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ABSTRACT

We present �rst resul ts f romour e�orts toward transl a-
ti on of spontaneousl y spoken speech. Improvements i n-
ude i ncreasi ng coverage, robustness, general i ty and speed
JANUS, the speech-to-speech transl ati on system of

negi e Mel l on and Karl sruhe Uni versi ty. Recogni ti on
chi ne Transl ati on Engi ne have been upgraded to
requi rements i ntroduced by spontaneous human
gs. To al l owfor devel opment and eval ua-
on adequate data, a l arge database wi th
ng di al ogs i s bei ng gathered for En-
sh.

OVERVIEW

g earl y systems to attempt the
It had i ni ti al l y been bui l t

12 read di al ogs of the conf er-
ssi ng a vocabul ary of around
speaker- i ndependent sys-
nces f romEngl i sh and
l i sh or Japanese.
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ATR [ 3] and
ngual speech
ated by a

publ i c demonstrati on i n spri ng 1993. Independentl y, other
speech transl ati on systems [ 4, 5] have been presented, show-

i ng the growi ng i nterest i n the �el d.

To begi n extendi ng our systemto spontaneous human-to-
human di al ogs, however, improvements and changes al ong

several dimensi ons of our earl i er systemare necessary to
i ncrease speed, robustness and coverage of the systemi n the

face of i l l - f ormed and ungrammati cal spontaneous i nput.
the fol l owi ng, we wi l l report on the state of these most
ent e�orts.

2. THE SCHEDULI NG TASK DATABASE

We have started col l ecti ng a l arge database of human to
uman di al ogs centered around the scenari o of appoi ntment
dul i ng. In each recordi ng sessi on, two subjects are each
a cal endar (one of 13 scenari os) and asked to schedul e
ng wi th the di al og partner. The recordi ng setup
y one person to speak at a time by way of a push-
h. Data i s bei ng col l ected i n simi l ar f ashi on
Engl i sh and Spani sh usi ng the same setup at
si ty and Carnegi e Mel l on.
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Fi gure 2. Devel opment of Vocabul ary Si ze

3. RECOGNI TI ON ENGI NE

3 . 1 . Acoustic Mo deli ng

For acousti c model i ng, several al ternati ve al gori thms are
bei ng expl ored i ncl udi ng TDNN, MS-TDNN, MLP and

LVQ [ 6, 7] . In the mai n JANUS system, an LVQal go-
ri thmwi th context-dependent phonemes i s currentl y used

for speaker i ndependent recogni ti on. For each phoneme,
there i s a context i ndependent set of prototypi cal vectors.
The output scores f or each phoneme segment are computed

mthe eucl i dean di stance usi ng context dependent seg-
ei ghts.
nt changes i ncl ude the i ntroducti on of noi se mod-
l as the improvement of the trai ni ng al gori thms;
esul ts i n tabl e 2 were obtai ned usi ng tri phone
correcti ve trai ni ng and f eature wei ghts. Further
usi ng cross word tri phones are possi bl e but

here.

1991 1993
Regi strati on 9. 1 % 3. 7 %

agement 24 % 7. 5 %

mpar i son of error-rates

of the recogni zer bui l ds a sorted l i st of
s. Speed andmemory requi rements have
abl y (tabl e 3).

1991 1993
3-5 mi n 3-10 sec

50Mbytes 7Mbytes
500 10000

120

Search Modul e.
R Task.

Thi s was achi eved by usi ng the word dependent N-best
al gori thm[ 8] as a backward pass i n the forward backward

pruni ng al gori thm.
Recent experiments wi th the Wal l Street Journal Task

ow, that the recogni zer can handl e vocabul ari es of up to
0 words at a perpl exi ty of 110.

. La n g u a g e Mo d e l s

The most successful l anguage model so far used for the
schedul i ng task i s a model that i nterpol ates a cl uster based
model wi th smoothed bi grams. The cl uster based model

s usi ng automati cal l y bui l d cl asses. The optimi zati on cri -
eri on i s to mi nimi ze the l eavi ng-one-out perpl exi ty on the
rai ni ng set [ 9] . The resul ts shown i n tabl e 4 were obtai ned
ng 150 word cl asses.

ESST GSST
Smoothed Bi grams 46. 8 88. 2

Cl uster 42. 3 71. 8
Interpol ated 39. 2 62. 1

Perpl exi ty Reducti on due to automati c cl uster i ng

Be t we e n Wo r d No i s e Mo d e l s

Noi ses, �l l ed pauses, and restarts, are much more f requent
i n spontaneous speech compared to read speech1, parti cu-

l arl y as our domai n i nvol ves human-to-human negoti ati on:

Noise English German

human
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p smack 992 144
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noi ses and a speci al model to deal wi th stutter and short
f al se starts. Cl usteri ng these model s i nto 6 general i zed noi se
model s resul ts i n further improvement. The total rel ati ve

error reducti on due to the i ntroducti on of between word
noi se model s was 17%on the Engl i sh Spontaneous Schedul -

i ng task.

4 . THE MACHI NE TRANSLATI ON (MT)
ENGI NE

The MT-component that we have previ ousl y used has now
been repl aced by a newmodul e that can run several al ter-

nate processi ng strategi es i n paral l el . In transl ati ng spoken
l anguage f romone l anguage to another, the anal ysi s of spo-
en sentences whi ch su�er f romi l l - f ormed i nput and recog-
on errors i s most certai nl y the hardest part. Based on
i st of N-best hypotheses del i vered by the recogni ti on

ne, we can nowattempt to sel ect and anal yze the most
sentence hypothesi s i n vi ewof produci ng an accu-

eani ngful transl ati on.
e central i n thi s attempt: high�del i tyand accu-
onwherever possi bl e, and robustness or grace-
n face of i l l - f ormed or mi srecogni zed i nput.
paral l el modul es attempt to address these
arser 2) a semanti c pattern based ap-
cti oni st approach. The most useful
es i s mapped onto a common In-
ent, but domai n-speci �c rep-

a r s e r

ransl ati on process i s parsi ng wi th the
/Compi l er. It can use syntacti c or
For appl i cati on to the sponta-

dul i ng task, we found semanti c

ri thmi s an extensi on of
Stack" [ 10] , and i t

mmars whi l e most of

on of the GLR
important
ski p words
sentence
the

et

GGEST-TIME. Other typi cal speech-acts f or thi s task are
ATE-CONSTRAINT, *AFFIRM and *REQUEST-RESPONSE;
he i nterl i ngua ensures that al ternate parsi ng modul es
e appl i ed i n a modul ar f ashi on and that di �erent out-
uages canbe addedwi thout redesi gn of the anal ysi s
al so al l ows the separate eval uati on of parser and
by matchi ng agai nst and generati ng f roma set
nterl i ngua representati ons.

CTUALLY JULY TWENTY SIXTH AND

TWENTY SEVENTH LOOKS GOOD $)

ACT *SUGGEST-TIME)

TENCE-TYPE *STATE)

ME *FREE)

N

FRAME *TIME-LIST) (CONNECTIVE AND)

(ITEMS

(*MULTIPLE*

((FRAME *SIMPLE-TIME)

(DAY 26)

(MONTH 7))

((FRAME *SIMPLE-TIME)

(DAY 27))))))

ERB ACTUALLY))

ure 3. Exampl e for Interl i ngua Output

ma n t i c Pa t t e r n Ba s e d Pa r s i n g

Our robust semanti c parser combi nes f rame basedsemanti cs
wi th semanti c phrase grammars [ 12] . We use a f rame based

arser simi l ar to the DYPARparser used by Carbonel l , et
o process i l l - f ormed text [ 11] , and the MINDS system
sl y devel oped at CMU. Semanti c i nformati on i s rep-
a set of f rames. Each f rame contai ns a set of sl ots
g pi eces of i nformati on. In order to �l l the sl ots
mes, we use semanti c f ragment grammars. The
parser can be vi ewed as "phrase spotti ng".
e i nterpretati ons are pursued simul tane-
ati on i s a f rame wi th some of i ts sl ots
e i s represented by a separate Recursi ve
whi ch speci �es al l ways of sayi ng the
the sl ot. The grammar i s a seman-
are semanti c concepts i nstead

i s t Pa r s i n g

i oni st parsi ng systemPARSEC[ 13] i s used as
ul e i f the LRparser f ai l s to anal yze the i n-
ant aspect of the PARSECsystemi s that
ntences f roma corpus of trai ni ng ex-
es the very di�cul t work of wri ti ng
aspect i s that i t has proven ro-

tterances whi ch f requentl y are
restarts, repai rs or ungram-
i ntegrati on wi th other i nfor-
, i s easi er.
ecent devel opments i n PAR-



4 . 5. Th e Ge n e r a t o r

The generati on of target l anguage f roman Interl i ngua rep-
resentati on i nvol ves two steps. Fi rst, wi th the same Trans-

f ormati onKi t used i n the anal ysi s phase, Interl i ngua repre-
sentati on i s mapped i nto syntacti c f -structure of the target
l anguage. The f -structure i s then f ed i nto sentence gen-
erati on sof tware cal l ed "GENKIT" to produce a sentence

i n the target l anguage. Agrammar for GENKITi s wri t-
ten i n the same formal i smas the General i zed LRParser:

phrase structure rul es augmented wi th pseudo uni �cati on
equati ons.
As a �rst experiment for generati on on the spontaneous

schedul i ng task, we tri ed Japanese generati on on 264 new
nd coded ILT's. More than 75%of the generated sen-
were found to be good or acceptabl e (see tabl e 6).

output qual i ty %
good 65. 2
acceptabl e 11. 0
bad 4. 5
no output 19. 3

bl e 6. Qual i ty of Japanese Generati on

5 . CONCLUS I ON

paper we have descri bed a number of systemim-
and extensi ons that have recentl y been i ntro-
, to accomodate extensi on of the speech
aneousl y spoken (not read) human-to-

neous negoti ati on di al ogs i s bei ng
i sh and Spani sh, and �rst resul ts
s data have been reported.
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