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ABSTRACT 

The FOPHO (F_oreign Phonet ic ian) speech 
recogn i t i on p ro jec t concerns the development of 
a system to produce a reasonably high q u a l i t y 
phonetic t r a n s c r i p t i o n output from continuous 
speech i npu t . The system is developed to 
perform in a way which approximates the act ions 
of a phonet ic ian t r y i n g to t ranscr ibe a fo re ign 
tongue, ( i n the case of FOPHO, Aus t ra l i an 
Eng l i sh ) . Because of th i s cen t ra l phi losophy, 
FOPHO is a very i n t e r a c t i v e system and has 
f a c i l i t i e s for automatic learn ing and analys is 
of i t s own performance. Good q u a l i t y 
recogn i t ion is achieved through algor i thms which 
are very context-dependent and which are 
sens i t i ve to a v a r i e t y of poss ib le productions 
of s i m i l a r sounds even though the system i t s e l f 
is speaker independent. 

I n t roduc t i on 

The aim of the FOPHO pro jec t is to b u i l d an 
automatic system which can learn to recognise 
cont inuous, conve rsa t i ona l - s t y le speech, 
un res t r i c t ed by speaker or con tex t , in the 
manner in which a Foreign Phonet ic ian (hence the 
name FOPHO) would learn to understand a 
language. The nove l ty of t h i s approach l i e s in 
the system design which combines techniques 
developed in the A r t i f i c i a l I n t e l l i g e n c e f i e l d s 
of Learning Systems and Expert Systems w i th the 
p r i n c i p l e s of Automatic Speech Recogni t ion. The 
r esu l t is a system which is a 'Learning Expert ' 
and that is p rec ise ly what a phonet ic ian t ra ined 
to approach an unknown language w i th a view to 
i d e n t i f y i n g and ca tegor is ing i t s sounds i s . 

In p rac t ice FOPHO is designed to recognise 
Aus t ra l i an Engl ish which is a d i a l e c t of Engl ish 
more su i ted to automatic recogn i t i on than many 
other d i a l e c t s of Engl ish because although i t is 
spoken by a large number of speakers 
(approximately fourteen m i l l i o n ) i t i s 
remarkably free of reg ional v a r i a t i o n . 
( M i t c h e l l and Delbr idge, 1965). 

This paper describes work done p a r t i a l l y in the 
Department of Engineering Physics, 
Research School of Physical Sciences, 
Aus t ra l i an Nat ional Un i ve rs i t y . I t was 
supported by grants from the Aus t ra l i an Computer 
Research Board. 

System Features 

In t h i s sect ion we b r i e f l y descr ibe the main 
features of the FOPHO system apart from the 
actua l speech recogn i t i on s t ra tegy which is 
described in the next sec t i on . It must be 
emphasised that FOPHO is envisaged as a 
long-term pro jec t w i th the system prov id ing a 
framework for i t s own development. Thus, whi le 
is is p r i m a r i l y meant as an automatic speech 
recogn i t i on system i t is also designed to 
provide an automated framework fo r experiments 
in phonetics and for experiments in automatic-
speaker cha rac te r i sa t i on . 

The exper t ise of FOPHO resides in i t s 
recogn i t ion algor i thms which are designed to be 
as de ta i l ed as poss ib le . i . e . context-dependent 
ru les and ru les deal ing w i th a wide range of 
(o f ten redundant) phonetic features are included 
in the a lgor i thm wherever poss ib le . Each 
recogn i t i on a lgor i thm consis ts of con junct ive 
and d i s j u n c t i v e concatenations of simple fuzzy 
breakpoint ru les (Demichael is, De Mor i , Laface 
and O'Kane, 1983). Each a lgor i thm s lo t s i n to a 
hierarchy of recogn i t ion algor i thms 
(segmentation a lgor i thms precede f i n e 
c l a s s i f i c a t i o n algor i thms and so on) . This 
h ierarchy provides a chaining between a l l the 
var ious recogn i t i on ru les and through t h i s 
chain ing the system can carry out an analys is of 
i t s own performance and, when requested, modify 
i t s own recogn i t ion r u l e s . The system provides 
the analys is of i t s own performance in the 
manner and terms of a phonet ic ian . 

With these considerat ions in mind the main 
features of FOPHO are: 

1 . the system is i n t e r a c t i v e , i . e . i t can 
answer back using i t s synthet ic voice which 
is the K l a t t cascade/para l le l formant 
synthesizer ( K l a t t , 1980), and i t has simple 
yes/no question-answer rout ines fo r gain ing 
general in format ion about a new top ic or a 
new speaker. These rout ines can be run 
through keyboard ent ry or by speech response 
using simple template-matching speech 
recogn i t ion techniques. FOPHO also has been 
provided wi th the a b i l i t y to produce IPA 
phonetic s c r i p t on a graphics screen ( M i l l a r 
and Oasa, 1981) and, in i t s phonetics 
experiment mode, it can accept graphica l 
input through a graphics t a b l e t . 
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C o l l e c t i v e l y these i n t e r a c t i v e rout ines are 
known as the ' f r i e n d l y face1 of FOPHO; 

2. the system seeks v e r i f i c a t i o n , i . e . using 
i n - b u i l t f a c i l i t i e s fo r synthet ic speech and 
phonetic symbol output the system seeks 
v e r i f i c a t i o n o f what i t ' thought i t heard 1 ; 

3. the system can be made s e l f - t u n i n g . In t h i s 
learn ing mode it can be made aware that it 
has made a recogn i t ion mistake and it w i l l 
seek to i d e n t i f y and then modify the 
a lgor i thm which has caused it to make a 
mistake; 

4. the system is modular in design, i . e . the 
algor i thms of the system are w r i t t e n as 
d isc re te modules so that they can be 
i n d i v i d u a l l y and independently tested and 
modif ied and so that the system can perform 
at least p a r t i a l recogn i t ion even though a 
complete set of recogn i t ion algor i thms has 
not been developed. Thus, as the system 
stands at present it can segment speech in to 
broad phonetic c lasses, i t can perform 
reasonable c l a s s i f i c a t i o n of vowels, and i t 
has very robust algori thms for the f i ne 
c l a s s i f i c a t i o n of p los ive consonants and 
l i q u i d consonants. However, i t s f ine 
c l a s s i f i c a t i o n algor i thms for other 
consonant classes are s t i l l under 
development. At present i f i t is asked to 
recognise a phrase, for example: 

Fred sings 

i t w i l l produce as i t s highest-weighted 
fuzzy output something l i k e the f o l l o w i n g : 

( f r i c a t i v e ) ( r ) (mid-high f ront vowel)(d) 
( f r i c a t i v e ) ( h i g h f ron t vowel) 

( n a s a 1 ) ( f r i c a t i v e ) ; 

5. the system has on-going speaker adapta t ion , 
i . e . when a new speaker is introduced to the 
system, the system creates a f i l e for that 
speaker in which i t deposits 
on- l ine-gathered s t a t i s t i c s about that 
speaker's pronunciat ion for l a t e r use in 
conjunct ion w i th the general 
speaker-independent recogn i t ion a lgor i thms; 

6. the system, which at the moment is being 
developed as a speech recogn i t ion system, 
has the f a c i l i t y for being extended to act 
as Speech Understanding System according to 
the same general model except that the 
phonet ic ian is replaced by a l i n g u i s t . 

The p r i nc ip les on which the model is based 
should lead eventua l ly to reasonable recogn i t ion 
of un res t r i c t ed continuous speech; these 
p r i n c i p l e s can be also used in the design of 
special-purpose speech recogn i t ion systems. 

P r inc ip les of Recognit ion 

Two basic p r i nc ip les under l ie the speech 
recogn i t i on ru les used in FOPHO. They are: 

1. context-dependent recogn i t ion ru les are 
be t te r than context-independent r u l e s ; 

2. per fec t recogn i t ion is impossible to achieve 
so that ra ther than produce one 
c l a s s i f i c a t i o n for each phoneme it is 
genera l ly be t te r to produce a l i s t of 
possib le c l a s s i f i c a t i o n s w i th associated 
fuzzy weight ings. 

The recogn i t ion process s t a r t s when the 
d i g i t i z e d , LPC analysed speech is segmented 
using a modif ied vers ion of the h i e r a r c h i c a l 
segmentation a lgor i thm developed by De Mor i , 
Laface and Piccolo (1976). A f te r t h i s , primary 
vowel recogn i t ion takes p lace. This is done by 
a context-independent a lgor i thm which r e l i e s 
mainly on formant and t iming data to achieve 
r e s u l t s . As there are twenty voca l i c nuc le i in 
Aust ra l ian Eng l ish , i t is qu i te common that a 
vowel can receive a c l a s s i f i c a t i o n wi th a high 
fuzzy r a t i n g in several categor ies at once. For 
example, a vowel that i s ac tua l l y / I / might 
receive c l a s s i f i c a t i o n s of over .6 (on a scale 
o f 0.0 t o 1.0) i n the categor ies / i / , / I / and 
/ r / . Because of t h i s and because f i ne vowel 
c l a s s i f i c a t i o n is not needed for the 
context-dependent consonant recogn i t ion 
algor i thms ( t h i s primary vowel recogn i t i on 
prov id ing the ' con tex t ' for the consonant 
recogn i t i on algor i thms) the voca l ic sect ions are 
also given ra t ings in broader categor ies such as 
high f ron t vowel, low back vowel e t c . . Of 
course if some data for the current speaker is 
already held knowingly by the system in i t s 
previously-met-speaker f i l e s these can be 
consulted and f i ne r vowel recogn i t i on achieved. 
It should be noted also that the vowel 
recogn i t i on a lgor i thm is more successful for 
female voices than for male voices because of 
the wider spread of the second, and t h i r d 
formants in female vo ices. Further d e t a i l s of 
t h i s and other features of t h i s vowel 
recogn i t ion a lgor i thm are given in O'Kane (1981). 

A f te r vowel recogn i t ion is completed, f i ne 
c l a s s i f i c a t i o n of the consonantal parts of the 
ut terance is undertaken. It has been 
establ ished that the consonants in 
conversat ional Aus t ra l i an Engl ish show strong 
coa r t i cu l a t o r y e f fec t s due to both a n t i c i p a t o r y 
and carryover a r t i c u l a t i o n , and that the 
presence of a word boundary does not 
s i g n i f i c a n t l y i n h i b i t e i t he r type o f 
c o a r t i c u l a t i o n unless there is a long time gap 
between the words (O'Kane, 1981). Thus, we have 
found that consonant recogn i t i on is most 
successfu l ly done using context-dependent 
a lgor i thms, and not s u r p r i s i n g l y t h i s type of 
recogn i t i on is most successful when a consonant 
occurs in a VCV con tex t . However, even when 
only VC or CV c o a r t i c u l a t o r y ru les can be used, 
due to the presence of consonant c l u s t e r s , the 
resu l t s are very s a t i s f a c t o r y . 

The problem w i t h consonants in rap id 
conversat ional Aus t ra l i an Engl ish is that they 
can be produced using several features or using 
only a subset of those features. For example, a 



632 M. O'Kane 

p e r f e c t l y produced p los ive consonant w i l l have 
we l l -de f ined formant t r ans i t i ons from and to 
surrounding vowels as we l l as a burst of a 
c e r t a i n spec t ra l shape, and the Voice Onset Time 
w i l l be of a c e r t a i n length a l l depending on the 
place of a r t i c u l a t i o n of the consonant and the 
nature of the surrounding vowels. But c e r t a i n 
speakers at c e r t a i n times use ony some of these 
cues, fo r example, never producing a / d / burst 
before a high back vowel or having n e g l i g i b l e 
formant t r a n s i t i o n s before / b / . As the 
algor i thms for recognis ing p losives are designed 
to be speaker independent these e f f ec t s have to 
be allowed f o r . Also it has been found 
necessary to have d i f f e r e n t consonant 
recogn i t ion algor i thms for male and female 
voices - at least a lgor i thms that d i f f e r when 
deal ing w i th frequency dependent fea tu res . How 
an a lgor i thm is developed is described b r i e f l y 
in the next sec t i on . 

A f te r f i ne consonant recogn i t i on has been 
completed for an ut terance the resu l t s fo r each 
phoneme are reviewed. If a phoneme has received 
no fuzzy r a t i n g in any category greater than 0.5 
or i f i t has a high r a t i n g in several categor ies 
simultaneously the p o s s i b i l i t y of a mistake at 
lower leve ls is considered, and a c e r t a i n amount 
of backtracking is performed. The system 
d isp lays i t s r e s u l t s to date, and an analys is of 
these r e s u l t s , i n d i c a t i n g p a r t i c u l a r l y those 
par ts where no successful c l a s s i f i c a t i o n has 
been achieved and where ru le mod i f i ca t ion is 
perhaps necessary. 

A f te r t h i s the resu l t s can be fu r the r 
improved by operat ing the (phonet ic) 
context-dependent and prosody-dependent word 
boundary a lgor i thms which a l low some word and 
phrase boundaries to be t e n t a t i v e l y tagged. 

Design of Recognit ion Algorithms 

The design of the speech recogn i t i on 
algor i thms is accomplished by f i r s t cons ider ing 
what phonetic features are known to be 
perceptua l l y important in the human r e c o g n i t i o n , 
and which parameters have been shown to be 
p a r t i c u l a r l y robust in the automatic recogn i t ion 
of a p a r t i c u l a r c lass of sounds. This 
in format ion is used as a guide to the basic form 
of the a lgo r i t hm. Then a large number of 
examples of a l l members of the sound class being 
recognised in a l l possib le contexts , and as 
spoken by a large number of sneakers is 
considered, and from t h i s in format ion the f i n a l 
recogn i t ion ru les are developed. As F0PH0 is 
designed to recognise continuous speech, the 
sound examples considered in developing the 
ru les are ex t rac ted from continuous speech. In 
order to ob ta in these sound examples in a l l 
poss ib le contexts a spec ia l experimental 
paradigm has been devised whereby speakers are 
presented wi th l i s t s of words or word pa i rs 
conta in ing some ta rge t sound in a l l poss ib le 
contex ts , and are asked to put these words or 
word pa i rs i n t o sentences as r a p i d l y as 
poss ib le . This has proved to be very use fu l in 

obta in ing the required mate r ia l in a continuous 
speech format. 

To provide a wide range of mate r ia l to 
f u r the r develop and tes t the FOPHO algor i thms a 
large database of spoken Aus t ra l i an Engl ish has 
recent ly been c o l l e c t e d . Th i r t y - two volunteers 
( f i f t e e n male and seventeen female) have 
provided, on ten d i f f e r e n t occasions, exemplars 
of a v a r i e t y of speaking s ty les ranging from the 
formal (set reading passages, reading l i s t s of 
sentences and l i s t s of words) to the in formal 
(word games of the type described above, free 
conversat ion) . This mater ia l is a lso intended 
for use in speaker charac te r i sa t ion research 
(O'Kane, M i l l a r and Bryant, 1982). 

Conclusion 

The FOPHO speech recogn i t ion p ro jec t which 
aims at achieving high q u a l i t y recogn i t ion of 
conversat ional Aus t ra l i an Engl ish has been 
descr ibed. This pro ject is expected to take 
some years to complete and has thus been 
designed in a very f l e x i b l e way so that the 
pro jec t can take advantage of new developments 
i n A r t i f i c i a l I n t e l l i g e n c e . 
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