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Abstract 

Initiated mainly from speech community, researches in speech 
to speech (S2S) translation have made steady progress in the 
past decade. Many approaches to S2S translation have been 
proposed continually. Among of them, corpus-dependent 
statistical strategies have been widely studied during recent 
years. In corpus-based translation methodology, rather than 
taking the corpus just as reference templates, more detailed or 
structural information should be exploited and integrated in 
statistical modeling. Under the statistical translation framework 
that provides very flexible way of integrating different prior or 
structural knowledge, we have conducted a series of R&D 
activities on S2S translation. In the most recent version, we 
have independently developed a prototype Chinese-English 
bi-directional S2S translation system with the supports of 
multilingual speech recognition and bilingual-Chunk based 
statistical translation techniques to meet the demand of Manos 
– a multilingual information service project for 2008 Beijing 
Olympic Games. This paper introduces our works in the 
research of multilingual S2S translation.   

1.  Introduction 

Over the past decade, many approaches for speech-to-speech 
translation (S2S), such as earlier analysis-based rule inference, 
simple example/template-based mapping, and statistical 
strategies, have been proposed continually. Unfortunately, the 
S2S systems still suffers from the main problem, that is, the 
poor performance, even though the application domains are 
restricted.  

It is well known that S2S faces many phenomena which do not 
appear in the pure text translation. In spoken language, the 
sentence seldom accords with the grammar. There are full of 
repetitions, omitting, reversal, etc. Therefore, many errors will 
occur in the automatic speech recognition (ASR) phase and 
perhaps cause more obstacles in the machine translation 
module.  

Compared with text translation, S2ST has several different 
characteristics as follows. 

♦ More irregular spoken sentences. There are much more 
pauses, repetitions, omitting etc. in spoken language.  

♦ More flexible speech styles, e.g., slow or rapid speeches 
with different stresses, accent, appears.  

♦ No punctuation to segment the sentences. 
Confronted with those questions, more robust technologies 
need to be developed to overcome these barriers and to achieve 
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eptable performance in the S2S system. 

h met with so many obstacles, S2S technology is still 
ing more and more attentions from governments, 
ies and academies due to its emergent wide applications 

eat scientific challenges.  

the middle of 1990s, speech group at National 
tory of Pattern Recognition (NLPR) has devoted to the 
f S2S methodologies based the rich accumulation in the 
f speech and language processing. In 2000, cooperated 
Matsushita Co. Ltd, we released a pocket 

e-Japanese bi-directional S2S system in which a simple 
-act interpreting mechanism was employed for specific 
sion mapping instead of deep parsing [1]. The 
lary size of this system is around 2000 words for both 
ges. It was robust for spontaneous language phenomena, 
ng the speech recognition errors and different 
sions from various types of speakers. Based on 
R-III protocol, we, jointed with ETRI in Korea, also 
strated a cellular-phone based Chinese-Korean S2S 
tion experiment during C-STARIII 2000 workshop in 
. The main translation techniques is based on 
ange-Format(IF) [2] oriented spoken language parsing 
, which is suggested by C-STAR consortium. At that 
ocabulary size of Chinese increased to most frequently 

000 words.  

ing with Beijing's success in 2008 Olympic bid, Chinese 
ment issued a series of “Digital Olympiad” projects to 
 the promise of "best Olympiad featuring the latest 
logies''. As one of the key projects in “Digital Olympiad”, 
ngual Intelligent Information Service Network System - 
, is to realize convenient information service related to 
ympics at any time, in any place and with facilities of 
s kinds. In this project, NLPR is one of the major 
rs of multilingual speech interactive technologies. 
 at the realization of applicable multilingual speech 
tive in Olympics-oriented information service system, 
re making the independent efforts towards the 
pment of multilingual speech-to-speech translation 
, mainly focused on Chinese, English, and Japanese in 
rst phase. In the most recent version, we have 
ndently developed a prototype Chinese-English 
ctional S2S translation system with the supports of 
ngual speech recognition and bilingual-Chunk based 
cal translation techniques. 

nder of this paper is organized as follows. Section 2 
es multilingual speech recognition technologies at 

 firstly. Section 3 presents our new progress of 



bilingual-chunk parsing technique in statistical framework. In 
section 4 experimental results are listed and analyzed. Some 
concluding remarks will be given in section 5. 

2.  Multilingual Speech Recognition at NLPR 

2.1  Porting Chinese Speech Recognizer to Target 
Languages 

Multilingual speech recognition is an important part in S2S 
system. With the robust monolingual speech recognition 
technologies progressed, a simple and effective solution for 
building large vocabulary multilingual continuous speech 
recognition is to combine N monolingual recognizers in 
parallel. The advantage of this solution is its high recognition 
accuracy.  In our latest version of S2S translation system, we 
have successfully ported an existing Chinese continuous speech 
recognizer to English language with minor modification. The 
experiments showed that the performance of new English 
recognizer is comparable to that of some famous systems 
reported in DARPA WSJ benchmark testing.    

2.2  Robust Acoustic Model Training and Adaptation 
Techniques 

As for acoustic modeling (AM), a decision tree based 
class-triphone acoustic modeling [3] technique was first 
proposed and successfully applied in Chinese speech 
recognition system by our group in 1998. This technique has 
further been employed for English acoustic modeling, and 
achieved a high performance as such.  

We also proposed a two-stage covariance modeling procedure 
to compensate the weak spatial correlation modeling in the 
standard diagonal covariance matrix HMM. In the first stage, 
state-specified rotation (SSR) transform is used to rotate the 
feature space to remove all intra-frame correlations. To reduce 
computation load incurred by SSR, in the second stage, a tying 
method inspired by semi-tied covariance transform (STC) in 
the model space is applied. The proposed scheme can 
significantly reduce the error by nearly 20% relative without 
incurring much computation overhead[5]. 

Moreover, a novel target-driven MLLR adaptation algorithm 
with an improved multi-layer regression class trees generation 
strategy is also proposed in 2001 [4]. Because of the finely 
tuned structure, computation load in performing transformation 
is much reduced. In comparison with the conventional MLLR 
using the generation of regression class trees, the new 
algorithm give a further error reduction 10% and has only half 
computation time consuming. 

Much efforts, not just illustrated above, have made word error 
rates (WER) reduction of around 10% for both Chinese and 
English speech recognizers. 

2.3  Towards Language Independent Speech Recognition 

Although with the high accuracy, the combination with a 
number of language independent monolingual recognizers is 
possible to cause a heavy system load, and the development of 
each recognizer requires large amounts of annotated 
language-specific corpus for training acoustic and language 
models.  
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red to above solution, an extensive solution towards 
anguage and language-independent speech recognition is 
ge the different languages in a multilingual vocabulary 
 multilingual language model, and a common set of 
ic models using a unified ASR decoder as shown in 
1.  

on our robust monolingual systems of Chinese and 
h. A preliminary prototype of Chinese-English bilingual 
 recognition system has been built and has got promising 
ance compared with both monolingual speech 

izers.  

bilingual system, the acoustic parameters in the models 
nsidered as relatively language-independent. A global 
e acoustic phone set is used to train a collection of 

ely language-independent acoustic phone models 
g all possible spoken sounds across the vocabularies of 

anguages. The Multilingual acoustic models can also 
ssively be adapted to a new target language by the 
ination combination with language-specific acoustic 

 [6]. Based on this work, we are doing efforts towards 
ge independent acoustic modeling for unified multiple 
 recognition. 

Figure 1  Language-independent ASR system 
 

Bilingual-Chunking in Statistical Machine 
Translation Framework 

cal machine translation (SMT) has been studied for 
years. However, its performance is still not very 

ctory. Chunking is the basic step of the chunk-based 
ramework. There are many researches deal with chunk 
 for single language. However, in machine translation, 
d bilingual chunking. NLPR is focusing on the research 

nese-English bilingual chunking oriented for S2S. 

efinition of Bilingual-Chunk 

gle language, a chunk is usually defined as a syntactic 
re which can be described as a connected subgraph of 
ntence’s parse-tree. We define bilingual-chunk as a 
tic structure that has the following characteristics. 

Structure: A bilingual chunk is composed of a source 
k and a target chunk.  
Syntax: None of the chunks in a sentence overlaps each 

r. The parsing tree of a chunk is a connected sub-graph. 
ese chunks can be categorized into 8 types as noun 
k, verb chunk, interrogative chunk, adjective chunk, 
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preposition chunk, adverb chunk, modal/punctuation chunk 
and idiom chunk, respectively. In English, a SBAR chunk is 
added and modal/punctuation chunk is renamed as 
interjection chunk. 
3. Meaning: The meaning of the target chunk is the same 
as that of the corresponding source chunk, except that a 
source chunk is corresponding to a null target chunk, and 
vice versa.   

A bilingual-chunk can be described by the following formula 
(1). 
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Where BC denotes a set of bilingual-chunks. Bs is the source 
chunk, wsi is a word in a source chunk, l is the length of a 
source chunk; Bt is the target chunk, wti is a word in a target 
chunk, m is the length of a target chunk; NS is the number of 
source chunks in a source sentence, NT is the number of target 
chunks in a target sentence. 

An example of Chinese-English bilingual- chunk is given in 
figure 2. 

两 人 || 住 || 这 房间 || 可 || 是 || 小 了 点儿 || 。

I am afraid || this room || is || too small || for two || .

NP VP NP ADVP VP ADJP

NP VP ADJP PP

PUN

PUNID

Figure 2  An example of Chinese-English bilingual-chunk 

3.2  Principle of Bilingual-Chunk Segment 

The principles that we follow in bilingual chunking are as 
follows. 

1) One-to-more, more-to-one and more-to-more should be 
avoided in bilingual chunking if possible; 

2) We will merge them together if several chunks can be 
merged;  

3) The syntactic structure of the source chunk should be 
guaranteed as possible as we can in bilingual chunking. 

3.3  The Method of automatic Bilingual-chunking 

Figure 3 describes the process of bilingual chunking. It 

includes three parts: 1) source chunking, 2) searching the target 

chunks according to the source chunks, 3) proofchecking.  

3.3.1  Search algorithm 

Finite state machine (FSM) is employed step (1) and step (3). 

Dynamic programming together with heuristic function is used 

in step (2). The search algorithm is as follows. 
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Initialization. OPEN := (s), g(s) := 0; 
Loop: IF OPEN = () THEN EXIT (FAIL); 
n := FIRST(OPEN); 
IF END OF SENTENCE THEN EXIT (SUCCESS); 
REOMOVE (n, OPEN), ADD(n, CLOSED); 
EXPAND(n)--->{ml}. 

)(),(), mmm lll hng += ; 
IF CHUNK(ml) follows syntactic rules, ADD(ml, 
N), TAG POINTER(ml, n); ELSE DO nothing; 
SAVE min f(PATHi), SORT(NODEj);  
GOTO step 2. 
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occurance probability of source chunk on condition that 
chunk occurs. )|( wtws ijp can be estimated from EM 
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4.  Experimental Results  

ve conducted a series of experiments on multilingual 
 recognition and bilingual chunking.  The result of 



Porting Chinese recognizer into English is listed in Table 1.  
The models were trained based DRAPA WSJ0 corpus and 
Hotel Reservation Dialogues of Chinese speakers which be 
collected by ourselves.  It showed that by simple porting 
Chinese recognition techniques into English, a significant 
recognition performance of target language can be achieved.  

Table 1.  Results of English Recognition 

 Sub. 
(%) 

Del. 
(%) 

Ins. 
(%) 

WER. 
(%) 

WSJ0(5000 
words) 9.3 1.1 2.4 12.8 

English Hotel 
Reservation 

(2000 words) 
2.5 2.5 0.8 5.8 

 
The experimental results of Bilingual chunk based translation 
are given in Table 2, where Exp-1 is for close test and Exp-2 is 
for open test.  
 

Table 2  Experimental Results on bilingual chunking 

Test  Set  Exp-1 Exp-2 

N-Best Top-1 Top-10 Top-1 Top-10

Precision(%) 83.86 84.92 81.15 81.29 

Recall (%) 84.45 84.57 79.51 80.98 

Time (s/pair) 0.61 0.65 0.58 0.56 
 

Table 3  Translation Examples 
Examples analysis 

麻烦  您  (4)|| 把  预约  (3)|| 推迟  (2)|| 到 
三 天 后 (1)|| 。  
please (4)|| postpone (2)|| my reservation (3)|| 
for three days (1)|| .  

All Correct 
Mapping 

预定  (10)|| 是  (9)|| 住  (8)|| 两  个  晚上 
(7)|| ， (6)|| 但 (5)|| 想 (4)|| 改为 (3)|| 住 
(2)|| 三 个 晚上 (1)|| 。  
I (4)|| had (8)|| a reservation (10)|| for (2)|| two 
nights (7)|| , (6)|| but (5)|| please (-1)|| change 
(3)|| it (9)|| to three nights (1)|| .  

Mis-Mappi
ng of 

Bilingual-c
hunks 

我  (7)|| 今天  (6)|| 订  了  房间  (5)|| 但是 
(4)|| 突然 (3)|| 有 了 (2)|| 急事 (1)|| 。  
I (7)|| have a reservation (5)|| for tonight (6)|| 
but (4)|| due to (2)|| urgent business (1)|| I am 
unable (3)|| to make it (-1)|| .  

Mis-Mappi
ng of 

Bilingual-c
hunks 

 
It showed that the bilingual-chunk analysis method can deal 
with bilingual corpus effectively and the performance is very 
promising. Precision rate and callback rate reached around 
84.5% simultaneously for close test. In the open test its 
performance degrades to about 80% which is still attractive for 
machine translation. After analysis we realized that most of 
errors occurred with the mapping errors between Chinese and 
English sub-chunks. Another source of errors would be due to 
the probability parameters which be estimated from the sparse 
training data we used. Such error rate could be alleviated if 
more training data are employed. Three examples of 
bilingual-chunk translation in the experiment are illustrated in 
Table 3. 
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5.  Concluding Remarks 

 paper, we introduced some studies on multilingual 
 recognition and bilingual chunk parsing for S2S 
tion. Aimed at the realization of S2S translation, the 
of multilingual speech translation is towards language 
ndent recognition. Actually, today’s ASR systems are 
ally multilingual, as the main infrastructures and 
hms for developing recognizers in a large variety of 
ges are in the same family. What we need to further 
for multilingual speech is to recombine the universal 
ic phone set and models, and to improve its portability 
a unified ASR architecture. Similarly, the breakthrough 
achine translation strategies is also necessary. 
al-chunk based parsing could be a promising way in 
sense. Our experimental has partially certified this 

ent.  
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