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Abstract
Speaker independent name speech recognition has 
become hot application in handheld devices such as 
mobile phones and personal digit assistants (PDAs). 
This paper presents a new mixed-lingual ASR system 
that will enable Chinese mobile phone users to conduct 
Mandarin and English name speech recognition 
simultaneously without switching language modes. We 
created an elaborately designed mixed acoustic model 
set which consists of two monolingual acoustic model 
sets, i.e. context-dependent Mandarin models and 
context-independent English models. Design of such 
mixed acoustic models for mobile phones is to balance 
the complexity and performance of the ASR system. We 
also described Mandarin and English mixed-lingual 
letter-to-sound converter in this paper. We demonstrated 
the effectiveness of the mixed-lingual name speech 
recognition system through off-line ASR experiments. 
Furthermore, the mixed-lingual name ASR system has 
also been integrated in Motorola new PDA phones and 
showed good performance in real world application.

1. Introduction 

Currently, speaker independent name speech 
recognition has become mainstream ASR application in 
handheld devices such as mobile phones and PDAs [1-
3]. There has emerged speaker independent Mandarin 
and English name dialing enabled mobile phones in 
Chinese market. However, these ASR systems usually 
work in a single language mode, i.e. either Mandarin or 
English. When phone users set the language as 
Mandarin, the speech recognizer can only take the 
recognition task for the names in Chinese while the 
English names in the address book would be ignored. It 
has been observed that many phone users in China have 
their address book containing both Chinese and English 
names, especially the young and educated users. It is 
very common that young folks have English first name 
and a Chinese surname. That is to say when Chinese 
users want to dial an English name by voice they have 
to switch ASR mode to English from Chinese mode. 
This will bring inconvenience that phone users need to 
switch the language mode frequently to perform name 

speech recognition when his/her address book contains 
both Mandarin and English names. In this paper, to 
solve this problem we present a new and compact 
method that will enable users to conduct mixed-lingual 
address book name recognition in mobile phone without 
switching the language mode of the phone from one to 
another. 
        Paper [4] gave two methods of constructing 
Chinese-English bilingual phoneme inventory. It 
described a Chinese-English bilingual speech recognizer 
which can perform recognition for either Chinese or 
English for large vocabulary continuous speech 
recognition (LVCSR) applications. It shared the same 
acoustic model set but only conducted speech 
recognition for one language at a time. However, our 
paper presents a new mixed-lingual ASR system that 
will enable Chinese mobile phone users to conduct 
Mandarin and English name speech recognition 
simultaneously without switching language modes. 
        The remainder of this paper is organized as 
follows. In Section 2, the overall mixed-lingual name 
ASR system is described. Section 3 presents an acoustic 
modeling method. In Section 4, a mixed-lingual letter-
to-sound module is described. In Section 5, speech 
recognition experiments are executed and Section 6 
gives conclusions. 

2. Overall system description 

When speaker independent name speech recognition is 
applied in mobile phone, it is necessary that users are 
allowed to edit the name list in the system, i.e. 
arbitrarily delete and add any name they like. This 
function demands that the speech recognizer must work 
in open-vocabulary mode. Unlike fixed vocabulary in 
conventional speaker-independent speech recognition 
systems, open-vocabulary scheme means that the model 
set of the system must have full acoustic coverage of a 
language, and a letter to sound converter must be 
employed instead of a dictionary in fixed vocabulary 
systems.
        Figure 1 shows a block diagram describing the 
mixed-lingual name speech recognition system. Mobile 
phone users could edit their own address book by 
adding or deleting any Chinese, English or Chinese 
English mixed name. Then a Mandarin and English 

10
.2

14
37

/I
nt

er
sp

ee
ch

.2
00

5-
86

6



mixed-lingual letter-to-sound converter is employed to
transfer a name to its pronunciation, which is usually
represented by a set of acoustic model units. For
example, a user adds a person’s name “John Stone” to
the vocabulary in the system. The letter-to-sound
module converts it into pronunciation as “/jh/ /aa/ /n/ /s/
/t/ /ow/ /n/”. Correspondingly, the vocabulary dictionary 
and grammar network will be dynamically generated
according to the converted pronunciation of name list. 
Please note, using dynamic grammar network may
reduce ASR engine searching complexity. It also brings
some other benefits such as low memory usage, fast
search processing and high recognition accuracy. 
During decoding, the Gaussian mixtures parameters of 
each state of the acoustic models together with grammar
network and feature vectors are fed to one-pass decoder.
The Beam search algorithm was adopted to speed up the
dynamic pseudo-network based Viterbi search process.
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Figure 1: A block diagram of mixed-lingual speech 
recognition system

3. Acoustic modeling

Compared with normal PC environment, the
implementation resources in handheld devices such as
mobile phones are sparse in terms of computation
power and storage size. So, design of acoustic model set
for handheld devices must take these limitations under
consideration to balance complexity and performance of 
the models. For this purpose, in this paper, we create an
elaborately designed mixed acoustic model set to
replace the pure Mandarin acoustic model used in 
mobile phone VR system running in Chinese mode.
This mixed model set combines two monolingual
acoustic models, i.e. context-dependent Mandarin
models and context-independent English models. Using
the former is to guarantee good performance of Chinese
name recognition in practical application since
Mandarin is the most frequently used language in
China. We used context-independent English acoustic

models to reduce the complexity of the model size and
computation of the whole system. If a speech
recognition system has English model set already, we 
may reuse the model set or part of the model set to
reduce the system memory usage. 
        The characteristics of Chinese differing from
western languages are that Chinese characters are all
single syllables with Consonant/Vowel (C/V) structure
plus tone [5-6], so syllable recognition is the
cornerstone of Chinese speech recognition system.
There are totally 1254 syllables (408 none tonal
syllables) in Chinese, which come from combinations of
22 initials and 38 finals [5]. Among 22 initials, there are
21 true initials and a so-called zero initial (denoted by
“zero” in this paper), which is treated as true initial in
our work. Considering the condition of limited training
data, a general observation on Chinese speech is that the
co-articulation effects within a syllable are much more
significant than those across syllables due to the mono-
syllabic structure. Also, within a syllable the acoustic
characteristics of initials are highly dependent on finals,
but those of finals are much less dependent on initials.
For example, the initial “t” in the syllable “ta” is far 
different from the same initial in another syllable “tu”,
but the final “a” in the syllable “ta” is almost the same
as “a” in “cha”. Therefore, a good approach is to 
assume that both the co-articulation effects across
syllables and the dependency of a final on the preceding 
initial within a syllable are negligible. Therefore we 
choose right context dependent (RCD) initial and 
context independent final as the basic acoustic modeling
unit.

Syllable RCD Initials Finals
nei n_e ei
tuo t_u uo
fa f_a a
ya zero_i ia

Table 1: Syllable decomposition examples 

        After carefully studies, we trained 157 sub-syllable
models including 119 RCD initials and 38 finals in our
system. Each syllable is decomposed into a pair of sub-
syllables. Some examples are shown in Table 1. A two-
state HMM is used to model each RCD initial while the
final are modeled by four-state HMM. For non-speech
activities, a three-state HMM and an one-state HMM
are trained for silence and short pause respectively.
        To have a reasonable size of English acoustic
models, monophone is selected to be the basic modeling
unit. In this paper, we used 39 monophones based on 
the definition of CMU. A three-state HMM is used to 
model each monophone. So combining Mandarin sub-
syllable models with English monophone models, we



totally built 196 units for mixed Mandarin and English
HMM set. 

Figure 2: A block diagram of the mixed-lingual letter-to-
sound converter

4. Mixed-lingual letter-to-sound 

As shown in Figure 2, the Mandarin and English mixed-
lingual letter-to-sound converter contains three main
components, a language identifier (denoted by dashed
box), a Mandarin letter-to-sound converter, and an
English letter-to-sound converter. When a user adds
names to his/her address book, he/she may input
Chinese characters, alphabet letter strings, or mixture of
Chinese character and English letter string. These three
cases are described in the following. 
        Case 1: when user inputs Chinese character to the
address book, the language identifier will regard it as 
Mandarin and then the Mandarin letter-to-sound
converter is employed to transfer character to its
Mandarin pronunciation.

Case 2: when user inputs alphabet letter string to
the address book, there may be Chinese pinyin and
English word of name. Letter strings “Zhang” and
“Qian” are the typical examples of Chinese surname.
Firstly, the text classifier will search the letter string in
all Chinese base syllables. If matches, the letter string is 
regarded as Chinese and the Mandarin letter-to-sound
module will be used to convert it to Mandarin 
pronunciation. Otherwise, the letter string is regarded as 

an English word, and the English letter-to-sound
module will be employed to convert it to English
pronunciation. For instance, the names may include a 
letter strings “John” or “Eric”.

Case 3: when user inputs a mixed name with
Chinese character and English letter string, say, Eric 
(an English first name plus a Chinese surname), the
pronunciation of English letter string “Eric” will be 
explained by English letter-to-sound while the Chinese
character “ ” will be explained by Mandarin letter-to-
sound converter.Chinese
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For example, a user adds person’s names “ ”,
“John Stone”, “Jacky ”, “John Chen” and “Yang Li
Wei” to the address book. The mixed-lingual letter-to-
sound converter converts them into pronunciations
shown in Table 2. 

Name Pronunciation
/zero_i/ /iang/ /l_i/  /i1/ /zero_u/ /ui/

John Stone /jh/ /aa/ /n/ /s/ /t/ /ow/ /n/ 
Jacky /jh/ /ae/ /k/ /iy/ /zh_a/ /ang/
John Chen /jh/ /aa/ /n/ /ch_e/ /en/
Yang Li Wei /zero_i/ /iang/ /l_i/  /i1/ /zero_u/ /ui/

Pronunciation

Table 2: Examples of pronunciation analysis

        In an address book of Chinese mobile phone,
names may be recorded in five possible forms, Chinese
character name, Chinese pinyin name, pure English 
name, English first name plus Chinese character last 
name, and English first name plus Chinese pinyin last
name. In the examples of Table 2, the first name is a
pure Chinese name. The second is an English name. The 
third and forth are both mixed names with English first
name and Chinese family name, but the Chinese last 
name is in character and pinyin form respectively. The 
last name is a pure Chinese name in pinyin form.

5. Evaluation experiments

We conducted a benchmark evaluation for our
Mandarin/English mixed-lingual ASR system. The
testing speech data was collected in noisy indoor 
environment via microphone, at sampling rate of 8 kHz
and 16-bit precision. The speech we used for testing
was from 25 native Chinese speakers (13 female and 12 
male). Each speaker says 100 pure Chinese names, 31
English/Chinese mixed names and 30 pure English
names. In order to duplicate the real application case in 
our mobile phone product, we added extension to each 
name. There are three extensions, i.e. mobile, office,
and home. This makes total 483 speech utterances for
each speaker and 12075 utterances for whole testing
data set. The English/Chinese mixed names may consist



of either a Chinese surname followed by an English first
name or an English first name followed by a Chinese
surname. Feature extraction was performed using FFT 
derived MFCCs. After feature selection, 26 dimensional
feature vectors were used in our ASR experiments. The 
recognition grammar consisted of names plus
extensions.

Table 3:  Experimental results for mixed-lingual ASR system

Accuracy
word/string

English Mandarin Average

Mono
lingual 95.24/90.61 98.98/97.98 98.13/96.29

Mixed
lingual 93.48/87.14 97.59/95.21 96.65/93.36

Accuracy
degradation 1.76/3.47 1.39/2.77 1.48/2.93

Table 4: Performance comparison between monolingual 
system and mixed-lingual system

        Table 3 lists evaluation results of the mixed-lingual
recognition system, where the column of “Mixed” 
shows results of English/Chinese mixed name
recognition. From the table, we can see that English 
name accuracy is far below that of Mandarin. The word
accuracy is 93.48% Vs 97.59%, and the string accuracy 
is 87.14% Vs 95.21%. The big difference comes from
two factors, the Chinese accent of English and the 
imprecise English monophone model set. However, the
accuracy of mixed-lingual recognition has met product 
requirement (>97% of word and 95% of string for
Mandarin).
        The results of performance comparison between
monolingual ASR and mixed-lingual ASR are shown in
Table 4. There is certainly degradation when applying
mixed-lingual HMMs and grammar network in one
recognition loop. The difference is about 1.39% of word 
accuracy and 2.77% of string accuracy for Mandarin 
and 1.76% of word accuracy and 3.47% of string 
accuracy for English. Combined with Mandarin and 
English, the average difference is 1.48% of word
accuracy and 2.93% of string accuracy.
        From monolingual to mixed-lingual, the error rate
increases are scaring, (from 36.95% to 137.1%). The
big error rate increase gives us an indication how many
new errors are made comparing with the baseline
performance. However, these numbers do not reflect the

real usefulness of the new solution. For example, If
98% is the baseline accuracy and 96% is the new
accuracy, the error rate increase is 100%. However, 
96% of accuracy is still acceptable to the productization.
So the most important thing is how to keep the
Mandarin accuracy of mixed-lingual ASR to an 
acceptable level, say>97% of word and 95% of string 
accuracy as we indicated above. 

Accuracy English Mixed Mandarin Total

Word 93.48 90.95 97.59 95.59
String 87.14 82.0 95.21 91.24

6. Conclusions 

In this paper, we proposed a new mixed-lingual ASR
system that will enable Chinese mobile phone users to 
conduct Mandarin and English name speech recognition 
simultaneously without switching language modes. The 
mixed lingual acoustic model set, including context-
dependent Mandarin models and context-independent
English models, has been employed in the mixed-
lingual ASR system. An important focus for designing
the mixed-lingual acoustic models is to seek 
compromise between the complexity and the
performance of ASR system under the condition of 
resource constraint in embedded devices. We also
described Mandarin and English mixed-lingual letter-to-
sound converter in this paper.  Experiments were 
conducted with a Mandarin/English mixed name speech 
database. The satisfied recognition accuracies and the 
successful implementation of the mixed lingual ASR
system to a Motorola PDA phone prove the
effectiveness of proposed mixed-lingual speech 
recognition system.
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