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Abstract

We presenthe rst demonstratiorversionof the WITAS dia-
logue systemfor multi-modal corversationswith autonomous
mobilerobots,andmotivateseveralinnovationscurrentlyin de-
velopmentfor versionll. The human-robointeractionsetting
is arguedto presentnew challengesfor dialoguesystemen-
gineers,in comparisonto previous work in dialoguesystems
underthe travel-planningparadigm,in that dialoguesmustbe
asynchronougpixed-initiative, open-endedandinvolve a dy-
namicernvironment.We approachethesegeneraproblemsn a
dialogueinterfaceto the WITAS robothelicopteror UAV ("Un-
mannedAerial Vehicle').! We presenthis systemandthemod-
ellingideasbehindit, andthenmotivatechange®eingmadefor
versionll of the system,involving morerichly structureddia-
logue statesandthe useof automatedeasoningsystemsover
task,ability, andworld-statemodels.We arguethatthesesorts
of enhancemerdrevital to thefuturedevelopmenbf corversa-
tional systems.

1. Dialogueswith mobile robots

Mary dialogue systemshave beenbuilt for usein contets
where conversationalinteractionsare predictableand can be
scripted,and where the operatingervironmentis static. For
example,a dialoguefor buying an airline ight canbe speci-
ed by way of lling in certainparametergcost, destination,
andsoon)andadatabasguery report,andcon rmation cycle.
This “travel-planning'paradigmhasbeenthe focusof dialogue
systenresearcHor severalyears.Iln suchcasest sufces to de-
velop a transitionnetwork for pathsthroughdialoguestatesto
recognisableompletionstates.Evenif the databasavhich the
systemaccessess dynamic(i.e. theinformationrecordedhere
changes)the compleity of theinteractionsneededo support
taskcompletionin suchaninterfaceis low in comparisorio that
requiredto interactwith a mobile agentwith its own percep-
tions,in achangingworld. Consideranoperators corversation
with an autonomousnobile robot with perceptionsn a ervi-
ronmentwhich is constantlychanging. Dialogueswith sucha
devicewill bevery different(seee.g.agumentsn [1]) to those
in the travel-planningparadigm. Therewill be no predictable
courseof eventsin thedialogues.The device itself may "need'
to communicateurgently with its operator Theremay not be
well-de ned endpointsto corversations,and relevant objects
may appearanddisappeafrom the operatingervironment. In
particular different threads'of a conversationmay needto be
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initiated, setaside,and revisited, and operatorand robot will
needto negotiatethe robot's abilities in ary situation. Tasks
givento the device will alsoneedto be speci ed, ordered,and
their executionmonitored.

Thedialoguemodellingandmanagemertechniqueslevel-
opedunderthetravel-planningparadigmarenotrich enoughto
supportthesemorecomple interactionscenariosandwe have
foundthatdifferentstructureandmethodseedto be adopted.
We discussmodelling and implementationof structuressup-
porting thesemore comple conversationalcapabilitiesin in
Sections3 and4.

1.1. The WIT AS UAV

The WITAS UAV is a small autonomoushelicopterwith on-
boardplanningand deliberatve systemsand vision capabili-
ties (for detailsseee.g.[2]). Missiongoalsare provided by a
humanoperator andthe planningsystemthengenerates list
of suitablewaypointsfor the UAV to navigateby. An on-board
active visionsysteninterpretshesceneor focusbelow to inter
pretongoingevents,which the dialoguesystenreports(via the
Semantic-Head-Dven NL generationcapability of GEMINI)
to the operator

2. Dialogue SystemAr chitecture

UAV scenariogtlearly presenta numberof challengedo de-
signersof a dialoguesystem. In particularthe dynamicoper
ating environmentand the asynchronousmixed-initiative na-
ture of the dialoguesrequirea particularly e xible architecture
— onewhich cancoordinatemultiple asynchronousommuni-
catingprocesseskor thesereasonave currentlyusethe Open
AgentArchitecture(OAA2) [3]. Thecoreof thearchitecturds
OAA's “facilitator' which managesnessageassingoetweera
numberof softwareagentavhich arespecialistsn certaintasks,
for examplespeechrecognition,databasejueries,or graphical
display In our systentherearesix mainagent$ eachresponsi-
ble for varioussubtasksn thedialoguesystem(seeFigure?2):

SpeechRecogniser: a wrapperto a Nuance speech
recognitionsener® usingalanguagenodelcompileddi-

rectly from our Geminigrammarfor UAV operatordia-

logues.

NL (“naturallanguage”):a wrapperto the SRl Gemini
parserand generatoff4] usingour UAV grammar(ver-
sion1).

2All areimplementedn Java, but for the NL agent(Prolog).
3Nuance wwwnuancecom



Figurel: A demonstratiomf dialoguesysteml
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:No, | meantCircle Road.
: Okay [Routechanged]

Operator(O): Whee are the buildings? Raisequestion

UAV (U): Here. [displaysbuildingson GUI] Answerquestion

O: Goto thisone [click] Deicticcommand
: Fly to Main Street. Command

Elliptical revision
Con rmation backchannel

: Hide thebuildings.
: [buildingsdisappeafrom GUI].
Next, continueto the bridge andthenhere [click].

GUI Command

Complex commandwith deictic

: Thenlook at the parkinglot, the hospital,andthe building.
: Whee s the parkinglot?

[clickK]

Okay

: Whidch building do you mean?[buildings highlightedon map]

Ambiguouscommand
Presuppositiocheck,raisequestion
Graphicalambiguityresolution

Con rmation, updatedatabase
Presuppositiocheck,raisequestion

: Truck 8 is turning left onto Circle Road.
: Thetruck is passingthewarehouse
O: Follow it.
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: Theairport. Verbalambiguityresolution
: Theairport. Con rmation backchannel
Goto thegroundstation,hover here [click], andgo bad to it. Anaphoricanddeicticcommand
: Thenland at the parkinglot. Commandpreviously addedreferent
: No, notthe parkinglot, thewaypoint. Revision
Which waypointdo youmean?[waypointshighlightedon GUI] Presuppositiocheck,raisequestion
: Thisone[click]. Clari cation
Okay [Routechanged] Con rmation backchannel
: Plantheroute Command
: PlanningRoute Routeplanned.[Routedisplayedon GUI] Con rmation backchannel
Rager. Proceed. Command
: Executingroute Con rmation backchannel
: Way-pointtwo readed. UAV report

UAV reportgeneration
UAV reportgeneration
Anaphoricreferenceo UAV's NP

TTS (“text-to-speech”):a wrapperto the Festval 1.4.1
speectsynthesisér

GUI: amapdisplayof thecurrentoperatingervironment
whichdisplaysrouteplans waypoints Jocationsof vehi-
clesincludingthe UAV, andallows gestureinput by the
operatoyseeFigure3.

Dialogue Manager (version 1): responsiblefor co-
ordinatingmulti-modalinputsfrom theuser interpreting
dialoguemaovesmadeby theoperatorandUAV, updating
andmaintainingthe dialoguecontext, handlingUAV re-
ports and questions,and sendingspeechand graphical
outputsto the operator(seeSection3).

RobotControland Report: the software responsibleor
translatingcommandsndqueriesfrom the dialoguein-
terfaceinto commandsndquerieso the UAV, andvice-
versafor reportsandqueriesreceved from the UAV. We
currentlyinterfaceto asimulatedversionof the UAV, us-
ing areal-timeCORBA communicationayer.

The operators speechis recognizedy Nuanceandparsed
into logical forms by Gemini. If theseforms do not already
indicatethe speechact of the user the dialoguemanagerin-
spectsthe currentdialogueInformation State (see Section3)
to determinehow bestto incorporatethe utteranceinto the
dialogue. BecauseGemini offers a completemappingfrom
sentenceso logical forms, logical forms may also be usedin
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Figure2: Dialoguesystemarchitecture

Semantic-Head-Dvien Generatiorof Englishsentencefor the
UAV's queriesandreports. Reportsare passedo Geminivia
the RobotControllerandon to Festval, which synthesizeshe
UAV's speech. The dialoguesggmentsshavn in Figure 1 il-
lustratemary of the capabilitiesof the multi-modal dialogue
interface.They canbecarriedoutin continuoussequencesing
spolen voice input andmouseclicks on a mapscreen.Videos
of suchinteractionscanbe foundat www-csli.stanford.



edu/semlab/witas/demol/

Variantsof someof thesecomponentshave beenusedin
other dialoguesystemsnotably SRI's Commandalk [5], the
NASA PersonaBatelliteAssistan{6], andSRI's[7]. However,
our systemstandsapartfrom thesein its particularcombination
of complex dialoguecapabilities(including Natural Language
generationwith multimodality over a dynamicoperatingenvi-
ronment. The coreof our system,andits mostinnovative fea-
ture,is thedialoguemanagerdescribedn moredetailbelow.

Figure3: Partof the GraphicalUserInterface

3. The DialogueManager, version |

Ourdialoguemanageembodieseveralrecenttheoreticaideas
in dialoguemodelling. Essentiallyit createsandupdatesanIn-
formationState(lS) correspondingo a notionof dialoguecon-
text. Dialoguemoves have the effect of updatinginformation
statesandmovescanbeinitiated by both the operatorandthe
robot. A dialoguemove might causeanupdateto the GUI, send
animmediatecommandto the UAV, elicit a spolen report, or
prompta clarifying questionfrom the UAV. Subdialoguean
bearbitrarily nested.

Centralpartsof theseinformationstatesarean|IR stak —a
stackof publicunresoledissuegaisedin thedialoguethusfar,
anda UAV Agenda— a privatelist of issueswhich the UAV has
yetto raisein the corversation.Undercertainconditions,items
fromthe UAV Agendaaremadepublic by anutterancdrom the
UAV (e.g.“Which building do you mean?”),moving theissue
ontothelR Stack.Suchanoperatioris aDialogueMove (in this
caseby the UAV). The dialoguemanagercontainsa collection
of ruleswhich interpret(multi-modal)input from bothoperator
andUAV asdialoguemoveswith respecto the currentinfor-
mationstate,andupdatethe stateaccordingly Similarly, there
areruleswhich procesdJAV responsesieports,or questions,

againupdatingthe contet accordingly

Logical-formoutputsfrom theparsingprocessareoftenal-
readyinterpretedasspeeclactsof variouskinds(e.g.“Fly tothe
hospital”is parsedasa COMMAND). Certainutteranceslo not
have a speci c illocutionary force, andtheseare simply spec-
ied asDECLARATIONS. The dialoguemanagethendecides,
on the basisof the currentlS, what speechact suchutterances
constitute.This is akin to the robust parsingstrategy described
in [8].

Anotherimportantpartof theinformationstateis aSalience
List consistingof the objectsreferencedn thedialoguethusfar,
orderedby receng (seee.g.[9]). Thislist alsokeepstrack of
howthereferencavasmade(i.e. by which modality) sincethis
is importantfor resolvingandgeneratinganaphoricanddeictic
expressionsn thedialogues.

A relatedstructure,the Modality Buffer, keepstrack of
mousegesturesuntil they are either boundto deictic expres-
sionsin thespoleninputor, if nonesuchexists,arerecognised
aspurelygesturakxpressionsThereareotheraspect®f updat-
ing the dialoguecontet which aredatabasenaintenancéasks.

To recap,in versionl of the systemour InformationStates
consistof:

IssuesRaised(IR) stack
UAV agenda
Saliencdist

Modality buffer

Databasesdynamicobjects plannedroutes,geographi-
calinformation,names.

Note that dialoguecapabilitiescan be addedin a modular
way, dueto the structureof dialoguelnformationStates.

4. Versionll: DialogueMove Trees,Task
Trees,and Automated Reasoning

Mary aspectf humanconversationalskill are missingfrom
state-of-the-artlialoguesystemsgven thosewhich do notim-
plementsimplestate-transitiometworks (c.f. [1]). While some
progres$asbeemrmadein capturingstructurabspect®f human
corversationakkill, muchfurtherresearctanddevelopmentis
neededo understandhestructuresknowledge,andalgorithms
neededo supportconversation.

Oneof our rst obserationshasbeenthatthe adoptionof
stadk structurego drive dialoguemove processingseee.g.Sec-
tion 3) is too restrictve in general. In particularit hasmade
navigation backandforth betweendifferentsub-dialoguesnd
topicsimpossible(sincesomeinformationis lost whenissues
are poppedoff the IR stack). Versionll of our systemusesa
treestructureof dialoguestateqa dialoguemovetree , where
edgesare dialogue moves, and branchesrepresentcorversa-
tional threads. This structureallows for morerobust dialogue
management.

Another developmentavenueis to provide richer domain
knowledge and inferencemethodsfor the dialoguemanager
Forinstancewe haveimplementeddynamichierarchicatask-
tree(c.f. [10]), which grows aspartof the developingdialogue
contet, andrepresenttasksandsub-taskslescribedy theop-
eratorand their temporalordering. This structureallows re-
orderingandreferenceo tasks(c.f. the saliencdlist described
abore). For example“Go to thetower. Shav mecarl. Actu-
ally, dothat rst.”

We have alsoimplementedaninference-basenhodelof the
robot's changingabilities, dependingon dynamicinformation



abouttheworld andtherobot's internalstateandlocation. (See
[11] for a surwey of the usesof automatedheoremproving in

computationalsemantics.) This, again,is part of the context

whichthedialoguemanagehasaccesso. Theimplementation
usesthe KIF knowledgerepresentatioschemeandinference
stepsare carrried out using the Java TheoremProver. This
module enablesdialoguesof the following kind (thereis an
inferencerule stating that the UAV is not allowed to y to

buildingsthatareon re):

O: “Wherecanyou y to?”

U:“l cany tothetower, thetemple,andthehospital:

O: “The toweris on re. Fly there”

U: “l cannoty to thetower. | cango to thetempleandthe
hospital”

A similar reasoningand representatiormodule handles
information aboutdefault operatingconditionsand operating
modes(e.g.“Fly in safemodeat high altitude”). Theseinfer-
encemodulesareobviously speci ¢ to a particularapplication,
but they allow all domain-speci cinformationto be removed
from the dialoguemanages knowledgeaboutdialoguemoves
and structures. Thus, useof theserepresentatiomnd reason-
ing modulesallows the developmentof a domain-independent
dialoguemanagelseealso[10]).

More suchmodulesareplannedfor versionll, to trackand
maintain consisteng of corversationalcommon-ground(the
factsasestablishedn thedialogue)andasusermodels.

5. Conclusion

We aiguedthatdialoguesystemdor robotsrequireaqualitatve
leapin the compl«ity of dialoguemodelsand managerdor
dialoguesystems.We thendescribedversion| of the WITAS
dialogueinterface,which addressesomeof theseissues,and
describedfuther innovationsin developmentfor versionll of
thesystem.

Dialoguessupportedby the currentinterface are mixed-
initiative, open-endedand multi-modal, over a dynamicoper
ating ervironment. A generalpoint of distinctionbetweenour
systemandmary othersis thatit is notrestrictedto plan-based
dialogues. In otherwords, pathsthroughdialoguesneednot
be speci edin adwance,asis necessaryn mary othersystems.
Our approachbasedon updatesover IS allows us to be much
more e xible in theway we procesdlialogues.

To reiterate pur currentsystemhasthefollowing features:

successfullynterfacedto real-timeUAV simulator

commandsguestionsrevisions,reports,over adynamic
ervironment

asynchronousteal-time, multi-modal, mixed-initiative,
open-endedlialogues

SemantidHead-Drven Generatiorof robotreports
emplgys adynamicinformationstatemodelof dialogue
Solarisor Windows NT/2000implementationsvailable

The WITAS multi-modaldialogueinterfaceinterpretsspo-
kenlanguageandmap-gesturinputsascommandsgueriesfe-
sponsesanddeclarationso the UAV, andgeneratesynthesized
speechand graphicaloutputto expressthe robot's responses,
questions,and reports. Currentdialogue capabilitiesinclude
ambiguity resolution, presuppositiorchecking, processingof
anaphoricand deictic expressions,commandrevision, report

5JTP:http://ksl.stanford.edu/software/jtp/

generation,and a con rmation backchannel. Our centralin-
novation is a general-purposdialoguemanagemhich imple-
mentsa dynamicinformationstatemodelof dialogue.

Videosof demonstrationsf versionl of thesystem(laptop
version)are available at http://www-  csli.stanford.
edu/semlab/witas/demol/

Innovationsin versionll of the systemconcerndialogue
move trees, task trees, and the use of automatedreasoning
modulegto handleapplication-speci caspect®f negotiationof
tasks resourcesandabilitiesin corversations.
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