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ABSTRACT

Pronurciation in sportaneous Mandarin speed tends
to be much more variable than in read speed. In
current recogrnition systems, pronurciation dctionaries
usually only contain ore standard pronurciation for
ead word, so that the anourt of variability that can be
modelled is very limited. Most recent reseach work
for modelli ng variations in sportaneous eed focuses
on the lexicon level, which can oy solve intra-word
variations. Inter-word variations canna be modelled
effedively. Chinese is monosyllabic and hes smple
syllable structure, giving rise to a high amourt of
pronurciation variations. In this paper, we propose two
methods to model pronurciation variations in
sportaneous Mandarin speed. First, we generate
probability lexicon to model intra-syllable variations
by using DP aignment agorithm between base form
and surface strings. Sewmnd, we integrate variation
probability into the decoder to model intra & well as
inter-syllable variations. Experimental results dhow
that modelling intrasyllable variation with a
probability lexicon reduces g/llable aror rate by
0.8%% (phore aror rate reduction d 1.4%) while
adding inter-syllable variation in addition reduces
syllable aror rate significantly by 4.768% (phore eror
rate reduction o 7.6%) compared to the baseline
system.

1. INTRODUCTION

In large vocabulary speed recogntion system, word,
charader or syllable is represented as a sequence of its
constituent phoremes as defined by a hand-generated
lexicon, a as evera aternative sequences if multiple
pronurtiations of the unit are dlowed. For ead word,
if there ae several accetable pronurtiation variants,
they ae wnsidered as intra-word variants.
Coarticulation between words or syllables can bring
more pronurciation variation. Such variation gve rise
to inter-word variants. A mgor fador in the
performance of a speet recognizer is the wnsistency

between the way the spe&er pronourtes the words
and the way that the pronurtiation is gedfied in the
dictionary. When there is a mismatch, recgrition
errors ocaur. There is a high variability in
pronurtiation in sportaneous and conversational
speed. Users tend to spe&k more slopply, which
causes low reagnition acaracy.

In the past few yeas, many reseachers have been
dore to make the recognizers efficient independently
from users and spe&ing style. However, ead user has
its own style to pronource due to accent, speking rate
and spe&ing mode. That is why efforts are made to
model pronurciation variations in ASR system. In
Mandarin speed recogntion, there is a large body of
reseach work on conreded and real speed and
severa commercially available systems. However,
work related to sportaneous or conversationa
Mandarin is rare. Even fewer attempts have been made
to model pronurtiation variations. Applying acoustic
models trained from read speeh dredly to
spontaneous eed recogrition aways leads to high
word error rate. It is well known that Mandarin hes its
own speda monasyllabic structure. This gructure
makes pronurciation variations difficult to model. In
this paper, we present two new methods to model
intra-syllable ad inter-syllable  variations in
sportaneous Mandarin speed+—(1) we generate a
probability lexicon to model intra-syllable variations
and, (2) we incorporate the pronurciation variations in
a reoognizer to model bath intra and inter-syllable
variations.

The paper is organized as follows: sedion 2introduces
pronurciation variations in Mandarin speed. In
sedion 3,we describe how to cdculate the probability
of pronurtiation variations. In sedion 4, we eplain
how to integrate variation probability into a decoder.
The experimental results are given in sedion 5. We
concludein sedion 6.

2. PRONUNCIATION VARIATIONS



If words were pronourced in a cnsistent manner,
ASR would be relatively easy. However, duwe to
different spedkers, accent, spe&king style, spesking
rate, speeking mode, words/syll ables are dmost always
pronourced inconsistently in sportaneous feed.
Usually, studies on gronurciation variation consider
such variation to be internal to aword [9]. A common
way to model the variation is to introduce severa
phoretic entries per word in the lexicon a generate a
pronurciation retwork. This type of variation
modelli ng is however inadequate for Chinese. Chinese
is monasyllabic and highly homophoric. Chinese
words are very short, usualy consisting o 2 to 3
gyllables. Each Chinese syllable is also very simple,
consisting ony of an initial phore and a final or only
the final. Almost al initials are very short in duation
compared to the etire syllable ad their
pronurciations are very flexible in continuows eed
[reference to CASS paper]. From our previous work
[11], we foundthat alot of initial variations are caised
by cross gllable variations due to coarticulation and
tone sandh effed. For example, Initial “m, n" are
aways misremgrized when they are followed by
“eneng’ finals. Initial "y’ is smetimes deleted when
following “i, in". To solve such problems, we caina
ignare inter-syllable variations. Therefore, we caina
just add pgronurtiation variations into the lexicon.

In the following sedions, we describe how to generate
a probability lexicon with intra-syll able variations and
how to model inter-syllable variations in addition by
incorporating left-context dependent I/F probabiliti es
into the deaoder.

3. MODELING INTRA-SYLLABLE
VARIATIONSIN A PROBABILLITY
LEXICON

Generdly, there ae two ways to extrad informationin
pronurtiation variation: datadriven and by
phondogicd rules. It is clea that the choice depends
on the anourt of transcription label files we have and
the reliability of phondogicd rules for diff erent users.
For Mandarin speed, we tend to adopt data-driven
method. This is because dthough the dcharaders or
canoricd syllables are the same in Mandarin Chinese,
adual speder pronurtiation can be very different due
to regional acceits’. It is extremely difficult to
generate a omprehensive set of phondogicd rules for
al accentsin Mandarin Chinese. In ou work, we focus

! There ae four major languegesin China and 8 major
accent groups. Mandarin is not the first language of most
Chinese spekers.

on the Broadcast News Corpus (HUB4-NE), oktaining
pronurciation variations in Mandarin using data-driven
methods.

We can obain intra-syllable variations using the
following agorithm:

Define aset B ={q,,q, ---q ,insertion}

Where B contains all initials and finals of Mandarin,
aswell as. Q; isone of the phonesin the set, N is total
number of initial, finals and insertion.

Given utterances in the database, for eadh utterance
1. Let y=Vy,Y,---y, be the canonical

transcription (base form) generated from standard
lexicon (one entry one standard pronurtiation),
which are represented by an initia/final string.

2. Generate HMM of ead Initial/Final by using Yy as

label files with EM training on the origina
database.

3. Let X=XX,---X, be the observed initial/final

string d the utterance (surface form), which can
be obtained by phore recognition.

4. Since m isnot dwaysequa to n, aignstrings X
and y by aDP agorithm.

5. Use dl the training uterances in an iteration d
steps 1--4, to generate aphore confusion matrix.

6. Caculate variation mobabilty P(q® [ ) from
the onfusion matrix. ¢ is the observed
phoreme and qiT is the caoricd phoreme,
i,j=12-N.

o )= 2 1)
Zcount(qjO Iq7)
J

7. Obtain P(qiT|qjo) by Bayes equation,
P’ 1a?)=Pla? a7 ) Pla" )/ P(a?)

P(qJQ |qiT) is then used to generate the probability

lexicon. For eadh P(qjo |qiT), the five highest

variation probability candidates are seleded for the
probability lexicon. An example is as foll ows:
p 0.557692 p

p 0.134615t  p0.057692 f



m0.565476 m m0.113095 Del m0.053571n
Thefirst phoreis q , the second phoeis ¢} .

4. MODELLING BOTH INTRA AND
INTER-SYLLABLE VARIATIONSINA
DECODER

Using a probability lexicon instead of the canoricd
lexicon enables the recogniser to hande intra-syllable
variations, acommodating more flexible
pronurtiations. However, as we mentioned before,
many pronurciation variations in sponaneous
Mandarin speed are acoss gllables. Simply
incorporating the probability P(q]T |qio) into a
demder canna handle inter-syllable pronurciation
variations gnce this probability comes from the
confusion matrix and hes no context information. Due

to this problem, we propose using left-context
dependent variation probability to model inter-syllable

variants. It is defined as P(q |q°,q°%, ), where 2,

is the previous phore of q° in the initial/final string
of X, the surface form. Actual sportaneous geet
data shows that the fina part of the previous g/llable
heavily influence the initial part of the following
gyllable. Finals are much more stable than initials and
Chinese syllable must end with afinal. This means that
left-context dependent variation modeling is very
important for Mandarin speed.

The dgorithm of obtaining P(qjT |qi°,qi?1) is the
same & described in the previous fdion. In arder to
train P(q]T |qio,qio_1) robwstly, g°and g°, can be

clustered into a phore dassacwording to phondogicd
rules, this rule-based clustering technique is described
in[10].

4.1 Incorporating variation in a decoder

In this ®dion, we demonstrate how P(qiT |q]9) and

P(qjT |qio,qicfl) are incorporated into the decding

part for intra axd inter-syllable pronurciation
variations. Our baseline recogniser is a stadk decoder
with standard lexicon (one pronurctiation per entry)
and N-best lists. Asaming that N-best phore
sequences have been oltained from the recognizer. For
ead phore sequence,

Define;

Q(n) :{ in) qé”)---q(”)}
’ Ly
Q(”) is the nth phore sequence in the N-best lists.

q; is ore of the recognzed (observation) phore, m, is

the number of phores in this squence We save the
log likelihood d ead recognized phore.

Then define:
m,
n) —

R = maxlogP(qui(“))
J

For left-context dependent phore probability, we have
M,
R(n) = Z max'og P(q]'- | qi(n)! i(fl))
1= J

q; is the canoricd phoreme, g™ and qi(fl) are the

observed phoresin Q(”).

Combining with R™, the log likelihood d eat
recognized phore in the phore sequences Q(”) isre
scored. There-scored phore sequences are:

Q" ={g,q"--a}

n

m. is the number of phores in the phore sequence

n

after re-scored. Due to deletions and insertions, M, is

not aways equa to m, . Each g™ in the phore
sequence can be obtained by
q = arngnax()\ log P(qjT | qi(”))+ log P(qi(“)))
aj

or

qi'(”) = arngnaong(}\ P(qjT | qi(”) , qi(fl))+ log P(qi(")))
qj

where A isthe weight.

Depending on the pronurciation lexicon wsed in the
deader, new phore sequence Q'(”) can be represented

either in Chinese daraders, Chinese syllable or
initial/final sequence.

4.2 Modelling insertion and deletion errors

We suggest that some substitution errors can be
correded by re-scoring the phore sequence with error
models. Both insertion and deletion errors can be
modell ed in a similar manner as the phores. We regard
insertion as a phore in set B . So its probability can

also be written asP(qjT |qi(”)) and P(qu |qi(n)'qi(f1))'



q s We

P(a° 19,q") to ded with ddetion, where q°

insertion. ad ancther mode

represents al possble phores. P(q}3 |qi("),qi(fl)) is
the probability of having a deletion o qu between
g’ and gL,

5. EXPERIMENTAL RESULTS

We use HUbANE 1997 Mandarin Broadcast News
database provided by LDC to evaduate the
effedivenessof our approach. There ae 23 initials and
37 finals. The syllable number is 415. We use three
state, left-to-right HMMs and 32 Gausdan mixtures.
The aoustic feaures are 13MFCCs, 13 ddta MFCCs
and 13accéeration MFCCs.

Two CDs (7 hous) of Hub4NE data is used for
training acustic model and variation probability. The
data includes planned, sportaneous and conversationd
speed, speet with music and background nase. The
testing cbta is abou 1 hou sportaneous speed
seleded by hand from the database. The syllable eror
rate of the baseline system is 36.36. Using ou
probability lexicon (seleded top 5 variations), it
deaeased to 35.4%6. When we incorporate both intra
and inter-syllable variation pobability into the
deader, syllable aror rate is reduced significantly to
31.5%%

6. CONCLUSION

We present a new approach to mode bath intra
syllable and inter-syllable pronurtiation variations by
data-driven methods. Preliminary results sow a
significant increase in the performance of predicting
the corred pronurciation variations as well as mgjor
improvement in recogntion acarracy. Although
Chinese syllable is much simpler than western
languages, we can till model the pronurtiation
variations effedively. In addition, to the best of our
knowledge, this is the first time that inter-syllable
pronurciation variations in Mandarin Chinese is
modelled. Experiment results srow that our method is
aso effedive for modeling insertion and deetion
errors.

Our future work includes generation o robust lexicd
level models, using a hand transcribed data for
bodstrapping, and incorporating supra-segmental
information into the data-driven algorithm.
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