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11. SPERCS PERCEPTION 

A. AUOITORY MATCHING OF VOWSLS WITH TF!O FORMANT SYNTHETIC SOUNDS 

It has been suggested ) ( 2 ) ( 6 ) ( 7 )  t h a t  vowels may be 

regarded a s  e s s e n t i a l l y  two-formant stimali a s  f a r  a s  t h e i r  

s p e c t r a l  c h a r a c t e r i s t i c s  a r e  concerned. The f i r s t  formant of t h e  

vowel would be one of t h e  cons t i t uen t s  and a  weighted average 

of t h e  second and higher  formant frequencies would const i lu tc :  an 

e f f e c t i v e  l'mean" p i t c h  of t h e  lupper pa r t  o f  t h e  vowel spect_rcm. 

A f u r ~ h e r  simplification holds f o r  back vowels with F2 c lose  t o  

F1. The main enzrgy of back vowels i s  concentrated t o  F1 and F2 

and these  vowel? czil be 3,~pzoximated by a  s i ng l e  formant placed 

c lo se  t o  t he  mean o f  F 2nd F2 i n  t h e  czse of [u] c l o s e r  t o  F1. 
1 

Fven f ro2 t  votre2.s can Fe associa ted with a  s i n g l e  formant corre- 

sponding t o  ';he "mean p i tch"  of t h e  second and higher  f o r m s n t ~ .  

The ver-j  cxtrene i s  t o  ask s l~- i ) jec ts  t o  a s soc i a t e  pu-re tones  of 

va r ious  frequcnales wi th  vowels (ref. page 8 7 ) .  Such t e s t s  

provide r o s u l t s  vhich a r e  consis-tent wi th  t h e  g e n e ~ a l  theory o? 

vowel perception. 

Our means of i n t e r p r e t i n g  d a t a  from spectrographic  

ana ly s i s  ~ ro~z ld  ga in  from EL kno:rlei"ge of how t h e  e a r  weights t h e  

s eve ra l  fornant s of  f r o n t  vor?rels. Frequently t h e  t h i r d  formant 

of [i] has a, higher  i n t e n s i t y  l e v c l  than  t he  second formant acc 

a  fou r th ,  f i f t h ,  and even a, s i x t h  formant may appear i n  t h e  spec-ira 

of some f ron t  vovels  pro?lced by s male l o i c e  wi th  v e l l  d%eloped 

t imbre .  IJlna-G i s  t h s  cffecbive mean of such z group of 5 igher  

formants? Is it 22-s lblo  t o  d e r i ~ e  t-?e -ulos f o r  t h s  p z r t i c u l a r  

weighting funct ion appl icd 5g t h e  aud i to ry  system? It i s  f c l t  

t h a t  aa  anp l i ca t i cn  of cuch 11-leo t o  a female ?nfi a  male sample, 

pe r t e in ing  t o  a  vowel of cnc a-16 t h c  same phonetic q u a l i t y ,  would 

provide cen t e r  of gravl5y rae?surcs tlle't d i f f e r ed  l e s s  thaa ,  f o r  

ins tance ,  t h e  F2-frcquzncy. 





The two-formant syn thes ize r  offers a f a i r l y  n a t u r a l  

reproduction of t h e  main c h a r a c t e r i s t i c s  of back vowels wi th  

F2 c l o s e  t o  F1. I n  case  of f r o n t  vowels t he r e  may be severa l  

h igher  formants of equal  s t renght  bu i ld ing  up a s o r t  of  pass-band 

region of equal r i p p l e  type es i s  t y p i c a l  of a horn resonator .  

A s i n g l e  resonance curve s u b s t i t u t i n g  such a group i s  not ve ry  

n a t u r a l  and the same can be s a i d  of a narrow s p e c t r a l  band 

shaped wi th  a band-pass f i l t e r  wi th  v e r y  s t eep  s k i r t s .  The 

l a t t e r  may, however, provide s u i t a b l e  condi t ions  f o r  spec i fy ing  

a lumped energy d i s t r i b u t i o n  on t h e  frequency s ca l e .  Both these  

two-formant approximations should be of i n t e r e s t  f o r  matching 

purposes. 

Typical  s p e c t r a l  envelopes of t h e  two-formant 

vowels u t i l i z e d  i n  our  i nves t i ga t i on  a r e  shown i n  Fig.  11-1. 

S i x  sub j ec t s  were asked t o  s u s t a i n  each of 10 Swedish vowels. 

They were then s e t  t o  t h e  t a s k  of matching tape-recordings 

of t h e i r  own vowels wi th  syn the t i c  sounds, % and F1 being 

p re se t  from measurements of t h e i r  spoken sample. The d i f fe rence  

i n  second and f i r s t  formant amplitude, L2-L1, w a s  a l s o  p r e se t  

according t o  an average frequency dependency ru l e .  The only 

v a r i a b l e  was thus  Fp of t he  syn thes i s  which i s  denoted by 

F; i n  Table XI-I .  Each subject  made on t h e  average 2 matches. 

A s e r i e s  of repeated m a t c h i n s c a r r i e d  out by one of  t h e  

sub j ec t s  showed t h a t  t h e  rdp rodud ib i l i t y  w a s  genera l ly  

w i th in  l e s s  than  100-200 c/s  except f o r  t h e  high f r o n t  vowel 

[i], where t h e  spread could be ve ry  l a r g e .  

The genera l  tendency was t o  match F i  c l o s e r  t o  F1 

than  Fp of t h e  vowel [u] and c l o s e r  t o  F2 than F1 f o r  [o]. 

The vowels [&Iv [ b l s  Loel [B] were matched with F q u i t e  c lo se  2 
t o  F of t h e  human vowels, whereas [z] was matched c l o s e r  t o  F 

2 3 
than  t o  F2. For t h e  vowel [ e l  a F;-frequency j u s t  above F 

3 
was pre fe r rod  and i n  case  of [i] most sub jec t s  at tempted t o  

p lace  F; above F 
4 ' 

This v e r y  high l oca t i on  and t h e  considerable  spread 

encountered i s  asc r ibed  t o  t h e  short-comings of t h e  syn thes i s .  



Fig. 11-1. Spectrum envelopes of two-formant syn- 
thetic vowels [el and [ h ] .  Para l le l  
synthesis with phase inversion. 



Under condi t ions  of high L;-L; t h e  F2 appears as a small peak 

only on t h e  s k i r t  of t h e  F, -resonance curve. 

The d a t a  a r e  summarized i n  t h e  vowel diagram of Fig. 11-2. 

The represen ta t ion  of vowels by t h e i r  two-formant approximations 

from t h e  matching experiments has apparent ly  e l iminated t h e  

crowdedness i n  t h e  [i] [ e l  Cy] [b  ] region of t h e  vowel diagram 

thus  sharpening t h e  apparent d i s t i n c t i o n s .  It remains, however, 

t o  t e s t  o ther  syn thes i s  methods and t o  gain  deeper i n s i g h t  

i n  t h e  invar iance c r i t e r i a ,  e .g ,  by i nves t i ga t i ng  t h e  f i n i t e  

t r a d i n g  r e l a t i o n  between formant frequency and formant i n t e n s i t y  ( 3 )  

and between Fo and apparent F; (8) 

TABLE 11-1. 

( ~ e a n  of 10 va lues  
i n  a l l  6 sub j ec t s )  

Formant f requencies  of 
na tu r a l  vowels 

Susta ined F F F 
vowels o)s ~ 7 s  A 

F; o f  syn the t i c  L;-L; 
approximat i on  

G .  Fant and A. Risberg 



Fig. 11-2. F versus  F p lo t  of Swedish susta ined vowels and 
2 1 

F '  ve rsus  F of two-formant syn the t i c  approximations, 
2 1 

L2  - L1 ranging from 12 dB i n  [a], t o  22 dB i n  [y] 

and [i]. The very high F2 of [i] may probably be 

ascr ibed t o  t he  p a r t i c u l a r  syn thes i s  technique. 
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