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Abstract the one side and to report on the perceived envi-
ronmental changes on the other side. Otherwise
the robot had to break up the task execution and
there is no way for the user to find out the reason.

The second challenge for HRI dialog manage-
ment is theembodimenbf a robot which changes
the way of interaction. Empirical studies show that
the visual access to the interlocutor’s body affects
ever, are often system-oriented and have the conversation in the way that non-verbal behav-
limited capabilities. We present an agent- iors are used as communicative signals (Nakanq et
based dialog model that are specially de- al., 2003). For example, to refer to a cup that is
signed for human-robot interaction and visible to both dialog partners, the speaker tends
to say “this cup” while pointing to it. The same
strategy is considerably ineffective during a phone
. call. This example shows, an HRI dialog system
1 Introduction must account for multi-modal communication.

Natural language is the most intuitive way to com- The third, probably the unique challenge for
municate for human beings (Allen et al., 2001). ItHRI dialog management is the implication of the
is, therefore, very important to enable dialog capalearning ability of such a robot. Since a personal
bility for personal service robots that should helpservice robot is intended to help human in their
people in their everyday life. However, the inter-individual household it is impossible to hard-code
action with a robot as a mobile, autonomous deall the knowledge it will need into the system, e.qg.,
vice is different than with many other computer where the cup is and what should be served for
controlled devices which affects the dialog modeldunch. Thus, it is essential for such a robot to
ing. Here we want to first clarify the most essen-be able to learn new knowledge and tasks. This
tial requirements for dialog management systemgbility, however, has the implication for the dia-
for human-robot interaction (HRI) and then out-log system that it can not rely on comprehensive,
line state-of-the-art dialog modeling approaches tdard-coded knowledge to do dialog planning. In-
position ourselves. stead, it must be designed in a way that it has a
The first requirement results from tisgéuated- loose relationship with the domain knowledge.

ness(Brooks, 1986) of HRI. A mobile robot is  Many dialog modeling approaches already ex-
situated “here and now” and cohabits the samést. McTear (2002) classified them into three main
physical world as the user. Environmental changegypes:finite state-basedrame-basedandagent-
can have massive influence on the task executiotnased In the first two approaches the dialog struc-
For example, a robot should fetch a cup from theture is closely coupled with pre-defined task steps
kitchen but the door is locked. Under this cir-and can therefore only handle well-structured
cumstance the dialog systemustsupport mixed- tasks for which one-side led dialog styles are suf-
initiative dialog style to receive user commands orficient. In the agent-based approach, the com-

Dialog systems for mobile robots operat-
ing in the real world should enable mixed-
initiative dialog style, handle multi-modal

information involved in the communica-

tion and be relatively independent of the
domain knowledge. Most dialog systems
developed for mobile robots today, how-

provide evidence for its efficiency with our
implemented system.
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munication is viewed as eollaboration between concrete examples from the robot domain to clar-
two intelligent agents Different approaches in- ify the relatively abstract model.
spired by psychology and linguistics are in use
within this category. For example, within the 2.1  Grounding
TRAINS/TRIPS project several complex dialog _ . _
systems for collaborative problem solving have©ne of the most influential theories on the collab-
been developed (Allen et al., 2001). Here the diafrative nature of dialog is the common ground the-
log system is viewed as a conversational agent th&'y of Clark (1992). In his opinion, agents need
performs communicative acts. During a converlo coordinate their mental states based on their
sation, the dialog system selects the communicdhutual understanding about the current tasks, in-
tive goal based on its current belief about the dolentions, and goals during a conversation. Clark
main and general conversational obligations. Suckermed this process agoundingand proposed a
systems make use of communication and domaifontribution model. In this model, “contributions”
model to enable mixed-initiative dialog style andfrom conversational agents are considered to be
to handle more complex tasks. In the HRI field,the basic component of a conversation. Each con-
due to the complexity of the overall systems, usulribution has two phases:Rresentatiorphase and
ally the finite-state-based strategy is employed@nAcceptanc@hase. In the Presentation phase the
(Matsui et al., 1999; Bischoff and Graefe, Zooz;speaker presents an utterance to the listener, in the
Aoyama and Shimomura, 2005). As to the is-Acceptance phase the listener issues an evidence
sue of multi-modality, one strand of the researciPf understanding to the speaker. The speaker can
concerns the fusion and representation of multiOnly be sure that the utterance she presented previ-
modal information such as (Pfleger et al., 2003PUSly has become a part of their common ground
and the other strand focuses on the generalisatidhthis evidence is available.
of human-like conversational behaviors for virtual Although this well established theory provides
agents. In this strand, Cassell (2000) proposes @mprehensive insight into human conversation
general architecture for multi-modal conversationfwo issues in this theory remain critical when be-
and Traum (2002) extends his information-statdng applied to model dialog. The first one is the re-
based dialog model by adding more conversationgtursivity of Acceptance. Clark claimed, since ev-
layers to account for multi-modality. erything said by one agent needs to be understood
In this paper we present an agent-based dialofy her interlocutor, each Acceptance should also
model for HRI. As described in section 2, the twoPlay the role of Presentation which needs to be ac-
main contributions of this model are the new mod-cepted, too. The contributions are thus to be or-
eling approach of Clark's grounding mechanismganized as a graph. However, this implies that the
and the extension of this model to handle multi-9rounding process may never really end (Traum,
modal grounding. In section 3 we outline the ca-1994). The second critical issue is taking con-
pabilities of the implemented system and presenffibutions as the most basgrounding units In

some quantitative evaluation results. Clark’s view, the basic grounding unit, i.e., the unit
of conversation at which grounding takes place,
2 Dialog Model is the contribution. To provide Acceptance for a

contribution agents may need to issue clarification
We view a dialog as a collaboration between twoquestions or repair. But when modeling a dialog,
agents. Agents are subject to common conversaspecially a task-oriented dialog, it is hard to map
tional rules and participate in a conversation byone single contribution from one agentto a domain
issuing multi-modal contributions (e.g., by say-task since tasks are always cooperately done by
ing something or displaying a facial expression).the two agents (Cahn and Brennan, 1999). Traum
In subsection 2.1 we show how we handle con{1994) addressed the first issue by introducing a
versational tasks by modeling the conversationdlinite-state based grounding mechanism and Cahn
rules based on grounding and in subsection 2.2 wand Brennan (1999) used “exchanges™ as the ba-
present how we model individual contributions tosic grounding unit to tackle the second critical is-
tackle the issue of multi-modality. In subsectionsue. We combine the advantages of their work and
2.3 we put these two things together to completgresent a grounding mechanism based on an aug-
the model description. In this section, we also pumented push-down automaton as described below.
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Basic grounding unit: As Cahn and Brennan change because they start an exchange. We identi-
we takeexchangeas the most basic grounding fied 4 types of grounding relationfefault Sup-
unit. An exchange is a pair of contributions ini- port, Correct and Delete In the following we
tiated by the two conversational agents. They replook at these relations in more detail and refer to
resent the idea dddjacency pair{Schegloff and exchanges with relatior to its immediately pre-
Sacks, 1973). The first contribution of the ex-ceding exchang@PE) as %« exchange”, e.g., Sup-
change is the Presentation and the second contiport exchange:

bution is the Acceptance, e.g., if one asks a ques- pefault The current Presentation introduces a
tion and the other answers it, then the question Iﬁew account that is independent of the previous
the Presentation and the answer is the ACCGptanCQXchange in terms of grounding, e.g., what Tom
In our model, a contribution only represermse  saijd to Jane constructs three Presentations that ini-
speech act. For example, if an agent says “Hellogjate three default exchanges. Such exchanges can

my name is Tom, what is your name?” this ut-pe grounded independently of each other.
terances is segmented into three Presentations (aSupport If an agent can not provide Accep-

greeting, a statement, and a question) althougfnce for the given Presentation she will initiate
fth_e_y occur in one turn. These three Presentationg .. exchange to support the grounding process
initiate three exchaqges and each of them needs 9 the ungrounded exchange. A typical exam-
be accepted by the interlocutor. ple of such an exchange is a clarification ques-
Changing status of grounding units: Also as  tion like “I beg your pardon?”. If a Support ex-
proposed by Cahn and Brennan, an exchange h&bange is grounded its initiator will try to ground
two states:not (yet) groundedndgrounded An  the IPE again with the newly collected information
exchange is grounded if the Acceptance of théhrough the supporting exchange.
Presentation is available. Note, the Acceptance Correct Some exchanges are created to correct
can be an implicit one, e.g, in form of “contin- the content of the IPE, e.g., in case that the lis-
ued attention” in Clark’s term. Taking the exam-tener misunderstood the speaker and the speaker
ple above, the other agent would reply “Hello, mycorrects it. Similar to Support, after such an ex-
name is Jane.” without explicitely commenting change is grounded its IPE is updated with new
Tom’s name, yet the three exchanges that Tom iniinformation and has to be grounded again.

tiated were all accepted. Delete Agents can give up their effort to build a

Organization of grounding units: In accor- common ground with her interlocutor, e.g., by say-
dance with Traum we do not think that the Pre-ing “Forgetit.”. If the interlocutor agrees, such ex-
sentation of one exchange should play the r0|é:hanges have the effect that all the ungrounded ex-
of the Acceptance of its pre\/ious exchange. Inchanges from the initial Default exchange up to the
stead, we organize exchanges in a stack. The sta€kirrent state are no longer relevant and the agents
represents the whole ungrounded discourse: urflo not need to ground them any more.
grounded exchanges are pushed onto it and the Note, once an exchange is grounded itisne-
grounded ones are popped out of it. One majodiatelyremoved from the stack so that its IPE be-
question of this representation i¥Vhat has the comes the IPE of the next exchange. This model
grounding status of individual exchange to do withis described as an augmented push-down automa-
the grounding status of the whole stackane’s ton (Fig. 2). It is augmented in so far that transi-
Acceptance of Tom’s greeting has no apparent retions can trigger actions and a variable number of
lation to the remaining two still ungrounded ex- exchanges can be popped or pushed in one step.
changes initiated by Tom. But in theenter em- There are five states in this APDA and they rep-
beddingexample in Fig. 1, the Acceptance of B1 resent the fact what kind of ungrounded exchange
(utterance A2) contributes to the Acceptance ofs on the top of the stack. Along the arrows that
Al (utterance B2). These examples show that theonnect the states the input (denoted as 1), the re-
grounding status of the whole discourse dependsulting stack operation (denoted as S) and the pos-
on (1) the grounding status of the individual ex-sible action that is triggered (denoted as A) are
changes and (2) the relationship between these egiven. The input of this automaton includes Pre-
changes, thgrounding relation These relations sentation (e.g., “defaultP” stands for “Default Pre-
are introduced by the Presentation of each exsentation”) and Acceptance.
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AL: What do you think about Mr. Watton® an Acceptance. If it is a Presentation, the system
B1: Mr. Watton? our music teacher? ) .
A2 Yes. (accept B1) needs further to decide whether it initiates a new
B2: Well, he is OK. (accept A1) account, corrects or supports the current one, or
Figure 1: An example of center embedding deletes it. This issue of intention recognition is a

classical challenge for dialog systems. We present

our solution in section 3. The second point is that
%o, the dialog system needs to know when to create an
Defaul 225 SHOREY: AcoreatlPE) ac: sipop(e) Correct & exchange of certain grounding relation by generat-

ing an appropriate Presentation and when to create

an Acceptance. For that we need to first look at the
structure of individual contributions more closely
in the next subsection.

l:deleteP; S:push(ex)
I defaultP
A

Delete
Top

l:acc; S:pop(ex)
I:deleteP; S:push(ex)

2.2 The structure of agents’ contributions

|[supportP|correctP|
deleteP; S:

To represent the structure of the individual contri-
butions we take into account the whole language
Figure 2: Augmented push-down automaton forgéneration process which enables us to come up
grounding (ex: exchange) with a powerful solution as described below.
The layers of a contribution: What we can
observe in a conversation are only exchanges of
As long as there is an ungrounded exchang@gents’ contributions in verbal or non-verbal form.
at the top of the stack, the addressee will try toBut in fact the contributions are the end-product
ground it by providing Acceptance, unless its va-of 3 complex cognitive process: language produc-
lidity is deleted. For the reason of space, we onlytion. Levelt (1989) identified three phases of lan-
explain the APDA with the center embedding ex-guage productionconceptualizatiorformulation
ample in Fig. 1. Contribution Al introduces a andarticulation. The production of an utterance
question into the discourse which initiates a De-starts from the Conception ofcommunicative in-
fault exchange, say Ex1. This exchange is pushegntionand the semantic organization in the con-
onto the stack. Instead of providing Acceptanceseptualization phase before the utterance can be
to Al, contribution B1 initiates a new exchange,formulated and articulated in the next two phases.
say Ex2, with grounding relation Support to EX1 ntentions can arise from the previous discourse or
and is pushed onto the stack. Then contributiofrom other motivations such as needs for help or
A2 acknowledges B1 so that Ex2 is grounded anghformation. This finding motivates us to set up a
popped out of the stack. The top element of thewo-layered structure of contributions. One layer
stack is now the ungrounded Ex1. Since EX2 supjs the so-calledntention layerwhere communi-
ported Ex1, the Ex1 is updated with the infor- cation intentions are conceived. For a robot the
mation contained in Ex2 (The music teacher wagommunication intentions come from the analysis
meant) and B2 then successfully grounds this upof the previous discourse or from the robot control
dated Ex1. system. The other layer is tlw®nversation layer
In our model, every exchange can be individu-The communication intentions are formulated and
ally grounded and contributes to the grounding ofarticulated here These two layers represent the
the whole ungrounded discourse by acting on théntention conception and the language generation
IPE according to their grounding relations. Thisprocess, respectively. We term this two-layered
way we can organize the discourse in a sequenastructure of contributiomnteraction unit(1U).
without losing the local grounding flexibility. For  The issue of multi-modality: Face-to-face
an implemented system, this means that both theonversations are multi-modal. Speech and body
user and the system can easily take initiative ofanguage (e.g., gesture) can happen simultane-
issue clarification questions. To implement thisously. McNeill (1992) stated that gesture and
model, however, two points are crucial. The firstspeech arise from the same semantic source, the
one is the recognition of the user's contribution——_——— ,
Since most robot systems use speech synthesizer to gen-

type: for every u§er Contr|bUt_|0_n’ the dialog _Sys'erate acoustic output which replaces the articulation process,
tem needs to decide whether it is a Presentation ainly formulation is performed on this layer.
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so-called “idea unit” and are co-expressive. Sincghe self-motivation apart from the fact that, in case
semantic representation is created out of commuaf intentions motivated by conversational needs,
nicative intentions (Levelt, 1989) we assume thehe intention layer of the IU does not import any
communication intentions are the modality inde-robot control system message but creates an inten-
pendent base that governs the multi-modal lantion directly. Note, the IUs that are initiated by the
guage production. We, therefore, extend our strucrobot and by the user have identical structure. But
ture above by introducing two generators on then case of user initiated 1Us we do not make any
conversation layer: ongerbaland onenon-verbal assumption of their underlying intention building
generator that represent the verbal and non-verbgarocess and the intention layer of their IlUs are thus
language generation mechanism based on thEways empty.

communication intentions created on the intention With the IUs, we can integrate the non-verbal
layer. The relationship between these two generayehavior systematically into the communication
tors is variable. For example, Iverson et al. (1999process and model multi-modal dialog. Although
identified three types ohformationalrelationship it is not the focus of our work, our model can also
between speech and gesture: ‘ handle purely non-verbal contributions, since the
reinforcement(gesture rein- 'Conbve;rsa"on Layirl' verbal generator does not always need to be acti-
forces the message conveyed vated if the non-verbal generator already provides

in speech, e.g., emphatic ges; -Inteniontayer- | enough information about the speaker’s intention.
ture), disambiguation (ges- | inenionconcepiin ;| Possible scenarios are: the user looks tired (pre-
ture serves as the precise ref- sentation) and the robot offers “I can do that for

erent of the speech, e.g., deic- Figure 3: IlU  you.” (acceptance) or the user says something
tic gesture accompanying the (presentation) and robot nods (acceptance).

utterance “this cup”), andadding-information

(e.g., saying “The ball is so big.” and shapingo 3 Putting things together
the size with hands). In our work, when process- _ _
ing users’ multi-modal contributions we focus on 11l Now we have discussed our concept of using

the disambiguation relation; when creating multi-& grounding mechanism to organize contributions

ested in other informational relatioAsThe struc- NOW itis time to look at the still open point at the
ture of an 1U is illustrated in Fig. 3. end of the section 2.1: when to create an IU as

Operation flow within an interaction unit; ~ Presentation and when an IU as Acceptance.

During a conversation an agent either initiates Self-motivated intentions usually trigger the
an account or replies to the interlocutor’s ac-creation of an IU as Presentation with Default re-
count. The communication intentions can thus bdation to its IPE. For example, if the robot needs
self-motivatedor other-motivated For a robot, to report something to the user it can create a De-
self-motivated intentions can be triggered by thefault exchange by generating an IU as its Presen-
robot control system, e.g., observed environmentation. The user is then expected to signal her Ac-
tal changes. In this case, an IU is created witifeptance. Other-motivated intentions can, accord-
its intention layer importing the message from thelng to the context, result in either Presentation or
robot control system and exporting an intentionAcceptance. To make the correct decision we de-
This intention is transfered to the conversatiorveloped criteria based on tf@nt intention theory
layer which then formulates a verbal message witt®f Levesque et al. (1990) which predicts that dur-
the verbal generator and/or constructs a body laring a collaboration the partners are committed to
guage expression with the non-verbal generato@ joint goal that they will always try to conform
Other-motivated intentions can be triggered by thdill they reach the goal or give up. Note, this does
needs of the on-going conversation, e.g., the nee@t mean that one will always agree with her inter-
to answer a question, or be triggered by robot’s exlocutor, but they will behave in the way that they
ecution results of the tasks specified previously byhink is the best to achieve the goal. This theory
the user. The operation flow is similar to that ofcan be applied to human-robot dialog in a twofold
— e , o .. sense: Firstly, a dialog can be generally seen as
This policy has a practical reason: it is much more diffi-

cult in computer science to correctly recognize and interpreta coIIaboratlon_as Cl_ark proposed. Sgcondly’_ the
human motion than to simulate it. human-robot dialog is mostly task-oriented, i.e.,
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the human and the rObOt WOI‘k towal‘dS the Same.—»( push Exchange n with the interlocutor’s IU as presemation]
) . . . . '

goal. With this theory in mind we describe how (study verbal info on the interlocutor's CL )

we process other-motivated contributions below. s

: - - no
intention recognized?

(study non-verbal info on the CL)

s intention recognized?
no

create IU as Presentation

create exchange n+1with
Support or Correct relation

push exchange n+1

The precondition of language production based
on other-motivated intentions is language percep-|aecsms st o

tion. Before reacting, i.e., before creating her ownno
IU, an agent first needs to understand the inten- he joint goal’?

tion conveyed by her interlocutor’s IU by study-
ing its conversation layer. Since we focus on dis-
ambiguation function of non-verbal behavior we
assume that agents first study the generated ver-

bal information, if the intention can not be fully Figure 4: Handling other-motivated contribution

recognized here, one will further study the infor-(CL: Conversation layer; IL: Intention Layer)
mation provided by the non-verbal generator (e.g.,

a gesture) and fuse the verbal and non-verbal ir\Nhat the dialog system needs to know from the
formation. If the intention recognitipn is still un- robot control system is what processing results it
successful, the agent can not provide Acceptancgyp produce. The association of these results with
for the given IU. If she is still committed to the |}, jntentions in terms of whether they start a

dialog she will issue a clarification question, i'e"new account, support or correct one, or delete it,
she generates an IU as Presentation that initiatec%n be configured externally and thus easily up-
a Support exchange to the current ungrounded €Xgata o replaced. Based on this configuration IUs
change. If the m_tentlon of her interlocutor IS SUC- 510 generated that operate according to the ground-
cessfully recognized the language perception prog, mechanism as described in section 2.1.

cess ends and the agent tries to create her own 1U.

As described in subsection 2.2 the creation of th@ |Implementation

IU starts from the creation of an intention on the )

intention layer. In case of a robot, the dialog sys-Th'S dialog model was implemented for our robot

tem accesses the robot control system and awaify RON. @ personal robot with learning abilities.

its reaction to the conveyed information (e.g., altcan detect and follow persons, focus on objects

user instruction). Usually, a robot is designated@ccording to human deictic gestures) and store
to do something for the user, i.e., the robot is comcollected information into a memory. Our imple-

mitted to the goal proposed by the user, so we dementation scenario is the so-calladme tour a
fine the robot can only provide acceptance if theUSer SNOWs & new robot her home to prepare it for
task is successfully executed this case, the robot future tasks. The robot should be able to learn and

completes the current 1U with the filled intention '€Member features of objects that the user men-

layer by generating an confirmation on its convertions and it “sees”, e.g., name, color, images etc.
sation layer. Afterwards, this grounded exchangd€Sides, our system was also successtully ported
can be popped from the stack. If the robot can not® @ humanoid robot BARTHOC for studies of

execute the task for some reasons, then the currefiffotional and social factors of HRI (see. Fig. 5).

exchange can not be grounded and the robot will
take the current IU with the filled intention layer
as another Presentation that initiates a Support or
Correct exchange to the current ungrounded ex-
change, similar as the case in Fig. 1. The conversa-
tion layer of this IU can thus formulate something
like “Sorry, | can't do that because...” and present
a sorrowful face. This new Support or Correct ex-
change is pushed onto the stack. Figure 4 illus-
trates this process as a UML activity diagram.

Figure 5: Robots BIRON and BARTHOC

In our model we only do general conversational The dialog manager is linked to a speech under-
planning instead of domain specific task planningstanding system which transforms parts of speech
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from a speech recognizer into a speech-act-basadarks on its own performance (R6). When the
form. To recognize the user’s intention, the dia-robot control system detects a person the dialog
log system classifies this input into 10 categoriesystem initiates a Default exchange to greet her.
of three groups according to heuristics, eig-, BIRON can also measure its own performance by
struction description andqueryinitiate new tasks counting the number of Support exchanges it has
and thus a new Default exchangdeletionand initiated for the current topic. Since the Support
correctioninitiate Delete and Correct exchangesexchanges are only created if BIRON can not pro-
that are related to early exchanges; andfirma- vide Acceptance to the user's Presentation (be-
tion, negation etc. can only be responses andcause it does not understand the user or it can
are, therefore, viewed as user’'s Acceptance of exaot execute a task), the amount of the Support ex-
changes that the robot initiates. The main part othanges thus has direct correlation to the robot's
the dialog system is the Dialog Manager that caroverall performance. On the other hand, the more
ries out grounding analysis and stack operationdDefault exchanges there are, the better is the per-
The Robot Control Manager receives messagefrmance because the agents can proceed to an-
from the robot control system and calls the Dia-other topic only if the current one is grounded (or
log Manager to do relevant operations. This dialogleleted). Based on this performance indication
system enables multi-modal, mixed-initiative dia-BIRON does remarks to motivate users.

log style and can handle complex repair behaviors.

W't.h the example d'?"og n F'g' 6, W_h'Ch IS tran- happens quite frequently in the home tour scenario
scripted from a real interaction session between

d BIRON di the t (i at the user points to some objects and says “This
useran » WE dIScuss the two mostimporss 5 » - BIRON needs to associate its symbolic
tant features of our system.

name (and eventually other features) mentioned by
the user with the image of the object. The reso-

Resolving multi-modal object references:It

fivn R1: Hello human! (looking friendly)

UL Hello! lution of such multi-modal object references (U4-
Who are you? R7 in Table 6) is solved as following: the Dialog

£? R2: My name is BIRON, if you show me - Manager creates an U for the user-initiated utter-
something | can r_erTlember it. (looking friendly) ance (e.g., “this is a CUp") and studies the verbal

— U2: OK, um, look, this is a mug. . .

— R3: I beg your pardon? (looking puzzec) and non-verbal generator on its conversation Ia_yer.

— U3: This is a mug, umm, here. In the verbal generator, what the pronoun “this”

gis R4:Sorry, can you use some other words? (looking sad) refers to is unclear, but it indicates that the user

— U4: This is a mug!
B3 — R5: Sorry, | can't find it. Are you pointing
Ex6 to it with your finger? (looking sad)

might be using a gesture. Therefore, the Dialog
Manager further studies the non-verbal generator.

US: Yes! The responsible robot vision module is activated
R6: | know it is sometimes difficult with me, here to search for a gesture and to identify the ob-

& but don't feel discouraged! (looking ashamed) ject cup. If the cup is found in the scene, this mod-
U6: (laugh)

ule assigns an ID to the image and stores it in the
memory. After the Dialog Manager receives this
ID, the processing of the conversation layer of the
user IU ends, the Dialog Manager proceeds to cre-
ate its own IU to react to the user’s IU. Problems
with the object identification indicate failure of the
d’gtention recog_nition process on the user conversa-
on its back-end application. Since BIRON doestlon layer. In this case, the Dialog Manage_:rcrea_tes
not have a task planner which would be ideal o Support exchange to ask the user which object

demonstrate this ability we implementedexiro- she refers to_ and retries it if she does _not oppose
vertpersonality for it (additionally to itbasicper- (R5-R7). This process and the assoclated multi-

sonality) that takes communication-related initia—mOdallty fusion and representation are described

tives. The basic BIRON behaves in a rather pas'—n (Lietal, 2005) in detail.

sive way and only says something when addressed The evaluation of dialog systems for human
by the user. In contrast, the extrovert BIRONrobot interaction is still an open issue. A robot
greets persons actively (R1 in Table 6) and resystem is usually a complex system including a

L—— RT7: OK, I've found it, it is really nice! (looking happily)

Figure 6: A dialog example with the extrovert
BIRON. (U: user, R: robot, Ex: Exchange)
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systems (Green et al., 2006). But the efficiencya. Green, K. Severinson-Eklundh, B. Wrede, and S. Li.

of our system is already visible in the small ef- 2006. Integrating miscommunication analysis in natural

fort iated with th ti f thi t t language interface design for a service robotPtac. Int.

ort associated wi € por_lng 0 ) IS SYSI€M 10 conf. on Intelligent Robots and Systerssbmitted.

another robot platform and in the pilot user study . _ _

with BIRON. In this study, each of the 14 users in-*- “féé‘gersgg'sghr?;‘i’r:r%o'fh;‘_’Qﬁifdbﬂtd;riq%yéo%nﬁisee'"'

teracted with BIRON twice. In the total 28 runs Deve]pment14(1);57_75,

the dialog system generated 903 exchanges for _ _ _ o

W. Levelt. 1989. Speaking: From intention to articulation

the 813 user utterances. Among these exchanges, c;mpridge, MA: MIT Press.

34% initiated clarification questions. This result

correlated with the evaluation result of our speech'- J- Levesque, P.R. Cohen, and J. H. T. Nunnes. 1990. On
. . acting together. IrProc. Nat. Conf. on Atrtificial Intelli-

understanding system which fully understood 65% gence (AAAL)

of all the user utterances. 18.6% of the exchangess LA H h B Wrede. 3. Fritsch. and G. S

. O, LI, . Haascn, . rede, J. Fritscn, an . Dagerer.

W?re Support exchanges created due FO execution 2005. Human-style interaction with a robot for coopera-

failure of the robot control system which corre- tive learning of scene objects. Rroc. Int. Conf. on Mul-

sponds to the performance of the robot control sys- timodal Interfaces
tem. The average processing time of the dialog matsui, H. Asoh, J. Fry, Y. Motomura, F. Asano, T. Kurita,

system was 11 msec. I. Hara, and N. Otsu. 1999. Integrated natural spoken
dialogue system of jijo-2 mobile robot for office services,.
4 Conclusion In Proc. AAAI Nat. Conf. and Innovative Applications of

Artificial Intelligence Conf.

In this paper we pre_sented an agent-based dlalqg. McNeill. 1992. Hand and Mind: What Gesture Reveal
model for HRI. The implemented system enables about ThoughtUniversity of Chicago Press.

mUItI_-mOdal’ m!xgd-mltlatlve dialog Style_and IS M. F. McTear. 2002. Spoken dialogue technology: enabling
relatively domain independent. The real-time test-  the conversational interfaceACM Computing Surveys
ing of the system proves its efficiency. We will  34(1).

work out detailed evaluation metrics for our Sy_S'Y. I. Nakano, G. Reinstein, T. Stocky, and J. Cassell. 2003.
tem to be able to draw more general conclusion Towards a model of face-to-face grounding.RAroc. An-

about the strength and weakness of our model. nual Meeting of the Association for Computational Lin-
guistics
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