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Abstract This paper describes our initial effort in developing a trilingual speech interface for financial
information inquiries. Our foreign exchange inquiry system consists of: (i) monolingual and trilingual
speech recognizers, which receive the user’s spoken inputs in the form of microphone speech; (ii) a
real-time data capture component which continuously updates a relational database from a financial data
satellite feed; and (iii) a trilingual speech generation component, which generates English and Chinese text
based on the raw financial data. The generated text is then transformed into spoken presentations. English
text is processed by the FESTIVAL synthesizer system. Chinese text is sent to our syllable-based
synthesizer, which employs a concatenative resequencing technique to produce spoken presentations in
Putonghua or Cantonese. The speech interface is augmented with a visual display which aims to provide
feedback to the user at all times during an interaction. Within the restricted scope of foreign exchange
(FOREX), our recognition performance accuracies remain above 93%. Confusions across languages
contributed significantly to our recognition errors, but most are confusions between the same
currency/country names spoken in different languages. These errors are not detrimental with respect to data
retrieval. Our concatenative re-sequencing technique reports the date, time and exchange rates of the input

currency pair. A demonstration can be found at http://www.se.cuhk.edu.hk/hccl/demos/.

1. Introduction

This paper describes our initial effort in developing a trilingual speech interface for financial information
inquiries. Our speech interfaces supports the languages of Hong Kong — Cantonese, Putonghua and English.
(The first two are dialects of Chinese). We have selected foreign exchange (FOREX) as our application
domain. Hong Kong has one of the largest foreign exchange trading centers in the world, and many in its
populace are familiar with the globally traded currencies. However, the trilingual populace often refer to some

currencies in English, and others in Cantonese or Putonghua. Intermixing the use of the three languages is



common in the region’s daily speech. We feel that a trilingual recognizer may offer greater flexibility than
three monolingual recognizers, because the former does not restrict the user to a pre-specified language
throughout the interaction. This project is an initial attempt in exploring the use of a trilingual speech interface
for the FOREX domain.

Our foreign exchange inquiry system consists of: (i) monolingual and trilingual speech recognizers, which
receive the user’s spoken input in the form of microphone speech; (ii) a real-time data capture component, which
continuously updates financial data from the Reuters satellite feed and retrieves the relevant data based on the
user’s request; and (iii) a trilingual speech generation component, which generates English and Chinese text based
on the raw financial data. The generated text is then transformed into spoken presentations. English text is
processed by the FESTIVAL synthesizer system. Chinese text is sent to our syllable-based synthesizers. We have
devised a technique of concatenative resequencing to produce natural-sounding spoken presentations in Putonghua
or Cantonese. Figure 1 shows the overall architecture of our system. At the beginning of an interaction session
(which consists of a spoken input and a synthesized output), we provide the user with a selection that includes the
trilingual recognizer and the three monolingual recognizers. If the user selects a monolingual recognizer, the
system expects to receive spoken input which belong to the selected language, and produces synthesized output in
the selected language as well. If the user selects the trilingual recognizer, the system allows the user to intermix
the languages, and synthesizes in one of the input languages. This constitutes our trilingual speech interface
(recognition and generation) for accessing foreign exchange data that is continuously captured from the Reuters
satellite feed.

(Figure 1 here).

Similar (multilingual) speech interfaces have previously been developed at a number of research sites.
Elaborate conversational systems have been demonstrated in several restricted domains that correspond to real
applications. The domains range from air travel (e.g., the Air Travel Information System, ATIS) (Price 1990), train
schedules (e.g. Railway Telephone Information Service, RAILTEL) (Lamel et al., 1998), restaurant guides (e.g.,
The Berkeley Restaurant Project, BeRP) (Jurafsky et al., 1994), ferry timetables (e.g., WAXHOLM) (Blomberg et
al., 1993), weather (Zue et al., 1997) and and electronic automobile classifieds (Meng et al., 1996). The languages
concerned include English and multiple European languages. Similar research was also initiated recently for
Mandarin Chinese in the navigation (Wang et al., 1997) and telephone directory assistance domains (Yang and Lee,
1998).  Our current work is an initial effort to use three languages (English, Putonghua and Cantonese)

simultaneously for the foreign exchange domain.



2. The Visual Interface

Our speech interface is enhanced with a Java applet visual display. Push buttons enable users to make various
kinds of selections. For example, users can select one of three monolingual recognizers (Cantonese, Putonghua or
English), or the trilingual recognizer. Users can also select audio help instructions in any of the three languages.
Another pair of push buttons (labeled ‘First Currency’ and ‘Second Currency’) invokes the recording process for
each of the two currencies for which the user wishes to find the exchange rate. These currency push buttons prompt
the user with an audio signal followed by a tone. Such prompting ease the process of end-point detection during
recording. The layout and flow of the visual interface are depicted in the screen dumps in Figure 2. At every
instant during the interaction, we utilize color highlighting to provide feedback to the user with regard to the
processing status of the system, as well as the outcome of recognition.

(Figure 2 here).

3. Speech Recognition

As mentioned previously, we have developed four speech recognizers. The trilingual recognizer is derived from
consolidating the vocabulary sets of the three monolingual recognizers. We have approximately 270 lexical
entries in all, covering 36 international currencies. The lexical items include names of currencies, countries and
their combinations. We also cover the common (colloquial) variations by which users may refer to the currencies,
e.g., “Deutsche Marks,” “German Marks” and “D-Marks.” The recognizers are HMM-based (HTKBook, 1999),
using word models with single Gaussian probability distributions. The HMMs are configured with 5 states per
syllable for each Cantonese or Putonghua word model, and 8 states per syllable for each English word model.
These state settings were determined by optimization based on training data.  The trilingual recognizer
encompasses all the models from the three languages. An excerpt from our vocabularies is shown in Table 1. Our
experimental corpus consists of gender-balanced, microphone recordings collected from 60 speakers. Hence each
lexical entry has sixty tokens, one from every speaker. Our recognizers are trained on the data from 50 speakers
and tested on the remaining 10 speakers. The experiment is then repeated with another 10 speakers for testing and
the remaining speakers for training. In this way, we can conduct 6 experimental runs. The overall performance
accuracy is obtained from averaging over these 6 runs.

(Table 1 here).



3.1 Recognition Results

Figure 3 shows the performance of our speech recognizers. Results are based on the test sets for each monolingual
recognizer. As we compare the performance between the monolingual and trilingual recognizers for each
language, we observe performance degradation due to a larger number of vocabulary items present in the trilingual
recognizer. Absolute degradation in performance was 1.4% for English, 2.1% for Cantonese and 5.0% for
Putonghua. The degradation for Putonghua is particularly large, possibly because the monolingual recognizer
only has a vocabulary size of 40, compared to the trilingual recognizer, which has 272. The Cantonese vocabulary
size is 128, and the English vocabulary size is 104.

We have also performed another experiment investigating the effect of adding filler words to our system. A
filler word is defined to be the set "um", "ah", "la" etc., which are characteristic of spontaneous speech. Speakers
commonly insert them at the beginning or end of their utterances. Injection of filler words led to further
performance degradations, ranging from 1 to 4% among the recognizers. Confusion between the filler words and

the keyword was the main cause for such degradations.

3.2 Error Analyses

Table 2 shows some examples of recognition errors, organized according to confusions within a language
(intra-language confusions), as well as across languages (cross-language confusions). In the table, we have
included the language labels E*=English, C*=Cantonese, and P*=Putonghua. For Cantonese, we have also
included the phonetic transcription based on the LSHK standard (LSHK, 1997). For example, the first reference
currency is the Cantonese version of the South Korean Won, pronounced as “waan4”, where the number ‘4’
indicates the fourth tone, out of the 9 possible tones in Cantonese. Similarly, for Putonghua, we have included the
phonetic transcription based on Han Yu Pin Yin (Han Yu Pin Yin, 1999), e.g., the fourth reference currency is the
Putonghua version of the US dollar, pronounced as two tonal syllables — “mei3 _chaol”. There are a total of 4

tones (plus a light tone) in Putonghua.

(Table 2 here).

The breakdown of these confusions in the errors of the trilingual recognizer is shown in Table 3.

(Table 3 here).



From the two tables, we observe that the additional vocabulary items in the trilingual recognizer led to

cross-lingual confusions. From Table 3, we see that cross-lingual confusions account for approximately 33% of

the errors in Cantonese recognition, 80% of the errors in Putonghua recognition, and 44% of the errors in English
recognition. Cross-lingual confusions may be classified into two categories:

(I) The currency was correct, but the language was wrong — most of the examples (except for Row 3) in Table 2
belong to this category. Such errors are common, possibly because the pronunciation in one language is often
derived from the pronunciation in another language.

(IT) Both the currency and language were wrong — an example is row 3 in Table 2, where the Thai Baht (in

Cantonese) was mistaken for the British Pound in English. The two pronunciations are similar.

3.3 Remarks on Trilingual Recognition

We feel that the trilingual recognizer offers much flexibility to the user in terms of intermixing languages, despite
the degradation in performance due to the enlarged vocabulary size, when compared to the monolingual
recognizers. Cross-language confusion errors in which the identity of the currency remains the same may be
harmless towards the task of database retrieval for the exchange rates between two currencies. The exchange
rates can then be displayed on screen, and / or presented in spoken form by means of speech synthesis. It should be
noted, however, that the speech recognizers form the front end to receive the user’s input, and when the trilingual
recognizer is used, it also performs the task of implicit language identification. The identified language will be
selected by the speech generation component for synthesis. Hence an error in language identification will affect

the synthesized response as well.

4. Speech Generation

The outputs from speech recognition create a simple currency-pair representation, which consists of a language
identifier, and the recognition outputs for the pair of currencies. The representation invokes the processes of
real-time data retrieval (exchange rates), as well as speech generation. Our speech generation component
performs the tasks of text generation (for both English and Chinese), as well as syllable-based concatenative
resequencing for Putonghua and Cantonese. As for English, we send our generated English text directly to the
FESTIVAL system (Black and Taylor, 1997).

Since we are performing synthesis for a restricted domain, our task complexity is lower when compared to



synthesis for free-form running text. Hence we aim to produce synthesized speech with higher naturalness. The

various processes in our speech generation component are described in the following subsections.

4.1 Text Generation

Our text generation procedure aims to present raw data in the form of a presentable sentence. The information
provided includes the date, time, currencies, bid/ask prices and some system messages. Numerals were handled
with special care for each of the languages. For example, the text for the year ‘1999 was generated with English

groupings as “nineteen ninety nine” and serially in Chinese as “—JLJL/L”. This is different from decimals such as

BV T)

‘3.456°, generated serially for both languages — “three point four five six” in English, and “—%Et0+.75” in
Chinese. This, in turn, is different from a price of ‘123°, generated as “one hundred and twenty three” in English,
and “— 1 .1~ in Chinese. In the last case, words need to be inserted to indicate the order of magnitude of the

number.

4.2 Concatenative Resequencing

As mentioned previously, the generated English text was fed directly to FESTIVAL, and we did not develop

concatenative synthesis for English. However, we did include SABLE markings (Sproat et al., 1998) to provide

better specification of the pronunciation of some vocabulary items in our domain.
Synthesis for Putonghua and Cantonese shared the same Chinese text generation output." Our approach for
concatenative synthesis consisted of the following steps:

(i) Each Chinese character in the text sentence was mapped to its appropriate tonal syllable, according to our
Cantonese and Putonghua lexicons. However, in Putonghua, there are rules for tone change governing the
tone realization in continuous speech. These are known as tone sandhi rules and many are well documented in
(Lee et al., 1989). For example, consider a syllable with the third tone in Putonghua, such as the number nine,
‘J1°, pronounced as “jiu3”. When a pair of tone 3 syllables occur in sequence, e.g., ‘J1.J1’ (nine nine), the first
syllable will be changed from tone 3 to tone 2, i.e., “jiu3 jiu3” becomes “jiu2 jiu3” in continuous speech.

Furthermore, if there are three or more tone 3 syllables occurring sequentially, e.g. ‘— /1.1 /1’ (one nine nine

nine), the situation becomes more complex — instead of “yil jiu3 jiu3 jiu3”, we get “yil jiu3 jiu2 jiu3”.

' We are aware that wordings in Putonghua and Cantonese do differ. However, for the sake of simplicity, and
within the constraints of our domain, we find that using the same Chinese text generation output suffices for both
dialects of Chinese. The generated text verbalizes the information requested by the user, and the text becomes the



Generally tone realization of sequential tone 3 syllables is complex, and may depend on the syntactic
boundaries of a sentence. However, within the scope of the FOREX application, we found that the sandhi
rules mentioned above are sufficient for our purposes.

(ii) For every tonal syllable in the sentence, we selected the “appropriate” syllable wave file from a previously
prepared wave bank. Details of the syllable selection process are provided in the next subsection. The wave

files were then concatenated in order to form the synthesized sentence.

4.2.1 Coarticulation and the Use of Distinctive Features
In designing an algorithm for syllable-based concatenation, special attention should be paid to the effect of
coarticulation in continuous speech. It is widely known that context dependence heavily affects the acoustic

realization of a syllable.  Consider the character += (i.e., the number ‘7°), which is pronounced as ‘catl’ in
Cantonese. In the context of “75-/\” (i.e., the number sequence ‘678, pronounced as “luk6 catl baat3”), the

syllable ‘catl’ has a lefi velar context, and a right labial context. Due to coarticulation, speakers tend to assimilate
the alveolar closure of the syllable ‘cat1’ with the right labial, resulting in the production of ‘cab1’ (e.g., §i§). Hence
if we were to extract the syllable wave file for -5 (*7°) from the spoken phrase “75-£/\” (‘678’), and use it to
synthesize “/\4=75” (‘876°, correct pronunciation being “baat3 catl luk6”), the resulting waveform will sound
like “/J\BE 7S (i.e. “baat3 cabl luk6”, a nonsense syllable sequence), which sounds incorrect when compared to
natural speech.

It is obvious that the contextual characteristics of a syllable are important for concatenation. However, if we
were to consider both the left and the right syllable contexts simultaneously, we may need to store N’ wave files for
every syllable in our “wave bank”, where N is the number of unique syllables in the language.” In order to
minimize the size of our wave bank, we decided to consider only the place of articulation of the (optional) coda of
the left syllable, and the (optional) onset of the right syllable. This facilitates more sharing and hence a smaller size
for our wave bank. The left and right contexts are represented with a two-digit encoding which represents the left
and right distinctive features (Stevens, 1972):

Right Context: LABIAL, ALVEOLAR, VELAR, GLIDE, LATERAL, PALATAL AND NEUTRAL (for the aspirant and
syllables without onsets)

Left Context: ALVEOLAR, VELAR, NEUTRAL (for syllables without codas)

input to the speech generation components for the respective dialects (Cantonese or Putonghua).



We can see that the variation in the left context is much more constrained, which is characteristic of Chinese

syllables.

4.2.2 Wave Bank Preparation and Concatenative Resequencing

Our wave bank stores a large set of syllable wave files which are extracted from continuous speech. We have
designed a series of recording prompts that fully cover the possible context variants of the syllables in our
vocabularies (for Putonghua and Cantonese). We collected the recordings from two female speakers, one for each
language. The recordings were subsequently segmented to yield syllable wave files. Segmentation was achieved
by forced alignment, and postprocessed by hand, with reference to the spectrograms. We have a total of 2400
syllable segments in all.

For a given textual input (with transcribed syllables), our synthesis algorithm concatenates the syllable wave
files sequentially from left to right. The unit selection process ensures that the syllable variant with matching left
and right contexts is chosen. We also inserted short pauses in between phrases, and long pauses in between
sentences. Both the unit selection process and the insertion of pauses were found to be important contributing

factors towards naturalness in the synthesized outputs.

5. End-to-end Interaction

Our speech recognizers form the front end of our foreign exchange inquiry system, to receive the user’s spoken
input. The system subsequently retrieves the relevant data, and responds by speech generation. The system is fully
integrated end-to-end. Should the trilingual recognizer be selected at the beginning of an interaction session, and if
both of the speaker’s utterances (for the two currencies) are in the same language, the speech generation
component will respond in the corresponding language. Alternatively, if the languages of the two utterances differ,

the system simply selects one of the two languages to respond.

6. Summary and Future Work

This paper reports on our initial effort in developing a trilingual interface to support financial information inquiries.
The three languages of interest are those most commonly used in Hong Kong, namely, Cantonese, Putonghua and
English. Based on the foreign exchange domain, we have presented our speech recognition results for three

monolingual speech recognizers, and a trilingual recognizer. Error analyses indicated that cross-language

2 N’ is an approximate upper bound. N is about 1800 for Cantonese, and about 1200 for Putonghua.



confusions generally occur for the same currency name, which is less detrimental from the perspective of task
completion. We have also presented the design of our speech generation component. While English output is
produced by the FESTIVAL system, synthesis of Cantonese and Putonghua are based on syllable concatenation.
We have devised a procedure of syllable concatenative resequencing, which captures the left and right articulatory
contexts using distinctive features to achieve enhanced naturalness in the synthesizer output. At present, we are
continuing this work along the lines of natural language processing and telephone speech recognition. The use of
a markup language, akin to VoiceXML (Voice XML, 1999), should be helpful for such future development. Also,
since Hong Kong has a fully digital telecommunications backbone and a high penetration of fixed-line and mobile
phones (GSM, CDMA, PCS, and TDMA) and we may need to include speech data from the various networks

when developing our speech recognizers.
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Footnotes:

1. We are aware that wordings in Putonghua and Cantonese do differ. However, for the sake of simplicity, and
within the constraints of our domain, we find that using the same Chinese text generation output suffices for
both dialects of Chinese. The generated text verbalizes the information requested by the user, and the text
becomes the input to the speech generation components for the respective dialects (Cantonese or Putonghua).

2. N’ is an approximate upper bound. N is about 1800 for Cantonese, and about 1200 for Putonghua.
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Table 1. An excerpt of our vocabulary showing the names of several countries and currencies, together
with their pronunciations (and alternate pronunciations) across the languages of English, Cantonese and

Putonghua.
Reuters |Country Currency Country and English Cantonese Putonghua
Instrume Currency Pronunciations  |Pronunciations |Pronunciations
nt Code
ATS Austria Schilling Austrian aostryax, ou3 dei6 lei6, |ao4 di4 li4
BRI Lt Schilling shih 1 ix ng, sinl ling, xianl ling4
4 B, |aostryaxnshihl|sil ling,
BMIF]EGy  (Xng ou3 dei6 lei6
sinl lingo6,
ou3 dei6 lei6 sil
ling6
AUD Australia  |Dollar Australian aostreylyax, |ou3 zaul, ao4 zhoul
VBN IT Dollar daaler, ou3 zaul jyun4 [Yuan2
BT, ao s trey |y ax n|ou3 jyund,
BT, d aal axr ou3 bai6,
T ou3 zaul zi2
PEIHAR
BEF Belgium Franc Belgian Franc  |[beh1jh axm, bei2 lei6 si4, bi3 1i4 shi2 fa3
FEFIRE EHB FEAIRRZERR fraengk, faat3 long4, lang2
behljhaxn fraebei2 Iei6 si4
ng k faat3 long4
CAD Canada Dollar Canadian Dollar |k ae n ax d ax, gaal naa4 daai6jjial na2 dad
ey ST IES ST daaler, Jyund, yuan2
HI7T, kaxneydiyaxn gaal jyund,
daaler aal zi2,
I, =
gaal bai6,
T, .
gaal naa4 daai6
JIEYNiS zi2
CHF Switzerland |Franc Swiss Franc s w ih t z ax 1 ax n|seoi6 si6, rui2 shi4 fa3
it R LR d faat3 longd,  |lang2
fraengk, se0i6 si6 faat3
swihsfraengk |long4
CNY China Renminbi Chinese ch ay n ax, zungl gwok3, |ren2 min2 bi4
& NS Renminbi rahmixnbiy, |jan4 man4 bai6,
SaEPNENG chayniy zreh n m|zunglgwok3
ihnbiy jan4 man4 bai6
DEM Germany  |Mark Deutschmark  |jh er m ax n iy, daklgwok3, de2 guo2 ma3
i T D-Mark, diy-maark maa5 hakl, ke4
German Mark |doychmaark lc)ial.d gwok3
1] FE 5, jhermaxnmaar a.16,
o k sail dakl maa5
TR, hak1
PaTEE 5
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Table 2. Intra-language and cross-language confusions based on our recognition results.
(E*=English, C*=Cantonese, P*=Putonghua) The reference currency in Row 1 specifies that in
Cantonese, the South Korean Won is pronounced as the syllable waan with the tone 4. Confusion
percentages are computed based on the recognition of 60 tokens per word.

Rows Reference Intra-language Confusion Cross-language Confusion
Recognizer’s Percentage of Recognizer’s Percentage of
Hypothesis Confusions Hypothesis Confusions
1 waan4, toi4_waanl 3.33% won 15%
(Won, C¥*) (Taiwan, C*) (Won, E¥)
2 singl _gaal bol sanl_gaal bol 1.67% singapore 15%
(Singapore, C*) | (Singapore, C*) (Singapore, E*)
3 patl - --- pound 3.33%
(Baht, C*) (Pound, E*)
4 mei3 chaol - --- mei5 caaul 36.67%
(US dollar, P*) (US Dollar, C*)
5 mei5_caaul bei2 sok3 1.67% mei3_chaol 25%
(US dollar, C*) (Peso, C*) (US dollar, P*)
6 ren2_min2_bi4 - --- renminbi 21.67%
(Renminbi, P*) (Renminbi, E¥*)
7 yingl bang4 --- --- jingl bong6 8.33%
(Pound, P*) (Pound, C*)
8 yuan won 1.67% yuan2 8.33%
(Yuan, E*) (Won, E*) (Yuan, P¥)
9 renminbi germany 1.67% ren2 min2 bi4 11.67%

(Renminbi, E¥*)

(Germany, E*)

(Renminbi, P*)
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Table 3: Distribution of correct and errorful test tokens of the trilingual recognizer.

Percentage of the Test Set (%)

Cantonese Test Set | Putonghua Test Set | English Test Set
Correct Recognition 93.4 94.9 93.2
Intra-language Confusion 4.4 1.1 3.8
Cross-language Confusion 2.2 4.0 3.0
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