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ABSTRACT

This paper investigates and compares three different approaches
of multili ngual phore reagnition (MPR). Two types of MPR
approach are defined acwording to the Language Identificaion
(LID) process of the system: Explicit-LID where language
identification is mandatory, and Implicit-LID where LID is an
integrated part of the MPR process The OGI-TS database is
employed to perform the isolated and continuols MPR
experiments. Three of the world's most spoken languages;
English, Mandarin and Spanish are seleded as the target
languages for the system. Experimental results indicae that
different MPR approaches oud be employed for different
applicaions acording to the degreeof LID acarragy that can be
adhieved from the inpu test utterance. If high LID acaracy is
adhievable, the MPR approach that depends on LID can oktain
better performance  Conversely, the Implicit-LID MPR
approach is more gpropriate.

1. INTRODUCTION

The adility to process peed in multiple languages by a single
speedt reagniti on system has beaome increasingly desirable due
to the trend d globalisation and the popuarity pervasive of the
Internet.  This multilingual fedure not only extended the
usability of the system, but aso alows it to process a larger
range of speed data.

One of the more popuar approaches to perform multili ngual
speed reaognition is the utili sation d a multili ngual phore set.
These multilingual phores are usually creaged by merging
phores acossthe target languages that are aousticdly similar in
an attempt to oltain a minima phore set that covers al the
sounds that exist in al the target languages [1,2,3]. One
important applicaion d this approac is that the multili ngual
phore set can be alapted to remgnise speed of an urknown
language with no a limited adaptation speed data
Unfortunately, performance of the system employing this
approach was not comparable to its mondingual counter part.
Therefore, more investigation on this and aher multili ngual
approadhes are necessy.
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In this paper, researcch on multili ngual speed regnition is
focused at the phore level using the OGI-TS corpus [4]. Three
of the most spoken languages in the world; English, Mandarin
and Spanish are seleded as the target languages. In this dudy it
is asuumed that the unknown input speech data is monolingual.
Three different approaches that perform multilingual phore
reaognition are investigated and descriptions of these goproaches
are given in Sedion 2 Details of the multili ngual test systems
aregiven in Sedion 3 Sedion 4 pesents the phore reagnition
experiments and results, followed with conclusionsin Sedion 5

2. MULTILINGUAL PHONE RECOGNITION
APPROACHES

For the task of Multilingua Phore Reagnition (MPR) the
language of the inpu speed utterance is unknown. Thus,
Language Identificaion (LID) will be performed at some stage
during the reagnition process in order to produce the final
mondingua results. This LID procedure in the system can
generaly be divided into two dfferent caegories. Explicit-LID
and Implicit-LID. Explicit-LID implies that the MPR system
performs LID on the unknown inpu data explicitly. Implicit-
LID meansthat LID isan integral part of the MPR process

2.1 Explicit-L1D — Approach 1

One gproac to Explicit-LID employs an externa LID system
to first identify the language of the inpu utterance and the
correspondng mondingual system is then seleded to perform
the phore recgnition (as sown at Figure 1, Approach 1). This
is one of the most straightforward approaches to achieve MPR.
When no LID errors occur, this approach achieves the same
performance & the mondingual systems. Therefore the
acarragy of the external LID system is the main concern to the
overal system performance The alvantage of this approach is
that it can employ language-dependent speed reaognition
techniques (e.g. different acustic and language models) on eadh
mondingual recgniser. However, it can nd hande the cae
where the input utterance @ntains multiple languages as this
system can only give mondingual results.
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Figure 1. Block diagram of the threedifferent approaches to achieve multili ngual phore recognition.

2.2 Explicit-L1D — Approach 2

Ancther approach to Explicit-LID is to run al of the
mondingua recognisers in paradlel and seled the output
generated by the recogniser that obtained the highest likelihood
score & the fina result (as svown at Figure 1, Approach 2). LID
in this approach is performed at the end o the MPR process
The sdledion o fina output not only results in the phore
transcription, but also identifies the language of the inpu
utterance  This approach shares smilar charaderistics with
Approad 1, differing only in the strategy of the LID process

2.3 Implicit-L1D —Approach 3

A MPR approach that belongs to Implicit-LID utili ses a set of
multili ngual phores within a single recogniser (as own at
Figure 1, Approach 3). These multilingual phores can be
creaed by merging mondingual phores amongst the target
languages that share the same phoretic symbad (e.g. IPA [5] and
Worldbet [6]) or amusticdly similar acording to a cetan
distance measure or simil arity criteria.

The dam of this phore merge procedure is to oltain a
minimal phore set that covers al of the sounds that exist in the
target languages, however, certain language-spedfic information
are removed from the system &fter the phore merge procedure.
The symbols of these merged mondingua phores will be
mapped to a new symbal in the transcriptions. Therefore, before
process the speet data for training and testing, al phoretic
transcriptions will be mapped to the new multili ngual phore set.
Note that LID is not required to perform MPR with this
approad, as the generated ouput can be diredly compare to the
corred (mapped) transcriptions. Nevertheless language can be
explicitly identified when this approach is applied to
multili ngual speed regnition. The reagnised ouput in that
case will i ndicae the language of the input utterance d the text
level.

The alvantage of this MPR approach is the remgnition
system can be @nfigured to handle input utterances that contain
multiple languages, however language-spedfic  speedt
reaognition techniques can na be eaily applied as sme of the
language spedfic information is merged together (at the phore
level) in the system.

3. TEST SYSTEMS

3.1 Baseline M onolingual Phone Reognisers

The OGI-TS database [4] and hdden Markov model toolkit
(HTK) [7] are used to train and test the phore recogniser for the
languages of English, Mandarin and Spanish. Eadc fedure
vedor is extraded at every 10ms and comprises Perceptua
Linea Predictive (PLP) cepstral coefficients with energy plus
it's delta ad accderation coefficients. Phore model
(monophom) topdogy comprises a 3 state Hidden Markov
Mode (HMM) with 8 Gaussan mixture componrents per state.

Origina transcriptions, which are transcribed using the
Worldbet [6] phoretic symbol set, are modified such that al
diaaitics are removed. In addition, some phores are mapped to
similar sounds to ensure sufficient data cverage. A language
tag is appended to ead phore symbad to preserve language
information while performing multili ngual experiments. The
amourt of training data and the number of phores used in eah
mondingual recogniser are shown in Table 1.

3.2 Multilingual Phone Remgnition Test Systems

The Approach 1 MPR system in this sudy employs an externa
LID system that utilises efficient Gaussan Mixture Model
(GMM) analysis, as described in [8]. The characderistics of eat
language is modelled by a single GMM. During LID, the
language represented by the GMM that obtained the highest
likelihoodscore ayainst the unknown test utteranceis deemed as
the identified language. The Universa Badground Model
(UBM) technique [9] was employed to improve the dficiency of
the system during bath LID training and testing. In addition,
Vocd Trad Length Normalisation (VTLN) was applied to
reduce speder variation pesented in the speed data.  All
GMMs, including the UBM for bath VTLN and testing and
GMM for ead language, are trained using the OGI-TS database.
The alvantages of this GMM-LID system are that transcriptions
are not required for model training and faster than red time
performance ca easly be obtained on regular computer
hardware. The aror rate of this GMM-LID system tested onan
11-language eperiment with 45second test segment is around
14%[8].
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Language Training # Phone % Correct | % Accuracy | Deletion Substitution Insertion Total Test
Data (Hour) Model Phones
Isolated Phone Recognition
English 1.5 41 49.2 - - 4103 - 8079
Mandarin 0.5 40 50.5 - - 2744 - 5539
Spanish 0.9 37 58.0 - - 3092 - 7357
Continuous Phone Recognition
English 1.5 41 47.9 32.8 1432 3487 1430 9448
Mandarin 0.5 40 49.6 34.3 1032 2368 1028 6740
Spanish 0.9 37 56.3 45.9 904 2893 904 8689

Table 1. Detail s and experimental results of the baseline mondingual phore recognisers. Continuows phore recogniti on results under
“9% Accauragy” included insertion error while “% Corred” does nct.

The Approach 2 MPR test system mekes dired use of the
basdline mondingua phore remgnisers withou any
modificaion. It has the simplest structure anong the three
approadhes but has the highest computational cost.

A multili ngual phore set is creaed for the MPR test system
that utilised Approach 3 by merging mondingua phores with
the same Wordlbet symbol. For ead merged phore, a new
model is trained with the data poded from the merged
languages. After the phore merge procedure, the number of
phores is reduced from a total of 118to 73 As mentioned at
Sedion 23, dal phoretic transcriptions are mapped to the
multili ngual phore set with the origina language tag at eat
phore symbol removed.

4. EXPERIMENTSAND RESULTS

The test data set contains 17 test utterances (continuows eed)
for ead language and ead utterance has aduration d around 45
seonds. Both isolated and continuows phore reagnition
experiments were performed. For isolated phore reagnition, a
single phore token is prepared as inpu for ead test system.
Each of these tokens are extraded from the test data set
acording to the transcription, with those tokens with a duration
of less than 30ms (or 3 feaure vedors) removed. For
continuowts phore reagnition experiments, the eaitire test
utterance is utili sed as inpu to the test systems. A phore-loop
recognition retwork is used to peform the @ntinuows
recognition.

Table 1 shows the eperimental results of the baseline
mondingual phore recmgnisers along with the number of
deletion, substitution and insertion errors for the mntinuows
phore remgnition experiment. All results are obtained with
approximately the same deletion and insertion rate using the
insertion penaty option in HTK. The aerage number of
corredly remgnised phores is abou 53% for isolated phore
recognition and 5% for continuows phore remgnition. No
dired comparison d the results aaoss the languages can be
made & the anourts of train and test data varies. However, it
does indicate that phore reaognition in Spanish might be an
easier task than the other two languages due to lower number of
phores.

The experimental results for both the multili ngual isolated
and continuows phore remgnition tasks are shown at Table 2.
LID acarragy for Approach 1and 2were dso included. No LID
was required for Approach 3 as mentioned in Sedion 23 and
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aso for the baseline system where the language information is
known apriori (or equivaently 100% corred LID).

4.1 I solated Phone Recognition Results

Inpu speet data in this task typicdly contains fewer frames of
speet and therefore provided very little information for the
system to corredly identify its language. Therefore, multili ngual
isolated phore recognitionisadifficult task and thisis suppated
by the experimental results, where in average 31% of phores are
corredly reagnised aaossall the gproaches compared to 53%6
for the basgline system. LID acaracy of Approach 1and 2are
only 4% and 500 respedively. The phore reaognition
performanceis grealy affeded by the poa LID results as these
approaches depend on LID to dedde the fina mondingual
output. Approach 3 parforms the best amongst all MPR
approaches with 36% of phores corredly recognised. This
approach daes not depend onLID andits dedinein performance
is mainly contributed by the onfusion ketween the 73
multili ngual phore models.

4.2 Continuous Phone Recognition Results

Approximately 45 seaonds of speed datais used asinput in this
experiment. Experimental results indicae that typicdly a LID
acarracgy of around 906 was achieved. The ecception to this
was Spanish, which resulted in 736 for Approach 1 and orly
35% for Approach 2 Phore rewmgnition rates for MPR
Approach 1, 2 and 3 are 47%, 3% and 38% respedively
compared to 51% for the baseline system. The success of
Approadh 1 hinges on the LID acarracy achieved by the system
with an average of 89%. It can be seen that when applied to
continuows phore recognition the increase in avail able input data
duration results in an improvement in LID performance and
subsequently an improvement in overal phore remgnition for
Approach 1 and 2 Conversely Approach 3 daes not benefit
from thisincrease in utterance duration.

Comparing the experimental results aaoss the languages in
Approach 3, the performance drop in Spanish compared to the
baseline system was 18%. This compares to the drop d around
11% and 18% for English and Mandarin respedively. One
explanation for these results is that the Spanish phore set (37
phores) has a higher degreeof confusion when contained within
the multili ngual phore set (73 phores) compared to English and



MPR English Mandarin Spanish Average
Approach ot correct % LID % Correct % LID % Correct % LID % Correct % LID
Isolated Phone Recognition

Approach 1 (4339/8079) (2639/5539) (3421/7357)

27.6 53.7 27.0 47.6 28.3 46.5 27.6 49.3
Approach 2 (4959/8079) (2504/5539) (3258/7357)

32.8 61.4 26.7 45.2 29.0 44.3 29.5 50.3
Approach 3 38.7 - 32.2 - 36.2 - 35.7 -
Baseline 49.2 - 50.5 - 58.0 - 52.6 -

Continuous Phone Recognition

Approach 1 (16/18) (17/17) (13/17)

43.3 88.9 49.6 100.0 47.0 76.5 46.6 88.5
Approach 2 (17/18) (16/17) (6/17)

45.8 94.4 46.4 94.1 24.2 35.3 38.8 74.6
Approach 3 37.3 - 33.5 - 37.9 - 36.2 -
Baseline 47.9 - 49.6 - 56.3 - 51.3 -

Table 2. Multili ngual (isolated and continuous) phore recogniti on experimental results. “% LID” isin percentage of corred.

Mandarin (41 and 40 phoes respedively). Thisisreinforced by
the results achieved by Approach 1 and 2 where the LID
acairacgy for Spanish was smilarly poar. Conversely for English
and Mandarin, with higher LID acaragy of around 926 and
97% respedively averaged aaoss Approach 1 and 2 phore
recognition rate of Approach 3 dd na suffer to as large degree
Therefore, athough Approach 3 dd na perform LID, the
language-spedfic information presented in the data ae
contributed implicitly to the overal performance In contrast to
Approach 1 and 2 where the language-spedfic information are
extraded explicitly from the inpu data, these etraded
information dusits corrednesscontributed mainly to the overall
phore reaognition performance

5. CONCLUSIONS

This paper compares three different approaches to acdieve
multilingual phore reaognition and pesent results from
experiments from isolated and continuows phore reagnition.
Threeof the world’s most spoken languages; English, Mandarin
and Spanish were seleded as the target languages. For the
isolated phore remgnition experiment, MPR Approach 3
(Implicit-LID, which utili ses multili ngual phore set in a single
recogniser) has performed the best with 36% phore recognition
rate. It obtains superior results becaise it does not suffer from
the difficulty of identifying the language from a single phore
token. In the mntinuows phore reagnition experiment, MPR
Approach 1 (Explicit-LID, which uilised an external LID
system to seled mondingual recogniser) obtaines the best phore
recognition rate of 47% compared to 51% for the basdline
mondingual system. Its superior performance is mainly due to
the higher LID acarracy obtained by the externa GMM-LID
system in the experiment.

Experimentd results indicae that different MPR approaches
shoud be employed for different applicaions acwrding to the
degreeof LID acaragy that can be atieved from the input test
utterance  If high LID acaracy is adiievable, Explicit-LID
MPR approach that depends on LID can olain better
performance, otherwise the Implicit-LID MPR approach is more

appropriate.
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