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Abstract

Augmented reality is a research area that tries
to embody an electronic information space
within the real world through computational
devices A crucial issue within thus area is the
recognition of real world objects or situations
In natural language processing, it is much rac-
ier to determine interpietations of utterances
even if they art ill formed WHEN the context
or situation is fixed We therefore introduce
robust natural language processing into a sys
tern of augmented reality with situation aware
ness Based on this idea we have developed a
portable system called the Ubiquitous TalkfT
This consists of an LCD display that reflects
the scene at which a user is looking as if it is a
transparent glass a CCD camera foi re( ogniz
ing real world objects with color bar ID i odes a
microphone for recognizing a human voice and
a speaker which outputs a synthesized voice
The Ubiquitous Talker provides its user with
some information related to a recognized ob-
ject by using the display and voice It also
accepts requests or questions at. voice inputs
The user feels as if he/she is talking with the
object itself through the system

1 Introduction

There are many situations where we want to interact
with the surrounding real world We would also like
to communicate with the objects used in our everyday
life Augmented reality is a research area that tries
to incorporate an electronic information space into the
real world by means of computational devices' This
approach enriches, rather than replaces the real world
(l e a virtual reality) by providing valuable infornia
tion, such as descriptions of objects navigational help
in plates and instructions for performing physical tasks

"The term 'augmented reality usually refers to a variant
of virtual reality that uses see-through head mounted dis
plays to overlay computer generated images on the user s real
world view For example, see (Feiner et al 1993] However
we use it here with a more general meauing
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Augmented reality essentially the ability to ret
ognize ual world objects/situations There are several
approaches to situation awareness such as detection of
physical objects using visual processing detection of lo-
c ation/oricntation by positioning systems and commu-
ni( ation with physic ally embedded computers (1 e ubiq
uitous computing [Weiser 1993]) For situation aware
ness we employ a coloned barcode system [Rekimoto
1994] In this system any real world object has a colar
bar tag attached to it that makes it easily identifiable

On the other hand in order to make natural language
processing espcially spoken language processing more
practical we must restract or constrain the domains
contexts or taskssincee it requires a potentially broad
search space on on a phonelic and linguistic level Recently
then has been a big trend in multimodal approarheH
to combine verbal and nonverbal modalities in human
¢ omputer communication Various soits ofnonverbrallin
formation play a role in setting the situational context
which is useful in restricting the hypothesis space con
structed during language processing When a context
or a situation is fixed by using nonverbal information
the interpictation of utterances becomes much easiers
even if the utterances are ill formed In other words the
correct interpretation of natural language utterances
sentially requires the integration of both linguistic and
non lingustic contexts Understanding multimodal dia
logues is not possible without some account of the role
of the non-linguistic context Considering such a con
text, results in knowledge bases that are very efficient
and robust We have there fore introduced robust natural
language processing into a system of augmented reality

We have d< ve loped a portable system called the Ubig
uitous TalkfT This consists of an LCD display which
presents the view at which a user is looking as if it is
a transparent glass a CCD camera for recogmzing real
world objects with color bar ID codes a microphone for
recognizing a human voice, and aspcakterthat outputs a
synthesized voice The Ubiquitous Talker augments re-
ality with some additional information related to a rec
ognized object/situation Such information is conveyed
by using the LCD display and voice The system are
cepts and interprets user voice requests and questions
The user may feel as if he/she is talking with the object
itself through the system

In the rest of this paper wc discuss a combination



of verbal and nouverbal wodalities aud ity role w ol
fective interaction, explan some miplimentation 199ucs

and sample applications of the Ubiquitous Talker and
compare tlus research with sowe related work

2 Situated Interaction

A real world sitnation 1ncdudea 4 place where a Lunan
15 & time when an cvent occurs hving and won hving
things that exast m the vacimuty and a phywical action
that he or she does (e g looking At sometlung)

Using mtuation awarsness humans ¢an natmally m
teract with the aystem by «poken language without bog
spraally consaicus of domains or regnlations that con
strain the system Tlus type of mteraction 1o called szt
uaied interaction and 15 very useful w cortaan sttnahons
In this case, language use can be flexible and robust
stuce a shared situation appan utly 10vealy a topc or fo
cus of the dizlogue and ohjects rdderied to by dowctie ex
pressions By recognizing situations and knowing hehav
1019 that humans wsually do 1n those wituations the sys
temn can be awarc of humans wmtentions and product what
they do next Also the system «an danfy hwmans de
sirey by accepting mformation conveyed throtugh verees
and/or actions

The semantics of natural language expressions 15 an
chored to real world objects amd events by means of
pointing demonstrabing a¢tions and dewctie expressions
such ag ‘this ™ ~that here ™ ihere then  and
“now ' Some research on dialogue systems las ¢ ombiud
deictic gestures and natural language such as Put-That
There [Bolt 1980] CUBRICON [Neal ¢t 2l 1988] aud
ALFRESCO [Stock 1991}

The cfhaency of situated conversation causces amlngua
ties of converuational contents Aminguities are mherent
in natural language commumcation however they ¢
be resolved more casily wlicn tlie rea] world situition 1=
recogmured, then resolved by virbally-convi yed mforma
tion alone

In addition the focus of attention or the foc d pont
plays a very umportant role mn proccssmg applications
within a broad hypothests space such as spoccli1icogu
tion One example of focusug wodality v following the
hmnans' looking behavior Fixation or gare 1~ useful for
the dialogue system to deto ronne the context of the hu
mans’ 1nterests For example whon a person 18 looking
at a car, what he/she says at that tune may be 1elatcd
io the car

Prosodic information (e g voice tones) in the humans
utterances also helps to determne focus For «Xample
if a person puls a stress on a particular word le/uhe has
a ppecial interest n an object or an event connected to
the word

Combimug gestural mformation with spokcu language
comprehension shows another ¢xample of how context
may be determined Ly the wser » nonverbal bLehavior
[0vmtt el al, 1993] Tlns research uses wnltinodal
forms that prompt a user to speak or write wto labcled
fielde The forms are capable of gmding and segmenting
1nputs, of conveyug the knid of information the systew
16 expecting, and of reducing anibiguities i ullirances
by restncting syntectic and semantic comploaties

Ou the other hand bumans can move fLoms ot sbud-
tion to anothor by phy<ical actions (¢ g walkinpg) Whan
moviig closor toward 4 sitnation he fshe gots maforma
tion related to the situabion that s confronting hun/her
This can be an wbmtive process for wformation sceking
Wallung through 1eal woild sitnations 14 4 more natural
way of mfor vhon 1t rieval than a soarch wabhiu « com
plex mformation spase Our nicthod can be conwdered
b putting 4 motrieval (ue to a situabion For example f
a person winbs to road a book e fshe nntuzally has the
it a of gomg ta o place whao 4 booksh If oxast« This
means that a sitnation that meludos a hookshiddf can be
a retrieval ene for scarelnug for hooks

Humw oo s cousist of nuxtuias of roal world «it
uithwonx anc imforpiation tht was accossed m those <atn
aftons Thetlore roiopmzang 1 tal world utnation ¢an
be a trgper for (xtyacting @ mauory partiadly watcheod
with that sitnabion wd wsocatug mformation elated
ta the twenory

I the nixt section we prisent a prototype system
hased on the dea of situated wtirarion The systom
recogizes real world situttious/ohjects by putting ID
tags o objucts then performs situated conversation  An
tuuportant pownt 13 that the wysten acepts the 1eal world
sl nation as 4 tew wput wodabty and witigrates it wito
spoken didogue processing

3 Ubiquitous Talker

The Ulnquitous Talker 15 a specch dhalogue system with

sitnation awarcness of the read world . Wlen it detects

a real world objoct 1iteractions wath ot makes pts user

{cdd as of e /ol 1s talking with the Joc nscd object absedf

Tlus 15 a (pycudo) portable systen hike wo called PDAs
el

(Personal Thgital Assistants)=

31 System Conflguration

Figuie 1 shows the systa conhgutation

Thus syston bastcally consists of twa subaystas One
subsysten rocogmises a unmber of real world sifuations
that welude olgects with colon Dar ID cadis and shows
sonit Fextnal and gtoplucal wforsahion supcrnnposed on
att LCD display w showu i Fuguie 2

The other subsysta recoguiaes and mle rprets uson
speech mputy and gounaates vorce outputs These two
subsystems comumucate with ¢ach other  The miage
{color code) 1ocogmier tniggers the spocell rocoghiza
and sends 4 message to il order to sddect the appro
priate voo whulry atvl grammar for analy zug the spokeu
utterances It also selects a knowledge has for process
g the  ttorancry and gencratmg vou e responses Ty
ap oken message gonorator and the visnal messape {toxt
and graj liues) ponerador also commnumeate wilth cach
othur and synchromse e fine at whuli to say/<how
wimmatinn  The wser can verbally select an item from

In fack only the LCD/Camern umt 16 portable  and it
5 connected with a workstatwm  In the near future  this
connection will he wireless

3Thus subsystom ¢an be uscd mdepeudoutly of the speech
dislogue subuystern wlich 1 calk d NuemCem (NAVigation
CAMera) [Rekinato 1999)

NAGAO AND REKIMOTO 1285



Sony NEWS Workstahon
Voce -
( ™ AW 4 Voo Syrthess
T Supanrmpces I
Visual Message Generahon
Paimiop TV _I .
Color Code 1
NTSC
Color Code 05 camera g
Real Warld E J
eal World Environmaents Volcs
Microphona
Figure 1 System Overvie w of the Ubiquiteus Talker
%
t
b ¢
P ; 1 :‘g 1
M h ;g%
+ ¢
i . ' ;
L} -: l

Figure 2 LCD Ut of the Ubhigqutous Talk«:

the displayed menu, or ask some questions according to
guidance conveyed by the voice and/or the text

When the system recognizes a real world object for
instance a calendar on the wall, the system sends a mes
sage such as ""Today is April 24, 1995 Your schedule is
and displays a timetable of the user s schedule Then
the user asks What about tomorrow?'" and the ays
tern replies Your schedule tomorrow is and proceeds
as before

Figure 3 shows a snapshot of conversation with an
object through the system

32 Situation Awareness

To easily recognize real world situations/objects we use
a colored barcode system as a real world identification
[Rekimoto, 1994] The color -code consists of a number
of blue and red stripes that encodes, the ID of a real
world object

An image input from a small CCD (amera is processed
in real time by a workstation The image recognizer con

1286 NATURAL LANGUAGE

Fignre 3 Ubieputous Talker i Use

tmuously scans any objects with the color code The sys
tern generates a synthesized d image by superimposing vi
sual messages related to the color code on the real world
image obtained from the camera The output image is
shown on th( LCD display Imag( processing is done
by software except for conversion between NTSC video
signals and bitmap digital images The output image is
updated at a late of 10 frames p<r second

Recognition of objects can be naturally extended to
the recognition of situations Suppose that there is an ID
code on *very door in the building When the user stands
in front of a door the system detects where the user is
located and may understand what he/she intends to do
by scanning the ID code on the door and by processing
the information located to it

3 3 Spoken Dialogue Processing

The speec h dialogue subsystem works as follows First, a
voice input is acoustically analyzed by a built-in sound
processing board Then, a speech recognition module



13 1nvoked to outpul word scquences that Liave heen as
signed higher scores by a probalnlistu phouwcin maoddl
and phonetic datiouanies that are canged a corlinug to
the situation

These word sequences are syntactically and veman
tically analysed and disamlignated by applying o 1ela
tively loose gramumar and arestricted doman knowledge
Using a semantic representation of the mput utterance
a plan rccognition moedule extiacly the spoaker o mtey
tion For example from the ultoramwe T waut to loaw
computer scence  at a4 ibrary front dosk tle wodule
umtcrprets the speaker s intontion as Thi oM aher wants
to get infonuation about books on computer screnee {(for
exaple, the place where hef/she ¢ get them)

Ouce the system deternunes the speaker « mtontion
a responsc generabjon odule s wveked  Ths gena
abes a responsc Lo satisfy the spoakar s request. Finally
the sysle s response s eutputtod s a vorce by o vorce
syuthiears module  Tlaw cubsystom also sends a messagc
to the visnal message gencrator about wha! graphical
aud /o1 textual mforation should be displayad with thu
VOLLC reSPONses

Speaker mdepundant continuons speech iupuls are a
¢epted without specia hardware To obtain a lugh level
of accuracy context depundent phonctic ludden Markow
modcls are wsed to conustmict phionoin lovel by potheacs
[[tou ¢t al 1992] The <prech rccogmeer outputs N
best word-level hypotheses As mentwoned above an ap
propriate phoncie dictionuy 1~ dynanocally s lecked by
considenng the speaker » read world sitwation Therefore
the perplexaties or hypothe b al spaces are alw s wamn
tarned m tracbable wires withowt mwore wlvaneod (and
higli ¢ 0st) specch toclinologies

The sentantac amaly zer handles ambiguities o synta
tic strucfures and gongates a setandic e presenl thon
of the utterance  Wo ypplicd a proforcutial constramt
satisfaction techimepue for dirambigntion wd somanti
analyws [Nagaov 1992] For (xample the following s
niantie reproscutation 1 constricked from the ntterance
"I waut to learn (omputer science  at the hbrary front
desk

{wyant-1
,» #want-1 indicates that 1t 19 an 1nstance
.y of frame *wvant
( agent #1-1)
( theme (*learn-1
{ agent *1-1)
{ theme *computer-sciance-1)))
( situation slibrary-front-1)
., BSituation 1s added by the situation
,, swarsness module

The plan recognition odule deternmes the speaker s
mtention hy construching lus/lor belrel model ud dy-
namcally adjuiting and (xpanding the modd as the con-
versation progresse [Nagao 1993] We ust a plan hbrary
that 15 sclected according to the srtuation  In the case
of the above example library-front-plan i arlected
Then the recognized mteution will be as follows?

*Actually the mientiou may Lave several candidates Llat

(*1ntend-to-know-1
, *intend-to-know comes from {(*wvant
;¢ ( theme s»learn)} i1n library-fremt-plan
( agent *speaker-1)
1o ®i-1 1a replaced with #apeaker-1
( theme (*location-of-bookshelf-1
{ srea xcomputer-sciepce-1))}
» *location-of-bookshelf 1= inserted by
, means of plan inference

The spoken mssage pencration module pencr s a
response Ly using o dotan de pendent knowlodge base
vl text toplates (typcd puttons of utior mees) 1
stlects wppropnale templatos and combanes thom (o con
struct a tespotse that satisfios Lhie spoakor s roguest

3 4 Integration of Limmguistic and
Non-Linguistic Contexts

Wl n the gystemn dotats a e waorld situation 1t per
forms not ouly 1 stlechion of knowlodgs sowces (g

plunc e fingmistic dictionanes) but also the atrodue

twn of 1+ non hngstie context A nou limguistic context
i ludes an oliject b wlach a us1 s carnoutly lookmg
a location whore he fhe empontly s graphical imforma
tion displayed oot sarcen id chronglogicad relations
of sitnation stufts On the othor hawd 4 hngmsoe ¢on

toxt mvolve s soiantlt couteuts of utberances displayd
textual mform chion  wd mfarcd botie el mtonlions
{plaws and goals) of Hie user

Rnowineg (Lo usenr ~ mitention s nocossary for natuial
luian compuber wterwhon A real world suuation 1
qust 4 cluc for it HHowewer wtepn tang The nomw hinguastie
cottext mtroducced with the satwtien witl the huguisi
context constracted by dbdogae procossineg 1% anmpor-
tant stop

In genaral vser = mmtentions ue abductavely mferred
by waing a plm Libnaty [Na.grm 19031 A plan hibrary 1«
repardented as an cvent network whose nodos are (vonts
with (hae ecouditions aud Ufcets and ks are 18 afis-
part-of rdlaliouslups [hauts 1990}

In the Ulnguitows Talker pluw auflirencc w mmnally
inggeoed by mboducng + new non lngutsl context
siiee the motiv chon of oul sthiatod mterac tion 1 closdy
1elaled to the physical actions for «ntonng, + now witu
ation  For ixawple m 4 situation whore a pason s
standing m froul of a bookshdf for «xample a bookshelf
ot computer scwnce the situation will mehivate the por
w011 to se wcl for a ook on cowputon soence tead it and
study it Thadforr whon the diadogue systoin s aware
of the siination by recopizmg the bookshelf s 1D the
plen Ubiary shown v Fagure 4 s mtroduced and wsad
for further plan mfcienee In Hus hgaae the upward
putnting thick artows tortespond to s a jo kind-of) nla
tionslups wlnle dowaward ponting thin arrows muicate
has & (part of } rolationshaes

Introducng and locusing a speahe plan ihiary makes
plan recogmition «amir and morc frasible

Another connection botweon hmpmstic and  non
Iinguist coute xts 18 dozcfar centers ![Ztllfﬂlldlu et al

are assrgned nnnerical preference values
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1993] that are possible referents of deictic expressions
The object and the location in a non-linguistic context
can be current dentic centres is Also graphical and tex
tual information on the screen includes- deictic centers
Preferences on possible deictic centers as a referent are
determined based on coherente of a dialogue like the
case of anaphora/ellipsis resolution in a linguistic con
text [Walker et al 1994]

4 Applications

We now describe some sample applications of the Ubiq
uitous Talkter The current implementation of these ap
plications is limited so the size of the vocabulary and
the database are relatively small However (he < oncept
presented here is sufficiently feasible and scaleabh based
on current technology The examples show that situ

ated interaction appropriately helps human activities of
information seeking, and supports human eveiyday lift

4 1 Augmented Library

The electronic library plan is to make all published ma
tenal computerised and to construct an efficient easy

to-use management and retrieval system for tluin (I e

a library m virtual space) However it is a very difficult
task to digiti7e all published documents and as long as
physical libraries exists in the real we>rld, we must think
about the connection between physical and electronic h

branch In the real world library people must be able to
retrieve useful information from an electronic library by
using the link between this and physical libraries

The Ubiquitous Talker tan embody electronic infor
mation m tli* confronted real world situation Therefore
m a physical library, when the system is aware of the sit
uation it creates an information Rpact that augments the
library This works well even if this information spaec
is not yet mature and well constructed For example
this information does not need to include the contents of
books themselves, because books exist in the real world

Actually the system accepts and speaks only in
Japanese The example is a translation
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We call the compoeute space of phyeical and electroni
wfornation an augmented ibrary

When & nser uses his/her Umquitouy Talker at the bi-
brary fiont de<k {olwerving thc signbonrrd with the color
bar through 1t} a vouce comes tio the user from the wys
tewn saying “Tlus s the libtary of the Tokyo Institute of
Technology Wlich area do you want?  The user replics

Cowmputer scence The system then shows a iap and
wiicaten the 10ute to the hookshelf for computer va
cuce books before savig “Ploase take thivioute  Aftr
lie /sl reaclies the bovkshelf it /<he sees 1t through the
system wlach then 4ays (i fack the verce 19 geurmated
lry the aystcm) Here we have books on computer su
ence What are you looking for’™  Afta replymg *A
book on language ol then asks Wiieh kind of lan
guage a prograuuung langunge or vahial language’
Assuming the wser does not know what natural language
1~ Dhefoho asks What 1v natural language ™ The n
sponse s Natural langnage 14 the langnage that hnmans
nae for communie ation

When the nsor asks Where are the programnung lan
guage baoks?  the system roples  Books on program
nung langueges are on the thurd <helf of Has bookslie if
He/<he selects a hook there and looks at 1t through the
system  Then the Look seems to say *The title of thes
19 Object-onented languages and tihns wan wntten Ly
Mano Tokoro and 4 descniption of the book 19 shown
on the LCD diwplay The weer asks * Tell me about
the author ™ so 1t then displays and rolates thie profiles
acncvements and other publications of the authaor witls
a photograph  After weeing the publication hst the wser
asks “Whiere 1n the fourth book vn Alns pubhe ation hat?
The answu 15 Tlos 15 about computer archutocture and
i~ hfth from the right on the top shelf

In muplemonting the proceswng deseribed above we
devilnped a sibuation table wlich makes relationslups
hiotween the adentified <ibuation resources for generat
g messages and related plionetic flmguistic dictionar
i~ and knowledge bases {(including plan hibrarnes) for
processing uiterances  DPart of the situation table 1~
shown m Table 1

When poople know the exact name of a book that they
watt to 1ead and for the name of 1t4 anthor before comuug,
to the Iihiary they will immediately ask the location
ol the book ab the hibrary front desk  However 1t as
not feasible for the system to accept speech tuputy of all
nanies of the books that the library has and the names
of their authors rcgardless of their areas In this case
typing and/or hand wntten mputs muyt he accepted by
the wystern  In tlus paper we concentrate on making
specciitorad tiwn more feasmble by using the information
ahout the phiysical environment

42 Talking Signboards

Siguboards are walient warkers that act as representa
tives for certan mituations or objects TPeople see a mgn-
board when they liave some 1nterests in what 18 prepared
beyond the mgnboard ratler than the signboard itself
The Uhiquitous Trlker playa the role of a mediator for
the conversation between a luman and a sigonboard In
this case, 1n order to pinpownt a user's regueat, the sys



Table 1 Relationslups between Situations Message Resousces and Dictionaris

[ Situation | Renource of Mennages [ Dictionary/Knowledg Basd |
Tibracy front 1 Area lncation puide 1 DictT/ Kuowledp 1 ]
ookshell #11 . Arenfaubarea dcsciption Dict11/Kuowldg 11
‘Computer science Subarea dassificuiion tree

Arca/wubarca location guide

‘0Object ortented languages | Book location gmds

ell #113 Subarca description Dot 113/ Knowledg 113
Progra.mmmg Idllgun.gp\l Subart .1./1)0()]( Jocation guulv
ook #1135 Book dowonption anthor database | Dict 1135 /Knowle dge 1135

teml tnes to make the situation more specific by making
suggestions on the display

For example suppose a man stands i ront of a french
restaurant, ¢ £ Maxun « de Pans  and looks af 11« agn
board through his Ubiquttous Talker The systcm iden
tifies the restaurant from the ID code attached to th
siguboard Tlien a vorce message announces Welcome
to ‘Maxam’s de Pans  We are ready to tell you about
the following items ' and a toxt message appears on the
LCD display It descnbea 1 Menu and Price 2 3pe
c1al hshes recommended by the Clef, 3 Wine Last
When the user askys aboiit the menu (he systeur display-
1t and says ' Ok here vou are  The user can also ask for
a more detal descnption of any dish isted on the wenn

5 Related Work

There are Beveral other researchers following sanular di
rections to ours The major difference betwion our worh
and that of otliers 15 that we have employed redativily
hght-weight and robust tuchmiyucs for visnal and lan
guage processing and have combined thon «fuctively
Below we discuss related work wn more detail

51 Ubhquitous Computing

Ubiquitous compnting [Wewser 1993] proposes thar very
small computational dovices (1« ubiquitous conputers)
be embedded and 1ntegrated wmio physical cuvironments
in yuch a way that they operate scamlessly and almost
transparently These devices are aware of their pliysu al
surroundings In coutrast to ubiqumtous cownputers our
barcode (color-code) system 18 a law cost and reliable so

lution to making everything a computer Suppose hot
every page m a book has a umque barcode When the
user opens a page, 1ts page [D1s detected by the systom

30 1t can pupply specific mformation regarding the page

When the user ndde some wmformation to the page the
system stores 1t with the page 1D tagged for later re

tneval This 14 alimost the same as having o computer
m every page of the book without the cost  Our ID

Bware systemn 14 better than ubiquitous compufers from
the viewpomnt of rehabihity and cost-periormance since
1t does not requirc batteries and never breaks down

52 Chameleon A Spatially-Aware
Palmtop

Charicleon [Frizmamae 199 v a spatidly awan
pamtap computar It shows situated mformation a

cording to 1ts threo Jdimenstonal locataon anrl aneutation
on 4 stmall LCD display Tlus sy~tom 1w not as robust e

¢ atse 1t 1s aware of the situation only frow the location of
the system dsell When physioal objects change than lo-
cations 1t cannot recogmse theor movements The Uby

uitous Talke1 1ccogazes the situation from the visual m

forination of the 1eal world Thereford 1t can follow the
changes of the real world  In addihon <nce onr vys

tep mitegratcs o spoech dindogue teclintque Hie user can
mteract with the system more Joxably and deoply

53 Agents

O teseanc b s oty ated by not ouly angiuntod wality
Lut alsg agent ortents d systems [Lawe! 1990 Nagao and
Takeuddu 1994] Agents (or 1obots) recognize 10al world
sttuakions by using cowphicated percephion technigaes
These tochmiques are currently not fully developed aud
difficult to use m practicc . We have adopted an casy
relahble sttuetion awartuess bocimgne by wsng anachune
recogmzable IDs This wlca 1w alyo applicable {o1 ageats

Another key 1ssme of agent onented iborfaces s the
mferenee of user s mlontion Our solution s bo use
non lgwstic contoxis for focnsiug the user « attention
and restricting the wser s poseible plans Real world
situations can o mformation for selecting appropriats
plat Libraries Therefore our roal world onentod speech
dialogue processng nuproves uol ouly the acenracy of
speech/) wguage analyss but also the tractabaity of in
feption recognitaon

6 Final Remarks

Wi have devdopad an angnistod raality systemn that
1t grates siluation awarcness and spoken dialogue pro
cessing techmques  We employed o harcnde (colol
code) systau for rastly tccoghizing real world mtua
tions/objects  Sitwation awareudss contnbutes fo 1e
ducmg any hypothess space coustructed during lan-
guage processmg reducing the complexty assotiated
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witl understanding speech Situated convursation makea
human-computer 1nteraction more natural and efhcient
by combimng hngustic and non-hngustic contexty

As a future research direction we plan to mtegrate
more comnmupication channels and modalities  For ex
ample detection of the nse1 « Lead/cyc orientation will
be uschul when 1t 18 necessary to deternune the usct s
more precige focus of attention m a complex situation
where there are several objects which aie not placed 1w
an ordered fasluon In addition we are mterested
the integration of provodic wformation m speech 1ecog
nition/synthesis

We are also extending the techmque for wlentifying
real world situations Currently our color-code system
18 80 nave that i1t 18 difficult to scale up  There are
however some wireless electronie Jabel systemns that use
batteryless passive ICs These technologies ate applica-
ble and would 1tuprove our sy<stent In addition location
awareuess metlhods such as thie global positioning <y stewn
ere also useful for aituation awareness for example Fite
maunce's Clancdeon system  Several real world mfor
mation {location ID labels time distance etc ) can
crense the accuracy of 4ituation recogmition and he used
ar sources of non lmguistic cantexts
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