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Abs t rac t 

Augmen ted real i ty is a research area tha t tries 
to embody an electronic i n f o rma t i on space 
w i t h i n the real w o r l d th rough c o m p u t a t i o n a l 
devices A crucia l issue w i t h i n thus area is the 
recogni t ion of real wo r ld objects or s i tua t ions 
In na tu ra l language processing, i t is much rac
ier to determine in te rp ie ta t ions of ut terances 
even i f they art i l l fo rmed WHEN the context 
or s i tua t ion is fixed We therefore in t roduce 
robust na tu ra l language processing i n to a sys 
tern of augmented real i ty w i t h s i tua t ion aware 
ness Based on this idea we have developed a 
por tab le system cal led the Ubiquitous TalkfT 
Th is consists of an L C D display tha t reflects 
the scene at w h i c h a user is look ing as if it is a 
t ransparent glass a C C D camera foi re( ogniz 
i ng real wor ld objects w i t h color bar ID i odes a 
microphone for recogniz ing a human voice and 
a speaker which ou tpu t s a synthesized voice 
The Ub iqu i tous Talker provides its user w i t h 
some i n f o r m a t i o n related to a recognized ob
ject by using the display and voice I t also 
accepts requests or quest ions at. voice i npu ts 
T h e user feels as i f he/she is t a l k ing w i t h the 
object i tsel f t h r o u g h the system 

1 Introduct ion 
There are many s i tuat ions where we want to interact 
w i t h the su r round ing real w o r l d We w o u l d also like 
to commun ica te w i t h the objects used in our everyday 
l i fe Augmen ted real i ty is a research area tha t tr ies 
to incorpora te an electronic i n f o r m a t i o n space i n to the 
real w o r l d by means of c o m p u t a t i o n a l devices1 Th is 
approach enriches, ra ther than replaces the real wor ld 
( l e a v i r t ua l rea l i t y ) by p rov id ing valuable in fo rn ia 
t i o n , such as descr ipt ions of objects nav igat iona l help 
in p la tes and ins t ruc t ions for pe r fo rm ing physical tasks 

1 The term 'augmented real i ty usually refers to a variant 
of v i r tua l 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 wi th a more general meauing 

Augmen ted real i ty essential ly the ab i l i t y to ret 
ognize u a l wor ld ob jec ts /s i tua t ions There are several 
approaches to s i tua t ion awareness such as detect ion of 
physical objects using v isual processing detect ion of lo-
c a t i o n / o r i c n t a t i o n by pos i t ion ing systems and commu-
ni( a t ion w i t h physic al ly embedded computers (1 e ub iq 
u i tous c o m p u t i n g [Weiser 1993]) For s i tua t ion aware 
ness we employ a coloned barcode sys tem [Rek imo to 
1994] In this system any real w o r l d ob jec t has a colar 
bar tag at tached to i t that makes i t easily identif iable 

On the other hand in order to make na tu ra l language 
processing espcially spoken language processing more 
practical we must restract or const ra in the domains 
contexts or tasks since e it requires a potentially broad 
search space on on a phonelic and l inguis t ic level Recently 
t h e n has been a big trend in m u l t i m o d a l approarheH 
to combine verbal and nonverbal moda l i t ies in h u m a n 
c omputer communication Various soi ts of nonverbrall in 
f o rma t i on play a role in set t ing the s i tua t iona l contex t 
wh ich is useful in restricting the hypothesis space con 
s t ruc ted d u r i n g language processing W h e n a context 
or a s i tua t ion is f ixed by using nonverba l i n f o rma t i on 
the interpictation of ut terances becomes much easiers 
even i f the utterances are i l l formed In other words the 
correct i n te rp re ta t i on of na tu ra l language utterances 
sent ia l ly requires the in tegrat ion of bo th l inguis t ic and 
non l ingustic contexts Understanding m u l t i m o d a l d ia 
logues is no t possible w i t h o u t some account of the role 
of the non-l inguist ic context Cons ider ing such a con 
tex t , results in knowledge bases t ha t are very efficient 
and robust We have there fore i n t roduced robust na tura l 
language processing in to a system of augmented real i ty 

We have d< ve loped a por tab le system cal led the Ubiq 
uitous TalkfT This consists of an L C D display which 
presents the v iew at wh ich a user is l ook ing as if it is 
a t ransparent glass a C C D camera for recogmzing real 
wor ld objects w i t h color bar ID codes a mic rophone for 
recognizing a h u m a n voice, and a spcak te r t ha t ou tpu t s a 
synthesized voice The Ub iqu i tous Talker augments re
a l i t y w i t h some add i t iona l i n f o r m a t i o n re la ted to a rec 
ognized ob jec t / s i t ua t i on Such i n f o r m a t i o n is conveyed 
by using the L C D display and voice T h e system are 
cepts and in terpre ts user voice requests and questions 
The user may feel as i f he/she is t a l k ing w i t h the object 
i tsel f t h rough the system 

In the rest of t h i s paper wc discuss a combina t ion 
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the displayed menu , or ask some quest ions according to 
guidance conveyed by the voice a n d / o r the text 

W h e n the system recognizes a real wor ld object for 
instance a calendar on the wa l l , the system sends a mes 
sage such as ""Today is A p r i l 24, 1995 Your schedule is 
and displays a t imetable of the user s schedule T h e n 
the user asks W h a t about tomorrow?'" ' and the ays 
tern replies Y o u r schedule t omor row is and proceeds 
as before 

F igure 3 shows a snapshot of conversat ion w i t h an 
object th rough the system 

3 2 S i t u a t i o n A w a r e n e s s 

To easily recognize real wor ld s i tua t ions /ob jec ts we use 
a colored barcode system as a real w o r l d ident i f i ca t ion 
[Rek imoto , 1994] T h e color -code consists of a n u m b e r 
of blue and red str ipes that encodes, the ID of a real 
wo r ld ob jec t 

An image i n p u t f r o m a smal l C C D (amera is processed 
in real t ime by a works ta t i on T h e image recognizer con 

tmuous ly scans any objects with the color code T h e sys 
tern generates a synthesized d image by super impos ing vi 
sual messages related to the color code on the real wor ld 
image obta ined f rom the camera T h e ou tpu t image is 
shown on th( L C D display lmag( processing is done 
by software except for conversion between N T S C video 
signals and b i t m a p d ig i ta l images The o u t p u t image is 
upda ted at a la te of 10 frames p< r second 

Recogni t ion of objects can be na tu ra l l y extended to 
the recogni t ion of s i tuat ions Suppose tha t there is an ID 
code on * very door in the bu i l d i ng W h e n the user stands 
in f ront of a door the system detects where the user is 
located and may unders tand wha t he/she intends to do 
by scanning the ID code on the door and by processing 
the i n fo rma t i on located to i t 

3 3 Spoken D ia logue Processing 
The speec h d ia logue subsystem works as fo l lows F i rs t , a 
voice i npu t is acoust ical ly analyzed by a b u i l t - i n sound 
processing boa rd T h e n , a speech recogni t ion module 

1286 NATURAL LANGUAGE 



NAGAO AND REKIMOTO 1287 



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 coherent e of a dialogue like the 
case of anaphora/ellipsis resolution in a linguistic con 
text [Walker et al 1994] 

4 App l ica t ions 
We now describe some sample applications of the Ubiq 
uitous Talkter The current implementation of these ap 
plications is l imited 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 tlu in (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 t l i^ 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 
l ibrary 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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