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ABSTRACT

This paper describes our recent work on developing a
large vocabulary speech database for Cantonese. As
a major Chinese dialect, Cantonese is spoken by tens
of millions of people in Southern China and Hong
Kong. It is very different from Mandarin or Putonghua
in phonology, phonetics, vocabulary and grammatical
structure. A speech database specially designed for
Cantonese is urgently needed for the design, implemen-
tation and performance evaluation of various speech
recognition systems. The proposed database contains
a large number of speech utterances which include iso-
lated syllables, polysyllabic words and phonetically rich
sentences. It covers most of the intra-syllable and inter-
syllable acoustic variations. We hope that this pioneer
work will be beneficial and useful to facilitate future
research activities in the related areas.

1 INTRODUCTION

Speech technology has acquired significant progress in
real-world applications during the past decade. It aims
at providing a more convenient and efficient way of
human-machine communication. For the design, imple-
mentation and performance evaluation of speech pro-
cessing systems, large amount of acoustic data are in-
dispensable. There have been tremendous efforts on
constructing speech database for English and many
other western languages [1-3]. Similar work has also
been carried out in Japan [4]. However, for Chinese
languages, only a few small scale speech databases
have been developed [5,6]. All of them are built for
Mandarin or Putonghua, which is the “official” Chi-
nese spoken language. However, there exist hundreds
of different Chinese dialects. Amongst them, Can-
tonese is probably the most popular one and is spoken
by tens of millions of people in the rapidly develop-
ing South China economic zone and Hong Kong. It is
also widely used in many overseas Chinese communi-
ties. From both linguistic and acoustic points of view,
Cantonese is significantly different from Mandarin. A
speech database specially designed and collected for
Cantonese is urgently needed to facilitate the fast grow-
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ing research and development activities in multi-lingual
speech communication.

This paper describes a pioneer study on the design
and collection of a large vocabulary speech database
for Cantonese. Basically, this database is intended for
training and performance evaluation of syllable or sub-
syllable based speech recognition system. The speech
corpus contains all existing Cantonese syllables, 3,200
polysyllabic words and 2,400 sentences, This would
cover most of the intra-syllable and inter-syllable acous-
tic variabilities in Cantonese. A large number of differ-
ent speakers are involved to provide the essential data
for speaker-independent applications.

2 CANTONESE PHONOLOGY

Like many other Chinese dialects, Cantonese is mono-
syllabic and tonal. FEach Chinese character is pro-
nounced as a single syllable with a specific lexical
tone. Cantonese syllables have the general structure of
C1V s, where Cy and Cs are optional consonants and
V is either simple vowel or diphthong. The combina-
tions of C1, V and (5 are severely restricted. In fact,
only four basic syllable types exist: V, C1V, CiV s
and V(5. In the latter two cases, V can not be a
diphthong. Furthermore, in the case of 1V, if C; is a
plosive or nasal, V can not be simple vowel /i/, /y/ and
Ju/. Traditional Chinese phonology treats each sylla-
ble as a combination of an Initial (%) and a Final
(#8Rt), which correpond to C; and V3 respectively.
According to such a classification, there are 20 Initials
and 53 Finals in Cantonese (Table 1).

Cantonese is also well known of being rich in tones.
Phonologically there are nine different tones in Can-
tonese while only four or five are defined in Mandarin.
Figure 1 gives a sketch of the nine Cantonese tones and
the syllable /si/ is used as an example to illustrate that
different tones correpond to different Chinese charac-
ters. The tones are labeled from 1 to 9 and divided into
two main categories: entering tones and non-entering
tones. The six non-entering tones (1 — 6) are different
from each other either by their relative pitch levels or
pitch variation patterns. The three entering tones (7 -
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9) occur exclusively together with final consonants /p/,
/t/ and /k/ and therefore are very short in duration.

There are approximately 1,450 tonal syllables be-
ing used in contemporary Cantonese. If tone is not
considered, the number of base syllables (Initial-Final
combinations) is reduced to 580, which is still 40% more
than that in Mandarin (about 400) [7, 8].

Initials (Cy Finals (VC;
Plosive: Simple vowel: | on (on)
b (p) i) |ong (o)
d (t) yu (y) am (em)
Y w o () [a ()
v (k) e (&) |amg (o)
p (ph) oe (ce) aam (am)
t (th) ) (2) aan  (an)
koo () sa  (a) |aang (an)
kw  (kwh)

Diphthong: Vowel-stop:
Approximant: ui (i) ip (ip)
1 1)) ei (ei) it (it)
w (w) eol (2y) ik (1k)
i o (i) |yt (y)
al (i) ut (ut)
Nasal: aai (ai) uk (uvk)
m  (m) iu (iu) ek (ek)
n (n) ou (ou) eot (st)
ng (p) au (eu) oek  (cek)
aau  (au) ot (ot)
Fricative: ok {ok)
s (s/h Vowel-nasal: | ap (ep)
f (f) im (im) at (et)
h (h) n (in) ak (ek)
ing (1) aap  (ap)
Affricate: yun  (yn) aat (at)
dz  (ts/tf) un (un) aak  (ak)
6 (esh/ym) | |ung  (on)
eng (ey) Syllabic nasal:
eon  (gn) m (m)
oeng (ep) |ng  (y)

Table 1: Cantonese phonemes labeled using LSHK-
CUEE system. The corresponding IPA symbols are
also given (in parentheses) for the ease of reference

Throughout this study, a romanization system called
LSHK-CUEE has been adopted to symbolize Can-
tonese phonemes. The LSHK system was originally
proposed by the Linguistic Society of Hong Kong in
1993 [9]. LSHK-CUEE is a modified version of LSHK
which provides a better representation of phonetic sim-
ilarity. Using this system, each Cantonese syllable is
labeled by 2 - 6 English alphabets (a — z) plus a single
digit (1 - 9) signifying the tone. For example, the Chi-
nese characters “&”, “4” and “IF” can be transcribed

Copyright 1997 |IEEE

Non-entering tones  FEAMP Entering tones NBF

i wories R
N |
i | 1 T N

Upper Uppor Upper Lower Lower Lower  Upper Middle Eower
Tevel rising yoing level rising i enteri

Boing
BT KL BRE BT WL W& MA A BA

Bamples: 8 £ K W & %
sil 812 i3 =id 815 sl6 sik7 [ $R-1] =ity
Figure 1: The nine Cantonese tones. The example syl-
lables all have the same Initial /s/ and similar vowel
nucleus /i/, but with different tones

as /dzoeng6/, which is formed by the Initial /dz/ and
the Final /oeng/ with tone 6 (lower going).

3 CORPUS DESIGN

Corpus design 1s the first and the most important step
to build a large vocabulary speech database. It in-
volves the selection of appropriate text materials to be
recorded. Conventionally, an efficient way of obtaining
these materials is to extract them directly from gener-
ally accessible text databases like newspapers, books,
etc. It is assumed that the extracted words or sen-
tences are orally readable for ordinary speakers. How-
ever, this is not the case for Cantonese. As a regional
dialect, spoken Cantonese is noticeably different from
formal written Chinese although most Cantonese syl-
lables have corresponding Chinese characters and vice
versa. In many situations, it is difficult to recite writ-
ten Chinese in fluent Cantonese speech [10]. On the
other hand, a number of Cantonese words are really
colloquial and can hardly be expressed in formal writ-
ten Chinese. A typical example is shown below:

Spok keoy5 dzou6 dzoeng2 soeng6 ngaat8  go2 dzan6sid4  dzing2 tsanl dzek8 sau2
en
enionese B & £ EkERy BEHET

Written tal  zuod4 ful wod chengl de shi2 houd  dzing2 tsanl dzek$ sau2

Chinese ‘ﬂg fﬁfwﬁ‘ﬁkiﬁ E@%ﬁ E‘?‘#%T
English He do press-up exercise moment  hurt his arm
Translation

( He hurt his arm when doing press-up exercise. )

It can be seen that spoken Cantonese and written Chi-
nese use very different words to express the same mean-
ing, e.g. both “## M and “#{HEA#” mean “doing
press-up exercise”. Moreover, the word order is re-
versed in the last phrase “hurt his arm”.

Therefore we have to be extremely careful in choos-
ing text databases to avoide the inclusion of non-
conventional or the exclusion of commonly used Can-
tonese speech. In the present study, we have identified
the following useful resources:
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(1) Recently published guide books for learning Can-
tonese;

(2) Chinese dictionaries edited specifically for Can-
tonese speakers;

(3) Part of two major newspapers in Hong Kong (in-
cluding the pages of local and regional news, fi-
nance and economics, sports, information technol-

ogy).

(1) & (2) are utilized to provide syllable or word
level text data while running sentences are obtained
mainly from newspaper articles. All selected materials
are screened by a linguist expert as well as an ordi-
nary Cantonese speaker to ensure that they are really
contemporary spoken Cantonese.

The resultant corpus can be divided into three parts
which are targeted for different applications.

Corpus I: Isolated Syllables

I-1 234 tone balanced syllables
Tone is carried by the Final of a syllable. The
234 syllables cover all existing combinations of
the 53 Cantonese Finals and the 9 tones while
the selection of Initials is arbitrary. This part of
speech data can be utilized to develop and eval-
uate various tone recognition algorithms for Can-
tonese [11].
I-2 200 commonly used monosyllabes

The 200 syllables are selected based on two crite-
ria: 1) they have high frequency of occurrences;
2) they can be used in isolation as meaningful
monosyllabic words. The selected syllables in-
clude those describing number, time, actions, col-
ors, directions, people, etc. The corresponding
Chinese characters occupy about 40% of newspa-
per text. This part of speech data have been used
to implement a small vocabulary recognition sys-
tem of isolated syllables {12] or command dicta-
tion system.

Corpus II: Full Cantonese Syllabary

This speech corpus is designed to cover the entire syl-
labary of Cantonese which contains 1,450 monosylla-
bles. Since a large number of these syllables would
never be uttered in isolation, they are put into certain
word context to make the recording process more real-
istic and efficient. For each Cantonese syllable, three
different carrier words are designed, in which the tar-
get syllable occurs at the beginning, the end and the
middle positions respectively. As a result, a total of
4,055 words (2 — 7 syllables) are being included in the
corpus. Several examples are shown in Table 2.
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Target Carrier words ]
syllable Begin End 1 Middle ]
saal saaltind tsoeng4 saal hak7 saal waanl
BH
fukl fukl dzaap9 tsung4 fukl pinl fukl haap9
(]
m5 mb5 jyut9 faal Tok9 m5 haa6 m5 tsaad
HATE ¥Ah Tk
dzaau2 | dzaau2 tsam4 | fung6 dzaau2 [ baat8 dzaau2 jyud
ne T JUIR
lung4 lung4 dzaul haud lung4 s1u2 lung4 baaul
i Ciis 15 MRE

Table 2: A partial list of corpus II

Since Cantonese is a monosyllabic language, acoustic
modeling at syllable or sub-syllable level is especially
important for developing a large vocabulary speech
recognition system. This full syllabary speech database
provides multiple utterances for each Cantonese sylla-
ble to facilitate the training of HMM or NN based syl-
lable models.

Corpus III: Phonetically Rich Words and Sentences

This corpus is designed for the development of speaker-
independent continuous speech recognition system. It
is required to have a broad phonetic coverage in terms
of both context-dependent and context-independent
variations. Considering the phonological characteris-
tics of Cantonese, we utilize the following numerical
figures to measure the phonetic content of the speech
corpus.

1) No. of occurrences of each Initial;

2) No. of occurrences of each Final;

3) No. of occurrences of each intra-syllable Initial-
Final combination (base syllables);

4) No. of occurrences of each intra-syllable Final-
tone combination (there are 227 such combina-
tions);

5) No. of occurrences of each inter-syllable Final-
Initial combination (there are 1219 such combi-
nations);

About 3,200 polysyllabic words (2 - 6 syllables per
word) are selected mainly from word dictionaries for
secondary school students in Hong Kong. Another
2,400 sentences (< 25 syllables/sentences) have been
extracted based on one year of newspaper text. The se-
lection process is semi-automatic with the assistance of
in-house developed Chinese processing softwares. First
of all, the original newspaper text is partitioned into
sentences by detecting the punctuations. The sen-
tences are further converted into Cantonese pronuncia-
tions (LSHK-CUEE system) and the phonetic content
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of each sentence is obtained accordingly. A small num-
ber of sentences are selected manually to form the ini-
tial set and its phonetic coverage. Then new sentences
are added progressively and iteratively to expand the
existing corpus. At each step, all candidate sentences
are examined and sorted according to their potential
contributions to improve the current phonetic cover-
age. The top 10 candidates, after manual screening of
readability, would be included in the corpus.

4 DATA COLLECTION

Corpus 1 is designed for small scale applications and,
therefore, only 5 male and 5 female speakers are
needed. Each of them provides 3 full sets of speech
data, which contains about 1,300 utterances. The
recording was carried out with Gradient Desklab 216,
using 16-bit A/D converter at 10 KHz sampling rate.

For Corpus 11, 15 male and 15 female speakers are in-
volved. All of them are university students, aged from
18 to 23 years old. Each speaker has to read the entire
corpus and 4,055 utterances are collected. The total
recording time is about 12 — 15 hours.

Since corpus III is intended for speaker-independent
applications, the speech data would be obtained from a
large number of speakers with different background and
characteristics. Currently, a total of 120 speakers are
involved. Their ages vary from 12 to 50 years old. In
this case, each speaker is asked to read 150 polysyllabic
words and 30 sentences. The recording takes 45 — 60
minutes for each subject.

Speech data for Corpus I1 & III are initially recorded
into a high-quality DAT (Sony PCM-2700A) using a
desk-mounted uni-directional microphone (Shure BG
5.0) in a moderately quiet room. Raw speech data are
kept in tapes for future use. The DAT is connected via
a digital audio interface (DAT-Link+) to a Sunsparc
workstation. The raw data are down-sampled to 16
KHz. The non-speech part as well as recording artifacts
are identified and discarded. Each utterance is stored
separately in a binary file which begins with an NIST
format 1024-byte header.

5 TRANSCRIPTION AND LABELING

The recorded utterances are verified and transcribed
by trained personnels (senior undergraduate students
from linguistic departments). For Corpus II and III,
manual labeling is performed on the speech waveform
to give the boundaries of syllables, Initials and Finals.
Furthermore, a selected part of utterances in Corpus
will be labeled in more detail (up to allophone level)
by experienced spectrogram reader. All labeling work
is carried out on Sunsparc workstations with Entropic
ESPS/waves+ software tools.
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The whole project is labour intensive and still require
a tremendous effort before completion. However, we
wish that this pioneer work will be useful for further re-
search in the area of speech processing, specifically au-
tomatic recognition and natural language understand-
ing of Cantonese.
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