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ABSTRACT

A design of spoken Chinese corpus is proposed which consists
of five sub-corpora C1 to C5. The design principles are (1)
Mono-syliables are important not only for the recognition of
isolated syllables but also for the recognition of connected
spoken Chinese because they simplify the isolation of phonetic
information in the training phase, (2) A corpus including all
inter-syllable triphones captures all the immediate left- and
right- context of phones at syllabic boundaries. This is a logi-
cal and practical compromise between exhausting all possible
syllabic transitions and keeping the corpus building effort at a
manageable level. C1 consists of 433 mono-syllables and 4
consonant clusters in each of its four versions. Each toned
syllable exists in at least one of the four versions and the 433
mono-syllables in each version include all the syllables in one
of the four regular tones (yin, yang, shang and qu) plus all
the neutral-toned ones. C2 is a collection of 16 digit strings
each ranging from 4 to 7 digits in length. These strings
exhaust all the inter-digits triphones. C3 has 30 geographic
names each of two to five syllables. C4 consists of 859 short
phrases each of six to nine syllables long forming the bulk of
the inter-syllable triphone collection. C5 is a catch-all sub-
corpus composed of all the inter-syllable triphones which do
not appear in C2 to C4. These triphones are very seldomly
used in the Chinese language today and can be ignored in
recognizer training for practical purposes.

Keywords:-Speech database, isolated speech, connected speech,
Putonghua, inter-syllable triphones, coarticulation between syllables

1. Introduction

Despite recent interest in analyzing and recognizing spo-
ken Chinese commonly known as Putonghua or Mandarin, no sys-
tematic effort in establishing a comprehensive speech corpus
involving a large number of speakers with various accents, age
groups and sexes has been reported. Such a corpus has great
importance for the following reasons:

1. A pure speaker dependent speech recognizer requires
too much training by each speaker. It is much more
efficient to have the recognizer trained with some
universal speech data and then fine tuned with
speaker dependent data to adapt to the characteristics
of the individual speaker. A lot of research had been

ICSLP 90, Kobe, Japan, November 1990

Ren-hua Wang

Department of Radio Electronics,
University of Science and Technology of China

conducted on adapting speaker dependent recognizers
to suit new speakers but there are good reasons to
believe that such systems will perform less satisfac-
torily than a speaker independent recognizer with
adaptation.

2. Constructing a large speech corpus is expensive and
it requires proper expertise and equipment and that
explains the absence of a Chinese speech corpus
similar in nature and size to TIMIT. As a conse-
quence, speech researchers of the Chinese language
must live with small scaled, home-made and often
unprofessionally designed and built corpora. The
drawback is extremely significant, Without a com-
mon test-bed, it is difficult to compare one’s research
results against that of others. Secondly, without a
database of international status, researchers and
developers of spoken Chinese recognizers are handi-
capped severely to compete with their colleagues of
other countries. After all, despite the fact that the
recognition techniques used should be language
independent, a recognizer cannot avoid, to some
degree, having the recognition strategy specially
designed to suit the target language.

Chen et al [1] had proposed a Chincse language speech
database. Unfortunately, they did not justify the design with any
quantified objectives nor statistics making the suitability of the
database for training a rccognizer of connectedly spoken Chinesc
questionable. In fact, certain syllabic transitions appear redun-
dantly while some transitions simply do not exist in the database
at all -without any explanation. According to these authors, the
databasc was designed for analysis, data compression, synthesis
and recognition of the spoken Chinese language. However, the
requirements for these purposcs can be vastly different from each
other and there is really no need to have one design for all objec-
tives.

The designers of TIMIT [2] [3] stressed the importance of
capturing coarticulation in connected speech. This is certainly an
important aspect of speech research in any language. However,
for the Chinese language with mono-syllabic characters as build-
ing units, including all the isolated syllables in the corpus has a
special significance. First, it eases the problem of phonetic label-
ing which is important in the training phase of a recognizer.
Secondly, there is still a large number of researchers interested in
recognizing isolated Chinese syllables because it's relative simple
to construct such recognizers. Corpora like TIMIT were designed
to cover the left- and right- context of each phone as much as
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possible because any attempt for an exhaustive coverage is highly
impractical considering the amount of data to be collected that
demands.

Kurematsu et al [4] and Shirai et al [5] reported the
Japanese cfforts in building spoken Japancse corpora. They did
include a certain amount of isolated words besides connected
speech. Again, no systematic design principle to capture the coar-
ticulation effects was mentioned.

fa¥/  Jat/ Mo el b jdl el feif
fen/  feng/ fer/ /g M G K
N/ /m/ o/ fou/ pl K N/
/s/ /sh/ oWk v 7 ey

Table 1 - 32 first-phones

2. The Design Principles

The purpose of building a speaker indepenedent speech
recognizer is not only to be able to cope with the average speak-
ers but also to be more adaptable to an arbitray speaker. This is
because the training speech corpus is so designed that hopefully,
someone else’s voice with similar characteristics had alrcady been
captured so that if a suitable adaptation strategy is employed,
good performance can still be expected. To this end, the corpus
must consisis of all possible allophones of the language spoken by
a large number of speakers. A second consideration is to capture
all the coarticulation effects one can expect in the language.
Furthermore, the corpus must be designed to suit many rescarch
objectives in order to make an impact on the research community.
On the one hand, one wants the corpus to encompass all speech
information from isolated syllables as well as between syllable
coarticulation effects [6]. On the other hand, one wants as little

fal faif fan/ fang/  [ao/ foa*/ foat/  [oeif
foen/ foeng/  [oi*/ oo/ fou/ fea*/ Jeat/  feel
Jcen/ Jceng/ Jeif Jeou/ Jeu*/ Jcha*/ Jchat/  Jche/
{chen/ Jcheng/  [chi/ Jchou/  /chu*/ Jda*/ Jda+/ /de/
/dei/ fdeng/ /di*/ fdow/ /du¥/ fel feif Jen/
Jeng/ Jer/ Jfa*/ [fan/ Jfei/ ffen/ ffeng/ [/
/fof /ffouf /to/ fga*/ [gat/ /ge/ fgei/ fgen/
lgeng/  /gou/ fgu¥/  fha*[  fha+/ /he/ /hei/ fhen/
/heng/  /hov/ /o i/ fju*/ Jka*/ Jka+/  [kef
fxei/ fken/ fkeng/  [kow fku*/ Nla*/ Na+/ Ne/
Nlei/ fleng/ Niv/ Nlof flow/ flu*/ fv¥/ /ma*/
/ma+/ Jme/ Jmei/ Jmen/ Jmeng/  /mi¥/ /mo/ /mou/
Jmu/ fa*/ mat+/  nef nei/ fnen/ /neng/ i/
/nov/ fa*/ v/ Jof fou/ Ipa*/ Ipa+/ fpeil
fper/ Jpeng/  fpi¥/ fpo/ fpou/ fou/ fqi*/ Jqu*/
fra*/ fran/ fre/ fren/ freng/ i/ Jrou/ fru*/
fsa*/ [sa+f fsef [sen/ fseng/ fsi/ fsou/ fsu*/
/sha*/ Jsha+f [she/ [sheif /shen/ fsheng/  /shi/ /shou/
[shu*/ Jra*/ Jat+/ Jre/ e/ Jteng/ i/ frou/
fru¥/ Jwa*/ [watf Jweif Jwen/ Jweng/  fwol Jwu/
[xi*/ Jxu*/ Jya*/ fyan/ fyel Iyi*/ lyol fyou/
fyong/ Jyu*/ Jza*/ Jza+/ fzef Jzeif fzen/ fzeng/
[zif [zow/ fzu*/ fzha*/  [zha+/ fzhe/ Jzhei/ /zhen/
fzheng/  Jzhi/ fzhou/  [zhu/

Table 2 - 188 first-diphones
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redundant information as possible in the corpus to make it concise
and manageable and in particular, one wants it flexible enough so
that one can have it tailored for one’s purposes. For these rea-
sons, the corpus is divided into five components C1 to C5 so that
researchers have the freedom of selecting a combination of these
components to suit their specific needs. CI consists of essentially
all the isolated syllables while C2 to C4 consist of phrases which
are not necessarily syntactically and semantically perfect. C5is a
collection of syllabic pairs the inter-syllable triphones of which
are not included in C2 to C4. These phrases and syllabic pairs
will exhaust all left- and right- context of all phones at syllabic
boundaries. On the one hand, it is important that these phrases
are syntactically and semantically sound so that speakers can rcad
them natrally. On the other hand, since one wants to minimize
the size of the corpus by avoiding redundant

syllabic combinations as much as possible, some phrases will
necessarily be nonsensical and grammatically less than perfect.
Besides, the Chinese language is such that mono-syllabic charac-
ters are building units with which names and new terms can be
constructed rather frecly and no one can say what syllabic combi-
nations will never be acceptable as a new term or jargon. There
is a total of 404 syllables according to [7]. Each syllable can be
rcad in one to five different tones which are variations of the time
pattern of pitch. In order to capture all possible syllabic transi-
tions, one is talking about 404%=160K syllabic pairs which are sim-
ply impractical to handle. However, a syllable may start with any
one of 32 phonemes and may end with any one of 12 phoncmes.
If one can be satisfied with only diphones (two neighbouring
phones) over syllabic transitions, there are only 384 syllabic tran-
sitions to be included into the corpus besides the mono-syllables.
Unfortunately, a corpus of such syllabic pairs will provide incom-
plete left- and right- context of phones at syllable boundaries. To
meet the stated design principles, one must consider in terms of
inter-syllable triphones (three phones in succession). In order to
understand what must be done, it is necessary to first enumerate
all the first-phones, first-diphones, last-diphones and last-phones
of Chinese syllables. Employing the Pin-yin symbols with some
minor modifications to allow entering phonetic information using
a keyboard, the 32 first-phones of Chinese syllables are listed in
Table 1.

fa/ fba/ feal /cha/  [da/  [fa/ lgal /ha/
[*ia/  /ka/ Mla/ /ma/  /na/  /pa/  [sa/ /sha/
fta/ [rua/ fza/ /zha/  [e/ fce/  [che/ fde/
/ge/ /he/ friel kel [le/ /me/  /ne/ fre/
/sef /she/ fef f*ue/  [fze/ fzhe/  [*ang/  /[*eng/
f*ing/  [*ong/  /fai/ foi/ feiy /fehi/  /dif [*eif
il it /mi/  fnif fpi/ fqi/ frif /si/
/shi/ hi/ xif lyif 1z /zhif  [*an/  fFian/
f*en/  [*in/ v/ Jof f*ao/ /ol  ffo/ flo/
Jmo/ /po/ ffuo/  fyof  Jer/ fou/  feu/ fchu/
fdu/ /tu/ few/ Mo/ M/ ke o/ Jmu/
/nu/ /*ou/ /pu/ fru/ /su/ /shu/ ftu/ Jwu/
fzaf fehu/  fjw/ v/ vl e/ fxf /|
Table 3 - 104 last-diphones

Here the notation /a*/ stands for the first-phone in syllables
"a","ang" and "s0" while /a+/ stands for that in syllables "ai" and
"an". fen/, feng/ and fou/ stand for the first-phones in syllables

[N

en", "eng” and "ou" respectively.
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The first-diphone of a syllable is the concatenation of the
first two phones of the syllable. For example, /y//a/ is the first-
diphone of the syllable "ya". For single phoneme syllables like
"a", "e", "er” and "o", their diphones are defined as concatenations
of their respective single phonemes. There are altogether 188
syllabic first-diphones. In Table 2, we use the letter v to stand for
the umlau u and /opy / to stand for the first-diphone of syllable
"oBy' where o,p and vy are generic letters meaning that they can
stand for any letter for any length. The following exceptions are
to be observed though:

Jof3y+/ standing for the first-diphone of syllables "atfyn” and "oB¥i",
e.g., /cha+/ for the first-diphone of “chai" and "chan”.

JoBy*/ standing for the first-diphone of syllables starting with leters
offy except * afyi" and " offwm", e.g. /jzha*/ for the first-
diphone of "zha", "zhang" and "zhao".

meaning / fY*/ as above except that Y must be the letter u and
it also includes the diphone of " offong”, e.g., /cu*/ for the first-
diphone of “cong", "cu”, "cui”, "cun” and "cuo"

/ ofu*/

Similarly, Tables 3 and 4 list respectively 104 last-
diphones and 12 last-phones that can be found in Chinese syll-
ables. Here, we assume again that syllables "a", "e", "er" and "o"
have last-diphones just the same as their corresponding first-

diphones. The notations used in these tables are such that:.

Jofyf is the last-diphone of syllable "of3y' where o, and ¥ are gen-
eric letters,

*afy is the last-diphone of any syllable ending in O3y, e.g. /*in/ for
that of "bin", "chin”, "lin",.... There are some exceptions though.

The last-diphone of "yan" is denoted as /*ian/, that of "ya" as
/*ia/ and that of "ye" as /*ie/. [*ei/ stands for the last-diphone of

syllables like "bei”, "dei”,... and "cui", "chui", "dui", ... also.
Likewise, /*en/ stands for the last-diphone of syllables like "ben”,
"“den",... and "cun”, "chun”, "dun”, ... also.

fie/ is the last-phone of "ye"

fil/ is the last-phone of "bi"

v is the last-phone of "ci"

h3/ is the last-phone of "chi"

Each inter-syllable triphone is a combination of (last-
phone, first-diphone) or (last-diphone, first-phone) occurred in a
syllable-to-syllable transition with the last-phone or last-diphone
derived from the syllable on the left and the first-diphone or first-
phone derived from the syllable on the right. There is a total of
(12 x 188 + 32 x 104 =) 5584 possible inter-syllable triphones
with some overlaps. In general, one cannot avoid having inter-
syllable triphones appearing in the phrases more than once at
times. For example, let a,B,v,5,e and i, be phones. Assume in
the language that there are only three syllables §,,5, and §; which
have their last phones equal to & while the last-diphones of them
are ad,Bd and 3 respectively. Assume also that there is only one
syllable §, the first-phone of which is . The first-diphone of this
syllable is en. In order to exhaust all (last-diphone, first-phone)
combinations, §,,S, and §, must pair up with §4 thus producing
two redundant inter-syllable triphones of (3,en). Intra-syllable tri-
phones are already included in the corpus because of the complete
collection of isolated syllables in C1.

3. Sub-Corpus C1

Basically, Chinese syllables can be articulated in four dif-
ferent tones (yin, yang, shang and qu respectively). Some
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fa/ e/ fiel  fer/ Al A2 A3/ WY
mg/ o/ N N/

Table 4 - 12 last-phones

syllable-tone combinations may not be actually used in speech
and correspond to no Chinese characters. The other combinations
that actually correspond to currently used Chinese characters are
hereafier referred to as valid toned syllables. In addition, 29 syll-
ables can appear in the neutral-tone (the light or fifth tone) also.
Furthermore, according to [7], there are 4 consonant clusters, viz.,
"hm", "hng", "m" and "ng" which can be articulated and they
actually have Chinese characters associated with them. C1
appears in four versions. Each version contains each syllable at
least once, together with all the 29 neutral-toned syllables and the
4 consonant clusters. Each valid toned syllable appears in at least
one of the four versions. As a result, each version has a total of
433 syllables plus 4 consonant clusters with roughly equal number
of syllables in each of the four regular tones. These four versions
of C1 are tabulated in Appendix I in which cach toned syllable is
listed with an associated Chinese character to help the speakers
rcading them out.

The idea of structuring C1 in this manner is that it may be
too much to ask a speaker to read all the syllables in all tones.
However, one doesn’t want to leave out any valid toned syllable.
As a compromise, each speaker will read one version of C1 only
and will cover every syllable in at least one tone. If each version
is read by roughly the same number of speakers, each toned syll-
able has approximately the same chance of being read. The
number of neutral-toned syllables and consonant clusters are small
hence it is wise to have them read by every speaker. Asking a
reader 1o read in the same tone for all syllables will be too mono-
tonous, hence the syllable-tone combinations are somewhat ran-
domized in each version. Since some syllables do not appear in
all tones, some syllable-tone combinations appear more than once
to make up the equal sizes of the four versions.

4. Sub-Corpus C2

A recognizer of connected digit strings will find many
applications. The design of C2 is such that it includes all possible
inter-digit triphones in as few strings as possible. Each string
cannot be too long otherwise the speakers will find them difficult
to read naturally. There is a total of 16 such strings of six digits
each except three of them which have four digits, five digits and
seven digits respectively. In Appendix II, they are listed together
with their numeral forms. Notice that "1" is read as "yao" and
not as "yi" for ease of recognition in a noisy environment.

5. Sub-Corpus C3

C3 is composed of 30 geographical names with 2 to 5 syll-
ables each. The purpose of setting up C3 as a separate sub-
corpus is to provide a small database of connected speech in
terms of isolated words (names) which will be very useful for
testing speech models of multi-syllable isolated words. These
names can be found in Appendix III.

6. Sub-Corpus C4
C4 consists of 859 short speech phrases. It would be very
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neutral yin | yang | shang qu
neutral 4 42 50 42 62
yin 72 241 315 174 324
yang 76 293 | 356 371 409
shang 46 201 248 10 316
qu 97 307 | 459 261 527

Table 5 - Tone transition statistics

tiring for any speaker speaking all (859 + 16 + 30 =) 905 phrases
from the three sub-corpora C2, C3 and C4. It is therefore sug-
gested that each speaker speaks only the phrases in C2 and C3
plus a few tens of phrases selected randomly from C4. Care must
be taken that each phrase in C4 is covered by approximately the
same number of speakers with a uniform distribution over dif-
ferent age groups, sexes and accents. In Appendix IV, each
phrase is listed together with the associated string of Chinese
characters to help the speakers read them naturally.

Table 5 provides statistics of tone transitions which are the
number of times syllables in one tone transiting to the next syll-
able of another tone within the phrases in C2, C3 and C4. These
are the actual tones spoken in natural speech rather than the tones
the characters are associated with in isolation, i.e., tone rules have

been applied already.

7. Sub-Corpus C5
Some inter-syllable triphones involving the syllables "a”,

Mot wn "o "N s
]

ai", "an", "ang", "ao", "den", "ei", "en", "eng", "fiao", "lo", "nou",
"0", "ou" and "yo" are missing in sub-corpora C2to C4. CSisa
collection of 578 inter-syllable triphones needed to complement
the triphone collection in C2 to C4. These triphones do not com-
monly appear in the language hence for practical purposes, one
can ignore CS5 and live with a sub-optimal but practical speech
recognizer training corpus. Appendix V gives an account of these
missing triphones.

8. Conclusion

A design of a spoken Chinese corpus has been proposed.
The design is certainly not optimal but in the opinion of the
author, this is a practical and comprehensive design encompassing
the most important speech information for recognizer construc-
tion. After all, given the ambiguity of syntactic and semantic
soundness, one cannot help wondering whether there is such a
thing as an optimal design for corpus of this nature.

In view of the fact that this is a conference paper subject
to strict limitation on its length, all appendices will be skipped but
they can be made available from the first author of this paper
upon request.
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