[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Jo /0000
Article / Book Information
oo@o)
Title(English) Development of a Speech Recognition System Using Machine
Translated Data
aood(@no) Arnar Thor Jensson, 00 OO,00 OO
Authors(English) Arnar Thor Jensson, Koji Iwano, Sadaoki Furui
oo@o) O0O00O0o0O 200700000000, Vol., No. 2-8-7, pp. 123-124
Citation(English) , Vol. , No. 2-8-7, pp. 123-124
000 /Pub. date 2007, 9

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

2—-8-7

AARTRPERER LR

Development of a Speech Recognition System Using Machine

Translated Data *

© Arnar Thor Jensson, Koji Iwano, Sadaoki Furui
(Tokyo Institute of Technology)

1 Introduction

Statistical language modeling is well known to be
very important in large vocabulary speech recog-
nition but creating a robust language model (LM)
typically requires a large amount of training text.
Therefore it is difficult to create a statistical LM for
resource deficient languages. However, using text
translated from other languages may possibly im-
prove the resource deficient LM either using sent-
ence-by-sentence (SBS) translation or word-by-word
(WBW) translation. WBW translation only re-
quires a dictionary whereas SBS machine translation
(MT) needs either a large sentence-aligned parallel
corpus to train the MT system, or extensive rule
based system, which both are expensive to obtain.
The WBW approach is expected to be successful
only for closely related languages. Methods have
been proposed in the literature to improve statistical
language modeling in a resource-deficient language
using cross-lingual information retrieval [1]. An-
other method proposes using latent semantic anal-
ysis for cross-lingual modeling which does not re-
quire a sentence-aligned corpus [2] but searches for
similar types of texts in two languages. LM adap-
tation with target task machine-translated text is
addressed in [3] but without speech recognition ex-
periments. In [4], we proposed a method to improve
the LM built on a task-dependent corpus using MT
which is similar to [3]. This paper extends our ma-
chine translation experiments. The dictionary used
to translate WBW is now created automatically by
an MT system. This paper also introduces SBS ma-
chine translated texts from English to Icelandic.

2 Adaptation Method

Our method involves adapting a task dependent
LM that is created from a sparse amount of text and
a large translated text (T'RT), where T RT denotes
the machine translation of the rich corpus (RT),
preferably in the same domain area as the task. This
involves two steps shown graphically in Figure 1.
First of all a sparse text in the target language is
split into two, a training text corpus (ST') and a
development text corpus (SD). A language model
LM1 is created from ST, and LM2 from T RT. The
TRT can either be obtained from SBS or WBW
translation. The SD set is used to optimize the
weight used in Step 2. Step 2 involves interpolat-
ing LM1 and LM2 linearly. The final perplexity or
word error rate (WER) value is calculated using an
evaluation text set or speech evaluation set (Ewval)
which is disjoint from all other data sets.

3 Experimental Work

3.1 Experimental Data

The weather information domain was chosen for
the Icelandic experiments and translation from En-
glish (rich) to Icelandic (sparse) using WBW and
SBS. For the experiments the Jupiter corpus [5] was
used. It consists of 67116 unique sentences gath-
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Fig. 1 Data diagram

ered from actual users’ utterances. A set of 2460
sentences were manually translated from English to
Icelandic and split into 1500 ST sentences, 300 SD
sentences and 660 Eval sentences. 63116 sentences
were used as RT.

A unique word list was made out of the Jupiter
corpus and machine translated using [6] in order to
create a dictionary. This MT is a rule based system.
The dictionary was then used to translate RT into
TRTwpaw. Another translation TRTsggs was cre-
ated by SBS machine translation using [6]. Names
of places were identified and then replaced randomly
with Icelandic place names for both TRTwgaw and
TRTspgs, since the task is in the weather informa-
tion domain.

A 1-gram and 2-gram translation evaluation us-
ing BLEU [7] was performed on 20 sentences cre-
ated from both the SBS and the WBW machine
translators, using two human references. The 1-
gram and 2-gram BLEU evaluation was 0.47 and
0.23 for WBW MT respectively. The 1-gram and
2-gram BLEU evaluation was 0.61 and 0.43 for SBS
MT respectively.

A phonetically balanced (PB) Icelandic text cor-
pus, the Jensson PB corpus [4], was used to create
an acoustic training corpus. The training corpus
consists of 3.8 hours of speech from 13 male and 7
famale speakers. An evaluation corpus was recorded
using sentences from the Fwval set. 2 hours of read
speech was recorded from 10 male and 10 famale
speakers. None of the speakers in the evaluation
speech corpus are in the acoustic training corpus.

3.2 Experimental Setup

In total five different experiments were performed.
The experimental setup can be viewed in Table 1.
The ST set size varied from 100 to 1500 sentences
for all the experiments. In the following text ST™
corresponds to a subset of the ST set where n is the
number of sentences used. All LMs were built us-
ing 3-grams with Kneser-Ney smoothing. The WER
experiments were performed three times with differ-
ent, randomly chosen sentences, creating each ST
and SD set, in order to increase the reliability of the
results. An average WER was calculated over the
three experiments. This increases reliability when
comparing different experiments especially when the
ST set is very sparse.
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Fig. 2 Word error rate results.

3.3 Results

The WER results are shown in Figure 2. Perplex-
ity and out-of-vocabulary (OOV') results are shown
in Table 2 and Table 3 respectively for some ST
values. The perplexity results for Experiment 1 to 3
should be compared together since the vocabulary,
Vs, is the same for those experiments. As shown
in Table 2 all perplexity results get improved when
a T RT corpus is introduced and interpolated with
the corresponding ST set. The OOV rate shown
in Table 3 is reduced by adding the unique words
found in the T RT set to Vsr as expected.

4 Discussion

The improvement of the Icelandic LM with trans-
lated English text/data was confirmed by reduction
in WER by using either WBW or SBS MT. Exper-
iment 1 (baseline), should be compared with the
other experiments since Experiment 1 does not as-
sume any foreign machine translation. When the
baseline is compared with the interpolated results
using WBW MT in Experiment 4, we get a WER
49.6% reduced to 46.6% respectfully, a 6.0% relative
improvement when using 100 ST sentences. The rel-
ative improvement reduces as more ST sentences are
added to the system and converges to the baseline
when 500 ST sentences are added to the system.

When the baseline is compared with the inter-
polated results using SBS MT in Experiment 5, we
get a WER 49.6% reduced to 41.9% respectfully, a
15.5% relative improvement when 100 ST sentences
are added to the system. The WER improvement
of the SBS MT over the WBW MT is confirmed for
all the ST sets as the BLEU evaluation results in
Section 3.1 suggests. This can be seen by compar-
ing Experiment 4 with Experiment 5 in Figure 2.
The improvement is as well confirmed with perplex-
ity results when Experiment 2 and Experiment 3 are
compared in Table 2.

5 Conclusions

The results presented in this paper show that
an LM can be improved considerably using either
WBW or SBS translation. The WBW translation
is especially important for resource deficient lan-
guages that do not have SBS machine translation
tools available. Future work involves applying the
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Table 1 Ezperimental Setup.

|_Experiment nr. | TRT Corpus | Vocabulary ]
Experiment 1 None Vst
Experiment 2 | TRTwaw Vst
Experiment 3 TRITsgs Vst

Experiment 4
Experiment 5

TRTwsw
TRTsBs

Vst + Vrrrw pw
Vst + VrRrrsps

Table 2  Perplexity results

ST™

| Experiment nr. | sr100 | 57800 [ s71000 T 571500
Experiment 1 30.7 | 26.4 26.3 26.5
Experiment 2 294 | 26.0 26.1 26.3
Experiment 3 26.6 25.3 25.3 25.4

Table 3 OO0V results
ST

Vocabulary 57100 | §7500 [ 371000 [ 571500

Vgrn 14.0 6.8 5.5 4.6
Vsrn + VrgrT, 8.4 4.8 4.0 3.4
VsTn + VIRTgps 4.4 2.6 2.5 2.2

WBW and SBS translation methods to a larger do-
main such as broadcast news.
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