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ABSTRACT 

In t h i s  p a p e r  t h e  output i s  
presented  o f  t h e  compute r  
a ided  analysis  o f  t h e  Bul- 
garian vowels in  [b-b /  con- 
t ex t  u t t e r ed  by 30 male and 
30 female professional spea— 
kers  i n  stressed and in  un- 
s t res sed  pos i t i on ,  namely 
t he  print o u t  o f  t h e  popu-  
l a t ions  (o r  vowel  c lus t er s )  
i n  t h e  F1 vs .  F2 plane o f  
equally labeled vowel u t t e -  
rances t oge the r  w i t h  their 
c l u s t e r  statistics: means, 
standard dev ia t ions ,  maxi- 
mums, minimums, skewneeses  
and ku r to s i se s .  

1 .  INTRODUCTION 
In a previous p a p e r  [1 ]  a n  
algori thm has b e e n  reported 
which makes  use o f  phonet ic  
knowledge t o  pe r form compu— 
t e r  a ided  analysis of  speech 
fo l lowed  by formant t r ack ing .  
I t  has  been descr ibed lately 
how t h i s  algorithm has been  
appl ied  t o  the  process ing 
o f  a phone t i c  mater ia l  [2] 
f rom t h e  Bulgarian Central  
Allophones Data  Base [3 ] .  
Here w i l l  be p resented  i n  
more d e t a i l s  the  d i rect  o u t —  
put  o f  t h e  computer  proces- 
sing of  t h i s  phonet ic  m a t e - '  
r i a l .  

2 .  VOWEL CLUSTERS 
Central  (b-VOWEL-b) allo- 

. p h o n e s  o f  t he  vowels:  [ i ] ,  
/ e / ,  [ 3 / 9  l a ] ,  / u / 9  / ° /  

are u t t e r e d  i n  Standard Bul— 
garian by 30 male and 30 fe— 
male professional  speakers  
i n  stressed and  i n  uns t res— 
sed p o s i t i o n .  The allophones 
a r e  imbeded i n  words (See 
APPENDIX) u t t ered  w i t h  fal- 
ling intonation a t  t he  end 
of  a s t andard  carr ier  sen- 
t e n c e .  The labeled sound re— 
cordings  of t h e  vowel u t t e -  
rances are ver i f i ed  by a g m —  
up o f  20 l i s teners  sg that  
t h e  uncorrect  u t t e r ances  t o  
be  r e j e c t e d  by the  computer  
and only the  correct  ones to 
be  admited t o  f u r t h e r  proces- 
sing. The anaIOg speech  sig- 
nal i s  d i g i t a l i z e d  w i t h  a 
sampling f requency  o f  2 0  kHz 
and t h e n  processed w i t h  an 
IBM 360/40 computer .  The 
compuiâr perfqgmes…arFORTRAN 
Program based  o n  thesubro— 
u t i n é ' F O R I T  f rom the  SSP [4]  
and bu i lded  up according t o  
the algorithm [1] .  The com— 
pu te r  produces ,  except  o f  
o u t p u t . l i s t i n g s  o f  t h e  labe- 
l ed  points 

(F0. F 1 .  F 2 .  F3)  

where 

LABEL : [phonemic symbol 
[presence o r  absence of 

s t r e s s / s ex  of  speaker/  

. . . . [ x /  
LABEL 

also two dimensional plots 
of  t h e  s e t s  o f  equally la -  
beled  p o i n t s  i n  t h e  space of 
t he  f i r s t  t w o  vowel fomants 
(See F ig .  Fig. 1 t o  4 ) .  It 
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c a n  be s e e n  t h a t  t h e  number 
o f  p o i n t s  i n  t h e  c l u s t e r s  on 
t h e  p l o t s  i s  somet imes  smal— 
l e r  t h a n  t h e  number  o f  the  
S p e a k e r s  i n  e a c h  g r o u p .  
T h i s  e f f e c t  i s  o b t a i n e d  be— 
cause  o f :  1 )  The uncor rec t  
u t t e r a n c e s  r e j e c t e d  by t h e  
group o f  listeners; 2 )  The  
c o i n c i d i n g  points i n  t h e  F1 
v s .  F 2  computer print o u t ;  
3 )  Some single points very 
d i s t a n t  f rom t h e  c l u s t e r s  
nuclei w h i c h  got  o u t  o f  t h e  
PW v s .  F2 c o m p u t e r  p r i n t o u t .  
There are i n  f a c t  on ly  three  
such p o i n t s  exclusively i n  
the  f e m a l e  u t t e r a n c e s ,  name- 
ly t w o  p o i n t s  i n  t h e  / ‘ i /  
c l u s t e r  above  t h e  u p p e r  l i —  
m i t  o f  t h e  graph and one 
more i n  t h e  c l u s t e r  o f  the  
vowel / ‘ a / .  The number o f  
coinciding a n d  out—of—the— 
graph p o i n t s  i s  p r e sen t ed  
i n  t h e  l a s t  column o f  fl a b .  
Tab.  1 t o  4 .  

3 .  CLUSTER STATISTICS 
The statistical processing 

o f  a l l  vowel u t t e r a n c e s  v e -  
r i f i e d  by t h e  listeners i s  
performed by a FORTAN pro— 
gram w h i c h  m a k e s  e x t e n s i v e  
use o f  t h e  SSP s u b r o u t i n e s  
[ 4 ] ,  among them t h e  s u b r o u —  
t i n e  TALLY t o  c o m p u t e  means ,  

s t anda rd  d e v i a t i o n s ,  maxi- 
mums and minimums and  t h e  
subrout ine  MOMEN t o  he lp  by 
t h e  comput ing  of the  skew— 
nesses  and  c u r t o s i s e s .  The— 
se  s t a t i s t i c a l  e s t i m a t e s ,  
c o m p u t e d  f o r  e a c h  c l u s t e r  
o f  equa l ly  labeled p o i n t s ,  
are p r e s e n t e d  i n  T a b .  Tab.  
1 t o  4 .  I n  t h e  b o t t o m  part  
o f  each  t a b l e  a re  p r e s e n t e d  
t h e  s t a t i s t i c s  o f  t h e  over-  
a l l  popula t ion  o f  t h e  six 
vowels  above.  

4 .  DISCUSSION 
A s  t h e  behav io r  o f  t h e  vo-  
wel  c l u s t e r s  i n  dependence  
of  t h e  sex o f  t h e  speakers 
and o f  t h e  k ind  of uttering 

t h e m  i s  discussed elsewhere 
(21 i t  w i l l  be  only men t io -  

ned now t h a t  t h e  r e s u l t s  of  
t h e  compute r  processing o f  
t h e  raw expe r imen ta l  m a t e r i -  
a l  r e p o r t e d  here s u p p o r t t h e  
i n f e r e n c e s  deduced  from t he  
s e t s  o f  manually determined 
closed loops i n  [ 2 ] .  

5.  CONCLUSION 
i he  phone t i c  da ta  presented  
i n  t h i s  paper  may be  o f  use 
t o  t h e  s c i e n t i f i c  c o m u n i t y  
by t r i v i a l  a n d  c o m p u t e r i z e d  
compara t ive  phonetics s t u d i —  
e s  and by machine synthesis  
and recogn i t ion  o f  Bulgarian 
speech .  
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APPENDIX: 
Word l i s t  i n  rough phonemic 
IPA - t r a n s c r i p t i o n :  

STRESSED UNSTRESSED 
/b‘iblija/ jbibl‘ejski /  
[ b ‘ e b e /  / b e b ‘ e t  e f /  
/ b ‘ a b a /  jbabal ‘âk/  
jb‘Qbrek/ jbabrekov‘iden/ 
j b ‘ o b o f /  [bob‘ov ina /  
/ b ‘ u b a /  [ bub ‘a r /  
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Fig. 1 .  F i r s t  t w o  f o r m a n t s  
compu te r  graph o f  t h e  s ix 
Bulgarian vowels u t t e r e d  in  
stressed position by_30  
male speakers  

TERMINOLOGY: 

CLUSTER - ' a  group o f  o b -  
j e c t s  p u t  t o g e t h e r  by some 
resemblan t  f e a t u r e  (DURAN, 

B . ,  ODDEL, P .  ( 1 9 7 4 ) , " C l u s -  
t e r  analysis. A s u r v e y " ,  
Springer V e r l a g ) .  The  term 
i s  f a m i l i a r  i n  t h e  theory 
o f  p a t t e r n  r e c o g n i t i o n .  

l l l l l  

Fig.  2 .  F i r s t  t w o  formants  
c o m p u t e r  graph o f  the  six 
Bulgar ian  vowels u t t e r e d  i n  
unstressed position by 30 
male speaker s  

LEGENR. 293.15. .F IG mafia: 
I n  t h e  c o m p u t e r  p r in t  o u t s  
c a p i t a l  l e t t e r s  f r o m  the  
latine a lphabe t  a r e , u s e d  
t o g e t h e r  w i t h  t h e  symbol 
"ape"  t o  de s igna t e  some 
symbols of  t h e  I n t e rna t io -  
nal Phonet ic  Alphabet  (IPA) 
a s  f o l l o w s :  

I = x i x :  A = l a x :  

3 = l e ! :  U = / u / :  

9 = / 9 / :  0 = / ° / :  
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. F i g .  3.  First t w o  formants  
compute r  graph o f  t h e  s ix  
Bulgarian vowels u t t e r e d  i n  
stressed pos i t i on  by 30 
female speakers .  There are 
three points [1/ w i t h  
rather high second formant  
which got  aut  o f  t h i s  graph. 
Two o f  them are  l abe l ed  a s  
/‘1/. £P1=624, F2=3744) and 

'(F1=850, F2=3825), and one 
a s  / ‘ a / .  (F1=1176, F2=3864) 

REMARK: 

With a single exception 
_(See text  t o  P i s . .&)  coin— 

ciding po in t s  belong t o  one 
and t h e  same vowel c l u s t e r .  

' F i g .  4 .  F i r s t  two  fo rman t s  
compu te r  graph of t h e  s ix  
Bulgarian vowels u t t e r e d  in 
unstressed position by 30 
female speake r s .  The point  

19/. (F1=768, F2=3536). _ 
which coincides w i t h  a peint 
o f  t h e  / a / - c l u s t e r ,  i s  not 
marked o n  t h e  f i g u r e  

LEGEND TO THE TABLbS: 

n - number o f  vowel u t t e -  
rances a d m i t e d  t o  analysis 
a f t e r  being ve r i f i ed  by a 
group o f  20 listeners 

c - number of positions 

in t h e  F1 v s .  F2 plane in 
which the  coord ina tes  of  
each two  o r  more vowels  do 
coincide or  a s ingle vowel  
g e t s  o u t  o f  t h e  compute r  
pr int  o u t  

397  


