LARGE-VOCABULARY CHINESE TEXT / SPEECH INFORMATION RETRIEVAL

USING MANDARIN SPEECH QUERIES

Bo- r en Bai 1 , Ber l in Chen 2 , Hsin-min Wang 2 , Lee- feng Chien 2 , and Lin-shan Lee 1 ,2

1 Department of Electrical Engineering, National Taiwan University, Taipei

2 Institute of Information Science, Academia Sinica, Taipei

E-mail: white@speech.ee.ntu.edu.tw { berlin, whm, lfchien, lsl}@ iis.sinica.edu.tw

ABSTRACT

T he networ k technology and the Internet are creating a co mpletelynew infor mation era. It is believed that in the near future numerous of digital libraries and a great varietyo f multimedia databases , which consist of heterogeneous types of infor matio n including text, audio, image, video and so on , will be available world wide via the Inter net. T his paper deals with the problemof

Chinese text and Mandarin speech infor mation retrieval with Mandarin speech queries. Instead of using the syllable-based infor mation alone, the word-based infor matio n was also successfullyincorporated to further improve the retrieving performance. A prototype system with an interface supporting so me user -friendly functio ns wa s successfully implemented and the initial test results verified the feasibility of our approaches .

1. INTRODUCTION

T he networ k technology and the Internet are creating a co mpletelynew infor mation era. It is believed that in the near future, numerous of digital libraries and a great varietyo f multimedia databases will be available world wide via the Inter net. T he digital libraries and multimedia databases will co nsist of heterogeneo us types of infor matio n including text, audio, image, video and so on . Intelligent and efficient infor mation retrieval techniques allo w ing easy access to huge amo unt and various types of infor matio n beco me highlydesired and have been extensively studied in recent years [1-2]. T his paper deals with the problemo f Chinese text and

Mandarin speech infor mation retrieval with Mandarin speech queries. To achieve this purpose, key technologies including Chinese text keyword extractio n

[3] and Mandarin speech keywo rd spotting [4] were first developed, then based on these key technologies ne w approaches were developed integrating relevant technologies including text processing, speech recognitio n, and infor mation retrieval.

Sub- word-based features have been fo und useful in retrieval using speech queries since theycan so meho w handle the out-of-vocabular yproblemto a certain degree

[2] , but in anycase they carr ysignificantlyless semantic infor matio n , thus limit the potential for more precise retrieval. Considering the characteristic mo nosyllabic structure of the Chinese language, syllable-based approach has been found to be an attractive special case for the sub-word-based approaches for retrieving

Chinese text [ 5 ] and speech [ 6 ] infor matio n using speech queries. On the other hand, w ord-based features ,

speciallythe keywords, carr yplenty of precise semantic infor matio n for retrieval. Ho wever, it is inevitable that so me important word (or keywo rd) infor matio n will be lost when either the queries or the database records are in for mof speech due to speech recognitio n errors. Also, for large-vocabular yinfor mation retrieval the out-of-vocabular yproblem always exists regardless of the size of the lexicon used, i.e., so me important infor mationcarrying words (or keywords) are out of the used lexicon.

Recently, ver yefficient techniques to extract keywords fro mtext documents have been successfullydeveloped for retrieving Chinese text infor matio n [ 3 ]. Further more, even if the desired infor mation is in for mo f speech, it is always possible for the user to have in hand a text collection with subject domain relevant to the desired topic. T herefore the keywords auto matically extracted fro mthe text collection is al ways ver yhelp ful in retrieval, regardless of whether the target database records are in formo f text or speech. T hus in this paper we integrate the advantages o f the syllable and word (or keyword) infor matio n properly for retriev al o f largevocabular y Chinese text and speech infor matio n using

Mandarin speech queries. A prototype systemwith an inter face supporting so me user-friendly functio ns wa s successfully implemented and the initial test results verified the feasibility of the technologies and approaches .

T he rest of this paper is organized as follo ws. T he overall architecture of our approach is presented in section 2, and so me experimental results are discussed in section 3. T hen, the prototype systemis introduced in section 4. And, finally, the concluding remarks are made in sectio n 5.

2. OVERALL ARCHITECTURE

T he overall architecture of the proposed Chinese text and speech infor mation retrieval system is sho wn in Figure 1.

In th is approach, the keyword extraction techniques [ 3 ] are first perfor med to extract auto maticallyan adequate keyword set for all dynamic text record s obtained fro m the Inter net. During the retrieving processes, syllablebased feature vectors, including such infor mation as frequencycounts and inverse document freq uency ( IDF ) parameter s for syllable pairs and single syllables, constructed for both the input speech quer yand the speech/text records in the databases, are first used for similaritymeasure to retrieve the top N possible records relevant to the quer y. At the same time, speech keyword spotting is perfor med on the inp ut speech quer ybased on the keyword set extracted from the text collection on the relevant subject domain. For retrieving voice records , the se keywords spotted fro mthe input speech quer yare taken as a new keyword set, and speech keyword spotting process is then performed for those initially selected top N relevant voice records. For retrieving text records , text keyword search is perfor med instead. In both cases the scores for the keywords found in the records are weighted and integrated into the syllablebased scores, so that the initially selected top N relevant records are re-ranked to give the final results. Since the speech keyword spotting or text keyword search are performed only for a ver ysmall set of keywords and a

ver ysmall set of initiallyselected records, onlylimited extra co mputation will be needed. In addition , techniques such as relevance feedback were also applied to support interactive retriev al .

3. EXPERIMENTS

T he database used for simulatio n experiments consists of

5,819 text records and 500 voice records on similar subject domains, i.e. , they both contain news p ublished in Taiwan although in different time spans . 6,082 keywords extracted fro mthe text collection are used here

Input

Quer y

On-line retrieval subsystem

Feature

vector

constructor

Speech

recognizer

Feature

vector

constructor

Off-line processing subsy stem

Speech

recognizer

and keyword

spotter

Audio

R esources

Initialization subsystem

Syllable lattice &

Keywords

Syllable lattices

Voice record

collector

Aco ustic

models

IDF database

D

idf

Syllable

lattice

database D

l

Speech

database D

s

Relevance

table R

Relevance

table

generator

Feature vector

database D

v

Retrieving mod ule

Relevance feedback schemes

IDF database

for queries

D

idf,q

Retrieved

Records

V

d

V

q d

s

q

Fig ure 1 : T he overall architecture of the proposed Chinese text and speech infor matio n retrieval system.

K

q

K

d

Text

R esources

Text record

collector

Word/Text

processor d

t

Text

database D

t

Keyword

Lexicon

Keyword

extractor

Syllable strings

Exact Matching Near Matching

Number of

keyword inside

lexicon

Coverage

percentage (%)

Number of

keyword inside

lexicon

Coverage

percentage (%)

A uto matically

extracted keyword

lexicon

496 47 . 06 677 64 . 23

G eneral-purposed

word lexicon

293 27 . 80 541 51 . 33

as the keyword lexico n for detection keyword

infor matio n fro mboth the speech infor mation and the

speech queries. To a ss ess the feasibility of using the

extracted keyword lexicon to help retrieving the 500

voice records, we will first examin e the infor mation

coverage of the testing database b ythe extracted

keyword lexico n. First o f all, b ycarefully examining the

text materials o f the 500 voice records for retrieval,

1,054 keywords are manually cho sen to be key

infor matio n for the testing records. T he number s and

percentages o f the 1,054 manuallyselected keywo rds

covered bythe auto matically extracted keyword lexicon

of 6,082 keywords are sho wn in Table 1, and those of the

1,054 keywords covered bya general-purposed Chinese

lexicon o f roughly 85,000 words [7] are also sho wn for

co mparison. It can be found that with exact matching

criterion, i.e., the manually extracted keywords have to

be exactly the same as the words in the lexicons, only

47.06% and 27.80% of manually selected keywords in

the testing database are covered bythe auto matically

extracted lexico n and the general-p urposed lexicon,

respectively. While with near matching criterion, i.e., the

case that the manually extracted keywords are co mpound

words co mposed of a few words in the lexicon, is

considered correct, 64.23% and 51.33% of keywords in

the testing database are covered bythe auto matically

extracted lexico n and the general-p urposed lexicon,

respectively. It can be fo und that in both cases the

auto matically extracted keyword lexico n covers more

keywords in the testing records than the general-

purposed lexicon.

With the auto maticallyextracted keyword lexicon, the

approach to integrate syllable and keyword infor matio n

for speech infor mation retrieval was evaluat ed. T he

result is sho wn in Figure 2. It can be found that with the

keyword infor mation incorporated, the performance can

be improved slightly. T he average precision rate in this

case was improved fro m0.4486 to 0.4593. A possible

reason for the limited improvement may be that the

keyword set of 6,082 is much larger than, and probably

quite different fro m, the real set o f keywords specifying

the small testing set of 500 voice records. Also, such a

large keyword set can degrade the keyword spotting

accuracy. Further studies will be needed in this area.

4. THE PROTOTYPE SYSTEM

All the above approaches were finally integrated into a

prototype system , as sho wn in Figure 3, for text and

speech infor mation retrieval using speech queries. T he

systemincludes an inter face supporting so me user -

friendly functions . T he upper left sub-windo wlists the

keyword vocabular y used in the system, extracted off-

line in advance fro mthe text database. T he sub-windo w

right to the keyword list sho ws the speech wavefor mof

the input quer y. T hen several butto ns including ^

}

J u (adaptation ~ ), ^ É

¿

�

(begin to

retrieve) ~ and ^

�

Ú

Û (relevance feedback) ~ are

designed for corresponding functions. T he upper right

sub -windo wsho ws the keywords spotted fro mthe input

speech quer yb ythe speech keywo rd spotter. T he middle

sub -windo wbelo wthe above upper sub-windo ws sho w s

the syllable lattice co nstr ucted b ythe continuo us speech

recognizer. Both the recognized keywords and the

syllable lattice will be used for retrieving text and speech

databases. T he lower left sub-windo w and lo wer right

sub -windo wsho w the retrieved results of the speech

database (

Ö

N

�

Û ) and text database (

�î N � Û ),

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Recall

Precision pluskeyword information withonlysyllable information

Figure 2 : T he performance comparison between using syllable infor matio n onlyand using both syllable infor matio n and keyword infor mation for speech infor matio n retrieval.

Table 1: T he numbers and percentages o f the keywords manually selected fro mthe testing records covered bythe auto maticallyextracted keyword lexicon and the general-purposed word lexicon .

respectively. Here a record title is used to represent each record, in formof either text or speech. T here is a check box before each record title so that users can select relevant records b ymo use and push the ^ ã � Ú Û

(relevance feedback) ~ button for further retrieval using the selected records.

On the other hand, to read or listen to the content o f a retrieved record, the user onlyhas to double-click the

Figure 4: T he windo wto show a retrieved text record and the keywords extracted fro m the record.

Figure 3: T he prototype Chinese text and speech infor mation retrieval system.

record bymo use. I f a voice record is double-clicked, the

systemwill simply playthe content of the voice record.

If a text record is double-clicked, a popup windo was

sho wn in Figure 4 will be immediately created listing the

content o f the text record, with so me keywords

auto matically extracted fro mthe record also sho wn in

the right sub- windo w. T he user can select any relevant

keywords and push the ^ �

Í

� Ú Û

(feedback by

keywords) ~ butto n for relevance feedback using

keyword infor mation. Besides, the ^

� (read the article) ~ button provides the function of reading the content o f the text using a speech synthesis module.

4.1 System Performance

T he system has been tested by15 speakers with a total o f

326 queries. Amo ng these 326 queries, about 48 and 32 queries do not have anyrelevant records in the speech and text databases, respectively. T hus 278 and 294 queries are used as the measurement sets for speech database retrieval and text database retrieval. Since it is impossible to manually select all records relevant to each on-line tested quer y, the recall rates cannot be obtained here. T hus instead of recall-precision graph, here the precision rates with respect to the numbers of retrieved records are used as the measure for the system performance. T he results for retrieving the voice and text records are sho wn in Figure 5. Since the result sub - windo ws in Figure 3 sho w only up to 15 voice records and 15 text records each time, here M is set fro m 1 up to

15. It can be found in Figure 5 that the curve for retrieving text records is much more flat than that for retrieving voice records . Because o f the relativelyrough infor matio n available for the voice records as co mpared to the text records , more candidate records must be selected to include so me extra relevant records.

T herefore more precision rate reduction is the necessar y price paid to achieve higher recall rate while retrieving the voice records, which results in high slopes in the curves. Moreover, because the text database is much larger than the speech database , it is possible to retrieve more relevant text records at larger M with similar

precision rates. Ho wever, ver yoften there does not exist manyvoice records relevant to a given q uer y, it is simply impossible to retrieve more relevant records even more candidate records are considered. In general, text infor matio n retrieval perfor ms better than speech infor matio n retrieval. Ho wever, it can be fo und that, for smaller M , the retrieval of voice records even perfor ms better than the retrieval o f text records. One possible reason is that the rough information of syllable lattices on both sides for speech informatio n retrieval may be more error-tolerant as co mpared to text infor mation retrieval, in which the precise infor matio n is available on the database side.

Another perfor mance measure used here is the percentage of queries for which at least one relevant record is retrieved within the top M selected records. For example, if 8 queries are tested and the fir st relevant records retrieved bythese queries are ranked 2, 3, 6, 1,

10, 2, 8, 11, than we can obtain 12.5%, 37.5%, 50.0%,

50.0%, 50.0%, 62.5%, 62.5%, 75.0%, 75.0% and 87.5% of queries with at least one relevant records retrieved when top 1 to top 10 records are considered respectively.

T his measure sho ws not onlythe capabilitythat the systemcan support at least one relevant record for each database within top M record s , it also represents the capabilitythat the systemcan support relevant records for users to select for relevance feedback. T he results for retrieving the voice records and those for retrieving the text records are sho wn in Figure 6. It can be found that when 15 retrieved records are considered, 85% of queries will retrieve at least one relevant voice record and 76% of queries will retrieve at least one relevant text record. Since both retrieved voice records and text records can be selected and fedback to further retrieve both databases, Figure 6 also sho ws the percentage of queries with at least one relevant text or voice record retrieved within top M records for each database. I t can be found that over 90% of queries can retrieve at least one relevant text or voice records within 15 records for each database.

Figure 5: T he precision rate with respect to the number of retrieved records M

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 number ofretrieved records M

Precision rate textrecords

speechrecords

Figure 6: T he percentage of queries with at lease one relevant record retrieved within top M records

©¦ ª

0

20

40

60

80

100

1 3 5 7 9 11 13 15 numberofretrieved records M

percentage of queries with at lease one relevant record retrieved textor speechrecords speechrecords textrecords

T he performance of relevance feedback was tested with

189 queries out of the total of 326 testing queries mentioned above. T he relevance feedback function in the system adopts both the relevance measure adjustment and quer yexpansio n schemes [8] . T he precision rates with respect to the top M retrieved records for the tests with and witho ut relevance feedback are sho wn in

Figures 7 and 8 for speech and text database retrieval, respectively. Since the records fedback can always be retrieved and ra n ked ver y high, the measure of percentages o f queries with at lease one relevant record retrieved within top M records is not sho wn again since it is almo st 100% for the top 1 records. It can be found fro mFigures 7 and 8 that with the relevance feedback applied, the results for retrieving text records are much better than that for retrieving voice records and the curves for retrieving text records keep flat for larger number of retrieved records. T his is also because the text database is much larger than the speech database . I t is possible to retrieve more relevant text records, with similar precision rates at larger M , b ythe relevance feedback. On the other hand, ver yo ften there does not exist manyvoice records relevant to a given quer y, it is simply impo ssible to retrieve more relevant records even more candidate records are considered.

5. CONCLUSION

T his paper deals with the problemo f Chinese text and

Mandarin speech infor mation retrieval with Mandarin speech queries. Based on text keyword extraction, we have developed a newapproach that can properly integrate the advantages o f the syllable and word

(keyword) infor mation for retrieval. In addition, with the relevance feedback techniq ues, a prototype systemwith an interface supporting so me user -friendlyfunctions wa s successfully implemented. T his prototype system not onlyverified the feasibility of the technologies that have

been developed, but also provides a ver ygood environment for further investigation on a varietyo f research topics on infor mation retrieval.

REFERENCES

[1] K. Sparck Johns, G. J. F. Johns, J. T. Foote, and S. J.

Young, ^ E xperiments o n Spoken Document

Retrieval ~ , Infor mation Processing & Management,

Vol. 32, No. 4, pp. 399-417, 1996.

[2] Kenney Ng and Victor W. Zue, ^ P honetic

Recognition for Spoken Document Retrieval ~ ,

ICASSP, p p. 325-328 , 1998.

[3] Bo- ren Bai, Chun-li a ng Chen, Lee- feng Chien, and

Lin-shan Lee, ^ Intelligent Retrieval of Dynamic

Networ ked Infor mation fro mMobile Terminal

Using Spoken Natural Language Queries ~ , IEEE

Transactions on Consumer Electronics, Vol. 44, No.

1, pp. 62-72, February1998.

[4] Berlin Chen, Hsin-min Wang, Lee- feng Chien, and

Lin-shan Lee, ^ A*-Ad missible Key-Phrase Spotting with Sub-Syllable Level Utterance Verification ~ ,

ICSLP, 1998.

[5] Sung- chien Lin, Lee- feng Chien, Keh-jiann Chen and Lin-shan Lee, ^ Unconstrained Speech Retrieval for Chinese Document Databases with Ver yLarge

Vocabular yand Unlimited Domains ~ , Eurospeech, pp. 1203-1206, 1995.

[6] Bo- ren Bai, Lee- feng Chien, and Lin-shan Lee,

^ Ver y-Large-Vocabular y Mandarin Voice Message

File Retrieval Using Speech Queries ~ , ICSLP, pp.

1950-1953, 1996.

[7] CKIP group, ^ Analysis o f Syntactic Categories for

Chinese ~ , CKIP Technical Report , No. 93-05,

Institute of I nfor mation Science, Academia Sinica,

Taipei, 1993.

[8] Lin-shan Lee, Bo- ren Bai, and Lee- feng Chien,

^ Syllable-based Relevance Feedback Techniq ues for Mandarin Voice Record Retrieval Using Speech

Queries ~ , ICASSP, pp. 1459-1462, 1997.

Figure 8: T he performance of the relevance feedback approach for retrieving text records measured b y precision rate with respect to the number of retrieved records M

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 numberofretrieved record M

Precision rate relevancefeedback, 2nd time relevance feedback, 1sttime withoutrelevance feedback

Figure 7: T he performance of the relevance feedback approach for retrieving speech records measured by precision rate with respect to the number of retrieved records M

0

0.2

0.4

0.6

0.8

1

1 3 5 7 9 11 13 15 numberofretrieved records M

relevancefeedback, 2nd time relevance feedback, 1sttime withoutrelevance feedback