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1 Background of MASTAR project

Speech and language processing have ad-
vanced dramatically in recent years.

This is partly because of establishing the 
corpus-based technology, i.e., technology of 
collecting a large volume of data (corpus) and 
processing the corpus automatically with ma-
chine learning algorithms. In conventional ap-
proaches, after developing a system, the sys-
tem i s  fu r the r  modified  fo r  p rac t i ca l 
application. In recent methods, on the other 
hand, data is collected directly when the sys-
tem is actually used, and the collected data is 
used for machine learning. Performance can 
be improved in the research and development 
phase through the actual utilization of the sys-
tem. This is a start of new research and devel-
opment.

The spread of the Web are considered to 
support further progress. By using the frame-
work of the Web and the information distrib-
uted on the Web, one can collect proper nouns 
from all over the world, develop multilingual 
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dictionaries, collect corpora, look for relation-
ships among words, and analyze the credibility 
of information.

On this basis, the MASTAR project was 
planned. The outline of the MASTAR project 
is as follows.

The aim of the project is to establish a 
framework of research and development for 
the continuous collection and growth of speech 
and language resources, making connections 
to industries and society through the Web.

The following four areas of research and 
development are conducted.
(1)  Technological development, social experi-

ments, and contributions to society are 
made for network-based speech transla-
tion, which was selected as a Project of 
Acceleration for Contributions to Society 
b y  t h e  C o u n c i l  f o r  S c i e n c e  a n d 
Technology Policy.

(2)  A machine translation system was devel-
oped in collaboration with industry to 
translate manuals and other documents. A 
positive growth cycle is established for the 
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collection of shared dictionaries and 
shared corpora and for translation technol-
ogy research.

(3)  Technological development of speech in-
terface technologies is made as part of 
universal communication.

(4)  World-wide language resources are devel-
oped and distributed.
In this paper we focus on VoiceTra, a 

speech translation application. Related tech-
nologies are explained in “3-1 Overview of 
S p o k e n  L a n g u a g e  C o m m u n i c a t i o n 
Technologies”, “3-3 Multilingual Speech 
Synthesis System”, “4-1 Special-Purpose 
System for Multi-Lingual High-Quality 
Translation”, and “5-1 Information Analysis 
Technology at NICT”.

2  Project for the “Realization of 
Speech Communication 
Technology overcoming 
Language Barriers”

This project, which we explain here, was 
selected as one of the Projects for the 
Acceleration of Contributions to Society, by 
the Cabinet Office, in April 2008.

Language barriers are an important issue 
in the borderless society. For example, the 
New Growth Strategy*1 aims “to increase the 
number of foreign visitors to 25 million, three 
times as many as current visitors, by 2020”, 
which is expected to produce economic effects 
of 10 trillion yen and new employment of 
560,000. However, foreign visitors are not 
satisfied with the use of foreign languages in 
public transportation, accommodation facili-
ties, and restaurants.

The goal of the project, as part of the 
Project for the Acceleration of Contributions 
to Society, by the Cabinet Office, is “to plan 
and promote experiments in the fields of travel 
and shopping, taking account of the present 
needs and the expected technological improve-
ment in the next five years for automatic 
speech translation systems that allow commu-
nications with foreign people through direct 
conversations, overcoming the language barri-

er in the course of internationalization, an 
starting business services in industry shortly 
after the project is finished in order to acceler-
ate contributions to society.” To be more 
specific, a network-based speech translation 
technology is to be established by using trans-
lation knowledge distributed over the Web and 
combining it with translation terminals, in or-
der to collect place names and other proper 
nouns and handle a variety of text content. 
Also, innovations using speech translation 
communication technology are to be made 
clearly “visible” for smooth commercializa-
tion and promotion of the system. For this “vi-
sualization”, field experiments are to be con-
ducted repeatedly through the collaboration of 
developers and users, in order to accelerate the 
contribution of speech translation technologies 
to society.

3  Achievement of network-based 
speech translation project: 
VoiceTra

3.1 VoiceTra
VoiceTra*2 is automatic translation soft-

ware that works when users speak to their 
smart phones. The following are the details of 
this software. Using this software that can be 
downloaded without charge, Japanese speak-
ers and English speakers can converse with 
each other as shown in Figs. 1 and 2. When 
the speaker puts the phone to their ear, it vi-
brates for a short time. The speaker then 
speaks to the phone and translated speech 
comes back. The first window in Fig. 1 shows 
the result of speech recognition by the system, 
and the translation result is given in the third 
window. The second window shows the result 
of “reverse translation” (translation of the 
translated text back to source language), from 
which one can see if the translation is appro-
priate. VoiceTra was released in August 2010 
and had been downloaded 600,000 times as of 

＊1  http://www.kantei.go.jp/jp/sinseichousenryaku/
＊2  http://mastar.jp/translation/index.html
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March 2012. One out of 200 Japanese people 
use VoiceTra. This fact indicates that many 
people now know of this speech translation 
technology. As will be mentioned below, in 
collaboration with private companies, this is to 
be one of NICT’s flagships in terms of contri-
butions to society.

3.2  “Basic” speech translation technol-
ogy

Figure  3  shows an  example  where 
Japanese speech is recognized to make 
Japanese text and the text is translated into 
English text, which is then synthesized to 
English speech. In the speech recognition 
module, the input speech is converted to a 
phoneme sequence by comparing the speech 
with an acoustic model that is formed (for 
each phoneme) from the speech data of many 
speakers. Then the phoneme sequence is con-
verted to maximize the word sequence proba-
bility (which is given by the so-called lan-
guage model). In this conversion, appropriate 
word sequences are obtained based on the oc-

currence probabilities of trigram word se-
quences, which are acquired from a large vol-
ume of Japanese texts. The translation module 
then selects appropriate English words that 
correspond to each of the Japanese word se-
quences and determines the order of the 
English words. For the selection of English 
words in accordance with the Japanese word 
sequence, a translation model that is obtained 
from Japanese-English parallel texts is used. 
For the determination of the order of English 
words, a large volume of English texts are 
used. Appropriate English word sequences are 
obtained by using the occurrence probabilities 
of trigram word sequences. Then the word se-
quence is sent to the speech synthesis unit, 
which determines the English word sequence 
with the intonation. Then it creates waveforms 
that fit to the intonation, in a certain time unit, 
called a frame, to suit the speech features that 
are obtained from a large amount of speech 
data. The waveforms are finally combined to 
synthesize a voice.

Since the system is developed automatical-

Screen of VoiceTra (for question)Fig.1 Screen of VoiceTra (for answer)Fig.2
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Basic technology of speech translationFig.3

Comparison of translation probability (Vertical axis: Translation probability to Japanese; Horizontal axis: 
Source language)

Fig.4
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ly on the basis of a large-scale corpus 
(Japanese word data, parallel texts, English 
speech data, etc.) shown at the bottom of the 
figure, it is called corpus-based technology.

3.3  Performance of translation software
The target of VoiceTra is travel conversa-

tion. VoiceTra’s translation performance is al-
most equivalent to a person who scores 600 on 
TOEIC. The characteristic of VoiceTra is that 
it is not only multilingual but also high quali-
ty. The figure in Fig. 4 shows a comparison 
between the translation probability (translator-
evaluated probability of making an appropriate 
translation) of conventional multilingual soft-
ware (light gray) and that of NICT’s software 
(dark gray).

3.4  Network-based speech translation 
technology and its realization

The basic technology in 3.2 is then applied 
to a wireless network-based system. Its porta-
bility, which cannot be achieved by a system 
confined to a single computer, the expandabil-
ity of languages and vocabulary, and automat-
ed improvement of performance could acceler-
ate the practical realization of the system. 
(1) Since it weighs only about 100 g, the client 
system is highly portable and practical. 
(2) Since the server has no limitations to its 
hardware, the languages and vocabulary can 
be considerably expanded and field data can be 
used to improve the performance autonomous-
ly. In fact, when we used part of the data of 
VoiceTra for the improvement of speech rec-
ognition, precision was improved by 5–10%, 
although this depended on the target language.

4 Field experiments

Speech translation technology cannot be 
commercialized even if it has a distinguished 
base performance such as halved processing 
time or halved error rates. Also, the error rate 
of speech translation cannot be decreased to 
zero, just as that of other pattern recognition 
technologies cannot. It is therefore necessary 
that users actually use the system and that the 

utilization results are fed back by question-
naire surveys or logs to improve and commer-
cialize the system. Field experiments need to 
be conducted for this purpose. The details of 
these field experiments are described in “7-2 
Speech-to-Speech Translation System Field 
Experiments in All Over Japan” and “7-3 
VoiceTra Field Experiments”.

Speech translation technology cannot be 
made multilingual by a single organization be-
cause of the high cost. To solve this problem, it 
is necessary to standardize the protocol needed 
for speech translation systems and to collabo-
rate between various organizations all over the 
world. The details of this standardization and 
collaboration are described in “7-4 International 
Standardization of Network-Based Speech-to-
Speech Transla t ion Technologies  and 
Expansion of the Standardization Technologies 
by the International Research Collaborations”.

5 Commercialization

NICT and the Narita International Airport 
Corporation (NAA) conducted field experi-
ments toward the commercialization of the 
speech translation system in the period from 
October 4, 2010 to February 25, 2011. 1,600 
proper nouns related to the airport (including 
airline names, tourist spot names, station 
names, and product names) were added to a 
glossary. This achieved correct speech recog-
nition and translation. For example, incorrectly 
recognized results due to insufficient glossary, 
“ana no kaunta ha doko desuka (Where is the 
hole’s counter?),” is now recognized correctly 
as “ANA no kaunta wa doko desuka (Where is 
the ANA counter?).” NAA decided to use the 
network-based speech translation technology 
as a solution for foreigners to overcome lan-
guage barriers. At the end of December 2011, 
NAA started a speech translation service, with 
which travelers can download an application 
(called NariTra; Fig. 5) to their smart phones.

So far there are five transfers of VoiceTra 
technology, including this case.

NICT conducted a five-year project, 
“Realization of Speech Communication 
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Technology to Overcome Language Barriers,” 
wh ich  i s  one  o f  t he  P ro jec t s  fo r  t he 
Acceleration of Contributions to Society. The 
project was supposed to finish at the end of 
fiscal 2012. However since NICT could obtain 
significant achievements, more than expected 
in project planning, the project finished suc-
cessfully at the end of fiscal 2011, a year earli-
er than planned. Only this project, out of six 
Projects for the Acceleration of Contributions 
to Society, had such success, and it was 
viewed very positively. The following is a 
quotation from Section 3.3 “Future plan” in 
the conference materials from the meeting of 
ministers and intellectuals at the Council for 
Science and Technology Policy of the Cabinet 
Office. “Considered in a comprehensive man-
ner, we determined that the project has 
achieved its final target of accelerating the re-
alization of an environment where ordinary 
travelers can enjoy foreign trips in Japanese, 
English, or Chinese without feeling language 
barriers. We therefore consider it appropriate 
that the project was finished at the end of fiscal 
2011, a year earlier than the planned end of 

the project, i.e. end of fiscal 2012.”

6  Future of speech translation 
research

Basic research into speech translation tech-
nology was started in 1986, and VoiceTra is a 
milestone indicating that the technology has 
finally been commercialized.

Current speech translation technology still 
has some problems. For example it cannot 
handle long sentences, and it cannot under-
stand the context of text. NICT is now work-
ing on these difficult research targets and aims 
to realize its next big dream, i.e. simultaneous 
interpretation of news programs and meetings.
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