ONMULTIMODAL ' ROUTENAVIGATIONIIN[IPDAS

Topi Hurtig, Kristiina Jokinen
UniversitylofiHelsinki, Finland

Abstract

OnelofTthe biggest[obstacles/inbuildingVersatile matural human [computer [interaction [Systems/[is
thatltherecognition 0f natural [Speech fis(still iot[Sufficientlyfobust, €speciallylin tobilelsituations
wherelit's[almost[impossibletoltancel Cout[all [irrelevant auditorylinformation. In Cmultimodal
systems [ the [possibility to[disambiguate betweenseveral Cinput[Jand Coutput’imodalitiescan
substantiallyCincreasethelintelligibilityofdialogues and[thetobustnessof interaction. The
combination[ofTnatural[$Speechandfactile[gesturesasinput ‘mediums, [especiallyinmap based
systems, (have [Shown [prominent [fesults, [although Mhature [¢ommercial [applications[are[still folbe
developed. n this Paper we [present the MUMS [Multimodal [Route INavigation[System, [intended
for[public(fransportation[commuting. [[The[system[allows sers [fo[present foute [queries with any
preferred[Gombination [0flSpeech/and[Pen(input,[dnd[the[System[provides mavigational information
vialspeechland[graphicalinap tepresentations. [[The[focus oflthis[document[is on[the[system's
natural [interaction model, (which[is designed keeping[in[mind [the[¢urrentlimitations [in (matural
speechlrecognition.

Keywords: [/ human [¢omputer [interaction, multimodal [Jdialogue Csystems, [natural [llanguage,
modalityfusion, userlinterfaces, mobilelSystems, Toute mavigation

1.Introduction

Multimodallinteractivesystemshavelgained ground(in recentyears, [and(theyldolseem[to
provideldhiser friendly/alternativeto/several @pplication [fields. However,(dueespecially
tolthe(lack [of fobustnessinlspeech recognition, [therelis[still ld Tong WwaytolgoBeforelany
oflthesekind[oflapplications pass(as(their human(counterparts. [Thenaturalness/feature
can(beldttached, notonlyltohuman human/communication, (butlalso(tolapplicationsthat
takeladvantage ofl users’[hatural[ways[ofl giving[and[receivinglinformation. Natural
interaction[does mot(alsolonlylincludelverbal [communication: much [ofthelinformation
contentlinhumanhuman(Situations[is[conveyed by non [Verball$igns, [gestures, [facial
expressions, [étc.[Thus, in[order [to[developmext(generation human(computer [interfaces,
itlismecessaryltoWwork[ontechnologies(thatlallowmultimodal matural [interaction: [it[is
important[tolinvestigate[¢oordination [of natural [inputmodes[(speech, [ pen, [touch, [éye
movement, [etc.)[as[well [as[multimodal [System [output[(speech, sound, graphics, [etc.),
ultimatelyldaiming (dtlintelligent(interfaces(that(arelaware[oflthe[contextland user meeds,
and [can [utilize(dppropriatemodalities fo[provide/information[tailored fo(d [wide[variety
oflusers. Naturalinteraction [could[be[considered an dpproach (bylwhich [various users(in
different! situations[ could[ exploit[ thel strategies! they[ havel learnt in[ human/human
communication.



2.Relatedresearch

Speechdnd [actilelinputlare known [fo[belveryldloselyldoupled, [and [their[combined ise
has[beenextensivelylstudied. [ Forlexamplelin[$tudies conducted with [ the[ QuickSet
system[(Oviatt[¢t[al.[2000; Oviatt[2001)(it[has[been [found [that(multimodal [input(c¢an
indeedhelplin[disambiguating [input(signals, [Whichimproves[the[System’s[tobustness
and [performance stability. (Other [@advantages/ofimultimodal interfacesincludethelability
tol¢hooselanlinput approach [best[suited [ for eéach [personandleach [Situation. [Different
modalities(offer [different(benefits, [andalsothe freedom[oflchoice(Gibbon et(al.2000).
Jokinen[ and[ Raike(2002)[alsol point[ outl that[ multimodal [ interfaceshavel obvious
benefits for users[with [$pecial (needs[whol¢annotise[somelor all[thelcommunication
modes.

Al¢lear[disadvantagel presented [by multimodallinterfaces(is[thelspecial attention
needed by theuser in [¢oordinating [the[input/modalities, [possibly(tesulting/in [cognitive
overload. [ AlsolJwhen [Ireceiving[ ! multimodall information, [1the[Juser[]experiences
stimulation [of (multiple(senses, (which [dlso affectsthelcognitivelload. (From[the[system [
centricview, multimodality[tequiresadvanced [processes(at[the combination(level [and
especiallylatl thelinterpretation(level,[and[ alsolan[adaptablel approach(tol presenting
information.

Thelsystem[described!in this[paper (is based[on the [USIX Interact project(Jokinen,
et[al.[2002)which[ aimed[ at[ studying[ methods[and[ techniques! for[rich[dialogue
modelling[and matural [Tanguage[interaction. [In(this(follow [up[project, (the[main [goal [of
research(is(folintegrate(a [PDA [based [graphical [point(and(clickinterface(with theuser’s
speech ihput, @and(tolallow/thelsystem [foloutputlin speechlaswell [@as/drawing(on [the thap.
Besides/theltechnicallchallenges, [an important(goal (s [dlsoto[investigate[possibilities for
natural linteraction [in[alroute[navigation [ task [ where[the[ system[is[to[ give helpful
information @about(thelrouteand/public/transportation.

3.[Multimodaliinteractionwith MUMS

3.1.[Userlinterface

Thellsystem[Ican[perform/twoltasks: [ Iprovide[Jtimetable[linformation [ for [ Jpublic
transportation [and[provide[navigation [instructions/for [the[user fo get/from(a departure
placeltolal destination. Thelclientl application [accepts[ speech and![ tactilelinput, and
presents[ information[vial speech[Jand[ graphical [imap['data. Thel touch(screen[map
interprets[all[tactileinputlas[locations, solaltaplon[thelscreendenotes al pinpoint
coordinate(location, [whereas(d[circledarea Will (belinterpreted(das/amumber [0of possible
locations.[Thelmap[c¢an[be(freelyscrolled[and[zoomed(in[teal [time, andthelinputs/dre
recorded[simultaneouslyland/time(stamped [for ater thodality [fusion [phaseprocessing.

InCorder[ for[ thel system[tol[ belableltolretrievel routel information,[ at[least[ the
departureland|arrival locations tust[be known, which fesults(in [the[System [feturning [d
route/summary(containingthe most/televant/route details. (If the [user[does mot provide
allmecessarylinformation [toléxecute(afull foute[query, [the[system [prompts[the[user for
the[missing(information. As shown [in[Example(1 [and [Figure(1, theuser [¢an[providela
segment/_of! information[ either [ byl voice lor[ lal mapl gesture. When[alll lnecessary
information has/been(dollected, thesystem [will (fetch [theroute details.



Exampleldialoguel 1:[ Theluser presentslaltoutel query, makeslal correction, and
finallyliteratesdeparture times until[@suitableroutelis found.

U: JUh, liow(doTiget from the Railway station ] iih.

S:  Wherelwaslit ouwantedto go?

U:[JWell, there! [T <map gesture>

S:  Tram(3Blleaves Railway!Stationlat[14:40, therelislonelchange. [ Arrivalltime at
BraheStreet(7is[14:57.

U:JWhendoes/thenextlonelgo?

S:  Bus[23leaves Railway!Stationlat[14:43, [therelarelnochanges. Arrival timelat
BraheStreet(7is[15:02.

Figure(l. Tactilelinput/(atleft) and(algraphical representation (ofla [route[(atright).

Duringnavigation[theltoutelispresented [on[thelscreen(Figurel1, at(tight),[and[details
arelsupplied byspeech, [@sishownin[Example 2.

Exampleldialogue(2:[Theuser [accepts/theroutelsuggestion and[asks/thelsystem[to
instructHim/her(on[thatroute.

U: JOk.Navigate.

S:[ Takelbus(23dtthe(Railway|Stationat[14:43.

U: [JNavigatethore.

S:[1 Getlofflthe bus|at[14:49 atthe Brahe|Streetstop.

U: [JNavigatemhore.

S: Walk(200meterslinlthedirection df thelbus Foute. Yoularedt Brahe!Street!|7.
U: JOkay.

Inladdition to[tequestingtoute[guidance, uisers ¢analsolpresent[questions about
routeldetails: [fravel fimes, [distances, [the [stop[count, étc. Users[arelalso Mot testricted [fo
anyl$pecific[timing[or form[oflinput, andthey[¢analsolmakel¢orrections tolalready
submitted ihputlat/dnyldialoguephase.



3.2.lInteractionimodel

Coherent/frameworks|[for (multimodal [interaction [patterns(are(yet(to beformed, [and [thus
application/developmentlis(guided (Byla[few(selected[studies((e.g. [Dviattlet(al. 2004),land
alsol byl worklin[thelfield[ ofl linguistics.[ The[purpose 0fl multimodallinterfacesis to
providelusers with [dmore[natural (way(tolinteract with [d[system. [In[practice, [due(to(the
deficiencies/in thelrobustness(ofinatural speech [recognition, fit[is (o flutmost importance to
design/thelinteraction/model(so(that/the(user[is/limited fola certain ‘amount oflpossible
ways[of presenting [information, (but(at[the same[time[feels[thathe/shelstill [is free to
present( thislinputlinlanatural[and[flexibleWay. Thelpossibility[tol chooselanlinput
strategylis (oneldfithemostimportantfactors/accounting [to Maturalness/duringlinteraction
(Oviatt2001).Thelcognitivelloadlexperienced by aiiser(islonewayto measurelan [@spect
oflnaturalness. [Cognitive loadlincreases(e.g. [in/Situations Where[the user (must[perform
multiplesimultaneous|tasks/dr [formulateldomplex itterances.

In[IMUMS, [becausel of! the[tatherlimited [functionality(and[task[specific[nature of
thelsystem, [theuser[is[dlreadylimited[told (handful (of[ways [of forming[a[spoken [rfoute
enquiry, which[simplifies/the(recognition [andlinterpretation processes. [[Thelfirst turnin
theldialoguelislinitiated (bylthewiser, [ who is[expected[to[present aldoutelquery. [Even
though therelis just(d Handful lof[possible ways [0f formulating a[query, [thislis[clearlythe
critical [pointlin[the dialoguelfrom[the[performance point oflview. In[caseltheluser’s
utteranceWas [thisinterpreted [or [its dontents [insufficient, thesystem [prompts thehiser for
the missing(dr/additional ihformation[one conceptatld[time(in [Such @ way(thatthe [user’s
cognitivelbad(doesmotaffect His/her Gutput.

Several[¢urrent multimodal [applicationsfrade(naturalness(for [fobustness by using
explicitl confirmations. /A reliable wayl[ tol confirm[ simple[ details, [ this[approach[is
however,[as[Boycel[(1999)[points[out, usually foundlinflexible[and[annoying. TIn[the
MUMS [ system, [all[¢onfirmations[arel carried[out[in[an[implicitlmanner, asshownlin
Example(l.(This[approachlisléxpected tobelquitelsuccessful Here, sincelthe task athand
contains lonly(a fewvariables. [The route[summary, [presented (by/speech[and(graphics, is
alstraightforward [and[quick [way[toldetermineliflthe[$ystem [interpretedhis/her [input
correctly.[TThelnext[user utterancel¢could e.g.[be: “No,[I[wanted to gettolthelopera
house”.

Naturalmultimodalnavigationis‘alfield ofl tesearch(that has[tesulted[in[several
practical [applications. [ Map[tepresentations arel al hatural [Wway[ ofl presenting[ spatial
information, [and[$peech [¢an [be[used [ for[guidancewhen theluser’s[eyes[areloccupied
withla[mobile(task.[Thelsuccess ofla(guidanceltask [depends/alsolon the naturalnessland
thelcognitiveload(experienced bylthe user. [Thelcognitiveload[can (belteduced(e.g. by
presentingthelinformation [in [suitable ¢hunks[(Chenglet[al.[2004). Alsolimportant(are
theway/thelinformation [issplitlinto[the/outputimodalities, andthe used level (0fldetail.

Inlour [@pproach (graphical [utput|is @t the[moment(simpleand|static; d[fetched [rfoute
islkept/on(the/map(ds/longlas(theluser is[én[route. Users/can however(choose(the detail
ofl thelspoken [finstructions. [ The[ldefault( 'detail " levellis[ lintended![ [for[ experienced
commuters, and/consists(of just[the basicldetails, [€.g. [fimes and locations. Tn [the detailed
level, [information [ sl presented[ in[ smaller[ chunks[ and[ theluser[is[ provided[with
additional [details, Such [asthenumber[of stops, travel [fimes, [¢tc. [[Theldetailedlevel [is
aimed/ at[ isers[ heeding! clearer[instructions,| such[as[ thel visuallyl impaired. At[the
moment|(themavigation(level is[setby(the[user, [butwe(can(alsolenvisagethatlitwould be
possible(for the[system[toladaptlitself, by its[knowledgelofltheparticularsituation and
learningthroughlinteraction Wwith [theuser, when [fo[switch [tolamore(detailed navigation
mode.



4. Conclusion

Thelpresented MUMS [system [providesthetiser (with [a natural waylto [dnquire(locational
information [and [routemavigation. Thelsystem’slinteraction (level [is[designed foor [¢éase[of
uselandmaturalness, (keeping|ih hind[thelchallenges set by [especiallythecurrent state 0f
speechrecognition. [Welassumelthatlthelsystemlarchitecture/is/general lénough [to betised
in[other [similar mhultimodal(applications/dswell.

Further [ studies[ will Caim[ at[ improving[ thel integration[ and[ synchronisation[ of
information [ih multimodal(dialogues.[ Thelsystem (will [alsobe[éxtended [to liandle thore
complex/pen[ gestures,[ suchlaslareas,lineslandlarrows. As[thel complexity[ofl input
increases, [ sol does| thel task[ ofl disambiguation[ of! gestures[ with[ speech, which [will
undoubtedly(present us[with mewl(challenges. [ [Usability testing [0flthe[prototype[system
will belstarted[soon.
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