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w h i c h  c o n s i s t s  o f  a n  e x c i t a t i o n  s o u r c e  and a t ransmiss ion  

sys tem.  The e x c i t a t i o n  sou rce  i s  assumed t o  be an impulse 

g e n e r a t o r ,  and t h u s  the t r a n s m i s s i o n  s y s t e m  inc ludes  a g l o t t a l  

shaping f i l t e r ,  a voca l  t r a c t  f i l t e r ,  and a l i p  rad ia t ion  

f i l t e r .  S i n c e  the  v o c a l  t r a c t  f i l t e r  does  no t  assume a nasa l  

t r a c t .  the LP model p r imar i l y  assumes the product ion o f  voiced 

nonnasa l  sounds .  A n a l y s i s  by  t h e  LP method i s  an a t tempt  to  

m a t c h  a speech segment  t o  t h e  above i dea l  model so  t ha t  the 

e r r o r  be tween  the matched model and  the  ideal  one becomes 

min imum on a l e a s t  mean square  e r r o r  c r i t e r i o n .  The 

t r a n s m i s s i o n  s y s t e m ,  t hus  op t ima l l y  de te rm ined ,  i s  rep resen ted  

by  e i t h e r  a s e t  o f  p r e d i c t i v e  c o e f f i c i e n t s  or  a s e t  o f  

r e f l e c t i o n  c o e f f i c i e n t s .  A smooth s p e c t r a l  envelope can  be 

ob ta ined  by  apply ing a F o u r i e r  t r a n s f o r m  t o  a g i v e n  s e t  o f  

p r e d i c t i v e  c o e f f i c i e n t s .  The f o rman t  f r equenc ies  can be 

obta ined e i t h e r  by  search ing  f o r  p e a k s  i n  the spec t r a l  envelope 

o r  by  p r e c i s e l y  comput ing the r o o t s  o f  the polynomial o f  

p r e d i c t i v e  c o e f f i c i e n t s .  By the above p r o c e d u r e ,  the formant  

f r e q u e n c i e s  a r e  f a i r l y  a c c u r a t e l y  es t ima ted .  The formant  

bandwid th  o r  ampl i tude can  a l s o  be computed. but  i t s  accuracy  i s  

somet imes e r r o n e o u s .  L i k e  o the r  methods f o r  es t imat ing  formant 

f requenc ies ,  the LP method does not-  so lve the problem o f  

e s t i m a t i n g  f o r m a n t  f r equenc ies  f o r  speech sounds o f  v e r y  h igh 

p i t c h .  Th is  problem r a t h e r  i n h e r e n t l y  e x i s t s  in  the speech 

s i g n a l ,  and thus i t  i s  r a t h e r  i n t r i n s i c  t o  any method. 

b)  De tec t i on  o f  Fundamental Frequency 

In the LP ana lys is ,  a f t e r  the vocal  t r a c t  charac te r i s t i cs  

a r e  e x t r a c t e d  f r o m  the speech s i g n a l ,  the in format ion on the 

fundamenta l  f requency  s t i l l  rema ins  in the r es i dua l .  The 
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p e r i o d i c i t y  o f  the speech s ignal  can  thus  be e x t r a c t e d  f r o m  the 

r e s i d u a l  s igna l  by the a u t o c o r r e l a t i o n  method.  Bes ides  the LP 

method,  t h e r e  a r e  v a r i o u s  methods fo r  e x t r a c t i n g  the fundamental  

f requency .  Most  o f  them have a high performance and have the i r  

advan tages  and d i s a d v a n t a g e s  (Rabiner e t  a l . ,  1 9 7 6 ) .  The cho ice  

o f  a method depends upon the purpose,  s p e a k e r s .  and reco rd ing  

cond i t i ons .  

c )  Other  Top ics  

The re f l ec t i on  coe f f i c i en t s  obtained by the LP ana lys is  

have been shown to  g i v e  an acoust ic  tube r e p r e s e n t a t i o n  o f  the 

t ransmiss ion  sys tem in the LP model .  Thus,  i f  some app rop r i a te  

preprocess ing  i s  appl ied t o  a speech segment to  e l i m i n a t e  the 

e x c i t a t i o n  s o u r c e  c h a r a c t e r i s t i c s  and the e f f e c t  o f  the  l i p  

r a d i a t i o n  l oad ,  a r e a l i s t i c  a r e a  func t ion  o f  the voca l  t r a c t  i s  

expected to  be r e c o v e r e d  f r om acous t i c  a n a l y s i s  o f  the speech 

waves ( W a k i t a ,  1 9 7 9 ) .  Although the prec ise determinat ion o f  

the vocal  t r a c t  shapes by a c o u s t i c  ana lys is  o f  the speech waves  

i s  d i f f i c u l t ,  a f a i r l y  good approximation to them is  expected.  

In an a t tempt  t o  e s t i m a t e  the g l o t t a l  c h a r a c t e r i s t i c s ,  the  

ac tua l  vocal  t r a c t  c h a r a c t e r i s t i c s  c a n  a l s o  b e  es t ima ted  f r o m  a 

por t ion  o f  a vo i ced  sound dur ing which the g l o t t i s  i s  

c losed .  A f t e r  the v o c a l  t r a c t  c h a r a c t e r i s t i c s  thus es t ima ted  

a re  eliminated f rom the speech signal. the g lo t ta l  volume 

ve loc i t y  waves  a r e  r e c o v e r e d  f rom the res idua l  s igna l .  

This t rend o f  e x t r a c t i n g  some a r t i c u l a t o r y  p a r a m e t e r s  f r o m  

the Speech waves  s t imu la ted  the development o f  o ther  t ypes  o f  

a r t i c u l a t o r y  models to  which the speech signal i s  d i r e c t l y  

t ransformed ( A t a l ,  1 9 7 4 ) .  
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Conclusion 

Based on the above acoust ic  analys is  o f  speech sounds, the 

LP method has various potential applications to many areas o f  

speech r e s e a r c h .  The method w i l l  be a powerfu l  tool to 

investigate the interrelationships between ar t icu lat ion and i t s  

acoustic charac te r is t i cs  w i th  the aid o f .  resul ts  from other 

d i rec t  physiological measurements. This would contribute to a 

more complete art iculatory model fo r  understanding speech 

product ion a s  well  as to a be t te r  speech synthesizer .  

Application o f  the techniques to speech feature ext ract ion and 

segmentation wil l  eventually make the automatic transcription o f  

speech sounds possible. 
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