
Generation and Synthesis of Broadcast MessagesL.F. Lamel, J.L. Gauvain, B. Prouts, C. Bouhier, R. BoeschLIMSI-CNRSBP 13391403 Orsay cedex, FRANCEflamel,gauvaing@limsi.fr VECSYSle Chêne Rond91570 Bievres, FRANCEABSTRACTIn this paper we present a system designed by VECSYS,in collaboration with LIMSI, to generate and synthesize highquality broadcast messages. The system is currently under-going evaluation tests to automatically generate and broad-cast messages about weather and airport conditions. Thegenerated messages are alternately broadcast in French andin English.This paper focuses on the synthesis aspects of the sys-tem which synthesizes messages by concatenation of speechunits stored in the form of a dictionary. The texts corre-sponding to the messages to be synthesized and broadcastare automatically generated by a server, and transmitted tothe synthesis component. Should the system be unable togenerate the message from existing entries in the dictionary,the system permits a human operator to record the messagewhich is subsequently broadcast.INTRODUCTIONAir tra�c control services are responsible for assuringair travel under the safest and most regular conditionspossible. As such, they are charged with regulating the
ow of air tra�c, of avoiding accidents, and of transmit-ting timely information and alerts during landing andtakeo� (airport control) and for 
ights within the con-trol area. It is the air tra�c controller, located in aregional control center who assures direct contact withthe airplane pilots. One important aspect of the com-munication is the transfer of information about meteo-rological conditions, local and regional, and informationparticular to the airport such as runways open for take-o� and landing, and conditions on the runways.The system DIVA, (DI�usion Vocale Automatiquedes informations met�eorologiques), has been developedfor the di�usion of vocal information to pilots aboutweather conditions (VOLMET) and about airport con-ditions (ATIS). The VOLMET messages are automat-ically composed and synthesized by a central server(Aviation Civile d'Orleans-Bricy) for several regions inFrance and transmitted by dedicated phone lines to theregional control centers. The regional control centers

broadcast these regional meteorological conditions toaircraft in 
ight within the control region. The ATISmessages provide information about local weather con-ditions and conditions particular to the airport. Theyare destined to aircraft taking o� or landing, and arecomposed from local weather reports and from obser-vations from the air tra�c controllers. Currently thesemessages are recorded as needed by a controller on mag-netic tape, and are continually broadcast. The messagesare updated as needed throughout the day by di�erentoperators, with di�erent voice qualities which appearsto the pilots as inconsistencies in the qualities of therecordings.The goal of this work was to improve the quality ofthe synthesis for VOLMET and to automatically gen-erate messages for ATIS. The system has been designedby the VECSYS Company, under a contract with theSTNA (Service Technique de la Navigation A�erienne).A prototype system with permanent di�usion of ATISmessages accessible by telephone was delivered in Jan-uary 1993. The system to automatically generate andbroadcast messages about weather and airport condi-tions should be in functional use by the end of 1993.This paper focuses on the synthesis aspects of theproject, which were developed in collaboration withLIMSI. While many techniques for speech synthesishave been investigated over the years (see [3, 1, 5, 8]for a review), in this work since the aim is high qualitymessage generation within a limited vocabulary domainwhere all of the vocabulary elements are de�ned in ad-vance, synthesis by waveform concatenation has beenchosen so as to provide the most natural vocalised mes-sage. The system synthesizes messages by concatena-tion of speech units which are stored in the form of a dic-tionary. The speech units can be words, subword units,or short phrases that are automatically extracted frompreviously recorded task-dependent sentences, coveringthe application vocabulary and syntax. The texts of theinformation messages to be synthesized and broadcastare automatically generated by a server, and transmit-Proc. ESCA-NATO Workshop: Applications of Speech Technology, Sep. 93, 1



ted to the synthesis component via an X25 connection.In the cases where a message cannot be generated fromthe existing entries in the dictionary, the system per-mits a human operator to record the message which issubsequently broadcast.Synthesis is performed by concatenation of the dic-tionary units according to the text string provided bythe message generator. Each text entry in the dictio-nary may have several associated prerecorded signals, soas to be able to account for contextual variations. Thesequence of speech units are selected from the stored en-tries, using dynamic programming to optimize the over-all quality of the synthesized message, by taking intoaccount the phonetic and/or word context, the pitch ofsuccessive units, and punctuation markers. Messagesmay be broadcast in French, in English, or alternatingFrench and English.APPLICATION SPECIFICATIONThe information messages to be broadcast are of thetype VOLMET or ATIS. The VOLMET message pro-vide pilots with weather conditions in the control region,and the ATIS messages provide information speci�c tothe conditions at the airport, destined to pilots of air-craft taking o� or landing at the airport. The messagesare continually broadcast on designated frequencies ap-propriate for the aircraft, and can also be heard overthe telephone. The synthesized messages are limitedto a maximum duration of 16 minutes. The length ofthe messages and the language (French, English, or al-ternating French and English) are parameters of thecon�guration which can be speci�ed for each messageindividually.The composition of the information to be broadcast isobtained from numerical codes received from a centralserver and may be augmented by spoken informationby an on-site operator in conditions where the neces-sary dictionary units do not exist. For each applica-tion (weather conditions or airport conditions) the dic-tionary contains about 400 entries, and the number ofpossible sentences that can be generated is on the orderof 1012. An example message from VOLMET is givenin Figure 1 and an example message for ATIS is givenin Figure 2.MESSAGE GENERATION UTILITYFor the VOLMET information, the messages are au-tomatically composed by a central server, and numericcodes are transmitted via an X25 connection to the syn-thesis component. The di�usion of the synthesized mes-sage is automatically controlled. In the case of ATIS,two modes of operation are supported. The �rst is auto-matic message composition, where the operator has the

biarritz , neuf-heures . trois unite zerodegres , zero six noeuds . superieure-a-dix-mille-metres . trois-octas cumulusdeux trois zero zero-pieds . quatre-octasstratocumulus cinq trois zero zero-pieds. cinq-octas altocumulus huit trois zerozero-pieds . temperature unite cinq ,point-de-rosee unite zero . qnh-unite-zerounite huit . nosigbiarritz , zero-nine . three one zero de-grees , zero six knots . more-than-ten-thousand-meters . three-octas cumulustwo three zero zero-feet . four-octasstratocumulus five three zero zero-feet. five-octas altocumulus eight three zerozero-feet . temperature one five , dew-point one zero . quebec-november-hotel-one-zero one eight . nosigFigure 1: Example message for VOLMET application inFrench and in English.possibility to verify the message, and to add a comple-mentary message if needed. The second mode is man-ual, where the operator records the message to be dif-fused, and initiates the broadcast after veri�cation.The following commands are available to the operatorfor message generation:� selection of the channel for di�usion� selection of language of the message� synthesis of a message from a speci�ed text (nu-merical form) or recording of a spoken message bythe operator� veri�cation of the recorded message with simulta-neous presentation of the text material� authorization to di�use the resident message� authorization to destroy the current message, stop-ping its di�usionFor both applications, the duration of the messageand the language can be speci�ed. The current messageis repeatedly broadcast until a new message is received.The new message will start to be transmitted after theend of a current message cycle. Since it is importantthat the information that is transmitted be accurate, incases of uncertainty, a message is stopped, and a defaultmessage, identifying the station is transmitted until amore accurate message is ready for transmission.Proc. ESCA-NATO Workshop: Applications of Speech Technology, Sep. 93, 2



ici merignac, information uniforme enreg-istree a unite heure utc.piste au decollage 2 7.sur piste 2 7 flaques d'eau sur cent pour centde la piste 2 centimetres.freinage douteux.niveau de transition cinq zero.attention pour les departs des specificationsseront donnees sur les frequences de cont-role.si perte de contact sur 113 decimale 15,passer sur unite 0 8 decimale 9 5.attention presence d'oiseaux sur le terrain.vent 0 8 0 degres, 9 noeuds.portee visuelle de piste inferieure a 4 0 0 me-tres.pluie.nebulosite 6 octas cumulonimbus inferieur a4 0 0 metres.temperature unite 2 degres.point de rosee 6 degres.quebec foxtrot echo 1 0 1 7.informez la rochelle, des le premier contactque vous avez recu l'information uniforme.this is merignac, information uniform record-ed at 1 utc.take off runway 2 7. on runway 2 7 waterpatches on one hundred percent of the run-way 2 centimeters.braking action unreliable.transition level five zero.caution for departures climb instructionswill be issued on control frequencies.if radio failure on 113 decimal 15 change to1 0 8 decimal 9 5.caution birds on the airfield.wind 0 8 0 degrees, 9 knots.rvr lower than 4 0 0 meters.rain.nebulosity 6 octas cumulonimbus lower than4 0 0 meters.temperature 1 2 degrees.dew point 6 degrees.quebec foxtrot echo 1 0 1 7.inform la rochelle, on initial contact thatyou have received information uniform.Figure 2: Example message for ATIS application in Frenchand in English.

DICTIONARY OF SPEECH UNITSThe dictionary of speech units for each application(VOLMET or ATIS) contains entries for all elementsneeded to generate all possible vocal messages. Theentries consist of variable-size units selected so as tominimize the amount of material to be stored while as-suring high quality speech generation. Thus, wheneverpossible, phrases are concatenated to provide continu-ity when the contents are not variable, and smaller unitsare used to compose the variable portions. There areseparate dictionaries for French and for English. Foreach application there are about 400 entries, which al-low the construction of the respective messages. Sincethere is overlap in the vocabularies for the two tasks,some of the dictionary elements are able to be sharedby the two applications.The dictionary elements contain the InternationalAeronautical Alphabet for the letters (alpha, bravo,charlie, delta, ...,), and for the numbers. There aresome di�erences in phraseology for English and French.For example, in English all numbers are spoken asdigits strings: 1055 is spoken as \1"(one) \0"(zero)\5"(�ve) \5"(�ve), whereas in French the same string ispronouced \10"(dix) \55"(cinquante-cinq). The otherelements can be subclassed into carrier phrases, air-port names, identi�ers, terms describing the weatherand runway conditions, and times.The dictionary entries were obtained by recordingsample phrases, sentences, and messages, and extract-ing the units to be used for concatenation. The samplephrases were generated from a grammar that speci�esthe syntax for each application. The syntax was createdusing a utility, REBUS[4], which provides a graphicalinterface for the user to build a context-free grammar.In generation, the utility ensures that each vocabularyitem appears in the list of sentences, and that all pos-sible types of sentences are represented. The programalso attempts to minimize the number of sentences nec-essary to cover the syntax and vocabulary. In orderto account for the variability observed in pronunciationdue to local stress and sentential position, several occur-rences of each dictionary entry were included in di�erentpositions.The list of sample phrases were then read aloud by abilingual speaker, who read the sentence lists for Frenchand English. The recorded signal was automaticallysegmented into the dictionary entries using a speechrecognizer[6] to align the text prompt with the signal.The segmentations are used to de�ne the start and endof the recorded speech associated with each dictionaryentry. Associated with each dictionary entry are or-thographic and phonemic transcriptions which are usedin selecting the units used to generate a message. Ini-Proc. ESCA-NATO Workshop: Applications of Speech Technology, Sep. 93, 3



tially minimal phrases were recorded so as to cover theapplication vocabulary. However it was found that, par-ticularly for French, the naturalness of the synthesizedmessages was greatly improved when examples of longermessages were recorded.SYNTHESIS BASED ONCONCATENATIONThe synthesis of a given transmitted message entailsdivision of the message into dictionary entries, selectionof the best instance of the speech units for the sequenceof entries, and concatenation of the signal correspond-ing to the selected speech units with local smoothing toavoid discontinuities. Synthesis by concatenation[2] ofpre-stored speech units has served as the basis of severalsystems already developed by VECSYS in collaborationwith LIMSI. The technique has been particularly suc-cessful in the context where the synthesis serves to verifyphrases automatically recognized. One particular appli-cation in daily use at MSI is for the resynthesis of recog-nized numbers for control of inventory. The user readsnumbers such as the manufacturing identi�cation num-bers, the quantity in stock and the sale price, which arerecognized, and resynthesized for veri�cation. For thisapplication the dictionary entries consist of disyllables,1so as to handle the contextual variation observed acrossword boundaries and to avoid the unnaturalness ob-tained when silences are inserted between words. Usingthese units, 121 disyllable models can be used synthe-size any sequence of digits, and 137 models can generatethe numbers from 0 to 9999 in French.In order to select the \best" possible sequence of dic-tionary units to produce a given sentence, a sequencecost is estimated for all the possible sequences corre-sponding to the sentence. This cost is obtained bysumming local costs including pitch discontinuity costs,intra-segment pitch variation costs, phone context costs,word context costs and end of sentence pitch cost. Thesequence of segments having the overall smallest cost ischosen to synthetize the sentence. The search of this\best" sequence is e�ciently performed by using a dy-namic programming algorithm. The weights associatedto each cost type can either be �xed by hand (based onsubjective quality measures) or can automatically beobtained from a list of training sentences. In the latercase, the weights are obtained by minimizing the sumof all the training sentence costs.Silence segments of variable length are used to in-sure a good rhythm thus improving the naturalness ofthe message. To avoid discontinuities due to concate-nation, segment boundaries are placed at a beginning1A disyllable is de�ned from the midpoint of one vowel to themidpoint of the next vowel.[7]

of a pitch period for voiced segments and continuity isassured for the signal and its �rst derivative. Window-ing the segment boundaries is often necessary to achievethis goal. DISCUSSIONAn early version of the synthesizer did not use dy-namic programming to select the optimal sequence ofspeech units and also did not make use of pitch infor-mation. It was quickly observed that even relativelysmall di�erences in pitch between successive units werevery disturbing if this di�erence was in opposition toexpected, natural pitch variations such as end of phrasedeclination. The use of a few very simple rules (imple-mented as dynamic programming costs) to avoid inap-propriate rises and falls of the pitch greatly aided thenaturalness of the concatenated message.Early assessment of synthesis quality indicated theneed for recording entire example messages, rather thansimply short phrases covering the vocabulary items.This greatly improved the naturalness of the synthesis,particularly for French, by providing the correct into-nation. It was also found that judicial use of variablelength silence aids the naturalness of the perceived mes-sage.The complete system has been delivered and is beingintegrated with the national server. Subjective evalua-tion of the synthesis quality is underway.REFERENCES[1] Calliope (1989), La Parole et Son Traitement Automa-tique, Paris: Masson.[2] S.E. Estes, H.R. Kerby, H.D. Maxey, R.M. Walker(1964), \Speech Synthesis from Stored Data," IBM J.Res. Develop., 8, 2-12. (reprinted in Speech Syntheses,J.L. Flanagan, L.R. Rabiner, eds., Pennsylvania: Dow-den, Hutchinson & Ross, Inc. 1973)[3] J.L. Flanagan, L.R. Rabiner, eds. (1973), Speech Syn-theses, Pennsylvania: Dowden, Hutchinson & Ross, Inc.[4] J.L. Gauvain (1990), \Le syst�eme de reconnaisanceAMADEUS: Principe et algorithmes," LIMSI internalreport, June 1990.[5] D.H. Klatt (1987), \Review of text-to-speech conver-sion for English," J. Acoust. Soc. Am., 82(7), 737-793.[6] L.F. Lamel, J.L. Gauvain (1992), \Experimentson Speaker-Independent Phone Recognition UsingBREF," Proc. IEEE ICASSP-92, San Francisco, CA,S1, 557-560.[7] H. Singer, J.L. Gauvain (1988) \Connected speechrecognition using dissyllable segmentation," Fall meet-ing of the Acoust. Soc. of Japan.[8] C. Sorin (1991), \Synth�ese de la Parole �a Partir duTexte: Etat des Recherches & des Appliations," Actesde Deuxiemes Journ�ees Nationals de GRECO PRCCommunication Homme-Machine, Toulouse.Proc. ESCA-NATO Workshop: Applications of Speech Technology, Sep. 93, 4


