
Recent Developments in Spoken Language Sytemsfor Information RetrievalL.F. Lamel, S.K. Bennacef, H. Bonneau-Maynard, S. Rosset, J.L. GauvainLIMSI-CNRS, BP 13391403 Orsay cedex, FRANCEflamel,bennacef,hbm,rosset,gauvaing@limsi.frABSTRACTIn this paper we present our recent activities indeveloping systems for vocal access to a database in-formation retrieval system, for three applications ina travel domain: l'Atis, Mask and RailTel. Theaim of this work is to use spoken language to providea user-friendly interface with the computer. The spo-ken language system integrates a speech recognizer(based on HMM with statistical language models),a natural language understanding component (basedon a caseframe semantic analyzer and including a di-alog manager) and an information retrieval and re-sponse generation component. We present the devel-opment status of prototype spoken language systemsfor l'Atis and Mask being used for data collection.1. INTRODUCTIONSpoken language systems aim to provide a naturalinterface between humans and computers through theuse of simple and natural dialogues, so that users canhave easier access to stored information. In this paperwe present our recent activities in developing systemsfor vocal access to a database information retrievalsystem, and focus on issues in portability across tasksand languages. Our initial spoken language systemwas a French version[2] of Atis (Air Travel Informa-tion Service) a designated common task for data col-lection and evaluation within the ARPA Speech andNatural Language Program.[7] Atis allows users toacquire information derived from the O�cial AirlineGuide about fares and 
ights available between a re-stricted set of cities within the United States. Theuser can also ask about other related information,such as the meals served on the 
ight or the type ofaircraft, and fare-related restrictions.This system has been ported to another relatedapplication, in the context of the ESPRIT projectMask. The goal of the Mask project is to develop amultimodal,multimedia service kiosk to be located intrain stations, so as to improve the user-friendlinessof the service. The service kiosk will allow the user tospeak to the system, as well as to use a touch screenand keypad. The role of LIMSI in the project is to

develop the spoken language system which will be in-corporated in the kiosk. High quality speech synthe-sis, graphics, animationand video will used to providefeedback to the user. We are developing a completespoken language data collection system for this task.In the actual service kiosk the spoken language sys-tem has to be modi�ed so that the multimodal leveltransaction manager can control the overall dialog.The main information provided by the system will beaccess to rail travel information such as timetables,tickets and reservations, as well as services o�ered onthe trains, and fare-related restrictions and supple-ments. We also plan to provide up-to-date departureand arrival time and track information. Eventual ex-tensions to the system will enable the to user to ob-tain additional information about the train stationand local tourist information.A related application being developed for the LEMLAP project RailTel will provide train timetableand scheduling information over the telephone. Inthis case the caller will only be able to interact withthe system by voice implying that changes in the user-interface will be needed to limit the information andguidance provided to the user by speech synthesis.2. SYSTEM OVERVIEWAn overview of the spoken language system for in-formation retrieval is shown in Figure 1. The maincomponents are the speech recognizer, the naturallanguage component which includes a semantic an-alyzer and a dialog manager, and an information re-trieval component that includes database access andresponse generation. While our goal is to developunderlying technology that is speaker, task and lan-guage independent, any spoken language system willnecessarily have some dependence of the chosen taskand on the languages known to the system. Thespoken query is decoded by a speaker independent,continuous speech recognizer, whose output is thenpassed to the natural language component. In ourcurrent implementation the output of the speech re-cognizer is the best word sequence, however, the re-cognizer is also able to provide a word lattice. The



Continuous speechrecognition NL understandingSemantic analyserDialog manager Information retrievalDatabase queryResponse generatorx w semanticframe responseFig. 1. Overview of the spoken language information retrieval system. x is the input speech signal, w is theword sequence output by the speech recognizer.semantic analyzer carries out a caseframe analysis todetermine the meaning of the query, and builds anappropriate semantic frame representation. The di-alog history is used to complete missing informationin the semantic frame and the dialog context maybe used to provide default values for required slots.The response generator uses the semantic frame togenerate a database request to the database man-agement system (DBMS), and presents the result ofthe database query and an accompanying natural lan-guage response to the user. A vocal response may beoptionally provided for l'Atis and Mask, and is theonly mechanism for response in the RailTel system.3. SPEECH RECOGNIZERThe speech recognizer is a large vocabulary, spea-ker independent, continuous speech recognizer[3].Acoustic modeling makes use of continuous densityHMM with Gaussian mixture of context-dependentphone models. For language modeling n-gram statis-tics are estimated on the transcriptions of the spo-ken queries. The decoder uses a time-synchronousgraph-search strategy for a �rst pass with a bigramback-o� language model (LM)[5]. The backo� com-ponent of the bigram is e�ciently represented with alexicon tree reducing the number of interword connec-tions. The word recognition graph is built by puttingtogether word models according to the grammar inone large HMM, where each word model is obtainedby concatenation of phone models, according to itsphone transcription in the lexicon. A trigram LM isused in a second acoustic decoding pass which incor-porates the word graph generated in the �rst pass.The recognition vocabulary for l'Atis and Maskcontain 826 words and 616 words, respectively. TheinitialMask vocabulary was a modi�ed version of thel'Atis vocabulary where city/airport names were re-placed with city/station names, and air travel relatedwords replace with appropriate train travel domainwords. The bigram and/or trigram language mod-els are estimated on the texts of typed and spokenqueries for each task. For l'Atis, 6300 queries areused for LM training, allowing a class trigram to beestimated. Word classes are used for lexical itemssuch as the cities, days, months, when there is noreason to believe that di�erences in their frequenciesin the training data are signi�cant or representative.

Since only 2500 Mask queries were available for es-timating the LM, only a class bigram is used.4. UNDERSTANDING COMPONENTThe semantic analyzer carries out a caseframe anal-ysis to determine the meaning of the query, and buildsone or several semantic frames. This approach wasdescribed in detail for the l'Atis task in [1]. Oneadvantage of this approach is that the understandingprocedure does not require verifying the correct syn-tactic structure of the sentence, but rather extractsthe meaning using syntax as a constraint.The major job in developing the understandingcomponent is de�ning the concepts that are mean-ingful for the task. The three tasks dealt with in thiswork are all in a travel-related domain, and there-fore share many commonalities. We have analyzedqueries taken from the training corpora to augmentour a priori task knowledge. The concepts for l'Atisare 
ight-time, fare, stop, type, reserve. Most of theseconcepts are also found in the train travel domain,albeit with slightly di�erent signi�cations. For exam-ple, the concept type corresponding to aircraft typein ATIS corresponds to the type of train in Mask(TGV, TEE, etc), whereas the concepts related to ar-rival and departure times, and fares can be mappeddirectly. TheMask concepts are train-time, fare, stop,type, station, reserve, reductions and services.A set of cases are used to represent the di�erenttypes of information in all the caseframes. Thesecases may be classed according to the types of infor-mation: designation, locality, date, hour, fare and ser-vices. Casemarkers provide syntactic constraints nec-essary to extract the meaning of the request. Theseinclude pre- and post markers which are surface indi-cators designating a case. For example, in \de Paris",the preposition de designates Paris to be the depar-ture city and in the phrase \�a 14 heures", heuresis an example of a postmarker, designating 14 to bea time. Pre- and post- casemarkers are not necessar-ily located next to the case, as in \qui arrive vers22 heures", where 22 corresponds to the case arrivaltime, because it is preceded, although not directly, bythe marker arrive.An example of the caseframe train-time is given inFigure 2, where the KEYWORDS specify the wordsto select the given caseframe during parsing. TheESCA ETRW Spoken Dialog System, May95, Visg�, Denmark 2



CASEFRAME train-timefKEYWORDS: train, voyager, aller, partir...from: (quitte, de...) @cityto: (a, pour, vers...) @citystop: (changement-a, via...) @cityrelative-departure-time: (partir+) avant, apresdeparture-time: (partir+) @hour-minute...CASEFRAME @cityf city: paris, lille, lyon, marseille, nancy...gCASEFRAME @hour-minutef...gFig. 2. Example caseframe.Je veux aller demain matin de Paris �a Marseilleen passant par Lyon. (I would like to go from Paristo Marseille via Lyon tomorrow morning.)<train-time>from: paristo: marseillestop: lyonrelative-day: demain (tomorrow)morning-afternoon: matin (morning)Fig. 3. Example semantic frame.structure @city is the sub-caseframe and the case citycontains a list of towns. hour-minute is also a sub-caseframe, but since understanding of numbers is veryrelevant to the travel information tasks (appearingalso in dates and train numbers), a restricted localgrammar is used to extract the corresponding values.Figure 3 shows the resulting semantic frame foran example utterance. The keyword aller triggersthe caseframe train-time, and the parser constructsthe complete semantic frame by instanciating theslots from, to and stop with the corresponding wordsParis, Marseille and Lyon respectively. The analysisis driven by the order in which the cases appear inthe caseframe train-time.5. RESPONSE GENERATIONNatural language responses are automatically gen-erated from the semantic frame. Our initial approachreturned essentially a paraphrase of the user's queriesused to construct the semantic frame. This simplisticapproach has the problem that the user may receivetoo much information, and �nd it di�cult to extractthe important part. We are currently modifying theresponse generation to provide more precise informa-tion to the user, in a simpler format. To do so, wehave been experimenting with di�erent forms of re-sponse - text strings, tables, and ticket images. Re-sponse generation and synthesis is of particular im-portance for RailTel where visual presentation ofthe information is not possible.When vocal feedback is provided the speech hasto be very natural and intelligible, as the averageuser cannot be expected to have previously heardsynthetic speech, nor to be tolerant of poor qualityoutput. In order to present variable information, we

Month <Aug94 Sep-Oct Nov-Dec Jan- Feb#speakers 20 80 117 163#queries 1111 3798 5625 8611total #words 12.1k 39.7k 58.2k 86.7k#dist. words 560 981 1132 1600#new words - 423 151 468TABLE I. Progress in data collection for l'Atis.are using a speech concatenation approach[6] wherethe automatically generated response text is used tolocate dictionary units for concatenation. This willbe completed with a diphone dictionary constructedwith speech from the same talker, so that in theevent that the necessary dictionary units are not lo-cated, diphone synthesis can serve as a back-o� mech-anism. This capability can also enable the exten-sion to new words. Simple playback of pre-recordedspeech is used for �xed messages that are unlikely tobe changed.6. DATA COLLECTIONThe collection of spoken language corpora is animportant research area and represents a signi�cantportion of the work in developing a spoken lan-guage system. The use of additional acoustic andlanguage model training data has been shown toalmost systematically improve performance in con-tinuous speech recognition[4]. Similarly, progress inspoken language understanding is closely linked tothe availability of spoken language corpora.Since September 1994, we have greatly expandedour data collection e�ort and record subjects on a reg-ular basis. The recordings are made in o�ce environe-ment, simultaneously with a close-talking, noise can-celling Shure SM10 and a table-top Crown PCC160microphone. We now collect data directly using up-to-date versions of our spoken language systems forl'Atis and Mask. The cumulative number of sub-jects and queries recorded are shown in Table I. As ofFeb95, 163 speakers had recorded 8611 queries. Weare collecting speech at a rate of over 1000 queries permonth from at least 20 speakers. There are an aver-age 10 words per query. The total number of words,and the number of distinct words are also shown. Thenew word rate decreased from Sep. though Dec. Inmid December a new version of the l'Atis data col-lection system was installed. This version correctedsome problems in the maintenance of the dialog his-tory which had caused the subjects to repeat severaltimes the same query, and integrated a new version ofthe speech recognizer. The combined improvementschanged signi�cantly the user's interaction with thesystem. With the more performant speech recognizer,speakers speak more easily and use longer and morevaried sentences. This also leads to the occurrence ofmore new words in the queries. They are also moreESCA ETRW Spoken Dialog System, May95, Visg�, Denmark 3



Corpus #Sents WAcc NL SLSl'Atis Oct94 225 90.2% 85% 84%l'Atis Jan95 225 93.7% 89% 88%Mask Jan95 205 78.0% 85% 60%Mask Mar95 205 83.2% 91% 75%TABLE II. Results for l'Atis and Mask.likely to perceive that the recognition errors are theirfault, rather than the system's. As a result they con-tinue to speak relatively naturally to the system, en-abling us to record more representative spontaneousspeech which will in turn be used to improve the sys-tem. We started recording Mask data in Januaryand thus far have recorded 77 speakers for a total of3876 queries. The average sentence length is 8 words,shorter than for l'Atis. This di�erence is probablylinked to the performance of the speech recognizerwhich for now has a higher word error than for l'Atisdue to the limited amount of training data. There are753 distinct words in theMask training queries, withonly 271 which are not in the l'Atis training data.As more data is recorded we will be able to improvethe performance of the Mask data collection systemas was observed for l'Atis.7. EXPERIMENTAL RESULTSThe spoken language system has been evaluatedon 225 queries from 10 speakers for l'Atis and 205queries from 10 speakers for Mask. On l'Atis, thespeech recognition word accuracy on l'Atis has beenimproved from 90.2% in Oct94 to 93.7% in Jan95.This improvement is directly linked to the availabil-ity of additional training data, particularly for theLM. The NL component was also evaluated on theexact transcriptions of the same set of spoken queries,without removing spontaneous speech e�ects such ashesitations or repetitions. A correct caseframe in-stanciation is obtained for 89% of the queries.The speech recognition word accuracy is muchlower forMask but has improved from 78% in Jan95to 83% in Mar95. NL understanding has increasedfrom 84% to 91%. This improvement is mainly dueto handling reductions, a concept unknown to the ini-tial system.For the Jan95 l'Atis system we observe that thereis only a slight degradation in performance for thecomplete spoken language system relative to the NLcomponent. Since the performance of the speech re-cognizer forMask has not yet reached the same levelas that for l'Atis, a larger degradation occurs.Two frequent errors in understanding are com-mon to both tasks. The �rst involves sentencesthat include 2 queries such as \Je voudrais r�eserver,remontrez-moi les tarifs (I would like to make a reser-vation, show me the fares again.)". While we instan-

tiate correctly the 2 caseframes, we are not yet ableto treat this at the dialog level. The second is whenthe user makes an implicit reference to a previous re-sponse given by the system. For example, the usermay ask for an earlier departure time \Je veux partirplus tôt", without ever having speci�ed a departuretime. To treat this, we need to interpret the previousresponse(s) given by the system.One of the recent improvements made to the main-tenance of the dialog history for l'Atis is the capabil-ity of relaxing previously speci�ed constraints. Thisallows us to treat requests such as \une autre com-pagnie" (another company) or \tous les vols" (all the
ights). In the �rst case, all constraints on the com-pany and the 
ight-number are removed. This capa-bility accounts for half of the improvement betweenthe Oct94 and Jan95 systems.8. SUMMARYWe have presented our recent activities in devel-oping spoken language systems for 3 applications inthe travel domain: l'Atis,Mask, and RailTel, andprototype systems currently in use for data collection.Signi�cant performance improvements have been ob-tained by collecting additional data which have beenused to improve the acoustic and language modelsof the recognition component. Similarly, analysis ofthe understanding errors on new data enables us toincrementally improve the understanding component.Our experience with data collection is that as the sys-tem performance is improved, subjects tend to speakmore naturally, enabling us to record more represen-tative spontaneous speech. Working simultaneouslyon several tasks with the same core system allows abroader view of the problems, and the opportunity toquickly integrate improvements made in one task tothe other tasks .REFERENCES[1] S.K. Bennacef, H. Bonneau-Maynard, J.L. Gauvain, L.Lamel, W. Minker, \ A Spoken Language System For In-formation Retrieval," ICSLP-94.[2] H. Bonneau-Maynard, J.L. Gauvain, D. Goodine, L.Lamel, J. Polifroni, S. Sene�, \A French Version of theMIT-ATIS System: Portability Issues," Eurospeech-93.[3] J.L. Gauvain, L.F. Lamel, G. Adda, M. Adda-Decker\Speaker-Independent Continuous Speech Dictation,"Speech Communication, 15, pp. 21-37, Sept. 1994.[4] J.L.Gauvain, L.F. Lamel, G. Adda, M. Adda-Decker,\The LIMSI Continuous Speech Dictation System: Eval-uation on the ARPA Wall Street Journal Task," ICASSP-94.[5] S.M. Katz, \Estimation of Probabilities from Sparse Datafor the Language Model Component of a Speech Recog-nizer," IEEE Trans.ASSP, 35(3), 1987.[6] L.F. Lamel, J.L. Gauvain, B. Prouts, C. Bouhier, R.Boesch, \Generation and Synthesis of Broadcast Mes-sages," ESCA Workshop on Applications of Speech Tech-nology, Sep. 1993.[7] P. Price, \Evaluation of Spoken Language Systems: TheATIS Domain," Proc. DARPA Workshop on Speech andNatural Language, Hidden Valley, PA, 1990.ESCA ETRW Spoken Dialog System, May95, Visg�, Denmark 4


