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ABSTRACT

This paper presents a new approach for Chinese
document database retrieval with unconstrained speech-
input queries. This approach is based on a successful
integration of both speech recognition and information
retrieval technologies with special considerations of the
characteristics of the Chinese language. Such an
approach is especially important for Chinese language,
because Chinese language is not alphabetic and the
input of Chinese characters into computers is still a very
difficult and unsolved problem. The nice features of the
syllable-based approach include proper use of the
knowledge acquired from database to provide
grammatical constraints for speech recognition, and the
tolerance of speech recognition errors by approximate
text matching. Based on this approach, a prototype
system is implemented and encouraging experimental
results are demonstrated.

1. INTRODUCTION

This paper presents a new approach for Chinese
document database retrieval with unconstrained speech-
input queries. This approach is based on a successful
integration of both speech recognition [1] and
information retrieval technologies [2] with special
considerations of the characteristics of the Chinese
language. Such an approach is especially important for
Chinese language, because Chinese language is not
alphabetic and the input of Chinese characters into
computers is still a very difficult and unsolved problem.

Document databases are collections of large amounts of
documents, such as' databases of articles, encyclopedia,
manufacture specifications, and operation menu [3].
The major objects in document databases are pieces of
documents with less usable structure. Such kinds of
databases provide important and huge amounts of
knowledge resource, in addition to conventional
relational databases. For relational databases, several
approaches have been proposed for voice retrieval, for
example, researches on famous ATIS task [4]. The
success of these approaches highly depends on proper
use of knowledge from database content and task
domain within technologies of speech recognition and
natural language processing to deal with speech-input
queries. However, it is more difficult to use these
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‘applications.

‘knowledge source to develop a voice retrieval approach

for document databases, because of their less usable
structure, less clear and definite domain knowledge, and
more general mentioned subjects in document databases
rather in relational databases.

‘A good way to retrieve knowledge from document

databases is to represent retrieval subject of users in a
segment of text that is highly possible to occur in
documents. According this concept, we develop an
approach that allows users retrieve documents from
databases using unconstrained speech-input queries [5].
The nice features of the approach include proper use of
the knowledge acquired from database to provide
grammatical constraints for speech recognition, and the
tolerance of speech recognition errors by approximate-
text matching. This approach is completely syllable-
based due to the mono-syllabic structure of Chinese
language.- Though there exist more than 10,000
commonly used Chinese characters, every character is
mono-syllabic, the total number of phonologically
allowed Mandarin syllables is only 1345, and the
combination of these mono-syllabic characters or 1345

‘syllables gives almost unlimited number (at least

100,000 of them are commonly used) of mono-syllabic
or poly-syllabic Chinese words. This mono-syllabic
sttucture of Chinese language makes the present
syllable-based approach applicable to databases with
very large vocabulary and unlimited domains.

The block diagram of the proposed approach is shown
in Fig. 1. It can be decomposed as three major blocks.
The first subsystem, namely the document analysis
subsystem, analyzes documents in the target database
word by word, and uses these words to construct
statistical parameters used in the other two subsystems.
This subsystem is operating during database preparing
phase and will be presented in Section II. When a
natural-language speech query is entered, the speech
recognition subsystem and the information retrieval
subsystem cooperate to retrieve possible documents by
matching the query with all documents in the database.
Since the approach is completely syllable-based, the
responsibility of the speech recognition subsystem is to
transcribe the query into a most probable syllable string
rather than character string in other kinds of
The speech recognition subsystem
includes two modules: the syllable recognition module
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and the syllable string searching module. The syllable
recognition module produces several possible syllable
candidates for each syllable in the input query. The
syllable string searching module then searches for a
syllable string with the irrelevant syllable for retrieval
deleted over all syllables recognized by the previous
module based on the text information extracted from the
database. The whole speech recognition subsystem will
be detailed in Section III.  After accepting the
recognized syllable string, the information retrieval
subsystem performs syllable-based text matching
between the input query and documents and selects
possible documents. This subsystem contains a vector
matching module and a document retrieval module and
these will be further presented in Section IV. Finally,
section V presents the implementation of a prototype
system based on the proposed approach and also
concludes with some remarks.

II. DOCUMENT ANALYSIS

To facilitate document database retrieval using
unconstrained speech-input query, the document
analysis subsystem is dedicated to analyze documents in
the database to provide grammatical constraints for
speech recognition, to determine essential features, and
to assign feature vectors to documents for information
retrieval.

The first step of document analysis in this approach is
word identification, that is to segment the character
string of the Chinese text into a word string. A Chinese
text appears to be a linear string of Chinese characters
without explicit boundaries between Chinese words. To
perform the syllable-based voice retrieval, all Chinese
characters in documents should be transcribe into their
corresponding Mandarin syllables.  Because some
Chinese characters can be pronounced in various
Mandarin syllables when they appear in different
context and different part-of-speech (POS) categories
with different meanings, it is very difficult to
transcribed Chinese text character by character.
Chinese word is a more suitable processing unit in the
document analysis, because it is a smallest, meaningful,
and freely used unit with less pronounce ambiguity. For
example, Chinese character ' 4y ' has three possible

phonologically allowed syllables in Mandarin, 'de5',:

'di2', and 'di4'. When '#' is pronounced as 'de5', it is
always used in a mono-syllabic word acting as a particle
with the meaning similar to the English word 'of.
When it is pronounced as 'di2', it is used in poly-syliabic
words with POS category as a modifier and means
‘accurate' or 'proper’, for example, ' 4§ 5% (de2-chiued,
surely). On other hand, when it is pronounced as 'de4’,
it is used in poly-syllabic words with noun POS category
and means 'target' or 'goal’, for example, ' F] 44 (mu4-di4,
target or goal)'.
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The word identification technology wused in this
subsystem is an effective approach [6]. This approach
uses a maximal algorithm with six different heuristic
rules to resolve possible ambiguities and can achieve a
99.77% success rate.

After all words in documents are identified, the
document analysis subsystem deletes the irrelevant
words for retrieval in the databases, and uses the rest of
words in the databases to construct two sets of statistical
parameters, ie., the weighted syllable bigrams and the
document feature vectors, to be used by the other two
subsystems, the speech recognition subsystem and the
information retrieval subsystem, respectively. Several
words, such as particles, appear with high frequencies in
every documents and are less discriminating among

‘documents. These words are seen as irrelevant words

for retrieval and could be not included to construct
parameters for reduction of space-consuming and time-
consuming during voice retrieval. After deleting the
irrelevant words, the document analysis subsystem
counts all syllable pairs adjacently appearing in the
remainder of syllable strings. The frequency counts of
syllable pairs are then transformed into the weighted
syllable bigrams and the feature vectors.

II. SPEECH RECOGNITION

When a natural-language speech query is entered to the
document retrieval system, the speech recognition
subsystem transcribes it into a most probable syllable
string, but the irrelevant syllables for retrieval in the
query is properly deleted. This subsystem includes two
modules: the syllable recognition module and the
syllable string searching module.

Because of the highly phonologically ambiguous
structure of Mandarin syllables, the syllable recognition
module produces several possible syllable candidates for

-cach syllable in the input query based on acoustic

modeling of a set of sub-syllable models for base syllable
recognition and another set of tone models for tone
recognition. The syllable recognition technology used
in this subsystem has been successfully used to develop
a Mandarin dictation machine [1], another kind of
applications of continuous Mandarin speech recognition
with very large vocabulary. This technology separately
matches tone models and base syllable models with the
input query and uses a concatenated syllable matching
algorithm to integrate the two recognition results into a
synchronous and cross-referenced process for achieving
better recognition of multiple syllable candidates.

With the top syllables recognized, a lattice of syllable
candidates can be obtained. The syllable string
searching module then performs a search for a possible
syllable string over this syllable lattice. Firstly, the
syllable lattice is transformed into another lattice of
syllable pairs. The transformation is shown in Fig. 2.
The nodes on the syllable-pair lattice are corresponding
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to those syllable pairs in which the two syllables not
only are connected in the original syllable lattice but
also occurred adjacently in some documents. Hence an
edge connecting two nodes are exactly the syllable
candidate that is the tailing syllable of the previous node
and the heading syllable of the next node. Considering
the situation of that there exist some syllable pairs in the
input query are irrelevant for retrieval, we add a special
kind of nodes, namely dummy node in this paper.
Dummy node is added for each pair of syllables in the
input query and it can connect any nodes on its previous
stage and its next stage in the syllable-pair lattice. The
syllable string searching module then performs Viterbi
searching algorithm on the constructed syllable-pair
lattice. We give the“cost of traverse through an edge
and the cost through a node with the logarithm of
acoustic probability of the syllable candidate obtained
from the speech recognition module and the logarithm
of the weighted syllable bigram of the syllable pair
extracted from the document analysis subsystem,
respectively. The weighted syllable bigram p’(sjls,) is in
fact the usual syllable bigram model, p(sjts,), but

weighted by the inversion document frequency , idf(si,s]),
, def .
P'(s)ls) - p(sjls;) x idf (s;,57)

def
idf (5;,5) log(% )
= 8,85
where N is the total number of pieces of documents in

the database, and N 53 is the number of pieces of

documents in which the syllable pair (s,-,sj) appeared.
idf(s,-,s}-) indicates the significance of this syllable
bigram in the database [3]. For example, if the syllable
pair (s,~,sj) appeared commonly in all pieces of
documents, the syllable bigram p(sjls,-) is less important

in information retrieval. On the other hand, we give a
small negative value to the cost of traverse through a
dummy node. With the dummy nodes and the weighted
syllable bigrams, the syllables for the irrelevant words in
the input query will be deleted

IV. INFORMATION RETRIEVAL

The goal of the information retrieval subsystem is to
select possible documents by comparing the input query
with all documents in the database. This subsystem is
composed of two modules, the vector matching module
and the document retrieval module.

After that the syllable string of the input query is
transcribed by the speech recognition subsystem, the
vector matching module compares the recognized
syllable string with each piece of documents by
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matching the feature vectors [3]. Both the syllable
strings for the input query and each piece of document
are assigned feature vectors, in which each component
is the frequency count of the syllable -pair (s,-,sj)
occurring in the query or documents but weighted by
idffs;, Sj) For example, n,; is the feature vector assigned

to a piece of document d,

uy = (f(s,8) % idf (51,5, S (51345 81345) X 1df (51345, 51345))
where f(s,-,s]) is the frequency count for syllable pair
(s,-,sj) in the document 4, and the feature vector u, for

the query g is similarly defined. To match the input
query g with a piece of document d, a similarity measure
sim(q,d) defined by the cosine value of the angle
between the two feature vectors is computed,

llq *u,
lugllugl

The smallest angles give the desired documents.

def
sim(g,d) " cos(uguy)=

Because the number of dimensions of each feature

vector is so large, and the tofal amount of feature vectors
assigned to all documents is too large to load in main
memory, it is very time-consuming to compute the
similarity measure document by document. The
approach adopts a structure of the "inverted file" to store
the parameters of feature vectors for efficient cosine
value computation. An inverted file is the sorted list of
syllable pairs, with each syllable pair having links to the
documents containing that syllable pair as well as the
frequency count of that syllable occurring in the
document. This is shown in Fig. 3. In Fig. 3, every
syllable pair has a record to store the total frequency
count of the syllable pair in the whole database, the
number of documents associated with the syllable pair,
and the link to an array in which every component
stores the document containing the syllable pair and the
normalized frequency count. When a syllable pair is
found in the input query, the parameters are retrieved
from secondary storage to compute the weighted syllable
bigrams and component values of associated feature
vectors. Though the amount of the whole structure is so

‘large to be stored in secondary storage, it does still

improve computation efficiency.

Finally, the document retrieval module retrieves those
dosuments selected by the vector matching module.

V. Experiments and Concluding Remarks

Experiments

For testing the feasibility of the proposed approach, an
experimental system has been implemented and a series
of experiments performed. The database tested includes
2,500 pieces of Chinese news articles, with average
length of every document on the order of 500 characters,
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and a total number of 100 natural-language queries are
tested in form of continuous speech. The retrieval
performance is evaluated by the hit rate for the selected
top 5 documents. The experimental results are shown in
Table 1. In this table, the first row shows the various
types about the different input methods and the different
numbers of syllable candidates produced by the syllable
recognition module, including character-based and
syllable-based typing queries input and -speech-input
queries with 1, 5, and 10 syllable candidates produced.
The second row in the table shows the hit rates for the
selected top 5 documents, and the third, fourth, and fifth
row show the different error rates caused by retrieval
model, syllable recognition, and syllable string search,
respectively. From this table, it can be observed that the
retrieval errors caused by syllable recognition can be
reduced using the presented approach. The retrieval
performance of speech-input queries using the presented
approach is competition with queries input from

keyboard; however, retrieval with speech-input queries -

is more convenient and more efficient.

Concluding Remarks

In this paper, we present a new approach to retrieving
Chinese document databases using wunconstrained
speech-input queries.  This approach successfully
integrates the technologies of Mandarin speech
recognition and Chinese information retrieval. Such an
approach is especially important for Chinese language
due to the difficult and unsolved problem of Chinese
input. To deal with this problem, several techniques
were developed in this approach. First, the syllable-
based approach not only improves speed and accuracy in
speech recognition, but also can reduce the problems
caused by large vocabulary and proper nouns. Second,
the information extracted from contents of the target
database is very useful to recognize the input query.
Third, the use of the relevance ranking method in the
information retrieval subsystem allows users to input
unconstrained speech queries and tolerate possible
speech recognition errors.

These successful results encourage us for further
researches in Chinese document retrieval with very
large vocabulary and wunlimited domains wusing
unconstrained spoken queries. In recent future, we will
try to extend the prototype system to a speaker-
independent version and use another database with
larger size. Besides, using the inverted file structure to
store parameters of feature vectors increases the storage
space many magnitudes. This problem will be more
serious when the size of the database is larger. These
problems will be considered in the improved version.
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Fig. 1. The block diagram of the proposed approach for
Chinese document retrieval using unconstrained speech
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Fig. 2. The transformation of a syllable lattice to a
syllable-pair lattice
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Fig. 3. A structure for an inverted file

speech | speech | speech
input with{input with|nput with|
character | syllable | top 1 top 5 top 10

input input | syliable | syllables | syliables
it rate 0.896 0.912 0.776 0.864 0.856
model

efror 0.104 0.088 0.08 0.088 0.088

recognition
error 0 0 0.144 0.048 0.016
searching
error 0 0 0 0 0.04

Table 1. Retrieval performance of various types of input
methods
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