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I n t r o d u c t i o n
I t  is k n o w n  th a t  m o s t o f  th e  la ryn gea l 

pathologies p roduce  a change in the vocal quality of 

the p a tien t. T h e  p itch  period  (To) is significantly  

a f f e c te d  by  th e se  d is e a se s .  In  m o s t  o f  the 

patho log ical vo ices there are present:

a) large dev ia tions o f T o  and in magnitudes o f the 

peaks o f the pitch;

b) deform ation  o f the shape o f  pitch impulses;

c) abrupt changes in To and the m agnitude o f the 

peaks o f the pitch;

d) in t e r r u p t i o n s  o f  p i t c h  g e n e ra t io n  d u r in g  

sustained vow el phonation - voice breaks;

c) noisy  com ponents having a significant amplitude. 

In o rder to overcom e these difficulties a method is 

proposed fo r  calculating To by analysis o f  different 

dom ains o f  the  signal.

M E T H O D

T he speech  s igna l is analyzed  by m eans o f the 

fo llow ing  procedure ;

P r e p r o c e s s i n g  o f  s e g m e n t s .

T he  sig na l is d iv ided  into segm ents w ith a 

d u ra t io n  o f  30m s. In o rder to m in im ize  errors 

caused by low level signals [1] a verification o f the 

signal's level is carried out:

a) search  fo r  at least 3 peaks: A m ( t l ) ,  A m t 2 ) ,  

A m (t3 ) ,  (where: t3 > t2 > t l  ) fulfilling the following 

co n d it io n s :

A m (tl)  > TR, Am (t2) > TO, Am (t3) > TO, (1) 

where: TR  is 50%  from the maximum possible value 

o f the signal.

a n d

t2  - t l  >  Thp and t3 - t2 > T h p  (2)

The d is tances betw een these peaks have to be more 

than the h ighest To possible (Thp) f ° r the pathologic 

voice.

b) the signal in the segment is classified as a normal 

level and is p rocessed if  at least 3 peaks fulfilling 

these  co n d itio n s  are found . O therw ise the segm ent 

is re jected  and the next one is processed.

P it ch  P er iod  E v a lu a t i o n .

T he calcu la tion  o f  T o  is rea lized  in  paralle l in 3 

d iffe ren t dom ains:

1. PITCH EVALUATION IN TIM E DOMAIN 

1) T o is calculated in the tim e dom ain  using the 

au to c o rre la tio n  fu n c t io n  R ( t )  [2,3]. The R (t ) is 

ca lcu la ted  over the cen te r-c lip ped  signal, a llow ing  

robust T o detection from  noisy speech [3]. However 

this method m ay give erroneous results due to [3] :

a) s t ro n g  h a rm o n ic s  c o in c id in g  w ith  th e  f i r s t  

f o rm a n t ;

b) strong harm onic and form ant structure;

c) presence o f several peaks in R(t).

On the basis o f  the fact that R ( t ) t  o f  a periodic signal 

is p e r io d ic  the  fo l lo w in g  p ro ced u re  is u sed  to 

m in im ize  the above-m en tioned  errors:

1.1) V o iced -un vo iced  d e tec tio n  by  m eans o f  the 

algorithm  described in[2];

1.2) In voiced segments the largest peak(R^AX ("t».**)) 

o f  the autocorrelation function  in the range o f To is 

fo u n d ;

1.3) A threshold TR t is calculated:

TR t = 0.6R&M* • (3)

This threshold  is used because it was found [1] that 

fo r  som e p a th o lo g ic a l vo ices  th e  p eak  in R (t ) ,  

co rre sp o n d in g  to  T o  is w ith  red u ced  am p litu d e  

(nearly 0.6RM̂ x );
1.4) Location of all the peaks (R p ( t j ) )  of R(x) in the 

range o f T o greater than TRt ;

1.5) C a lc u la t io n  o f  th e  d if fe re n c e s  (d is ta n ces )  

between the lags o f these peaks :

T(j) = -cj+1 - Tj, (4 )

where: T0, *1,... * l  -successive lags o f R p (xj) ,

j=0,l,..J,
J - num ber o f the peaks,

*0=0.

1.6) C a lc u la t io n  o f  the  m axim al d ifference (6T  ) 

found betw een T(j);

1.7) Calculation o f  the mean T(j) - T ”;

1.8) T he value o f  the p itch  is obta ined in the time 

dom ain as To tim e  in the following cases:

1.8.1) I f  only one peak in R (r)  is found:

T o  tim e — 1inax . (5 )
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1.8.2) T he  autocorrelation function is periodic i. e. 

the values o f  T (j) nearly constant:

T o  t im e  = T  if 8T < 0.2 To (6 )

W hen no decision about T o  t i m e  it taken then all T(j) 

are saved as possible To t i m e  .

2. PITCH EVALUATION IN SPECTRAL DOMAIN

2.1) Calculation  of the cepstrum (c(t));

2.2) C a lc u la t io n  o f  the sm oothed  spectrum  by 

m eans o f  th e  group  delay  func t ion  (GDF) (the 

n eg a t iv e  f i r s t  de riva tive  o f  the phase  spectrum ). 

The G D F is used  because it was found [7] that it 

rep resen ts  w ell the low and high energy  spectral 

reg io n s .

2.3) C oding  the  spectral com ponents on the base of 

d if fe ren t th resh o ld s  fo r  the low and h igh energy 

spectral reg ions:

a) For eve ry  spectral region are found the three 

la rgest p eak s  ( X I ( f l ) ,  X 2(f2), X 3(f3)) , having a 

d is tan ce  b e tw e e n  them  g rea te r  than the  low est 

fundam enta l frequency  F iow for pathological voices;

f2 - f l  > F u>w a n d  f3 - f2 > F iow (7 )

b) Calculation  o f  a threshold for the region:

T R ,p, c = le v [X l( f l )  + X2(f2) + X3(f3)]/3, 

where: lev=0.7 . (8 )

c) C oding the spectral components on the base o f the 

d ifferent T R s p e c  .

2.5) C a lc u la t io n  o f  a sp ec tra l  a u to co rre la t io n  

fu nc t io n  o v e r  the  coded spectral com ponents and 

ev a lu a t io n  o f  T o  u s in g  the p ro ced u re  a lready  

described  in the prev ious stage "analysis in time 

domain". I f  the segment is classified as voiced To is 

ev a lu a ted  as T o Sp e c t  or no decision about To is 

taken and P  possib le  values for T o s p e c t  (where P- 

n u m b e r  o f  p e a k s  in sp e c tra l  a u to c o r re la t io n  

function) are  obtained

3. PITCH EVALUATION IN CEPSTRAL DOMAIN

T o is eva lua ted  in the cepstral domain using the 

robust m e th o d  described in [2, 3]. The cepstral 

analysis  is perfo rm ed  in o rder to com pensate for 

inconveniances "b)" and "c)n o f  R(x) [p. 405 in 3]. If 

the segm ent is classified as voiced the value of To is 

obtained in the cepstral domain - T o c e p s .

4. OBTAINING THE PITCH PERIOD ESTIMATE

T he  c a lc u la te d  va lues  o f  To are  ana lysed  for 

d e te rm in a tio n  o f  T o  by  means o f  the follow ing 

p ro c e d u r e :

T he  s e g m e n t  is c la ss i f ied  as unvo iced  in the 

follow ing cases:

a) In two domains it is classified as unvoiced;

b) In tw o  dom ains there are no decision  for the 

p itch period  and in cepstral domain it is classified as 

u n v o ic e d .

T h e  d if fe re n c e  b e tw een  T o s p e c t  and To ceps i s  

c a lc u la te d :

T i l  = To c e p s  - To s p e d  (9 )

T h e  s e g m e n t  is c la ss if ied  as u n k n o w n  and  is 

e lim inated  from future analysis if:

a) T \ \ > Q 3 . l 0 s p e c t  and T ll> 0 .3 .T o C2̂ , .

H ere  the  results (ToCe p s  and T o s p e c t  ) from the most 

rob us t p itch  detectors are.used.

b) In  two domains no decision for the p itch period is 

o b ta in e d ;

c) In one domain it is classified as unvoiced and in 

one dom a in  no  decis ion  for the p itch  period , is 

o b t a in e d

In all the other cases To is calculated as:

To = [To c e p s  + To s p e c t  + TOfim« ]/3 (10)

As a r e s u l t  the  e r ro n eo u s  v a lu e s  o f  To are 

e lim inated almost in all the possible cases. 

E x p e r i m e n t a l  r e s e a r c h  a n d  r e s u l t s  

T he  vow el "a" and a control phrase  p ronounced by 

45 p a t ien ts  ( la ryngea l pa tho log y ) and 28 norm al 

speakers are analysed. N ormal and pathologic  voice 

signals were passed through a low-pass filter with a 

cu to ff  f requency  o f  5kH z and sam pled  at 16 kH z 

w ith  16 bits d irec tly  into the com puter 's  m em ory . 

No large errors in the values o f calculated To and no 

wrong classification  o f unvoiced segm ents as voiced 

w ere found . H ow ever  2% of vo iced  segm ents are 

c la s s i f ie d  as u n v o ic ed  and  n e a r ly  8% o f  the 

segm ents  are  re jec ted  as no dec ision  fo r  T o was 

o b ta in e d .
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