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ABSTRACT 
Formant and p i t c h  frequencies  are 
used as the a c o u s t i c  parameters 
t o  be m a n i p u l a t e d .  These a c o u s t i c  
parameters are f i r s t  extracted 
from a speech sound t o  be modi -  
f i e d  and changed accord ing  t o  
some r u l e s  t h a t  are t o  make the 
o r i g i n a l  speech c l e a r .  and a new 
speech i s  s y n t h e s i z e d  using  the 
m o d i f i e d  a c o u s t i c  parameters .  
Speech i n t e l l i g i b i l i t y  i s  f o u n d  

t o  reach the  maximum when the 
t r a j e c t o r i e s  are emphasized t o  
some e x t e n t .  i t  i s  a l s o  found 
that  our method i s  capable o f  
improv ing  the s o - c a l l e d  ”rough- 
ness" o r  ”hoarseness" o f  patho— 
l o g i c a l  v o i c e s  m a i n l y  by replac— 
i n g  p i t c h  frequency o f  the or ig i— 
nal  speech w i t h  that o f  a normal 
speaker. 

1 .  INTRODUCTION 
U s i n g  the  a n a l y s i s  - synthes i s  
sys tem we have deve loped  [ 1 ] .  
v o i c e  q u a l i t y  o f  natural  speech 
has been cont ro l led  by changing 
formant t r a j e c t o r i e s  that  are 
supposed t o  have a c l o s e  r e l a t i o n  
t o  such v o i c e  q u a l i t i e s  as 
i n t e l l i g i b i l i t y .  c l earness  and so 
o n .  C o r r e l a t i o n  a n a l y s i s  between 
psycho log i ca l  and a c o u s t i c  d i s -  
tances revea l s  t h a t  the formant 
t ra jec tory  has the  larges t  cor— 
r e l a t i o n  w i t h  the  v o i c e  q u a l i t y  
o f  the  announcer 's  speech sounds, 
f o l l o w e d  by p i t c h  frequency [ 2 ] .  
T h i s  r e s u l t  suggests that  the 
q u a l i t y  o f  speech sound o f  non— 
p r o f e s s i o n a l  speakers may poss i -  
b l y  be improved by a l t e r i n g  the 
dynamics o f .  formant  trajectory  
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p a t t e r n s .  
Based on  the exper imenta l  e v i -  
dence m e n t i o n e d  above, an experi -  
ment has been performed t o  change 
and improve the q u a l i t y  o f  na tu-  
r a l  speech making use o f  the 
a n a l y s i s - s y n t h e s i s  s y s t e m .  
Formant t r a j e c t o r i e s  are extrac-  
ted f i r s t  from v o i c e d  p o r t i o n s  by 
LPC method and the dynamics o f  
these  t r a j e c t o r i e s  are a l t e r e d  
depending on  the formant  pa t t ern  
i t s e l f .  The method f o r  a l t e r i n g  
the formant  p a t t e r n  i s  the same 
as t h a t  we have proposed e a r l i e r  
f o r  the  n o r m a l i z a t i o n  o f  vowels  
i n  connected speech [ 3 ] .  T h i s  
method i s  a p p l i e d  t o  the formant  
and p i t c h  t r a j e c t o r i e s  extracted 
from natura l  speech, and the  
q u a l i t y - c o n t r o l l e d  speech sounds 
are  s y n t h e s i z e d  u s i n g  the a n a l y -  
s i s - s y n t h e s i s  sys tem t o _ _ p r e s e n t  
t o  l i s t e n e r s  f o r  perceptual judg- 
m e n t .  

2 .  ANALYSIS-SYNTHESIS SYSTEM 
F i g .  1 i l l u s t r a t e s  the  b lock  d i a -  
gram o f  the  a n a l y s i s  - synthes i s  
s y s t e m .  Low-pass f i l t e r e d  i n p u t  
speech was d i g i t i z e d  i n  12  b i t s  
e t  a r a t e  o f  1 5  kHz.  & shor t  t i m e  
LPC a n a l y s i s  based on the auto- 
c o r r e l a t i o n  method was performed 
t o  o b t a i n  LPC c o e f f i c i e n t s  and 
the  r e s i d u a l  s i g n a l s .  Formant 
frequenc ies  and t h e i r  bandwidths  
were estimated by s o l v i n g  a p o l y -  
nomia l  e q u a t i o n .  A m o d i f i c a t i o n  
o f  the  spec tra l  envelope  i s  e q u i -  
v a l e n t  t o  a m a n i p u l a t i o n  o f  the 
c o e f f i c i e n t s  t h a t  would r e s u l t  i n  
a frequency response o f  the f i l —  
ter  equal t o  the  m o d i f i e d  enve— 

: - - — f _ _ _ — _  

LINEAR remem— MODIFICATION 

* “Emma :ziqunucms " gâcmcron Fricrsirrs 
COB nmpwm'rus COEFFICIENTS 

nsmouan 
" SIGNAL à 

——> INVERSE 
MODIFIED 

VOCAL TRACT 
I R  

‘ O — d  _ 

“LTD 
D j MODEL 

AMPLI'I‘U 3. 
I N P U T  
SPEECH _, scans OUTPUT 

FACTOR ' svescn 

MODIFICATION 

L PITCH ' _ of  

PERIODS ' PITCH PERIODS 

Fig.1 Block diagram of analysis-synthesis systel for voice conversion 

i n  t h i s  s tudy ,  T=150ms and O'=52 

ms were exper imenta l ly  decided.  

Given ol )0. the dynamics of  the 
o r i g i n a l  formant t ra jec tory  l s  

emphasized, w h i l e  f o r  o t < 0 ,  i t  

becomes deemphasized. 

Equation ( 1 )  i s  a p p l i e d  to  each 

o f  the three formant t r a j e c t o r i e s  

w i t h o u t  vowel /consonant (except 

f o r  v o i c e l e s s  consonant)  d i s t i n c -  

t i o n .  The t i m e  interval  i n  equa— 

t i o n  ( 1 )  during which  the weight-  

ed sum i s  ca lculated i s  300ms, a 

150ms forward and backward each. 

This  i s  the result  f o r  d = 7 . 3  

l o p e .  These acous t i c  parameters 

( p i t c h  p e r i o d s ,  LPC c o e f f i c i e n t s ,  

formant  f requenc ies .  bandwidths ,  

res idua l  s i g n a l s )  were s t o r e d  f o r  

l a t e r  s y n t h e s i s .  

3 .  METHOD OF FORHANT TRAJECTORY 

MANIPULATION 
A f t e r  ex trac t ing  formant trajec- 

t o r i e s  u s i n g  the method proposed 

by Kasuya [ 4 ] .  m o d i f i c a t i o n  o f  

them was conducted i n  such a way 

that the preceding and succeeding 

acous t i c  f ea tures  c o n t r i b u t e d  t o  

the present  va lue  w i t h  the same 

weight  i f  the t i m e  d i f f e r e n c e s  w h i c h , i n  our previous study,  rep— 

from the present  were equal ,  and resents  a proper value f o r  the 

t h a t  the amount o f  c o n t r i b u t i o n  purpose o f  n o r m a l i z i n g  coart icu-  

was propor t iona l  t o  the d i f f e r :  

ence from the present  a c o u s t i c  

feature  [ 3 ] .  Suppose x ( t )  be the 

t ime-varying  p a t t e r n  o f  a formant 
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frequency, the new value y ( t )  i s  y\r; an“ Lh— 
def ined as the sum of  the o r i g i -  j k…. 
nal value x(t) and the additional ’\p 4nn»}———. 
term o f  c o n t r i b u t i o n  by contextu-  

a l  i n f o r m a t i o n .  The c o n t r i b u t i o n  
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i s  assumed to be a weighted sum A N A L Y S I S  
o f  d l f f e r e n c e s  between values  at '  

the present time t and at differ- mm mum: “293.2! 
e n t  t i m e  t i t  
Thus, y ( t )  i s  g i v e n  by l'…—IAA» 

\m—u—L/v T 

y(t)=x(t)+Sw(T)(xtt)—x(t+?))dt(1) 
—T 

where w(flÿÿe i s  the weighting 
f u n c t i o n  which i s  g i v e n  as 
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Fl9.2 Schematic illustration for chanoine 
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l a t i o n  e f f e c t s  o f  v o w e l s  i n  con-  
_ t i n u o u s  speech.  i t  i s  n o t i c e d  

from the  f i g u r e  that the new 
formant t r a j e c t o r i e s  are empha- 
s i z e d  t h e i r  up-and-down d y n a m i c  

movement as compared t o  those o f  
the raw f o r m a n t s .  

4 .  METHOD OF PITCH MANIPULATION 
P i t c h  frequency m a n i p u l a t i o n  i s  
q u i t e  s i m p l e  as d e p i c t e d  i n  F i g . 2  
At the p i t c h  synchronous analy-  
s i s  s tage ,  t h e  r e s i d u e  s i g n a l  ob- 
ta ined  f o r  each p i t c h  p e r i o d  has 
e x a c t l y  the  same d a t a  l ength  as 
the p i t c h  p e r i o d .  i f  we g i v e  the  
r e s idue  s i g n a l  as an i n p u t  t o  the 
vocal t rac t  m o d e l ,  e x a c t l y  the  
same waveform as the  o r i g i n a l  
speech w i l l  be o b t a i n e d .  Thus, 
p i t c h  frequency change can b a s i -  
c a l l y  be g i v e n  by c o n t r o l l i n g  the  
l e n g t h  o f  the  r e s i d u e  s i g n a l .  
To r a i s e  p i t c h  frequency,some da- 
t a  a t  the  l a s t  part  o f  the r e s i -  
due are e l i m i n a t e d  and t o  l o w e r  
the frequency,  zero s i g n a l s  are 
added t o  the l a s t  part  o f  the 
res idue .  

5 .  ENHANCEMENT OF PATHOLOGICAL 
SPEECH 

An a t t e m p t  has been performed t o  
improve t h e  q u a l i t y  o f  a patho— 
l o g i c a l  speech us ing  the analy- 
s i s - s y n t h e s i s  s y s t e m  we have de-  
veloped.  The p a t h o l o g i c a l  speech 
used i n  t h i s  experiment i s  a 
v o i c e  u t t e r e d  by a p a t i e n t  who 
has a d i sease  i n  h i s  vocal cord. 
Because o f  m a l f u n c t i o n  o f  the 
vocal cord v i b r a t i o n .  the  resul— 
t a n t  speech wave lacks  c l e a r  
p e r i o d i c i t y  and i t s  v o i c e  q u a l i t y  
i s  "hoarse". The experiment has 
been designed t o  c r e a t e  the fun-  
damental frequencies  i n t o  the 
p a t h o l o g i c a l  speech wave i n  order 
to  -improve the q u a l i t y  as c lose  
as normal speech. 
F i g .  3 represents  the  b lock  d i a -  
gram t o  improve the  q u a l i t y  o f  

speech i n p u t t e d ,  v o i c e d  p o r t i o n s  
are a t  f i r s t  d e t e c t e d  and the  
s p e c t r a l  envelopes are ex trac ted  
by LPC a n a l y s i s .  N e x t .  the  normal 
speech i s  a n a l y z e d  by the  same 
method and t h e  p i t c h  f r e q u e n c i e s  

are d e t e c t e d  t o  c o m b i n e  w i t h  the 
spectra l  i n f o r m a t i o n  e x t r a c t e d  
f r o m  the p a t h o l o g i c a l  speech.  i f  
the  normal speech o f  the same 
c o n t e n t  can n o t  i m m e d i a t e l y  be a-  
v a i l a b l e .  a r t i f i c i a l  p u l s e  t r a i n s  
could  be used as a v o i c e  source.  
i n  the  a n a l y s i s  s t a g e ,  a f t e r  
making v o i c e d / v o i c e l e s s  d i s t i n c -  
t i o n ,  t h e  v o i c e l e s s  p o r t i o n s  
( v o i c e l e s s  consonants  and de— 
v o c a i i z e d  v o w e l s )  are t h o r o u g h l y  

kept i n  memory and the  LPC analy-  
s i s  i s  performed f o r  the  vo iced  
p o r t i o n s  t o  o b t a i n  LPC c o e f f i -  
c i e n t s  t h a t  carry spectra l  i n -  
f o r m a t i o n  and the res idual  s i g -  
n a l s  from which  p i t c h  per iods  can 
be e s t i m a t e d .  For the patholog-  
i c a l  speech ,  the  frame l e n g t h  
( a n a l y s i s  window) i s  s e t  a t  20 ms 
and the  frame s h i f t  i s  a h a l f  the  
window l e n g t h .  
In  the  f ea ture  e x t r a c t i o n  s tage ,  
the  r e s i d u a l  s i g n a l s  f o r  the pa- 
t h o l o g i c a i  speech are discarded 
a f t e r  o b t a i n i n g  spectral  i n f o r -  
m a t i o n .  Contrary t o  t h i s ,  o n l y  
the p i t c h  frequency contour i s  
needed from the  normal speech.  
For the normal speech,  however, a 
process o f  t i m e  a l i g n m e n t  has 
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_ Fig.! Block diagram for the enhancement of 
pathological speech 

pathological speech. l t  requires TWIN ma ägfi: "!“… mm 
two kinds of input speech : a pa-i ’ 5… "’ "mm "’ Hm. “" l 
thological- speech to be improved | “…: ml "… 
and a normal  speech utterance o f .  
the same sentence from another 
speaker. From the pathological  
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been undertaken before  feeding t o  

a n a l y s i s  i n  F i g .  3 .  T h i s  process 

i s  shown i n  F i g .  4 .  The voiced 

parts  o f  the normal speech are 

analyzed p i t c h  synchronously and 

the l ength  f o r  each part  i s  com- 

pared w i t h  the  corresponding part 

f o r  the p a t h o l o g i c a i  speech i n  

order t o  make the  l e n g t h  equal t o  

that  o f  the p a t h o l o g i c a l  speech 

w i t h  accuracy o f  l e s s  than one 

p i t c h  p e r i o d .  T h i s  has been done 

s i m p l y  by e l i m i n a t i n g  or  i n s e r t -  

ing  a d d i t i o n a l  p i t c h  p e r i o d s .  

The normal speech, a f t e r  be ing  

t i m e - a l i g n e d ,  i s  LPC analyzed 

again and the  p i t c h  frequencies  

are extracted f o r  every v o i c e d  

p o r t i o n .  Th i s  p i t c h  frequencies  

or the re s idua l  s i g n a l s  are  f e d  

i n t o  the s y n t h e s i s  f i l t e r  as the 

v o i c e  source .  The s y n t h e s i s  

f i l t e r  i s  made from the pred ic tor  

c o e f f i c i e n t s  o b t a i n e d  from the 

p a t h o l o g i c a l  speech.  The r e s u l t -  

ant  output  speech has .  there fore .  

the same s p e c t r a l  c h a r a c t e r i s t i c s  

as the p a t h o l o g i c a i  speech and 

the same source c h a r a c t e r i s t i c s  

as the normal speech.  F i g .  5 de- 

p i c t s  an example o f  speech wave— 

forms f o r  the  p a t h o l o g i c a i  speech 

, synthes ized  speech by the pro— 

posed method and a l s o  synthesized 

speech w i t h  an a r t i f i c i a l  pu l se  

t r a i n  as the v o i c e  source t o  the 

f i l t e r .  
As far  as we have t e s ted ,  the 

q u a l i t y  o f  the  synthes ized  speech 

i s  has been found t o  be f a r  

b e t t e r  than the o r i g i n a l  patho- 

l o g i c a i  speech, though i t  i s  n o t  

HHUEŒÆŒHLw 
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Fig.5 An example of speech waveforms of the 

pathological and synthesized speech 

as good as the  normal speech 

sound. 

6 .  CONCLUSION 

Improvement o f  v o i c e  q u a l i t y  has 

been performed u s i n g  an a n a l y s i s -  

synthes i s  sy s t em capable o f  modi-  

f y i n g  p i t c h .  formant frequenc ies .  

and formant bandwidths .  According 

t o  the r e s u l t s  o f  a n a l y s i s  f o r  

p r o f e s s i o n a l  announcers speech 

sounds, i t  i s  obvious that  speech 

i n t e l l i g i b i l i t y  c l o s e l y  r e l a t e s  

t o  the  dynamics o f  formant and 

p i t c h  p a t t e r n s .  I t  has been found 

t o  be p o s s i b l e  t o  improve the  

speech i n t e l l i g i b i l i t y  w i t h o u t  

changing v o i c e  i n d i v i d u a l i t y  by 

emphas iz ing  the  movement o f  t i m e -  

varying p i t c h  p a t t e r n .  Another 

a p p l i c a t i o n  o f  t h i s  ana lys i s— 

s y n t h e s i s  sys tem has a l s o  been 

made to  enhance a pa tho log i ca i  

speech which has l i t t l e  p e r i o d i c -  

i t y  and "hoarse" i n  v o i c e  qua l -  

i t y .  By a d d i n g  fundamental fre— 

quency component taken from a 

normal speaker,  the v o i c e  q u a l i t y  

o f  the p a t h o l o g i c a i  speech has 

been improved t o  a great e x t e n t .  
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