Keyw ord Sp otting Using F0 Contour Matching Y oichi Y amashita Dep. of Computer Science, Ritsumeik an Universit y 1-1-1, No ji-Higashi, Kusatsu-shi, Shiga, 525-77 Japan yama@cs.ritsumei.ac.jp Riichir o Mizo guchi I.S.I.R., Osak a Universit y 8-1, Mihogaok a, Ibaraki-shi, Osak a, 567 Japan miz@ei.sanken.osak a-u.ac.jp ABSTRA CT This pap er describ es keyw ord sp otting using proso dic information as w ell as phonemic information. A Japanese word has its own F0 contour based on the lexical accent t yp e and the F0 contour is preserved in sen tences. Proso dic dissimilarity b etw een a keyw ord and input sp eech is measured by DP matching of F0 con tours. Phonemic score is calculated by a conv en- tional HMM technique. A total score based on these t w o measures is used for detecting keyw ords. The F0 con tour of the k eyw ord is smo othed by using an F0 model. Ev aluation test w as carried out on recorded speech of a TV news program. The in tro duction of prosodic information reduces false alarms by 30% or 50% for wide ranges of the detection rate. 1. INTRODUCTION Keyw ord sp otting is an imp ortan t technique for in- dexing applications, such as TV news sp eec h classi�- cation in to one of sp eci�ed topics, and so on. Sp eech recognition based on the sp otting is also a promising approac h to understanding sp ontaneous sp eec h that includes many non-grammatical sentences. In gen- eral, phonemic similarity b etw een input sp eech and a keyw ord is used for detecting the keyw ord. If a speech segment, which is not a k eyw ord, is similar to a k eyw ord in a sense of the segmental sp ectral mea- sure, it can b e incorrectly detected as the keyw ord, that is a false alarm. Reduction of false alarms is a crucial issue in the k eyw ord sp otting. Some false alarms in the conv en tional keyw ord spotting hav e di�erent proso dic patterns from that of the keyw ord although the phoneme sequences are similar to that of the keyw ord. A typical case of suc h false alarms is detection of a segment across a phrase boundary . In this case, there is often a dip in the F0 contour, and it is completely di�erent from that of one word. In other false alarms, a detected word has a di�erent type of the lexical accent from the key- w ord and its F0 contour also di�ers from that of the k eyw ord. These observ ations of conv en tional sp ot- ting results imply that the use of F0 information can impro v e p erformance of the keyw ord sp otting. Prosody can b e used to improv e con tin uous sp eech recognition. P articularly , phrase b oundary informa- tion is very useful to disambiguate syntactic analy- sis or semantic interpretation. Many studies hav e tried prediction of break indices from syntactic in- formation in order to ev aluate sen tence hypotheses proso dically[1][2] [3]. A metho d of the keyw ord sp ot- ting using word b oundary information deriv ed from F0 has b een also prop osed[4]. These works address the relationship b etw een phrase b oundaries and syn- tactic information, and they do not use the relation- ship b etw een the F0 contour and the hypothesized word sequence. In Japanese, a word has an inher- ent lexical accen t which is classi�ed into n t yp es for n -mora w ords. The accent type generates character- istic patterns of F0 in sen tences. The F0 pattern across a word or phrase b oundary is also very di�er- ent from that in the middle of one word. The similar- ity b etw een F0 contours can b e useful information to reduce false alarms in the keyw ord sp otting. F0 con- tour matching b etw een a k eyw ord template and input sp eech is an alternative metho d of sp eech recognition using proso dy . It has following adv an tages ov er the phrase b oundary detection for the keyw ord sp otting. 1. It may di�erentiate words with di�erent accen t types even if they are phonemically similar to each other. The phrase b oundary detection do es not contribute to di�erentiate them. 2. It gives a b etter F0 representation of long com- p ounds. The long comp ound often has small dips of the F0 pattern which cause incorrect detec- tions of the phrase b oundary . In the F0 contour matching, the keyw ord F0 template represents the whole F0 contour and it can av oid this prob- lem. 3. It do es not need global pro cessing. The phrase b oundaries are global characteristics of F0 pat- tern of the sen tence. It is very di�cult to iden- tify them in lo cal information. The F0 contour matching can b e realized b y using lo cal informa- tion in a sen tence. This characteristic is conv e- nient to the word sp otting and the sp eech recog- nition based on the left-to right pro cessing. In this pap er, we describ e a metho d of the key- word sp otting using matching score of F0 contours as well as segmental sp ectrum information in order to reduce false alarms without degradation of the detec- tion rate. T o app ear in Pr o c. EUROSPEECH-97 1 c ESCA 1997

Figure 1. Flow of k eyw o rd sp otting using prosodic score. 2. METHOD The k eyw ords are sp otted based on the following score. S = S phm � w � ( D pit � D pit ) (1) S phm is a phonemic score which represen ts sp ectral distance b etw een an input sp eec h segment and a k ey- w ord, and it is calculated by a conv en tional HMM tec hnique. D pit is a proso dic p enalty ev aluated in terms of F0 con tour distance b etw een an input sp eec h segmen t and a template prepared for each keyw ord, and D pit is an a v erage of D pit for all keyw ords found in sp eec h data. The w is a scaling factor, and w = 0 giv es a conv en tional k eyw ord sp otting without F0 in- formation. If a segment in input sp eech has a larger score than a threshold, it is detected as a k eyw ord. A sc hematic o w of this pro cess is depicted in Figure 1. 2.1. Phonemic Score The HMM recognizer calculates tw o phonemic like- lihoo ds for an input whole utterance using linguis- tic constraints, shown in Figure 2. The �rst lik eli- hoo d, L sy l , is a phoneme probabilit y in logarithm for the most probable syllable sequence. An utterance is recognized under a linguistic constraint of a sylla- ble mo del, sho wn in Figure 2(a), which allows any syllable concatenation including pause. Another like- lihoo d, L k w , is given b y a keyw ord mo del, shown in Figure 2(b) which h yp othesizes existence of a key- w ord. The keyw ord mo del represents a keyw ord em- bedded in preceded and follo w ed bac kground mo d- els describ ed by the syllable mo del. The keyw ord model is prepared for each keyw ord whereas the syl- lable mo del is commonly used for all keyw ords. The phoneme recognition result of the second recognition alwa ys includes a k eyw ord. If the input speech actually contains a keyw ord, the �rst recogni- tion result includes a very similar phoneme sequence to the keyw ord and L k w is very close to L sy l . If the input sp eech do es not contain a keyw ord, the k eyw ord model forces the keyw ord to matc h with a part of the input sp eech and it decreases L k w . The phonemic score for detecting a keyw ord, S phm , can b e de�ned as S phm = L k w � L sy l k ey w or d l eng th : (2) Di�erence of tw o likelihoo ds is normalized b y a k ey- Figure 2. Linguistic constraints for phonemic sco ring. word length which is ev aluated in terms of a phoneme length of the keyw ord. In general, L kw is less than L sy l b ecause a strong constraint is given for the sec- ond recognition. Therefore, S phm is alwa ys negative. W e used the HTK to ols provided by Entropic to obtain the phonemic scores. The feature v ector is comp osed of 12 melcepstrum, 12 delta-melcepstrum, and delta-energy . Phonemes are divided into 26 cate- gories. Each phoneme mo del has 5 states with 4 mix- tures and 3 lo ops. The phoneme mo dels w ere trained with 13.6 hour phonetically balanced sentences by 64 sp eakers in the ASJ Contin uous Sp eech Corpus for Research. This sp eec h recognizer uses a phoneme bigram trained with 503 phonetically balanced sen- tences. The accuracy of the recognizer is 54% for the �rst 10 news utterances in sp eech data men tioned later. 2.2. Proso dic Penalt y The proso dic p enalty , D pit , is de�ned as the dissimi- larity calculated in terms of the DP matc hing distance b etw een F0 con tours of input sp eech and a k eyw ord template. The prepro cess remov es pitch analysis er- rors from raw F0 patterns by smo othing for the key- word template and b y �ltering for the input sp eech b efore the F0 contour matching. The F0 mo del prop osed by F ujisaki[5] smo othes and interpolates the F0 contour of the keyw ord in order to obtain a con tin uous F0 template. W e manu- ally selected an utterance con taining the most t ypical F0 pattern for eac h k eyw ord from news sp eech data. The F0 pattern of the whole sentence is �tted and smo othed by the F0 mo del and the k eyw ord segment was elicited from the sentence. Thus, a keyw ord tem- plate is prepared for each keyw ord. F or the input sp eec h, pitch analysis errors are re- mov ed by the heuristic rules based on the size and relationship of clusters in the F0 pattern. F or exam- ple, the size of consecutiv e voiced frames is less than 4, they are regarded as the pitch analysis error. The frame distance in the DP matching, d ( i; j ), is de�ned as d ( i; j ) = j log p k ( i ) � log p i ( j ) j ( p i ( j ) 6 = 0) = 0 ( p i ( j ) = 0) : (3) The p k ( i ) and p i ( i ) is the F0 frequency of i -th frame for the keyw ord template and the input sp eech seg- ment, resp ectively . Note that p k ( i ) nev er takes 0 b e- cause the F0 contour for the keyw ord is interpolated by the F0 mo del. 2

The pro cess of the DP matching iteratively calcu- lates the proso dic p enalty , D pit , to equalize the F0 a v erages for the keyw ord and the input sp eec h. Step-1: Carry out the DP matching b etw een tw o F0 contours using the frame distance de- �ned ab ov e. Step-2: Calculate an av erage pitch for the voiced frames in the input sp eech. Get the frame- to-frame mapping and calculate an av er- age pitch in the keyw ord template using only frames which corresp ond to voiced frames in the input sp eec h. Step-3: Shift pitc h v alues for the k eyw ord tem- plate b y the di�erence of tw o av erage pitches. Step-4: Go to step-1 if the di�erence of av erage pitches is larger than the threshold. Oth- erwise, the last DP score is D pit . 3. SPEECH D A T A Speech data was collected from a TV news program. Recorded sp eec h was automatically divided into 610 speech fragmen ts, called utterances, based on pause longer than 180msec. The TV news sp eech includes v ery noisy utterances, such as interview o v erlapped b y environmen tal noise and narration with back- ground music, and so on. These noisy utterances were man ually remov ed from sp eech material for exp eri- men ts. The total num b er of clean utterances are 514, and the total duration is 26.2 minutes. They includes sev eral non-professional sp eakers, such as in tervie- w ees in the street, unclearly sp eaking p oliticians, and so on, as well as professional news announcers. Tw en t y words frequently app eared in this news speech, such as ’ dairishomei (representativ e signa- ture)’, ’ gakko-kyushoku (sc ho ol lunch)’ and so on, w ere manually selected as k eyw ord. Av erage mora length of 20 k eyw ords is 8.8. The o ccurrence of the k eyw ords in the clean utterances is 235 in total and 27.0 [/hour/keyw ord] in av erage. 4. EV ALUA TION P erformance of the keyw ord sp otting is ev aluated by the detection rate and the false alarm (F A) rate de- �ned as follows. detection r ate [%] = N cor r ect N key w or d � 100 F A r ate [ =hour =k ey w or d ] = N F A D U R total � K W N correct and N F A is the n um ber of correct detections and false alarms in a sp otting result, resp ectively . N keyw or d , K W , and D U R total is is the total o ccur- rence of the keyw ords in sp eech data (235), the kind of the keyw ords (20), and the total duration of sp eech data in hour (0.44=26.2/60), resp ectively . W e p erformed a simple sp otting using the HTK tool. All p ossibility of the keyw ord existence is not in v estigated. First, the keyw ord sp otting without F0 information detects a segment which is the most Figure 3. E�ect of prosodic information on the false alarm reduction. Figure 4. Sp otting p erformance using prosodic informa- tion. likely to a keyw ord for each utterance. Thus, 10280 (=514x20) segments w as selected as test sp eech. Sec- ondly , the F0 contour matching is applied to these segments. When an utterance contains t w o or more same keyw ords, only the most probable one is used for ev aluation and the others are ignored. Figure 3 shows the detection rate and the F A rate for changing the scaling factor w when the sp otting threshold is 7.0. In a case of the sp otting without the F0 information, which are plotted on the leftmost, the detection rate is 72.3%, and the F A rate is 5.2. The introduction of the F0 contour matching decreases the F A rate to less than the half with few degradation of the detection rate. Figure 4 shows sp otting results for v arious sp ot- ting thresholds. The threshold for the sp otting score controls the num b er of sp otted keyw ords. The small threshold can detect most of keyw ords but increases the false alarms, and vice v ersa. The solid b old line represents the baseline p erformance without the F0 information. The introduction of the F0 contour in- formation can reduce the false alarms for all range of the detection rate. F rom this �gure, it reduces 30% or 50% of false alarms for 80% or 70% of the detec- tion rate, resp ectively . The false alarm reduction is 3

Figure 6. An example of F0 pattern (’ iNtanetto no kyusokuna fukyu (rapid spread of internet)’). Figure 5. Distribution of the phonemic score and the p rosodic p enalty . salien t for low er detection rates. Figure 5 sho ws the distribution of the phonemic score and the proso dic p enalty of sp otted segments. Correct keyw ords are plotted by a white circle and false alarms are plotted by a small dot. In a con- v en tional sp otting without F0 information, a verti- cal line is a b oundary b etw een k eyw ords and non- k eyw ords b ecause an input sp eech segment is sp otted regardless of a proso dic p enalty . The use of proso dic penalty makes this b oundary tilt to the right accord- ing to the w . Some non-keyw ord data are distributed in upp er areas of the k eyw ord data. They are success- fully remo v ed from sp otted keyw ords by the proso dic penalty . How ev er, to o large w incorrectly judges the data with a very small proso dic p enalty and a small phonemic score. Figure 6 sho ws a successful example of false alarm reduction by F0 contour matching. It depicts F0 pattern for an utterance of ’ iNtanetto no kyusokuna fukyu (rapid spread of internet)’. The area in a rect- angle is incorrectly detected as the keyw ord ’ gakko- kyushoku (sc ho ol lunch)’ without F0 contour informa- tion b ecause a partial phoneme sequence ’ nettonokyu- soku ’ in the utterance is similar to the keyw ord. This false alarm was suppressed by the F0 con tour match- ing. The F0 pattern of this false alarm is very di�er- en t from that of the keyw ord ’ gakko-kyushoku ’ whic h is shown in Figure 7. Figure 7. An example of keyw o rd F0 template (’ gakko- kyushoku (scho ol lunch)’). 5. CONCLUSION This pap er describ es the keyw ord sp otting using F0 contour information as well as segmental sp ectral sim- ilarity . An ev aluation test sho ws that the introduc- tion of proso dic information reduces false alarms by 30% or 50% for wide ranges of the detection rate. The F0 con tour of a keyw ord is represented b y a template which is prepared for each keyw ord. The F0 contour has a lot of v arieties according to sp eak- ers and context in a sentence or a story . Some key- words had a little bit di�erent pattern from the tem- plate. T o cop e with diversit y of the F0 pattern, a multi-template metho d based on clustering of F0 con- tours or mo deling relationship b etw een F0 contours and lexical and con textual information is necessary . REFERENCES [1] M. Ostendorf, C.W. Wightman, N.M. V eilleux: \Parse scoring with proso dic information: an analysis/synthesis approach", Computer Sp e e ch and L anguage , 7, pp.193-210 (1993). [2] R. Komp e, et al.: \Proso dic Scoring of W ord Hyp otheses Graphs", Pr o c. of ICASSP ’95 , pp.1333-1336 (1995). [3] A.J. Hunt: \Syntactic In uence on Proso dic Phrasing in the F ramew ork of the Link Gram- mar", Pr o c. of Eur osp e e ch’95 , pp.997-1000 (1995). [4] T. Hanazaw a, Y. Ab e, K. Nak a jima: \Phrase Sp otting Using Pitch Pattern Information", Pr o c. of Eur osp e e ch ’95 , pp.2137-2140 (1995). [5] H. F ujisaki and K. Hirose: \Analysis of voice fundamental frequency contours for declarativ e sentence of Japanese", J.A.S.J.(E), 5, 4, pp.233- 242 (1984). 4