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Abstract
We present the dialogue system of a robot that has been gedeto serve as a museum guide. The robot interacts with human
visitors in natural language, receiving instructions amjaling information about the exhibits. Moreover, beingbriie, it physically
approaches the exhibits it provides information about.héligh the robotic platform contains many modules, inclgdiavigation,
speech recognition and synthesis, our focus in this pagéeisgialogue system, which supports the sessions betwearartsuand the
robot, as well as the natural language generation enginiehwlenerates the text to be spoken. Both modules are clivgefyined and
depend on an ontology represented in OWL. The robot supgi@isgues in both English and Greek.

1. Introduction tive SDSs, the system asks a sequence of questions to elicit

This paper presents the natural language interaction c4n€ required parameters of the task from the user. In user
pabllltles of a mobile robotic tour guide developed in initiative SDSS, the dlalogue is controlled by the user, who
the Greek project Xenios. The robot adopts a simple asks the system questions in order to obtain information.
finite-state architecture for dialogue management, wich i !N Mixed initiative SDSs, the dialogue control alternates
complemented by multilingual natural language generatio?€Ween the two participants; the user can ask questions
from OWL ontologies; the latter is used to produce per-2t @0y time, but the system can also take control to elicit
sonalised descriptions of exhibits, currently in Englisda "€quired information or to clarify ambiguous information.

in Greek. The robot guides the visitors to the premises ofn all SDSS’ a dlalogug management module is reqqlred to
the Hellenic Cosmos, the cultural centre of the Foundatioﬁjmer'ﬁnIne what questions the system should ask, in what
of the Hellenic World (FHWY. The vision and navigation °rder and when, as well as to anchor user utterances to
components of the robot were developed by the Foundatioff'® discourse context (e.g., resolve referring expresion

of Research and Technology Helfas. There are three main categories of dialogue management
Robots are being deployed experimentally as tour guides ifechniques: finite state based, frame based, and plan bas'ed.
science parks and museums (Bennewitz et al., 2005; Chid,"® mostcommon category are the state based ones, which
2004; Thrun et al., 1999); however, the issue of natural lant/S€ 9raphs. Dialogue is modeled as a network of states con-

guage has been somewhat neglected. Most of the robotRECted by edges. At each state, the system can perform one
platforms acting as guides rely on prerecorded texts, whicf? the following:

are spoken by a speech synthesiser. In contrast, in our worky. ask the user for specific information, possibly listing

the focus is on dynamic text generation from domain on- expected answers (in effect offering menu options),
tologies, in the context of spoken dialogues. Spoken Dia-

logue Systems (SDS) typically involve speech recognition, 2- 9enerate a response to the user, or
dialogue management, language interpretation, languageg
generation, and speech synthesis. In addition, they requir
domain specific knowledge and linguistic resources (e.g.In Xenios, we use system initiative dialogues, with finite
domain lexicons). CSLYJ DippeP and Trindikif are three ~ state dialogue management, and particular options offered
representative examples of software platforms that suppof0 the user at each state. The advantages of this technique
the development of SDSs. are faster development and more robust systems, at the ex-
SDSs are divided into three major categories, depending opense of limited flexibility in the dialogue structure.
who controls the dialogue (McTear, 2004). In system initia-Recent research has started to examine the efficient use
of domain ontologies in dialogue systems (Milward and

access an external application.

http://www.ics.forth.gr/xenios/description.htm| Beveridge, 2003). For instance, the domain specific lexi-
2http:/fwww.thw.gr/indexen. html con and the grammar of the automatic speech recognition
3nttp:/vww.forth.gr/ (ASR) component can be partially derived from the ontol-
*http://cslu.cse.ogi.eduftoolkit/ ogy. Furthermore, the natural language generation compo-
Shttp://www.ltg.ed.ac.uk/dipper/ nent (NLG) can generate descriptions of the ontology'’s in-

Shttp:/ivww.ling.gu.se/projekt/trindi/trindikit/ stances or classes, as in our case. The ontology can also be



used during language interpretation, for example to locate 3. Resources of the Dialogue System
properties the user’s utterances may refer to. Dialogue M odel

An entire strand of work in Natural Language Generation.l.he dialogue model is based on a finite state automaton.

(NLG) has focused on producing textual descriptions OfAt each state, the robot utters a particular question og-stat

c[asses gnd instances (entities) of domain s_pecmc OntOI9|”'r1ent. The transitions from a state represent the possible
gies (Reiter and Dale, 2000). A representative example i

. . %ptions offered to the human at that state. The dialogue
”EE?{( (do I?tc;]nnell etal, 2?()'1)’.Wh'clh was mainly ctiemoi?- model supports three sessionssitor welcome, touand
?nﬁti?ing;l:llal eTtuesnesl:g ?)? IOLE>g(I3vSés Qer\r/]eolgepgzciinth\g?:roryl ahialogue termination The dialogue model was developed
. " especially for museums that host art collections, and are
text of the M-PIRO project (Isard et al., 2003; Androut- P y

) equipped with show rooms, where informative movies can
sopoulos et al., 2007). The system was tested in sever Iq bp

L : . . . be played.
domains including museum exhibits and computing equip;, Fig. 2 we present an overview of the dialogue model.

ment. Similar.systems have also been built to automaticall;i.he first session (topmost node), captures the part of the
produce medical reports (Bonicheva et al., 2004) and drugialogue session from the moment the visitor approaches

descriptions (Eontchevg and W|!ks, 2004). ] _the robot, till the moment he validates his ticket (validati
The rest of this paper is organised as follows: the archiy.q s through a bar code reader, carried by the robot). The

Bottommost node represents the termination of the dialogue

tecture of the dialogue system is presented in section 2; i
section 3, we present the resources that are used in the (Eéssion. The second session (mapped to nodes 2, 3 and 4)

alogue system; then, in section 4, we present the naturgycerns the presentation of the buildings and programmes
language generation module; in section 5, we provide sammy¢ £y 16 5 visitor. The robot can talk about particular
ples of a visitor’s interaction with the robot; the paper&nd programmes, offer tour guidance, or do both.
with an overview and conclusions in section 6. The middle level nodes do not correspond to individual
states; instead each one corresponds to approximately 10
2. Architecture of the Dialogue System states. Moreover, in each state there is a template which
combines canned text with calls to the NLG in order to pro-

The dialogue system consistsreourceandmodulegsee duce the final text to be uttered by the TTS.

Fig. 1). The modules are thBialogue System Manager
(DSM), the Natural Language Generation Engine (NLG) pomain Ontology

the Automatic Speech Recognition (ASRpine, theText The ontology represents the buildings and rooms of FHW,

To Speech (TTSjynthesiser and theesture Recogniser as well as the educational programs that are offered. The
Th_e Iatter.c:.:m detecta§et of three human gestures (yes, NRformation about the buildings and the rooms is essen-
guelgyoasrt]:eltnﬁsngt 2233?;“2e:t22;33.e/?s()T(TjavSveauzvngjre:uthftagl to the robot’s navigation, to provide guidance instruc
roglou, 2001) ,fs ASR \)//ve have usedythe BabEar s St’s%ons to visitors, and to relate educational programmels wit
frogm A'ca elé. which also provides natural lanaua eyun-t eir physical location. For instance, the following ontol

petd, wh ) P guage ogy extract includes the clags ea, as well as the entities
derstanding facilities; the latter are based on a domain SP&hat belond to that class. For instanéér st - dome and
cific lexicon and a grammatr. 9 ) !

round- donme represent the first an nd floor of th
The dialpgue system manager (DSM) is th_e f‘actor” of thegome (a semi—sep%gr?c?al moe\}/ie ;ro?egtizicr?allc;. porerme
whole dialogue system, in the sense that it is the module
that invokes and coordinates all the other modules. Thevr ea
DSM initiates the dialogue, and expects the visitor to se- gr ound- done
lect an option from the ones offered. In order to decide first-done
the next dialogue state and the text it will utter (through screeni ng-room
the TTS unit), it takes into account tidéalogue modelthe virtual Reality-area
interaction historyof the user, as well as tHecation of basenent 1- bui | di ngl
the robot. All the above contribute into creating more nat- basenent 2- bui | di ngl
ural dialogues. Finally, there is the communication server first - bui | di ngl
which enables the inter-module communication. gr ound- bui | di ngl
The resources are: thiialogue model the resources of

the NLG which are discussed separately below; user mod] "€ Néxtontology extractrepresents two types of programs

els, including databases recording the interaction hjsibr that are offered, in particular there are documentariestabo

each user; and some databases that hold canned text aMHet“S and the Black sea, as well as educational programs

other information used during the dialogue. The moduleP0Ut the Ancient Agora and the ancients’ contribution to

are not domain specific; consequently, they can be easilgpathematlcs.
transferred to another domain, with the exception of thep, ogr ame
ASR, which needs adjustments. On the other hand, the pgcument ary
resources are domain specific and must be designed from i | et us
scratch for each domain. bl ack sea

Educat i onal
"http:/iwww.acapela-group.com/index.asp anci ent Agor a



Other Databases

sources of the OWL ontology are exported by ELEON in

s the RDF format the NLG module requires.

- numbdr of visis per tom) The ontology was authored by a group of people from

—_ - FHW. The group involved archaeologists that provided the
S initial information in the form of a collection of docu-

ments; this collection had been used before to produce
paper leaflets and other promotional material. The same
group extracted the most important paragraphs from the

J Trs collection. The information of the paragraphs was then en-

tered in ELEON, with additional information obtained from
Server
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an architectural plan. Furthermore, FHW edited the con-
tents of the canned text database, by using a simple editor
developed for this purpose.

- Touch Screen

User Types
Figure 1: System Architecture User types such as adult, child, expert, are defined with

the aid of the ELEON authoring tool. The user types
are defined when creating the domain ontology, and do
not change afterwards. User types are quite useful, since
they permit extensive personalisation of the information
that users receive (Androutsopoulos et al., 2007). Thus,
user types determine the interest of the ontology facts,(e.g
some facts about painting techniques may be too elemen-
tary for experts), as well as how many times a fact has to
be repeated before the system can assume that a user of a
certain type has assimilated it (e.g., how many times we
need to repeat the duration of the Roman period). In ad-
dition, user types specify the appropriateness of linguist
elements (e.g., lexicon and microplans, see below), as well
as parameters that control the maximum desired length of
an exhibit description. Finally, different synthesiseices

can be chosen for different user types. Orthogonal to the
user types is the multilingual support (English and Greek)
for the lexical items and the microplans.

]
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Interaction History and Application Databases

Figure 2: Dialogue Model The interaction history records information showing the ex
hibits each user has seen, the information the system has
conveyed, as well as the natural language expressions the

mat hemat i cs system has used to convey the information. This allows
the system to avoid repeating the same information and
expressions. The interaction history is kept in a database
that is controlled by the Personalisation Server, which can
also produce statistical data. Moreover, it can act as a rec-

scr eeni ng-r oom>. Summarising, the ontology describes
all the buildings and rooms where educational activitiesommender system (based on past usage data) upon the ar-
val of a new user (Paliouras et al., 2006). There is also a

take place, as well as a significant part of the programmes : e .
that are currently offered. Canned Text Databas&hich contains fixed text that will .
The ontology can be updated by adding visiting areas, ney® SPoken at the commencement, at the end, or at an in-
exhibits, or by updating information on already existing ar termediate stage of the visitor's interaction with the dla—.
eas and exhibits. The use of the ontology enables the sy429ue system. Canned texts also contain some string vari-
tem to describe the newly added or updated objects withmﬁbles that qre mstan'tlated d.u'rlng the dlalogue.sessmn. Fi
further configuration. The ontology is authored in OWL, Nally, there is domain Specific Databas@hich in effect

the Semantic Web standard language for specifying ontoloONtins instances of the ontology, for example, particula
gies, using the ELEON editor (Bilidas et al., 2007). Fur- buildings, programs and rooms. This information is ex-
thermore, ELEON allows annotating the ontology with the ractéd from the ontology that the NLG module uses (Gala-
linguistic resources required by the NLG engine. UseriS and Androutsopoulos, 2007).

types (e.g., adult, child, expert) can also be defined with . .
ELEON; we discuss user types below. The linguistic re—4' The Natural Language Generation engine

The natural language generation engine of Xenios, called
8http:/ivww.w3.org/TR/owl-features/ NaturalOWL, is heavily based on ideas frongx andm-

The propertyt akes- pl ace-at, which is assigned to
every programme, takes as its values entities of th
Ar ea class; for instance<ni | et us, t akes- pl ace- at,




PIRO.? Unlike its predecessors, NaturalOWL is simpler Text Planning

(e.g., itis entirely template-based) and it provides mativ The selected facts of the first iteration are ordered
support for OWL ontologies. Currently, the system sup-pased on a domain-specific partial order of their proper-
ports English and Greek. ties (e.g.,current-| ocation must be mentioned after
NaturalOWL adopts the typical pipeline architecture ofcreati on- peri od). More specifically, the partial order is
NLG systems (Reiter and Dale, 2000). It produces textgreated with the help of the ELEON tool, which allows the
in three sequential stagesdocument planning, micro- ysers to assign to each property an order score, an integer
planning andsurface realisation In document planning, from 1 to 10. Smaller order scores indicate that facts with
the system first selects the logical facts (OWL triples)those properties should be mentioned earlier in the gener-
which will be conveyed to the user and it specifies the docated description. The order is stored in the RDF annota-
ument structure. In micro-planning, it constructs abstractions of the ontology. The selected facts of the second or
forms of sentences, then it aggregates them into more congypsequent iterations are placed immediately after the cor
plex periods, and finally it selects appropriate referrirg € responding facts of the first iteration.

pressions. In surface realization, the abstract formsmof se

tences are transformed into real text, and appropriate syrs+2. Micro-planning

tactic and semantic annotations can be added, for exampl€pstr act sentence forms

to help the TTS produce more natural prosody. The SYSThe RDF annotations of the ontology map each OWL prop-

tem is also able to compare the described entity to Otheérty to one or more natural language templates. The tem-

entities of the same collection (e.g., "Unlike all the vésse lates consist of a list of slots and instructions showing ho

that you saw, which were decorated with the bIack-ﬁgurefo fill them in. Each slot can be filled in with any of the fol-

technique, this amphora was decorated with the red—figurF

technique.”). owing-
. o Areferring expression pointing to the semantic subject
4.1. Document planning of the fact.

Content Selection ) . o o .
o A fixed string. If the string is a verb, it is specially

When NaturabwL is instructed to produce a description tagged along with tense and voice. Prepositions are

of a class or an entity, it attempts to locate all the logi- also tagged. These tags are used in aggregation.
cal facts of the OWL ontology (OWL triples of the form

<S, Property, O>, whereSandOare the semantic sub- e A referring expression pointing to the semantic object
ject and object of the fact, respectively) that are relet@ant of the fact.

that entity or class. First, it selects all the facts thatdire ] )

rectly relevant. For example, in the case of the entity whosd € final sentences are constructed by concatenating the
identifier isexhi bi t 24, it first selects, among others, the S0t values. For example, for theurrent -1 ocation
following facts, which associatexhi bi t 24 with class ~Property, the following microplan is defined:

arybal | os and the entitiesar chael ogi cal - del os,

ST . . M cropl an(M croNane: "tenpl 1",
i rai on-del os andar chai c- peri od. P ( m

For Property="current-| ocation") ->
Sl ot (Type: String, Value: "today")

<exhi bi t 24, rdf : t ype, arybal | os> Sl ot (Type: Oaner, Case: nominative)

<exhi bi t 24, current -l ocati on, Sl ot (Type: Verb, Value: "is exhibited",
ar chael ogi cal - del 0s> Voi ce: Passive, Tense: present)

<exhi bi t 24, 1 ocat i on-found, i r ai on-del os> Sl ot (Type: Prep, Value: "in")

<exhi bi t 24, creati on-peri od, ar chai c- peri od> Sl ot (Type: Filler, Case: accusative)

Then, the system selects iteratively facts that are inthirec If the above microplan is applied to the faaxhi bi t 24,
relevant to the described entity or class. In our exampée, thcurrent -1 ocati on, archeol ogi cal -del os>, the

second iteration would add facts like the following: abstract sentencetdday Ref (Entity: exhi bit 48,
Case: nominative) is exhibited in Ref (Entity:
<ar chai c- peri od, covers, archael ogi cal -del os, Case: accusative)” is
ar chai c- peri od- duration> produced. Theef tags represent the referring expressions
<arybal | os, rdf s: subcl assCf, vessel > which will be produced in a following stage.

The final set of selected facts results by removing the alAggregation
ready assimilated facts and then the facts with the IOWQSI'he produced abstract sentences are then aggregated into
interest. The interest of each fact and the number of timeﬁ)nger sentences using a set of aggregation rules simi-
a fact has to be mentioned in order to be considered as afgr to m-pPIrROs (Melengoglou, 2002). For example, Nat-
similated is specified in the user types (Androutsopoulos efiralowL’s rules aggregate phrases that share the same se-
al., 2007). mantic subject (e.g., by adding the connective “and”), or
pairs of phrases where the semantic object of the first one
°See http://www.Itg.ed.ac.uk/methodius/ for information IS the same as the semantic subject of the second one and
METHODIUS, another descendant mf-PIRO'S generator. the second phrase’s verb is “to be”, as illustrated below.



This aryball os was found in the Heraion of H The first one.
Delos. It is currently exhibited in the

Ar chaeol ogi cal Museum of Del os. R I am sorry! 1 did not understand. | asked you which

-> building you would like to visit. The answers | ex-

This aryball os was found in the Heraion of pected werebuilding 1, building 5, building 7, Tho-

Delos and it is currently exhibited in the los and Research Centr®lease select one or use the

Ar chaeol ogi cal Miuseum of Del os. touch screen.

This is an aryballos. An aryballos is a kind 6. Conclusions and Future Work

of vessel. . . .

o> We have described the dialogue system of the Xenios ro-

This is an aryballos, a kind of vessel. botic guide. The dialogue system comprises many mod-
_ _ _ ules and resources. The central module is the dialogue

Referring expressions generation manager that supports robot initiative dialogues. During

In this stage, the system generates the appropriate referri human-robot interaction, the robot’s utterances are a mix-
expressions. When an entity or class is introduced for théure of canned and dynamically generated text. Dynamic
first time, its name (e.g“Bancroft Chardonnayisa...J  text generation proceeds in three stages: document plan-
or the name of its class is used (e'thjs is an aryballos”). ning, microplanning, and surface realisation. One of the
In all subsequentreferences, an appropriate pronounds usenost important resources of the system is the enriched do-
(e.g.,"it was found in the Heraion of Delos”). If the focus main ontology, which is authored by using the ELEON on-
(semantic subject of facts) shifts to another entity orglas tology editor. The ontology comprises descriptions of the
again the name or the class of the new focus is first usediHW exhibits in OWL, as well as linguistic and user type
followed by pronoun references. When the focus returns tanformation in RDF. The system supports both English and
the original entity, a demonstrative (e.ghis aryballosis  Greek.
made of ...") or the name of the original entity is used.  Although an evaluation of the robotic guide has not been
o performed yet in real conditions, an initial version of the
4.3. Surface Realization dialogue system has already been examined by FHW. In
Finally, in surface realization the system simply concate-particular, the dialogue model, the richness of the gener-
nates the slot values of the sentence specifications. In addited text by the NLG, and the ontology are currently under
tion, syntactic or sematic markup can be added, as alreadyvision based on user interaction data.
mentioned. In the future we envisage the integration of an affective
| . unit into the dialogue system. There is considerable re-
5. Samplelnteraction search that suggests that user emotion recognition and ro-

Below we present an excerpt from a dialogue between th@otic emotion expression may lead to more natural forms
robot and a visitor. In the robot's utterances, the words thaof communication (André et al., 2004).

appear initalics are generated by the NLG module, whereas
the other words are canned texts, with some intervening val- Acknowledgements

ues of variables. As it can be seen, each robotic utteranGehis work was carried out in the context of project XE-

is a mixture of dynamically generated and canned text, a”‘fhlos, which was co-funded by the Greek General Secre-
as the dialogue progresses, the robot traverses the statesigiat and the European Union.

the dialogue model.

Robot Ok. Let us talk about the programmes of the Hel- 7. References
lenic World. There aré programmes. The following: E. André, L. Dybkjeer, W. Minker, and P. Heisterkamp, ed-
a programme about the Ancient Agora of Athens, a itors. 2004.Affective Dialogue SystemSpringer.
documentary about the Olympic Games,..Please |. Androutsopoulos, J. Oberlander, and V. Karkaletsis.
tell me which programme you are interested in. 2007. Source authoring for multilingual generation of

personalised object descriptiorsatural Language En-

gineering 13(3):191-233.

R Right. This is an educational programme. lts title is: M. Bennewitz, F. Faber, M. Schreiber, and S. Behnke.
“In the Ancient Agora of Athens”. It uses multimedia  2005. Towards a humanoid museum guide robot that in
technologies and it is hosted in building 1. Its sub- teracts with multiple persons. Rroceedings of the'
ject is history and it was established in 2007. Itis ad- |IEEE-RAS International Conference on Humanoid Ro-
dressed to children from 9 to 15 years olWould you bots
like me to guide you to the place of the programme? D. Bilidas, M. Theologou, and V. Karkaletsis. 2007.

Enriching OWL Ontologies with Linguistic and User-

related Annotations: the ELEON system.Rroceeding

of International Conference on Tools with Artificial In-

R Which building would you like to visit? | remind you telligence (ICTAI) IEEE Computer Society Press.
that the Hellenic World has the following buildings: K. Bontcheva and Y. Wilks. 2004. Automatic report gener-
building 1, building 5, building 7, Tholos, Research  ation from ontologies: th®IAKT approach. IProceed-
Centre ings of the & International Conference on Applications

Human | am interested in the Ancient Agora of Athens.

The following excerpt illustrates a case where the robot
does not understand the user’s utterance:



of Natural Language to Information Systermages 324—
335, Manchester, UK.

K. Bontcheva, V. Tablan, D. Maynard, and H. Cunning-
ham. 2004. EvolvingsATE to meet new challenges in
language engineeringNatural Language Engineering
10(3/4):349-373.

C. Chiu. 2004.The Bryn Mawr Tour Guide RohoPh.D.
thesis, Bryn Mawr College.

D. Galanis and I. Androutsopoulos. 2007. Generating mul-
tilingual descriptions from linguistically annotateavL
ontologies: the NTURAL OWL system. InProceedings
of the 14" European Workshop on Natural Language
Generation Schloss Dagstuhl, Germany.

A. Isard, J. Oberlander, I. Androutsopoulos, and C. Mathe-
son. 2003. Speaking the users’ languagesk Intelli-
gent Systemd.8(1):40-45.

M. F. McTear. 2004 Spoken Dialogue Technology. Toward
the Conversational User Interfac&pringer.

A. Melengoglou. 2002. Multilingual aggregation in the
M-PIRO system. Master’s thesis, School of Informatics,
University of Edinburghyuk.

D. Milward and M. Beveridge. 2003. Ontology-based dia-
logue systems. 18 Workshop on Knowledge and Rea-
soning in Practical Dialog Systems

M. O’Donnell, C. Mellish, J. Oberlander, and A. Knott.
2001. I1LEx: an architecture for a dynamic hyper-
text generation systeniNatural Language Engineering
7(3):225-250.

G. Paliouras, A. Mouzakidis, C. Ntoutsis, A. Alexopoulos,
and C. Skourlas. 2006. PNS: Personalized Multi-Source
News Delivery. InProceedings of the #DInternational
Conference on Knowledge-Based & Intelligent Informa-
tion & Engineering Systems (KES), UK

E. Reiter and R. Dale. 200@Building natural language
generation system&£ambridge University Press.

S. Thrun, M. Bennewitz, W. Burgard, A.B. Cremers,
F. Dellaert, D. Fox, D. Haehnel, C. Rosenberg, N. Roy,
J. Schulte, and D. Schulz. 1999. MINERVA: A second
generation mobile tour-guide robot. Proceedings of
the IEEE International Conference on Robotics and Au-
tomation (ICRA)

G. Xydas and G. Kouroupetroglou. 2001. The DEMOS-
THENES Speech Composer. IRroceedings of the
4™ ISCA Tutorial and Workshop on Speech Synthesis
Perthshire, Scotland.



