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Since existing  ASCII  versions  ofphonetic  transcription  systems  appear  to aim  at transcribing

European  languages only, they  prove to be insurncient to accomrnodate  syllable based tonal

languages such  as  Chinese. An  ASCII  encoding  Ofphonetic transcriptjon  system  for speech

database of Chinese was  designed, Major  characteristics of  the proposed  design are:  1,

Though based on  the principles ofthe  International Phonetic Alphabet  (IPA), 
the

 
current

design includes two  levels of  transcription, namely,  segmental  and  prosodic. The  conse-

quence iS a  rnore  elaborate  systern  than  the IPA  or  its equivalent.  2, The  proposed systern

specifically  aims  to transcribe  three major  Chinese dialects spoken  in Taiwan, namely,

Mandarin, Taiwanese ancl  Hakka.  The  consequence  is a  more  !anguage-dependent system

rather  thanageneral  system  as  the IPA.  

'
 

･
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          1. INTRODUCTION

  A  well-transcribed  speoch  database is crucial  to

both basic speech  research  and  the development of

related  speech  technologies, When  constructing  a

transcription system,  there are  many  levels of  tran-

scription  that may  be corisidered  and  included in the

system.  For example,  orthographic  transcription,

citation-phonemic  representation,  broad phonetic
transcription, narrows  phonetic transcription,

acoustic-phonetic  transcription, prosodic  transcrip-

tien and  even  representation  of  non-linguistic  but

significant  phenomena.i) The pature  of  our

proposed system  is an  ASCII  version  of  broad

phonetic transcription system  with  additional

prosodic labels.

  The  citation-phonemic  level of  transcription  con-

tains the output  phoneme  string  deriyed from the

orthographic  form (by lexical access,  by letter-to-

sound  rules, or  both),2) There are  various  alterna-

tives to  represent  phonemes  with  symbols.  One

may  develop a  platform that  possesses the facility to

display the full range  of  IPA  symbols,  or  ene  may

design an  alphabetic  andlor  numeric  representation

of  the IPA  symbols  instead. There exist many

alphabetic  equivalent,  systems  for speech  databases

such  as  ARPABET  and  KLATTBET  (fbr Arnerican
English), Edinburgh's Machine  Readable  Phonetic

Alphabet (fbr British English), SAMPA3i`)  (for
European  languages) and  OGI's WORLDBET  (fbr
all languages).5) Since we  set the prerequisite of

our  system  for three specific  Chinese dialects, name-

ly, the thlree major  Chinese dialects spoken  in Ta-

iwan, it scems  feasible to avoid  possible notational

complexity  by keeping all symbols  distinct across

the intended target languages as did OGI's WORLD
                                   '
BET.  The  other  reason  is that each  phonetic sym-

bol in WORLDBET  is represented  as two  ASCII

characters,  ln order  to maintain  the twu-character

format, an  extra  space  is required  after  those sym-

bols that have only  one,character,  While this

process may  be convenient  to the computer,  it cguld

be somewhat  1ess convenient  to human  transcribers.

Therefbre, we  chose  to adopt  the SAMPA  system

215



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

 originally  designed fbr major  European  languages,

 and  adjusted  it to a  ianguage-specific set of  alpha-

 betic phoneme  symbols  for the target Chinese dia-

 1ects spoken  in Taiwan,

  Though  based  on  the IPA, the proposed systern

 chose  not  to provide symbols  to represent  informa-

 tion as would  the diacritics of  the IPA, The  result

 is a  less sophisticated  system  fbr segmental  symbols  ;

 something  we  define as a  broad phonetic system.

 That is, though  the system  aimed  at enabling  a

transcriber to represent  tokens  of  speech  from our

informants, the transcription  is nonetheless
    'restricted

 to  phonetic categories  rather  than  labeling
finer phonetic details. Consequently, the tran-

scriber  woutd  somewhat  be fbrced to label the

speech  tokens  with  a  set of  phonetic symbols  avail-

able  without  the toels to represent  IPA  diacritic
jnformation. Our  rationale  is that since  ortho-

grhphic text is readily  available  fbr our  working

speech  data, we  have all the information necessary
to  determine what  the intended speeeh  should  be.
The  task gf eur  transcriber is to listen to the col-

iected speech  data and  make  direct reference  between
the intended citation  string  from text to the actual

utterance  produced. In some  sense,  the transcrip-

tion can  be seen  as  part tran'scription and  part
mapping  to text. Moreover, the  designed broad

phonetic representation  at this stage  also does not
possess the capability  to label common  phenomena
ofrunning  speech,  such  as place assimilation,  conso-

nant  deletion and  vowel  reduction,  We  are  fully
aware  that  once  running  speech  is incorporated into
our  speech  database, we  will  need  to expand  the

system  to accommodate  running  speech  transcrip-
tion in the future. We  will  also  need  to include
tonal  notations  in our  system  in the future since  all

throe Chinese dialects possess lexical tones at the
syllabic  level.

  Leaving tonal representations  fbr future work,  we

chose  to fbcus our  attention  to transcribe and  label
our  speoch  database at the prosodic level. Since
there are  less clear  acoustic correlates  to prosodic
phenomena,  this  level is less straightfbrward  than

phonemic  annotation,  and  the units  segmented  un-

avoidably  tend  to tilt toWards  the panicular  chosen

theoretical framework. A  basic distinction may  be
drawn  between a  prosodic labeling system  that

annotates  the boundaries of  units  (analogous to the

method  used  in phonemic  annotation)  and  a system

that annotates  the occurrence  of  isolated prosodic
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 events,  such  as  Iib peaks. The  former theoretical

 orientation,  te., the use  of  boundaries, resulted  in

 approaches  that  used  intonation categories

 proposed by Ref  6) to process suprasegmental  infbr-
mation,  

'such
 as intonation phrase, phonological

phrase, phonologicaL word,  foot, and  syllable.

Alternatjvely, it could  mark  the more  traditional

units  of  
"minor

 tone-unit"  and  
"major

 tone-unit,"

as  in the MARSEC  database,'} The  latter theoreti-

cal orientation, i.e., the oocurrence  of  isolated
prosodic events,  resulted  in the marking  of  these

oocurrences  of  high and  Iow  tones ofvarious  kinds.
The  recently  formulated ToBI transcription systemB>
is the mest  well-known  system  of  this kind, and

apparently  works  for non-tonal  languages such  as

English and  Japanese, where  the prosodjc units  are

annotated  at the"break  index" level rather  thap  the
"tone"

 leve{. We  chose  to adopt  a  ToBI-like frame-
werk  for the prosodic transcription of  our  system,

but needed  to modify  it to suit  our  target languages.
Needless to say,  the modification  is somewhat  elabo-,

rate  due to the intrinsic differences between intona-
tion Ianguages and  tonal languages.

  The  paper is organized  as fo11owed: Section 2
describes the reported  broad phonetic transcrip-

tion.; Sectien 3 the prosodic transcription. The
experiments  are  described in Section 4.

         2. BROADPHONETIC

            TRANSCRIPTION

  To establish  a  broad phonetic  transcription sys-

tem  fbr a  specific  language, one  needs  to first define
the phoneme  set and  corresponding  symbols.  The
most  likely choice  would  be the IPA  symbols,  which

has long been established  as the system  that is
suMciently  equipped  to represent'  sound  systems  of

knQwn languages of  the  world.  Unfortuna'tely,
there is no  uniformly  implemented coding  standard

for the IPA  symbols  until  efibrts such  as  ISO  I0646/
Unicode  is accepted  internationally, The  reported

system  is designed to function with  the SAMPA

guidelines, but tailored to suit  the  target  languages
mentioned,

  SAMPA  is a  phonetic transcription  coding  that

uses  normal  ASCII  characters  as  replacements  for
IPA  symbols.  Mapping  of  the  IPA  symbols  onto

ASCII  codes  was  set up,  using  up  to range  37-l26,
7-bit printable ASCII  characters  only,  Originally
designed as a  phonemic/broad-phonetic transcrip- .
tion system  fbr European  languages, both SAMPA
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and  subsequently  proposed X-SAMPA  (Extended
SAMPA)  represent  an  international collaboratiye

basis fbr a  standard  machinareadable  encodihg  of

phonetic notations.  Guidelines for coding  (map-
ping) oflanguages  to be transcribed  are  also  avail-

able.  The  reporteq  system  was  designed by fbllow-

ing these guidelines, especially  rnaintaining  the fea-

ture that the resulted  transcription is uniquely  pars-
able  as  specified  in SAMPA.  As  SAMPA

specified,  we  also observed  the IPA  transcription

convention  of  leaving no  space  between a  string  of

suocessive  symbols  unless  syllable  boundaries occur.

However, we  note  that the 
'basic

 form of  SAMPA

was  designed as  a phonemic or  broad-phonetic tran-

scription  system  at the segmental  level. That Ieaves

the tonal and  prosodic notations  inadequate for our

purpose. We  therefbre designed a parallel set of

prosodic netatiens  on  

'separate
 levels of  representa-

tion, which  we  believe enhances  the function and

capacity  significant  for the proposed system.  More

details of  the design of  the prosodic aspects  of  the

prQposed system  will  be discussed in later sections  of

this paper. As  we  intend to expand  the system  the

future, we  also  hope that our  current  system  will  be

adopted  as  the standardized  international ASCII

system  fbr the three Chinese target languages,

  The  principles of  SAMPA  are  quite simple:  all

IPA  symbols  that coincide  with  lower£ ase  letters of

a  regular  English alphabet  keyboard remain  the

same;  all other  symbols  are  re-coded  within  the

ASCII range  37-l26, In the process of  developing

our  system,  we  began by considering  Mandann  at

first, then  expanded  it by adding  extra  symbols  fbr

Taiwanese and  Hakka, The  mapping  is described

as fo11ows :
  Consonants :

  We  began our  design with  Mandarin, the oracial

Chinese spoken  language, and  then  expanded  it to

include Taiwanese and  Hakka. As  a  result, the

order  of  target languages affects the out,come  of  the

system,  The  consonants  of  Mandarin  Chinese are

traditionally considered  to comprise  18 obstruents

(6 plosives, 6 affl:icates and  6 fricatives) and  3 sono-

rants  (2 nasals,  1 liquid). Unlike English in which

the obstruents  are  classified  in pairs differing in both

voicing  and  aspiratien,  all Mandarin obstruents  are

voioeless  differing only  in aspiration,  except  for ene

voiced  retroflex  fricative. In order  to accommodate

the SAMPA  principle to adapt  the keyboard and  to

use  one  symbol  for minimal  pairs, we  adopt  the 
"b"

"p"

 n6tation  to represent  the voiceless  bilabial pair
in Mandarin,  Voicing  is therefore not  represented.

All other  notations  fbr the remaining  obstruents

fo11ow the same  principle. This somewhat  arbi-

trary use  of  notation  is maintained  when  the  system

is expanded  to include Taiwanese and  Hakka  where

voicing  contrasts  also  exist. That is, though  the

voiced  counterparts  do exist  fbr bilabials and  velaTs

in Taiwanese and  Hakka, making  it a  three-way

contrast  instead, 
"p"

 and  
"b"

 still represent  the

voiceless  bilabial pai'r which  difiers in aspiration

while  an  upper  case  
"B"

 is used  to represent  the

voiced  bilabial. The  same  ru]e  also  applies  to velar
"G"

 and  postalveolar afflr;icate  
"DZ".

  Another  kind of  contrast  that exists  in fricatives

and  affi/icates in Mandarin  is "retroflex".

 The

notatjon  
""'

 is used  to represent  
"retrofiex".

 For

the voiceless  alveolo-palatal  fricative which  in IPA

is a curly-tailed  c, we  propose it to be transcribed as
`CzX";its

 aspirated  counterpart  
`CsX".

 This use  of

notatiQn  
"X"

 fbllows the principles of  extension  in

SAMPA,  However, the original  contrast  of  voic-

ing between 
"s"

 and  
"z"

 is replaced  to represent

aspiration  in our  system.  Again,  this principle is

constant  throughout  our  system,  As for the only

voiced  consonant  in Mandarin, namely,  the voiced

retrofiex  fricative, the upper  case  
"Z"'

 is used  to

denote voicing,  This is also  constant  throughout

our  sy'stem.  
'Table

 1 shows  the mapping  of  conso-

nants  of  all three Chinese dialects.

  Vowels :

  There are  eight  vowels  in Mandarin. Seven of

them  already  exist  in SAMPA,  The  only  not-so-

commononeisanapicalvowel.  Thenotation"U"

is used  to represent  the apical  vowel.  This vowel
                              -L
occurs  only  after  3 fricatives (s, s,  Z)  and  4
             L -
athricates  (dz, dz,ts, ts ), and  does not  occur  with

other  consonants,  When  the consonant  is

retrofiexed,  this vowel  is also  retroflexed  and  is
represented  by adding  retrofiex  after the  apical
             -

vowel  as  in "U
 
",

 As for Taiwanese  and  Hakka,

three  more  notations  were  added.  The  notation

"N"

 represents  nasalization  of  the preceding vowel  ;

the notation  
"?"

 glottal stop  ; and  the notation  
"}"

the preceding stop  consonants  unreleased  as in "p},

t}, k}," Other features in Taiwanese include the
syllabic  bilabials and  vqlar  nasals,  The  syl-

labification is represented  by adding  a 
"""

 after

these nasal  6onsonant as in "m",

 n""  respectively.

Table 2 shows  the mapping  of  vowels  of  all three
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Table 1 The  mapping  between IPA  and  SAMPA-T
 for consonants.  (T mean  character  in TRiwanese, H
 rneans  Hakka)

IPASAMPA-T examles

chmtexrs11able
.meanm

p b esbau4toexplode
b B pa(T)Ba?4 meat
hp

p )'a pau4bubble
t d ieddau4topour
th t e tau4coverover

k g 2II;-gau4totell

g G in(T)Gun2 we

khk egkau4handcuff
f f f fu3 ax

x h BE hu3 tiger

v v?\r(H)vi5toguard

s s pt su4 quick

s s' rw s'u4 tree

¢,sX e.m sXi4thin,fme

u Z. A z'u4toenter

dzDZ{-(T)DZi2 smallieces

tGdZX # dzXilchicken
ht9tsX

t tsXil seven

tsdz fE dzu1torent

tsdz' evdziul
.plg

hts
ts IE tsulrough,big

h5t
tSi thts'ul

'toexlt

m m * mu4 wood

n n ss".snu4 anger

p N va(T)Nia5tomeet

q Jl.hJ.(H)Ji2 you
1 1 st lu4torecord

Chinese dialects.

  The  system  proposed above  can  be used  fbr two
kinds of  labeling. The  basic forrn is to fbrm a

citation-phonemic  string  in a  syllabic  unit  to repre-
sent  the  pronunciation Qf  each  syllable,  The  other

form is to use  the symbols  for the broad phonetic
transcription  in segmental  Iabeling. Additional]y,
we  designed a  coding  system  fbr syllables  used  in
these dialects. Each  syllable  is divided into three
sub-units, namely,  initial, medial  and  final. Each
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Table 2 The  mapping  between IPA  and  SAMPA-T
 for vowels  and  some  special  endings.  (T mean

 character  in Taiwanese, H  means  Hakka.  SEi:

 finals with  a  vowel-nasalizing  ending,  SE, : finals
 with  a stop ending,  SE, : final with  a  glottal stop

 ending)IPASAMPA-T

examles

tmsIIable .meanm

i i k i3 chair

u u - di five

y y de y3 rain

a a vth ia3 mute

o e fi uo3 I

e E t iE3also,too

o @ en @4hungry
tr@･ ; @4 two

tu U t･s.sU1 silk

U' t'ffs'U"1poem

ai ai E bai3hundred

ei ei jbbei3nonh

au au ex iau3tobite

ou ou ig iou3tohave

fig nAft(T)nA5yellow

ni MAas(T)m"5 plum

lj N -2\(T)iaN7ocean

SE,N th(T)ia-7
-towm

}fi-(T)hp}8 box
SE,' Jb(T)lat}8force

J,T,(T)1ak}8 six

SE3?ag(T)la?8 wax

sub-unit  has aunique  code  (4, ILIi, 4) and  thecode

of  a  syllable  (S),4) can  be calculated  aceording  to

this formula :

          Styza:=k･1000+ME･10+FE

  With  this scheme,  each  syllable  can  be represented
by an  unsigned  short  integer (ON32, 767), a basic
unit  in computer.  This coding  is straightforward

and  quite selflexpranatory.  The  contextual  infor-
mation  can  also  be extracted  from the  code  directly.
This is very  usefu1  for the programming  in speech
research,  Table3  is the ¢ oding  fb! each  sub-unit.

  For  tonal representations,  we  adopt  the Chinese
conventional  use  of  numerical  system  in the

phonemic  level which  may  appear  to be arbitrary  for
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Table  3 Coding  for initial sub-units, medial  sub-

 units  and  final sub-units.

#og1G2k3b4B5p6d7t8ts9
initialsub-unitstSi10dz11DZ12dz"l3dzX14tsX15sX16s17Si18Z-19

v20f21h22m23n24J25N26127

ioiu1iE2ieu3io4
--1015iou6ia7iau8y10

rnedialsub-unitsyE11ya12U20U.21u30ui31di32uei33@34uo35

ua36uai37E40ei41eu42@50@.51o60oi61ou62

oE63oa64oai65o66a70ai71au72MA90nA91NA92

fmalsubtunits#orn1n2N3p}4t}5k}6h}7h-8N9

users  who  are  unfarniliar  with  tones  of  Chinese,

But until  more  dialects are  included, the numerical

system  seems  most  easily  acceptable  and  therefore

should  be adequate  for'the time being.

    3. PROSODICTRANSCRIPTION

  The  prosodic transcription of  our  system  is re-

presented on  a  separate  level following ToBI-like

notations.  ･ ToBI  (for Tones and  Breaks  Ihdices) is

a  system  fbr transcribing intonation patterns and

other  aspects  of  the prosody of  English utterances.

It was  devised by a  group of  speech  scientists  from

various  disciplines (electrical engineering,  psychol-
ogy,  linguistics, ete.) in pursuit of  diyerse research

purposes, Various technological  goals that includ-'

ed  sharing  prosodically transcribed databases across

research  sites also  desired a  commonly  agreed-upon

standard  of, prosodic elements. The  tone  and

break-index tiers represent  the core  prosodic part of

the ToBI  system,  The  difference in the break-index

tier between ToBI  and  the prosodic ievel of  our

system  is rather  little. In the ToBI  system,  the

break-index tier marks  the prosodic  grouping within

an  utterance  by labeling the end  of  each  werd  for its

subjective  strength  in association  with  the fbllowing

word  on  a scale  from O (fbr the strongest  perceived
coajoining)  to 4 (for the most  diejointed bound-

aries). Our  system  fbllowed the same  rationale  but

offered  a slightly  more  elaborate  scale  of  break
indices frorn O･to 5. As  a  result, the fo11owing six

boundaries were  proposed instead, i.e., reduced  syl-

labic boundary (O), normal  syllabic  boundary (1),
minor-phrase  boundary (2), major-phrase  boundary

(3), breath group boundary  (4), and  prosodic group
boundary  (5). The speech  segments  between the

break indices then  form a  set of  five units,  namely,

prosodic units,  minor  prosodic phrase, major

prosodic phrase, breath group and  prosodic group.9)

  The  most  noted  difference between our  system  and

ToBI  lies in the  tonal  and  prosodic tiers, ToBI  was

originally  designed fbr English, an  intonation lan-

guage. It consists  of  labels for distinctive pitch

events,  
'transcribed

 as a  sequence  of  high (H) and

low (L) tones marked  with  diacritics to indicate

their intonation functions. Whereas when  dealing

with  tonal 1anguages,  the interaction between lexical

tone  and  intonation, both of  which  involve deliber-

ate  manipulation  of  fundamental frequency patterns
and  therefore  both ef  which  are  pitch events,  is not

only  more  complex  but also  not  well  understood,
                                      '
yet. It is thus  more  diMcult to construct  notations

like the tone  tier in ToBI  for these languages. We

proposed to label the speech  data in more  detail at

the prosodic domain  while  leaving the tonal aspects

for the time  being. Our  reason  was  again  the fact

that text for our  speech  data was  readily  available

for reference.  When  the break indices of  an  utter-

anoe  is labeled, the volume,  rate, pitch Ievel and

pitch range  of  each  prosodic unit  can  be calculated

and  labeled in an  automatic  way  according  to the

physical signals.  The  perceived changes  of  above

parameters can  be manually  added  on  when  the

transcriber has noted  the significant  changes  in the

utterances.  Another  subjective  added-on  parame-
ter is the level of  emphasis.  This level of  informa-

tion  is perceptual in nature  and  may  or  may  not

correspond  directly te the physical signals.  A  tran-

scriber  is asked  to decide the emphasis  level of  the

speech  tokens  based on  subjecuve  perception.

  When  the contents  of  the prosodic transcription  is

decided, a  more  standardized  method  of  representa-

tion would  be the next  feasible step. We  believe the

Java Speech Markup  Languages (JSML)iO) could  be

 a good  choice  for this purpose. There are  two

elements  in JSML,  namely,  empty  elements  and

container  elements.  An  empty  element  has only

 one  tag and  is suitable  fbr the representation,  of

 break indices, A  contalner  element  has a  balanced
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Table 4.The  meaning  of  levels for the  prosodic tags.

Level

Tags
o 1 2 3 4 5

BREAK
reducedsyllabicboundarynomalsyllabicboundary

'mlnor-phraseboundary'major-phraseboundary
breathgroupboundaryprosodicgrQupboundary

EMP reduced normal moderate strong

RATE yeryslow slow normal quick veryquick

VOLUME veryslow low normal high veryhigh

PITCH veryslow lew norntal high veryhigh

RANGE verysmall small normal large verylarge

'

start tag and  end  tag and  is suitable  for the  represen-

tation ofthe  other  factors. These tags are  inserted
jnto the phonemic  representation  of  the  syllables

sequence  to form the prosodic transcription, For
example  :

  dzXinl tienl <BREAK  level=2/> <EMP  level=
2> tienl tsXi4 <IEMP>  4@n3 hau3  <BREAK
level=4/>

  The  example  shows.that  
"dzXin1

 tjen1" is a  minor

presodic phrase and  
"tien1

 tsXi4" is emphasized  at  a

moderate  level. When  the break index is "1"(nor-

mal  syllabic  boundary), it will  not  be marked  to

reduce  the  number  of  tags used.  In other  words,

normal  syllabic  boundary  will  be unmarked.  This

unmarked  convention  is held constant  for all other

prosodic parameters whenever  the perceived level is
the normal  one,  The  meaning  ofthe  levels fbr each
marker  are  listed in Table4.

           4. EXPERIMENTS

  The  proposed system  is evaluated  on  the basis of
a  Mandarin  speech  corpus  that is designed to be

phonetically and  prosodically rich. There are

about  600 short  paragraphs in the corpus.  To  test

the segmental  labeling system,  the majer  task was  to

verify  the capability  oftranscription  ofspeech  varia-

tions  at the segmental  level. To  test the prosodic
labeling system,  the major  task was  to define a

standard  for the transcriber and  at  the same  time

rnaintain  the consistency  between the transcribers.

Another  important issue that should  be included in
the investigation was  the convenience  factor fbr both
humansandthecomputer.  Thecorpuswaslabeled
by two  transcribers. At  first, the two  transcribers

labeled a  small  set of  identical speech.data  in order

to discuss the standard  used  fbr transcription.

After several  such  sessions,  a  set of  one  hundred
sentences  was  labeled by each  transcriber for com-

parison. The  cornparison  was  fo'cused on  the con-

sistency  ofbreak  indices. ThetranScription tool  is
a  package called  

"Waves

 +"  from the Entropic and
is shown  in Fig. 1.

  The  proposed segmental  system  appears  suMcient

for transcribing speech  variations.  Major  variation

of  actual  speech  comes  from the fact that a large
number  of  Mandarin  speakers  in Taiwan  are  bilin-

gual. They  are  native  speakers  of  Taiwanese who

acquired  Mandarin  to the point that Mandarin
couldbetheirstrongerlanguage.  Thecarry-overQf
their Taiwanese phonology  to 

'Mandarin
 could  be

quite pronounced ; their Mandarin  speech  contains

segrnental  and  suprasegmental  variations  that Man-
darinphonologywouldnotaccommodate.  Oneof
our  aims  was  to be able  to transcrjbe  these varia-

tions that definitely occurred  in our  speech  data and
subsequently  collapsing  them  in the development of

our  labeling tools for Mandarin. Our  system  was

designed to  represent  the presence and  absence  ofthe

features that correspond  te these variations.  For

example,  there are  three contrastive  pairs of  fricative
in Mandarin  that are  distinguished by the presence
or  absenoe  of  retrofiex.  But fbr native  speakers  of

the Taiwanese where  no  retroflex  oocur,  retroflex

usually  does not  occur  when  they  speak  Mandarin.
This phenomenon  can  be easily  distinguished by the

presence of  symbol  
`""

 wh{ch  represents  the feature
                            - -

retrofiex,  fbr examples,  
"dz"

 ws, 
"dz

 
",

 
"ts"

 us, 
"ts

 
",

and  
CCs"

 rs. 
"s"'.

 Another similar example  is the

phenomenon ofrounding,  Native speakers  ofTa-

iwanese tend  to proneunce the'"uo" or  
"ou"

 combi-
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hation with  less rounding  on  

'the
 

"u"

 part. To

transcribe this variation  would  be to drop the 
"u"

 in

the transcription. For examples,  intended "uo"

could  be realized  as 
"o",

 intended "iou"
 realized  as

`Cio",

 While conventional  syllable  based coding

system  uses  all but intended syllables  as coding

units,  in the case  of  Mandarin  a  total  of408  syllables

only,  such  realized  variations  in actual  speech  could

not  be accounted  fbr, Our  proposed transcription

system  makes  it possible to include actual  speech

variations  to be aocounted  for in the recognition

process, For example,  the syllable  
"sual"

 is not  a

legitimate syllable  in Mandarin  phonology, but

native  speakers  of  Taiwanese pronounce it as  an
                            -
un-retrofiexed  substitution  of  

"sual"
 (brush).

That  is, the syllable  
"sual"

 could  in fact be an

actual  realization  of  an  intended "s"ual"
 (brush).

Our  coding  scheme  provided different codes  for
                                 -
these variations,  for example  18360 for "s

 ual"  and

17360  fbr "sual."

 These codes  are  internal repre-

sentation  efMandarin  syllables  in the computer  and

therefbre will  not  cause  any  extra  burden on  the

human  users.  This  ability  to-represent  phonetic
variation  in actual  speech  is very  usefu1  for speech
recognition  and  synthesis,  For example,  in order
for the computer  to better recognize  Mandarin

speech,  we  are  able  to collapse  the actual  realization

of  speech  with  their intended target to boost the

robustness  of  our  recognition  program.

  For the prosodic transcription, the standard  for

the labeling of  break indices was  evaluated.  The

An  exarnple  of  the segmental  and  prosodic transcription.

major  function of  the break indices is to segment  the

speech  flew into smaller  units  in the hope to fbrm a
hierarchical structure  of  prosody, We  proposed a

top-down  spotting  procedure for the labeling of

break indjces. At first we  spotted  all  the  breath

groups (B4) in an  entire  paragraph, then  search  the

prosodic groups (B5) among  these boundaries.
The  second  step  was  to spot  the prosodic changes

within  a  breath group. The  change  that ac-

companied  a  short  pause was  marked  as B3; the
others  were  marked  as B2. The  last step  was  to spot

the reduced  syllabic  boundaries (BO) that ac-

companied  the reduced  syllables.  The  unmarked

boundaries were  normal  syllabjc  boundaries (Bl).
The  details are  described below:
1, B4 and  B5:

  B4 is used  te indicate the boundary of  breath

group  that  was  originally  proposed by Lieberman.ii)

This boundary  is a  physiological effect that is

caused  by breathing exemplified  by deerease at the

levels of  pitch and  energy.  To  detect'the reset  of

pitch and  energy  is no  diMcult task. However,  it is
Iess distinct to detect B5, In writing,  a  paragraph
can  be identified not  by length but by a  distinct

format that involves specific  spacing  at the begin-
ning,  leaving off  the  remaining  of  a line, and  begin-

ning  a  new  line with  specific  spacing  again.  The

same  phenomenon  occurs  in reading  out  para-

graphs, Our  question is: what  woul'd  the cue  fbr
the marking  of  such  a boundary be? In our  obser-

vation,  it is marked  by the lengthening of  the pause

NII-Electronic
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between the two  breath groups. In our  definition,

this 
"paragraphing"

 in the reading  out  process is
termed  prosodic  group,  a unit  in speaking  that is
                                        '
equal  or  larger than  a  breath group. In our  experi-

ments,  the transcribers were  asked  to spot  the

prosodic group according  to their perception not  by
measuringtheduratiQnofpause.  Ourpurposeisto

find the correlation  between perception and  the

prosodic parameters,
2. B2, B3:

  After marking  the  B4 and  B5, a  paragraph  was

segmented  into many  breath groups. The  tran-

scribers  were  asked  to detect irregular boundaries
within  a breath group. The  perceived boundaries

may  be caused  by sudden  changes  in pitch, duration
and  energy,  or  it may  be caused  by the insertion of

short  pause. The  boundaries that are  perceived by
the  pause  are  marked  as  B3, and  the others  are

marked  as  B2.
3. BO:

  ln our  design, we  also  intend to spot  the reduced

syllables  in contraction,  a  phenomenon  that occurs

frequently in spontaneous  speech.  (However, our

transcription showed  that the collected  read  speech

corpus  almost  does not  contain  such  examples.

One reason  could  be the somewhat  carefu1  speech

style  of  our  infbrmants,)

  Table5  is the comparison  of  the break indices
labeled by two  transcribers. Statistical analyses  of

the pauses are  shown  in Table6. The  left panel  of

Table5  represents  independent labeling results  of

the proposed criteria  ; the right  panel represents  the

labeling results of  the same  set of  data after the

transcribers cempared  notes  of  criteria  used.  We

find while  consistency  between transcribers increases

after discussion, the types of  less identifiable cate-

gories still maintains.  Most  of  the inconsistency

occurred  in Bl iLs. B2 and  B4 us. B5. A  total of204

boundaries were  labeled as Bl by transcriber A, but

labeled as B2 by transcriber B. Furthermore, 48 '

Table 5 The  break indices labeled by two transcribers (A and  B) befbre
 excltange  of  notes  for labeling,

(the left) and  after (the right)  the

BBOBl
B2 B3 B4

A
B5

BBOBl
B2 B3 B4 B5

o o o o o o
BOo

o o o o o
BOnana

lla na na na nana na na.na na

o2041I14 16 2 4
Blo216283

1 o 1
Blo%93.8Yo52%e,7%O.1%O.2%

o%96.2%3.7%o% o% o%

o20S394 87 2 o
B2o204422

30 o o
B2o%29.89o57,39.12.6oreO.3%o%

o%31.1%64.3%4.6Yoo% e%

o 14 80 18745 5
B3o

5 45 33036 3
B3o%4.2Ye24.2%56,5%13.6%1.5%

o%1.2%10.7%78,8%8,6%O.7%

o o 1 67 163108Mo o 1 46 124 48
B4o%o%O.3%19.8%48.1%31.9%

o%OeroO,5%21.0%'56.69o21.9%

o E. o 1 7 103B5o 1 o o 2 103
B5o%O.9%o%O.9%6.3%92.0%

o%O,9%o% o%I.9%972%

Table 6 The Mean and  Std (in ms)  for the pause of different brea# indices before (the left) and  after  (the right)
 the exchange  of  notes  for labeling. 

'

BIBOBlB2B3erB5 BIBOBlB2B3B4BS

Meane'l.612.5160.4452.3747.S Meano1.9l62243.7623.0793.0
AStdoO.4O.97.815.5 A

14.0 StdoO.4l.48.517.916,4

Meano3.214.3143.9541.7757.S Meano1.51L2232.3658.3841.7
BStdoO.81.47.413,5 B

19,7 StdoO.4O.77,615,33Ll
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boundaries were  labeled as  B5  by transcriber  A, but

labeled as B4 by transcriber B. This could  mean

that transcriber  A  is mQre  sensitive  to global

prosodic changes  and  transcriber B is more  sensitive

to finer prosQdic changes.  From  the  statistical

analysis  in Table 6, it is evident  that consistent  use

of  labeling criteria  can  be fbund within  each  tran-

scriber, whereas  their respective  chosen  criteria  may

not  the same.

           5. CONCLUSION

  In this paper, we  proposed a rnachine-readable

broad phonetic transcription system  for three  major

Chinese dialects spoken  in Taiwan, namely,  Manda-

rin,TaiwaneseandHakka.  Inthecourseofcollect-

ing speech  data and  developing tools at the same
time, one  of  our  major  goals was  te construct  a well

transcribed speech  databases for speech  research  of

these languages. We  have deigned a set of  ASCII

symbols  fo11owing the guideline of  SAMPA  to rep-

resent  the phonemes  used  in these languages and  can

be used  fbr broad-phonetic transcription. The  sys-

tem  also  included transcription capacity  at the

prosodic level, cembining  the spirits ef  ToBI and
JSML  and  modified  to suit  these tonal languages.

Though  the system  is designed to transcribe three
Chinese dialects as specified,  we  are  currently  testing

it on  eur  phonetic and  ,prosody oriented speech

databttse for Mandarin  Chinese, and  will  further test
it on  Taiwanese and  Hakka. We  believe that the

proposed system  can  be adopted  as the standardized

ASCII version  of  machine-readable  phonetic tran-

scription  system  for Chinese,
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