftalkingHead” @pplications.

In[J addition[] to[J reacting[] to[] commands ] from [ outside
applications, (the[Sound[éngine[¢an[feactfolitsinternal [évents.
Replies, musical [¢change [noments, [Synchronization [pointsand
other[similar(events areSeen [@s[friggers in[fhe Compositiondata
byltheCengine.Onlthegroundsbflthese[triggers[the engine
changes [its [behavior Cor Cireplies [back [ito Cthe Capplications.
Triggers(drelémbedded(asparts ofithe[compositions, commands
and[Irequestssenttothe engine. TThey[lcontainCconditions,
fulfillment oflwhichtheléngine[monitors. [Alfriggerdonsists [of
twolparts:[Al¢ondition ofTalfrigger ¢an be, for [éxample,thatla
track (has [feached(d[predefined (point, [or that the composition[is
playinglin D minor. [A[frigger dlsolcontains[d[¢command, Which
can[be, forexample, [to teply[backtolthe applicationCorla
request[to[ further guide the[behavior oflalpresentation. The
enginemightmotinderstand[the ¢ontents of the informationit
sends[back, [sincelit[can[belanéxtension defined bylthe agents
and[just[stored[aslal¥ariable[in[thelengine. [Triggers¢can[uise
commands[to guidethe behavior oflthe enginefor different
reasons, manylof which “were[presentedin"Section[4.The
conditionslincluded[in[triggersarenot testrictedonly[tolthe
variables[ldealing[the [presentation, Isince Jvariables Clof the
engine’slinternalbehavior[canlalsolbeseful. [Thelinteractivity
oflapplications,[i.e.,[Teacting[toloutside[events[ishandled by
agents[inlother [parts[ofTthe[dpplication.ThisWwas[presented[in
Section/5.1.

Theltequests, [commandsand[¢omposition[descriptionsare
XMLI[documents. Theyl¢ontain[thelactual ¢ommandWwordsand
the[meeded éxtraparameters, suchlas¢onditionsand[variables
tobemised. Thelparametersitaylcontain(detailed[descriptionsof
compositionsand Thecessaryliriggers. [When[the[sound[engine
replies [back [fo[the other [components, [it isesthe[same XML[]
notation.1In[JSections14.2and 4.3 Cwe[presented “iwhy[ithe
functionalityloflagents [@nd[theSoundénginemustbe described
withlal3cripting[language(solthat[all [their functionality[ishot
hardcodedlintothem. NextWwewill fake[a Took [athow this s
achievedlinpractice.
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5.3. AlLanguagefor/Agent(Control

Thelinternal functionality ofltheldgentsis[partlyldescribed with
alscriptinglandmarkup [anguage. [This[description[isloaded
from[donfiguration files Whenthelapplicationis Taunched.[The
sameagent[canbenisedfor [different [purposes with different
kinds oflconfigurations.

ItDisClimportantJtoJleave Jroom[for 'modificationsJand
variabilitylin thelagents,[soltheylcan[bel€asilyaltered [during(the
designphaseloflthepresentation without[Tecompiling[Source
code.[Theldesignerlor composer mightmeed alargel¢ollection
offagents [foldescribelall[oflthefunctionalityThelor [She Wishes
from[theapplication. [Thelpurpose ofithelScriptinglanguage s
tohavealcommon Cground “for Ccomposers Cand Capplication
designerstowork[together. [The[Scripting[language ‘mustCbe
easyl] enoughl] for[] people[] without[] much[’ experiencel] in
programmingtoldescribetheir[compositionsin anlinteractive
manner, and[alsoforthesoftware implementers o understand
thecompositional “elements [in[uinambiguouslydefined Gways.
LikeKorpipda[]11], welthink [that[Tcontext should (be Tuman(]
understandable.” ] Welsee[ I three[]levelsl of Jusers[] for[Jthe
architecture:[] APIdevel CDarchitecturedevelopers, application
developersCand[composers, wWholmainly[uisethel$criptingland
markuplanguages, [and [application[énd [wsers, Which[¢ould ise
alyetiindefined[énd iser[development[(EUD)tool, (builtlonfop
offtheScriptingland tarkup Tanguages.

Thelpresentation[descriptionsare[stored in theInformation
Storage[in[XML[Format. The vaylthe agentsinterpret these
descriptions1dependsboth[JonJhard¢oded [and [Iconfigured
functionality.[Thefinal (meaninglofleach [partfin[thelscriptlis
always[defined (both[in[the agents[andlinthe[soundlengine.
Sincelthelscripting[language[is[extensible, [agents [will Thandle
those[partsoflthe [éomposition[descriptiontheylcan tinderstand.
Thislalso[makes[theagents teusable. Just[likethelagents, the
presentation [description [is [alsolIconstructedinCan[Cobject[]
oriented thanner.

Excludinglinstrumentagents, [the purposeis to[describe
things [(sounds, [effects, Variables)in[¢onceptual land [Symbolic
terms [that felatefo theapplication domain [(for[éxample TEsal]
Pekkalarrivesfo[Wwork™), [@and mot[infechnical ferms[(filenames
etc.).[] They[ alsol] hide [ the[] complexity[] of ] the[ technical
descriptions.[This[is important(in[order fohave[common [ground
forCapplicationdesignersand[composers. ‘ThisCis[possible[by
offering[] all set] of ] agents[] which[] implement[] the[] basic
functionality,[@nd Which Ganbe iised for [different[purposes with
thescriptinglanguage. CAgents [scripted [in[differentCimanners
canl[thenbel[combined and¢thainedinlorder tolachieve more
complex [functionality. [This[does Mot [excludethepossibilityfo
implementhewagents. ItCdepends on[thelapplication domain
whatkinds [ of  agents[] are[Jrequired. [] Complicated (I signal
processing, forlexample, is Mot Mecessarylin(all @pplications.

Although 'much (functionalitycan[be[presented Cassimple
configurationlinformation, there s alsolalheed for[amorelor
lessfullyl¢apable [programmingSyntax WwithBooleanlogicland
controlCstructures. [ThisCisCalshared “greylareabetweenlagent
capabilityland(Script(dapability. There(are thanyfried[and [fested
markupland[scriptinganguages which[Wvould fulfill[theneeds
of Cmany[soundscape [descriptions, kither[fromamusical “or
functional Wiewpoint[[18;20;25;26].

6. DISCUSSIONAND FUTUREWORK

Well presented [ all genericllmodel ) (Figure] 1) Jand[Jan
implemented application [ for [ supporting[] group[]awareness
through [@uditorypresentations. 'Weldiscussed the importance[of
calm[and Cunobtrusive presentations, and Cways Cofachieving
these through(continuous(and(consistent[Soundscapes.

Welpresentedanlarchitecture based[on thesefequirements.
Winograd[[27]Csetl¢riterialfor [comparinglarchitectureodels
for[] context[] aware[] applications,[] namely[] efficiency,
configurability, [fobustness, [and [Simplicity. [He[argues [that[the
blackboardarchitecturelis[the most [Suitable odel for[¢ontext
management. [Our[architecture[aimsfolextend [this [drgumentfo
alsol] encompass[] presentation | management[] of ] soundscape
applications.

Our[architectureis Cdesigned [for[Ibuilding Capplications
which presentawareness/information through/Soundscapes. The
architecture[consistsCoflagents, Can[InformationStorageandla
soundlengine. [Thelagents[are[compact’and mumerous[and they
distribute the[] task[] of ] information ] gathering, [l reasoning,
composition control CandCinstrument[control. [Theagents are
generic, [deusableland [éxtensible becauseofthe[dbject[oriented
approach[weltook[inldesigning[thelarchitecture. Theldynamic
choiceCoflagents, [as[described Cin[ISection[5.1, Cgives [ them
flexible[capabilities [ to[function, as bpposed[tolalpipelined
structure. ] There [Jare[] many[]examples ] of " this[in[Ispeech
applications. [Qurlapproach(gives[dbasiclstructure which(dan be
modifiedJif[1needed. [ The[lfunctionality] of [Jthe[Jagents[is
configurable[through[Scripting. 'The[components[use al¢ontrol
languagetocommunicate, Which[is[alsoldesigned[to support
distribution, reuse “and extensibility. [Complexity[isChandled
through Chierarchical Jabstraction Cand Cdistribution. CA Cstrong
connection[between[the sound [presentationarchitecture “and
external [applications is[provided (Bylthe underlying framework,
and[communication[iseasy[through[the[common[Information
Storage.

Welplantolcontinue[the development[oflthelarchitecture
described[nthispaper[folintegrate[it[Wwith[Mmorelapplications
and[ information[] sources.[] When[J al] reliable[] level ] of
implementation s reached, fwehave[planned tomake[lthe
architecture(availableinder,(e.g., ILIGPLdicense.[Welhave also
compared[several [scriptingand [inarkup[languagesfor[music
description,[andwelare[planningfo further[specifylourl¢ontrol
language [to[take JadvantageJoftheir Ctried Cand[tested Cbest
conventions.[] Well also[] plan[] to[] concentrate ] on twolWway
distribution[ofldata[gatheringland [presentationdefinition; the
endusers [of thesoundscapesmusthavealbetter ¢ontrol [over
whatlinformationthey give over. This[also[givesfThem[¢ontrol
over [personal [preferences[inthe [Presentation ¢ontent,[Structure
and[Style. [Theselare[important[frustfand [information[$ecurity
issues. (Inladdition, peoplehave differingtastesandinformation
needs, [althoughlonlylafewlhave[theiusical 8kills to[design
working[soundscapesall [bylthemselves. [FullyCautomaticCand
non customizable functionality(is Farelyuseful (1 1], Soweplan
toléxpand[configurabilityfowards [end iser [developmentlin[the
future. [ThisWwould give abetter[opportunity(forthe iser [folget
feedback [from inferred Ccontexts, adjustthe [informationand
inferred [@ctions, Maintain(flexibility,[dnd [@void risky@utomatic
actions([28].

ICADO6 - 127



Proceedingsofithe 12" International ConferencelonAuditory Display, London, UK, June2023,2006

7. REFERENCES

[1] V.O Bellottil] and[] K.[J Edwards,] “Intelligibility] and
accountability:'THumanconsiderations [Jin [context@ware
systems,” Human Computer(Interaction,[Vol.[16,[No. 2,13
&4, pp.193=1212,12001.

[2] K.CMékeld, ). [Hakulinen,M. Turunen, “The Use COf
Walking[ISounds [1In[ISupporting JAwareness,” Clin[IProc.
International )Conference JonlAuditoryDisplay [ (ICAD),
Boston, MA,USA,July2003, pp.[144147.

[3] A.Kainulainen, M. Turunen,[J. [Hakulinen, (E.P.[Salonen,
P.0Prusi,[JL.0Helin, J“ASpeechbased [land [ Auditory
Ubiquitous[Office[Environment,” [inProc. 10thInt. [Conf.
onSpeech “andComputer [(SPECOM), Patras, Greece,
October2005, pp.231=234.

[4] K.Maikeld, E.[P.[Salonen, M.[Turunen,[J. Hakulinen, R.
Raisamo, ‘Conductingla[Wizard CoffOz[Experiment[on[a
Ubiquitous] Computing[] System ] Doorman,” ] in[J Proc.
International ZWorkshopCon[Information[Presentation"and
NaturalC(Multimodal "Dialogue, Verona, [ Italy, [December
2001, pp.015=019.

[5] M.[Turunen,J.[Hakulinen,K.[J.[Rdih4, (E.P.[Salonen, A.
Kainulainen, [P.Prusi, 5‘Anlarchitecture [and ‘applications
for[speechbased “accessibility systems,” [IBM [Systems
Journal, Wol. 44, 1o. 3, pp. [4857504,2005.

[6] P.MDourishfandV.Bellotti,FAwarenessand[Coordination
in[SharedWorkspaces,”Cin[Proc. TACM Conference on
Computer[Supported] Cooperative[] Workl (CSCW),
Toronto,[Canada,@ctober November[1992, pp. 1071 14.

[7] T.CMatthews, JT.CRattenbury, [JS.CCarter, JA. [Dey, [1J.
Mankoff, “A[Peripheral [DisplayToolkit,” Intel[Research
Berkeley, Technical Report IRBITR03018,2003.

[8] C.Wisneski, H. Tshii,[A. DDahley, M. [Gorbett,[S. Brave, B.
Ullmer,] P.[J Yarin,[ “Ambient”] Displays:[] Turning
Architectural [Spacelintofan[Interface betweenPeopleland
Digital (] Information,”(1 in  Proc.[] I Int.[1 Conf. [ on
Cooperative]l  BuildingsT] (CoBuild’98),[] Darmstadt,
Germany, February1998, pp.22-32.

[9] L.MLovstrand,Being(SelectivelylAwarewiththe Khronika
System,”in Proc. 0The[12nd EuropeanUConferencellon
Computer“SupportedCollaborative lWork (ECSCW’91),
Amsterdam,[The Netherlands, September1991.

[10] M.00 BeaudouinLafon] andl] W.W.[I Gaver,[] “ENO:
synthesizing[ structuredsound[$paces,”[in Proc. Thel[7th
annual ACM3ymposiumLonUserlinterfacelsofiwareland
technology] (UIST’94),] Marinall del[J] Rey,[] CA,[JUSA,
November(1994, pp.49157.

[11] P.[Korpipdd, Blackboardlbasedlsoftwarelframeworkland
toolforUmobile tevicelcontext awareness. ‘Dissertation,
VTTPublications579,[VTT[Electronics, Espoo, Finland,
2005.

[12] D.[Temperley, *AnCAlgorithmfor (HarmonicAnalysis,”
Music[Perception,Nol.[15,Mo.1,pp.3168,[1997.

[13] C.L.[Krumhansl, 'The[Geometrylof [ Musical (Structure:[A
BrieflUIntroductionJand [ History,” ACMUComputersin
Entertainment,vol.3,mo. 4,pp. 114, Dctober2005.

[14] B.(Eno,*Generative[Music,”[in Imagination Conference,
San[] Francisco,[] Junell 1996.00 (talk)[] Available[] in
http://www.inmotionmagazine.com/enol.html[3.6.2005]

[15] M.Z.[Land[and[P.N.[McConnell, *Method[and[Apparatus
for['Dynamically[JComposingMusicand [ISound CEffects
Using[aComputer[ Entertainment[System,” U.S.Patent
5,315,057, May1994.

[16] Microsoft[Corporation, [fTComposing[Musicfor [Interactive
Titles:/An[Overview [ of[ Direct(Music Producer,”[11998.
Webpage:
http://msdn.microsoft.convlibrary/deafult.asp?url=/library/
enus/dnmusic/htm/interact.asp([3.6.2005]

[17] Microsoft[Corporation, ‘Microsoft Direct[ Sound,”2005.
Webpage:
http://msdn.microsoft.convlibrary/default.asp?url=/library/
enfus/directx9_c/directx/htm/directsound.aps([3.6.2005]

[18] C.[Grigg,Preview:[Interactive [ XMF[-[A[Standardized
Interchange[File[Formatfor[AdvancedInteractive [Audio
Content,”lin /15thl4udioEngineeringSociety[Convention,
Newl[York, INY,USA, October2003.

[19] G.[Wangland[P.R.[Cook, “fChuck:[Aldoncurrent, [0n the fly
audio[programming[language,”’in Proc.Int.CComputer
MusicCl Conf.[1 (ICMC),[] Singapore, | SeptemberOctober
2003, pp.2191226.

[20] P.CTaylor, CJandCA. Clsard, [1“SSML: [IA Uspeech Csynthesis
markuplanguage,” SpeechCommunication,vol.21,Mo.1 0]
2,pp.[123133,February[1997.

[21] A.O0Dey,JG.00Abowd, Jand[1D.CSalber, [“ACconceptual
framework ] and ] al toolkit[] for ] supporting [ the [ rapid
prototyping[] of ] contextaware[] applications,” Human[]
ComputerInteraction,Vol.[16,No.2,3(& 4, pp.97 3166,
2001.

[22] L.D.[Erman, [F.[HayesRoth, V.R.Iesser,[and I.R.Reddy,
“The] HearsaydI[] SpeechUnderstanding[] System:
Integrating[IKnowledge “to[Resolve [Uncertainty,” ACM
Computing Surveys,[wol.[12,[n0.[2,pp.[2131253,June
1980.

[23] E.[P.[Salonen, M. [Turunen, [J.[Hakulinen, L. Helin,P.
Prusi, [A. Kainulainen, Distributed IDialogue Management
for[8Smart Terminal [Devices,”[in Proc.Interspeech2005,
Lisboa, Portugal,September2005, pp. [8491852.

[24] K.van[den[Doeland[D. Pai, [TJASS:[An[Audio[Synthesis
System[] for[] Programmers,”] in  Proc.[] International
ConferencelonAuditoryDisplay (ICAD), Espoo,Finland,
JulylAugust,2001,pp.[1050154.

[25] B.J Lucas,[] “VoiceXML[I for[] webbased[] distributed
conversational Capplications,”Cin  Communicationsof the
ACM,¥ol.[43,M0.19, [pp. 53157, September2000.

[26] G.[Haus[andM. [Longari, [T*Towards a[Symbolic/Time[]
Based MusiclLanguage[Basedon[XML,”[in Proc.[First
Int.1] Conf.[] onl Musical(l Applications] usingl] XML
(MAX2002), Milan, Ttaly,[September2002, pp.[3846.

[27] T.OO Winograd,[] “Architectures] for[ context,” Humanl]
ComputerInteraction, Vol.[16,[No.[2,[3[&[4,pp.[401T]
419,2001.

[28] S.[Greenberg, TContextlas[aldynamic[construct,” Human[]
ComputerInteraction, Vol.[16,[No.[2,[3[&[4,[pp.[257+
268,2001.

ICADO6 - 128


http://www.inmotionmagazine.com/eno1.html
http://msdn.microsoft.com/library/deafult.asp?url=/library/
http://msdn.microsoft.com/library/default.asp?url=/library/

