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Abstract

This paperdescribesa methal of generéing effective lan-
guage mockls for voice quey recogition anda new dia-
loguestratgyy for a voice activatedQA system.By using
multiple domainlanguag@ models betterrecogition accu-
racy is obtainedfor quer utterarces. In the proposedin-
teractive dialogie stratgy usingmultimodaluserinterface,
usersarerequestedto indicatecorrectkeywordsandincor-
rectkeywordsareautonatically replacel by mostprobale
keywords in the n-bestlist basedon word co-accurrerce
probabilities. A preliminay QA systemusingvoice input
and graphcal userinterface hasbeenimplemened using
the SAIQA open-donmain QA system.

1. Introduction

Although various QA systemgEg. [1][2]) have recently
beeninvestigated, most of them use keyboardsto input
queries to the systems. If voice canbe usedinstead,the
systemsare expectedto becone more useful and easier
for mary users. In the voice QA systemghatrespom to
the queies given by voice to retrieve articlesfrom a wide
rangeof domairs [3][4], how to rediwcethe effect of speech
recoqnition errorsin the quay utterarceson the answers
producedby the systemss one of the mostimportant re-
searchssuedrom usability point of view.

This paperproposesa new methodin which multiple
languagemodelsfor recagnizing voice queriesaretrained
usingclusterechews pager articlescorrespnding to multi-
pledomans, suchaseconany, entertaiment,internatianal
affairs,geneal pulic andsports.Eachdoman-degendent
languagemocelis interpdatedwith aclassdanguagemodel
constricted usingtranscrited quey utterarces. Theinter
polatedmultiple languag@ modelsare usedin parallelin
recoquizing eachqueryutteranceanda hypothesishaving
thelargestlikelihoodscoreis chosen.Recognitio experi-
mentsusingmary queryutterance arecondictedto evalu-
atetheeffectivenessn improving therecogition accungy.
This paper alsorepats a new dialogLe stratgyy thateffec-
tively dissolesthe problem of speechrecogiition errors
by a smallnumter of human-conputerinteractiors. Struc-
ture of a protaype of a multimodal voice QA systemthat
is now beingbuilt is alsopresentedn the paper

Section2 describeshow to make effective languaye
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modelsfor voiceactivatedQA systemsSection3 explains
our dialogle strateyy for voice activatedQA andits effec-
tivenessSectiond presentour multimodal voice QA sys-
temwhichis now beingbuilt andthe paperis concludedin
Sectionb.

2. Language models

Almost all the voice activated QA systemsthat have re-
cently beeninvestigateduse a domainindependentlan-
guage modelfor recogrizing query utterarces. Although

the domain-independeth languag@ model can handle ev-

ery kind of queries,its recaynition rateis not alwayshigh

enowhfor gettingcorrectanswersandits processingpeed
is relatively low. It is well known that speechrecogn-

tion performane canbe significartly improvedby usinga
domaintopic-dependat languag@ modelthat matcheshe
inpututterance.

2.1. Domain-dependent language models

In this paper, five domans are definedas subsetsof the

wholeopendoman: ecoromy(eco), entertainnent(ent),in-

ternatioral affairs(int), gereralpubic(soc)andsports(sph

Mainichi newspapercorpus from 199 to 2001 is usedfor

geneatingadomain-independetlanguagemodelandeach
domaindepexdentiangiagemodelis geneatedby asubset
of the corpus. Clusteringof the databasés perfamedus-

ing domain indexesgivenin the corpus. CMU-Cambricdye

Toolkit is usedfor generatig thelangiagemodels.

Table 1. Effectiveness of the domain-dependent language
models

| LM | Correctress(%)]

| Domainindepemlent | 6749 |
Ecodomain 6782
Entdomain 6829
Int domain 68.12
Socdoman 6791
Spodomain 67.75

| MAX | 69.35 |

Table1 shavs speechrecoqition resultsfor queryut-
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terancedy seven spealers, eachuttering 100 utterances,
usingthe domain-independat langua@e modd anda spe-
cific languag@ modelcorrespading to the domain of each
utterane. MAX indicatesthe methal in which the lan-
guage modd achieving the maximum likelihood is auto-
matically selectedor eachutterarce. Juliusspeechrecog
nition engire andPTM (phoretically-tiedmixture) HMMs
having 3000statesand64 Gaussiammixturesin eachstate
wereused. The insertionpenaltyandthe langiagemodel
weightwereoptimized by a developmen setof utterances.

The word correctnesss usedin the evaluation instead
of word accuragy, sinceinsertionerra causesrelatively
smallprodemsdueto thedialogLe strateyy for the QA de-
scribedin Section3.

The expetimental results shav that every domain
depementlanguagemodelachiaresbetterrecogqition per
formancethan the domainindependentmodel. Even if
the domainthat eachquery belorgs to is unkrown, the
bestperfamancecanbeobtainedy chosingthe domain
depenlentlanguage mockel that maximizesthe likelihoad
(MAX). The correctresswas improved by appraximately
2% in absolue value by this methodin compaison with
thedomainrindependentmethod.

2.2. Interpolation of language models

Sincethe domaindepenlent language models are gener

atedusingthe newspape corpus, the mocels do not fit to

thesportaneougjueryutterance. Themodelsaretherefae
improved by interpdating with the languiagemodelmade
by a corpus of 2000 query utterarces. Sincethe cover-

ageof keywords,especiallynamedentitiesin the collected
queries, is very low, a classlanguag@ model is built be-
fore interpdating with thedomaindepemlentmockls. The
modé interpoldion is performedusingthe SRItoolkit.

Figure 1 shavs variationof theword corre¢nessof the
queryutterarcesaccordirg to the interpdation ratio of the
doman-dependentlanguagemodelandthequerylanguaye
mode.
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Figure 1: Word correctness of the query utterances with
different interpolation ratios.

The largest improvenent of the correctresswas ob-
tainedwhenthe interpdation ratio was setat 30(danain-
depement): D(quey). At thisinterpolation conditian, 5%
improvemert was obtainel compaed with the domain
independentmockl.

3. Dialogue Strategy

Speectrecoqition errorsin quer utteranescauseerrors
in QA. Therefae, it isimportantto designanefficient strat-
egy of making a dialogte with the compuer systemto

avoid the effect of recanition errars on the QA. This pa-
perpropcsesa new stratgy usingGUI (graghical userin-

terface)in which speechrecoqition errors are effectively

correded in the dialogueprocess. After recognizing each
query keywords areautonatically extractedanddisplayed
on a screen. The useris thenrequestedto indicae cor

rect keywords, and the incorre¢ keywords are autonat-

ically replacedby other candidae keywords by using a
proposedmethoddescrited belov. A setof correct key-

wordsaretransmittedo SAIQA QA systemmadeby NTT

Lab[1]. TheSAIQA systemwasoriginally built for accept-
ing keyed-in queries.

3.1. Keyword extraction

SinceJapaneswordshaveinflectionsandthereis no spac-
ing betweenwords in the written form of Japaneseen-
tencesmorphemesare usually usedas units for Japanese
speechrecogrition. In our system, CHASEN morpho-
logical analysis tool was usedfor sggmenting sentences
into morphemesin building languagemodeds. Therdore,
speectrecoquition resultsaregivenasa sequene of mor-
phems.

Table2 shavsanexanple of asequencef momphemes.
Thesentences " H AR D EFHIFHE T A, 7 whichmeans
"Who is the prime ministerof Japan?”

Table2: Morphological analysis and keyword selection

| Word | Wordclass | Selection |
HZ "Japan” [ Noun Selected
@ "of” Postpositioal particle | Discarded
E#4H "minister” | Noun Selected
13 "is” Postpositioal particle | Discarded
f "who” Noun Selected
<9 is” Aucxiliary verb Discarded
AN Postpositioal particle | Discarded

The SAIQA QA systemusesonly threekinds of word
classesnoun, adjective andverh In the exanple shavn in
thetable,selecteckeywordsare” H A", "&#8” and” #".

By using a GUI, the useris requested to indicate
whether the keywords autonatically selectedfrom the
recoqnition resultsby thesystemarecorrector not. If there
exist incorrect wordsindicaed by the user they areauto-
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matically repla@d by otherkeywordsin the N-bestlist ob-
tainedasaresultof queryutteranceecogtition.

3.2. Co-accurrence probability

In orderto achieze goad perfamancein replacirg incorrect
keywordswith othercandidde keywordsin the N-bestlist,
it is necessaryo usesomelinguistic knowledgethatcould
be extraded from information source in the QA system.
This pager proposedo usedoman-dependentprobabilities
of keyword co-cccurrercesin eachparagaphfor this pur-
pose.

Theco-ocarrene probabilitiesarecalculatedor each
of the five domains using the sameclustereddatabaes
usedn geneatingthedomain-degnden languagemodels.
Only the words occuring more than one thousaud times
in eachdoman areusedfor calculatingthe co-cccurrerce
probabilitiesto save thecostof bothprobability calculation
andexecutiontimein usingthe probabilities.

Thenumter of wordsobseredmore thanonethousad
timesin eachdomain is 8071(eco) 7717(ent), 7939int),
9245soc)and8463spo). The co-occurenceprobabilities
are calculatedby equatiam (1), in which N indicatesthe
numter of appearacesof word pair (¢, 7) in thesamepara-
graphandN A indicatesthetotal nurmberof paragaphs.

NAy

Ca(i,j) = 1)

After calculatingthe co-accurrerte probabilities for all
the pairsof keywords by equatiam (1), the probabilitiesare
normalizedby equatia (2).

r_ Cd(7a.7)

2
where CM AX, isthemaximum valueof Cy (i, j) over
every combnationof ¢ andj.

3.3. Replacement

In order to obtaina canddatekeyword setto replacencor-
rect keywords, N-bestsentencénypothesesre generged
for eachquery utterance and nouns, adjectvesandverbs
areselectedrom all thehypaheses.

The following scoreis calculatedfor each keyword
c extractedfrom the hypothesesausing the co-cccurrerce
probabilities,anda keyword having the maximum valueis
selectedo replacetheincorrectkeyword.

Score(c) = Zlog Ca(ki,c) 3)
i=1

whetre k; denotesachkeyword in the quer thatis in-
dicatedasa corred keyword by the user

In theevaludion experiment,the numter of N-besthy-
potheseswas contolled by the beamwidth usedin the

recoqition decode undertheconstrainthatthemaximun
numker of hypothesesvas 100. Table 3 shaws the im-
provementof the correctness(%)pf keyword recoqition
by the keyword replacenent procedire as a function of
the beam-widh. In thetable,”baseline”indicates the re-
sults before the keyword replacirg process,”upper limit”
indicatesideal resultsthat coud be obtainedwhenall the
corred¢ keywords in the hypothesesarecorredly selected,
and’replacal” indicatesthe resultsafter replacingincor
rect keywords using the proppsedmethod Theseresults
indicatethat 14 to 19 % of correctkeywords can be se-
lectedfrom the hypahesedy the proposedmethal.

Table 3: Improvement of the correctness (%) of keyword
recognition by the keyword replacement procedure at each
beam-width condition

| Beam-width [ Default | 1000 | 100 |

Baseline(B) 6712 | 6879 | 70.61
Upperlimit(U) 7097 | 7273 | 74.50
After replaceR) | 6784 | 6934 | 71.26

| {=5+100 | 1870 | 1396 16.71 |

4. Structureof the QA system

Structureof our voice QA systenthatis now beingbuilt is
shavnin Fig. 2. Thesystemconsistof threecompneris:
GUI, a setof multiple speectrecoqition engines, andthe
SAIQA QA system.

5 recognition engines
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Figure2: Structure of our QA system.

TheGUI is madeby VisualC++with TVML (TV Mak-
ing Languae) whichis atool thatcanshav andmove sev-
eral 3D charactes and objectson a screen.By usingthis
tool, the systemcanmake the userfeel asif he/sheis talk-
ing to humars. This makesthe systemmore comfortable
thantext-basedsystemdor theuser Actionsof thechaac-
tershelpthe corversatiorbetweerusersandthe system.

http:Awww.strl.nhk.ofp/TVML

V - 3707



Figure 3 shavs the GUI having five 3D chalacterscor-
respomlingto thefive domairs describedibove. Eachchar
acterspeaksaandmakesactionswhenits correspondig do-
main is selectedby the systemto be the mostrelevant to
thequeryaccordng to thelikelihoad value.

Whenthe systemhasrecanizedthe input queryand
extractedkeywords from the recognition result, the key-
wordsareshavn ashbuttors in a window usedin the user
interface. The useris reglestedto selectincorrect key-
wordsby clicking the buttons,andif atleastonebuttonis
pushedtheincorrectkeywords areautomaticlly replaecd
using co-ocurrerce prokabilities. Resultsof the replace-
mentare alsoshown in the samewindow assoonasit is
donesothatthe userdoesnot feel interruption of the con-
versation

Thewhole processof the humancompuer interaction
usingthis structureis asfollows.

1. Voicequey input
A userinputsavoicequey to thesystem.

2. Voicequel recogition
The input voice query is transmittedto the multi-
ple recoqition engires by TCP/IP protccols. Five
recanition engineshaving domaindepement lan-
guagemocklsrecoqizetheinputvoicequeryin par
allel andoneresulthaving the maximum likelihood
is chosen

3. Keywordsextraction
Keywordsto beusedin the QA systemareextraded
from therecoqition result.

4. Shawing keywords andrequestingthe userto select
incomrectkeywords
The selectedincorrect keywords are autonatically
replaedby keywordsselectedrom N-besthypothe-
sesbasedon co-ocairren@ probabilities and dis-
played to theuser

5. Receving andshowving alist of answergromthe QA
systemSAIQA
Ranledmultiple answergivenby the QA systemare

)

PR Recoanition Result)

F-D—Floymord) SHE- L Gontrol

SAPRIERIESTR

L]
Quit

& Bl & SN EL 5 h

Figure3: GUI of the prototype QA system.

presetedonthescreensincethetop-rankedanswer
is not alwaysthe bestfor the quep.

6. Asking correctressof theanswergo theuser
If the useris not satisfiedwith the answey the pro-
cesgetunsto step4 andtheusercanreplace or add
keywordsuntil satisactoryanswersareobtained

7. Syntresizing the answer by a comnmercial TTS
(speeclsynthesizerandshowving eviderncesandrea-
sonswhy theansweris obtainedfrom the datalase

5. Conclusions

This paperhas proposeda methodfor generatig effec-
tive languagemocelsanda usefulandcorvenien dialogue
stratgy for voice activatedQA systems.By using multi-
ple domain-denden languagemodelsinterpolatedwith a
guerylanguagie mode, betterrecoqition resultsfor query
utteraneshave beenobtained The proposedsystemstruc-
ture hasan adwvartagein that new domains can be easily
addedby simply addingnew domaindepementlanguaye
modelswithout requiring any modificatian to the existing
models.

Incorrect keywords in the speechrecaynition results
indicated by the user using GUI are automaticlly re-
placedby keyword canddatesextracted from N-besthy-
pothesedasedon domaindepemlent probabilities of co-
occurenceswith correctkeywords.

Our future work includes evaluating our methals in
obtainirg correct answersto voice queries. It is ex-
pected that speechrecogition metha using multiple
domaindependent languaye modds and the GUI-based
userinterfaceincluding the efficient error correctian strat-
egy will playimportart rolesin making efficient, practical
and useful voice QA systems. Our future work also in-
cludesa new recogiition enginethat directly recoqizes
keywords insteadof recogquizing all words in the query
utteranes using various linguistic information extraded
from knowledgeresoures.
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