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A b s t r a c t  
 

T h e  p r o j e c t ’ s  o b j e c t i v e  i s   t o   c r e a t e  a  t o o l  i n t e n d e d  f o r  p r o c e s s i n g ,  
a n a l y s i s ,  a n d  p a r a m e t e r i z i n g  h u m a n  s p e e c h  s i g n a l . T h e  m a i n  a i m  i s  t o  
o b t a i n  a  s p e e c h  s i g n a l  i m a g e  w i t h  s o m e  s e l e c t e d   p a r a m e t e r i z a t i o n  
m e t h o d s . T h e  m e t h o d s  i n c l u d e  u s e  o f  2 D  p a r a m e t e r i z a t i o n  g r i d  [ 1 ,  2 ]  a s  
w e l l  a s  c e p s t r a l  c o e f f i c i e n t s   C C  [ 3 ] . O b t a i n i n g  s i g n a l  i m a g e  a s  w e l l  a s  i t s  
f u r t h e r  a n a l y s i s  w i t h o u t  s i g n a l  p r e p r o c e s s i n g  i s  e x t r e m e l y  d i f f i c u l t  a n d  t h e  
p r o c e s s  d o e s n ’ t  g u a r a n t e e  d e s i r a b l e  r e s u l t s . F o r  t h i s  r e a s o n  t h e  t o o l  i s  
b a s e d  o n  t w o  m a i n  m o d u l e s . T h e  f i r s t  o n e  i s  i n t e n d e d  f o r  s i g n a l  
p r e p r o c e s s i n g ,  p r e p a r i n g  i t  f o r  f u r t h e r  a n a l y s i s . T h e  o t h e r  o n e  p r o v i d e s  
s i g n a l  p a r a m e t e r i z a t i o n   m e t h o d s . T h e  t o o l  w a s   i m p l e m e n t e d  i n  J a v a  
l a n g u a g e . 
 
K e y w o r d s :  s p e e c h  s i g n a l  p r o c e s s i n g ,  c e p s t r a l  c o e f f i c i e n t s . 
 
N arzę d zi e d o  p rzet w arzani a i  anal i zy   
s y g nał u  m o w y  

 
S t r e s z c z e n i e  

 
W  p r a c y  p o d j ę t o  p r ó b ę  s t w o r z e n i a  n a r z ę d z i a  u m o ż l i w i a j ą c e g o  p r z e t w a r z a n i e ,  
a n a l i z ę  i  p a r a m e t r y z a c j ę  s y g n a ł u  m o w y . G ł ó w n y m  c e l e m  j e s t  p o z y s k a n i e  
o b r a z u  s y g n a ł u  m o w y  z a  p o m o c ą  w y b r a n y c h  m e t o d  p a r a m e t r y z a c j i . 
W y b r a n e  m e t o d y  p a r a m e t r y z a c j i  s y g n a ł u  m o w y  t o  p a r a m e t r y z a c j a  z a  
p o m o c ą  s i a t k i  d w u w y m i a r o w e j  [ 1 ,  2 ]  o r a z   w s p ó ł c z y n n i k i  c e p s t r a l n e  [ 3 ] . 
Z o b r a z o w a n i e  s y g n a ł u  o r a z  j e g o  d a l s z a  a n a l i z a  b e z  o p e r a c j i  w s t ę p n e g o  
p r z e t w o r z e n i a  s y g n a ł u  j e s t  p r o c e s e m  t r u d n y m  i  n i e  z a w s z e  p r z y n o s i  
p o ż ą d a n e  r e z u l t a t y . W o b e c  t e g o  n a r z ę d z i e  w y p o s a ż o n o  w  d w a  z a s a d n i c z e  
m o d u ł y . Pi e r w s z y  m o d u ł  o d p o w i e d z i a l n y  j e s t  z a  w s t ę p n e  p r z e t w o r z e n i e  
s y g n a ł u ,  p r z y g o t o w u j ą c e  s y g n a ł  d o  d a l s z e j  a n a l i z y . D r u g i  m o d u ł  d o s t a r c z a  
m e t o d  p a r a m e t r y z a c j i  s y g n a ł u  m o w y . N a r z ę d z i e  z a i m p l e m e n t o w a n o   
w  j ę z y k u  J a v a . 
 
S ł o w a  k l u c z o w e :  p r z e t w a r z a n i e  s y g n a ł u  m o w y ,  w s p ó ł c z y n n i k i  c e p s t r a l n e . 
 
1 .  Int ro d u c t i o n 
 
T h e p a p er  a t t em p t s  t o  c r ea t e a  t o o l  f o r  p r o c es s i n g ,  a n a l y s i s ,  a n d  

p a r a m et er i z a t i o n  o f  s p eec h  s i g n a l .  T h e m a i n  o b j ec t i v e i s  t o  
c o m p a r e p a r a m et er i z a t i o n  m et h o d s  s u c h  a s  2 D  p a r a m et er i z a t i o n  
g r i d  [ 1 ,  2 ]  a n d  c ep s t r a l  c o ef f i c i en t s  C C  [ 3 ] .  
C u r r en t l y ,  M a t l a b  i s  t h e m o s t  p o p u l a r  c o m p u t i n g  l a n g u a g e a n d  

i n t er a c t i v e en v i r o n m en t  f o r  a l g o r i t h m  d ev el o p m en t .  I n  c a s e o f  
s el ec t i n g  a  d i f f er en t  en v i r o n m en t ,  t h e u s er  m u s t  i m p l em en t  d i g i t a l  
s i g n a l  p r o c es s i n g  a l g o r i t h m s .  S u c h  a n  i m p l em en t a t i o n  i n v o l v es  
o p t i m i z a t i o n  o f  t h e a p p l i ed  a l g o r i t h m s .   
I m p l em en t a t i o n  o f  d i g i t a l  p r o c es s i n g  o f  s p eec h  i n  J a v a  

en v i r o n m en t  m a y  p r o v e v er y  u s ef u l .  J a v a  l a n g u a g e i s  w i d el y  u s ed  
es p ec i a l l y  i n  d ev el o p i n g  d a t a b a s e i n t er f a c es .  S o m e d a t a b a s e 
s y s t em s  u s e J a v a  a s  a c c es s  p o i n t  t o  v a r i o u s  el em en t s  o f  t h e 
d a t a b a s e.  A n o t h er  a d v a n t a g e o f  t h e a p p l i c a t i o n  o f  t h e J a v a  
l a n g u a g e i s  t h e ex i s t en c e o f  t h e i m p l em en t ed  v o i c e r ec o g n i t i o n  
s y s t em s  s u c h  a s  S p h i n x -4 [ 4] ,  w h i c h  a r e k n o w n  t o  w o r k  c o r r ec t l y .  
J a v a  a l l o w s  i t s  A P I  javax.speech t o  b e u s e i n  s y n t h es i s  a n d  s p eec h  
r ec o g n i t i o n  o f  E n g l i s h  p h o n em es .  J a v a  s p eec h  r ec o g n i t i o n  

r eq u i r i n g  p r ep r o c es s i n g  m et h o d s   m a y  b ec o m e a  m u l t i p u r p o s e 
m ec h a n i s m  t h a t  i s  w i d el y  u s ed  o n  a  n u m b er  o f  p l a t f o r m s  a n d  
o p er a t i n g  s y s t em s .   
T h e J a v a  S o u n d  A P I  p r o v i d es  t h e l o w es t  l ev el  o f  s o u n d  s u p p o r t  

o n  t h e J a v a  p l a t f o r m .  I t  p r o v i d es  a p p l i c a t i o n  p r o g r a m s  w i t h  a  g r ea t  
a m o u n t  o f  c o n t r o l  o v er  s o u n d  o p er a t i o n s ,  a n d  i t  i s  ex t en s i b l e.  F o r  
ex a m p l e,  t h e J a v a  S o u n d  A P I  s u p p l i es  m ec h a n i s m s  f o r  i n s t a l l i n g ,  
a c c es s i n g ,  a n d  m a n i p u l a t i n g  s y s t em  r es o u r c es  s u c h  a s  a u d i o  
m i x er s ,  M I D I  s y n t h es i z er s ,  o t h er  a u d i o  o r  M I D I  d ev i c es .  T h e J a v a  
S o u n d  A P I  d o es  n o t  i n c l u d e s o p h i s t i c a t ed  s o u n d  ed i t o r s  o r  
g r a p h i c a l  t o o l s ,  b u t  i t  p r o v i d es  c a p a b i l i t i es  u p o n  w h i c h  s u c h  
p r o g r a m s  c a n  b e b u i l t .  I t  em p h a s i z es  l o w -l ev el  c o n t r o l  b ey o n d  t h a t  
c o m m o n l y  ex p ec t ed  b y  t h e en d  u s er .  
A n a l y s i s  o f  a  s p eec h  s i g n a l  i s  u s u a l l y  c a r r i ed  o u t  o n  t h e b a s i s  o f  

t h e g r a p h i c a l  i m a g e o f  t h e s i g n a l .   T h e s i g n a l  i m a g er y  a s  w el l  a s   
a  f u r t h er  a n a l y s i s  r eq u i r e s i g n a l  p r ep r o c es s i n g .  T h e t o o l  m a k es  i t  
p o s s i b l e t o  p r o c es s  t h e s i g n a l  i n  t h e f r eq u en c y  a n d  t i m e d o m a i n s .   
A p p l i c a t i o n  o f  t h e d i g i t a l  s i g n a l  p r o c es s i n g  i n v o l v es  p r e-em p h a s i s ,  
2 N  P o i n t  R ea l  F F T ,  D I F  F F T  r a d i x -2 ,  I D F T ,  a n d  w i n d o w i n g  o f  
t h e s p eec h  s i g n a l .   
T h e s ec t i o n s  o f  t h e a r t i c l e a r e a s  f o l l o w s :  s ec t i o n  I I  r ev i ew s  

i m p l em en t ed  m et h o d s  o f  s i g n a l  p r o c es s i n g  a n d  p a r a m et er i z a t i o n .  
S ec t i o n  I I I  d em o n s t r a t es  t h e ef f i c i en c y  o f  t h e a p p l i ed  m et h o d s  o f  
s i g n a l  p a r a m et er i z a t i o n .  S ec t i o n  I V  p r es en t s  t h e r es u l t s  o f  s p eec h  
s i g n a l  i m a g er y .  C o n c l u s i o n s  a r e s p ec i f i ed  i n  s ec t i o n  V ,  w h i l e  
s ec t i o n  V I  p r o v i d es  a  s u m m a r y  o f  t h e a r t i c l e.   
 

2 .  T o o l  and  t h e s p eec h  s i g nal  p ro c es s i ng   
and  p aram et eri zat i o n m et h o d s  

 
T h e t o o l  c o n s i s t  o f  t w o  m o d u l es .  T h e f i r s t  m o d u l e i s  r es p o n s i b l e 

f o r  d i g i t a l  p r o c es s i n g  o f  a  s i g n a l .  I t  d el i v er s  d a t a  c o n c er n i n g  t i m e 
a n d  f r eq u en c y  o f  t h e s i g n a l .  T h e s ec o n d  m o d u l e p r o v i d es  s i g n a l  
p a r a m et er i z a t i o n   m et h o d s . T h e s t r u c t u r e o f  t h e t o o l  i s  r ep r es en t ed  
i n  F i g u r e 1 .   
 
 

  
F i g .  1 .   T h e  st r u c t u r e  o f  t h e  t o o l  
R y s.  1 .   S t r u k t u r a  n a r z ę d z i a  
 
T h e f i r s t  m o d u l e,  D i g i t al  S i g n al  P r o cessi n g  ( D S P )  M o d u l e ,  

en a b l es  t h e f o l l o w i n g :  
• t o  r ea d  w a v e f i l es  
• g r a p h i c a l  s i g n a l  r ep r es en t a t i o n  i n  t h e t i m e a n d  f r eq u en c y  
d o m a i n s   

• d i g i t a l  s i g n a l  p r o c es s i n g  – w i n d o w i n g ,  f a s t  F o u r i er  t r a n s f o r m ,  
p r e-em p h a s i s .   
T h e f u n c t i o n  o f  t h e D S P  m o d u l e i s  t o  t r a n s m i t  a  p r o c es s ed  

s p eec h  s i g n a l  t o  t h e s ec o n d  m o d u l e s o  t h a t  t h e s i g n a l  i m a g e c o u l d  
b e o b t a i n ed .   
T i m e d o m a i n  s i g n a l  c o n s t i t u t es  a n  i n p u t  t o  t h e d i g i t a l  s i g n a l  

p r o c es s i n g .  A n a l y s i s  o f  t h e s i g n a l  i n  t h e t i m e d o m a i n  m a y  r ef er  t o  
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the signal’s amplitude and changes. The speed of signal changes 
in the time domain may  b e additionally  incr eased in the pr ocess of 
pr e-emphasis. U pon the application of pr e-emphasis the numer ous 
elements of the signal that wer e inv isib le b ecome r eadab le and 
sub j ect to analy sis. P r e-emphasis is cr ucial in the pr ocess of 
deter mining cepstr al coefficients,  using linear  pr ediction method.  
F or  v ar ious pur poses,  the spectr um analy sis can b e car r ied out 

with a numb er  of methods. The method used for  deter mining the 
fr eq uency  content of the speech signal is the algor ithm 2 N  P oint 
R eal F F T.  The 2 N  P oint R eal F F T algor ithm utiliz es a mechanism 
for  deter mining the fast  F our ier  tr ansfor m D I F  F F T r adix -2 . The 
F F T suffer s fr om negativ e r esults of a spectr al leak . The time data 
is multiplied b y  window functions. I f addition of z er o’s is 
necessar y  in the ex tension of time data seq uence,  z er o v alue 
samples ar e added after  multiplication of or iginal time data 
seq uence b y  the window function. The windowing will decr ease 
the leak ,  b ut it will not eliminate it completely . V alues of the 
spectr al str ength of the F F T is calculated on the b asis of the 
following for mula:  
 

 2)(2)(2)()( mimagXmrealXmXmPSX +==   ( 1 )  
 

which will allow to deter mine the power  spectr um in dB  as well as 
nor maliz ed power  spectr um in dB .  
I n or der  to r educe the numb er  of calculations necessar y  in 

windowing the F F T input data leading to the r eduction of spectr al 
leak ,  a fr eq uency  domain windowing was used. The method 
entails calculation of F F T for  non-windowed data in the initial 
stage,  sub seq uently  fr eq uency  domain windowing is car r ied out. 
S ince the for mulas for  H anning and H amming windows hav e  
a cosine for m )/2cos()( Nnnw πβα −=  for  n= 0 , 1 , 2 , … .., N -1 ,  
ther efor e,  in the fr eq uency  domain the v alue of an m spectr al line 
for  non-windowed )(mX  is eq ual to:  
 

)1(
2

)1(
2

)()( +−−−= mXmXmXmoX
ββα           ( 2 )  

 
I n or der  to calculate the N -point F F T,  a non-windowed F TT can 

mak e use of the for mula ( 2 ) ,  av oiding windowing in the time 
domain that r eq uir e time-consuming multiplication. The fr eq uency  
windowing is done for  selected F F T samples.  
The second module,  Speech Signal Images,  possesses the signal 

par ameter iz ation methods utiliz ing 2 D  gr id [ 1 ,  2 ]  as well as 
cepstr al coefficients C C  [ 3 ] .  
T w o -d imensio nal G r id s module is r esponsib le for  

par ameter iz ation of the speech signal in r ecognition of P olish 
phonemes [ 2 ] . The input to this module is a signal pr ocessed in the 
time domain b y  the fir st module. The signal pr ocessing inv olv es 
the r eduction of noise at the b eginning and at the end of  
a r ecor ding,  so that the signal contains as much infor mation as 
necessar y . The function of the module in the initial stage is to 
deter mine the location of the local minimums,  which will b e used 
as a b asis for  calculating the location and width of the b asic 
patter n of lar y ngeal tones. The second stage inv olv es application 
of 2 D  gr id that has a specific r esolution into one or  mor e b asic 
patter ns in such a way  so that the height of the gr id  is 
automatically  adj usted to the amplitude of the signal ,  and the gr id 
width to the dur ation of the b asic patter n.  The 5 x 7  gr id was used. 
O ne’s ar e wr itten in the cells in which the signal occur s wher eas 
z er o’s ar e added to the signal-fr ee cells.  
I n or der  to r educe the influence of noise into the comb ination of 

b its in the gr id,  it is r ecommended to apply  the gir d sev er al times 
on the b asic patter ns and to calculate a single matr ix  av er age  [ 2 ] . 
The imager y  ob tained thr ough cepstr al coefficients can b e 

ob tained using two methods [ 3 ] :  
• logar ithmiz ation of the spectr um module and r ecalculation of 
simple or  r ev er se discr ete F our ier  tr ansfor m,  

• linear  pr ediction method. 

C epst r al C o ef f icient s module is r esponsib le for  
par ameter iz ation of the signal. The module utiliz es the methods of 
digital signal pr ocessing of the D S P  module.  The standar d 
cepstr al coefficients ar e calculated for  a section of a speech signal 
in the time domain.  I n this case the signal section consists of 2 4 0  
samples and the signal shift is eq ual to 1 8 0  samples. Twelv e 
cepstr al coefficients ar e calculated for  the pur pose of speech 
r ecognition. 
I n case of the fir st method concer ning the calculation of cepstr al 

coefficients,  a speech signal section is multiplied b y  the H amming 
window,  which is followed b y  fast F our ier  tr ansfor m. The nex t 
step inv olv es logar ithmiz ation of the spectr al module with 
sub seq uent simple or  r ev er se F our ier  tr ansfor m,  which is 
ex pr essed b y  the following for mula:  
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The second method inv olv es linear  pr ediction. A  pr ediction 

filter  p= 1 0  identical to L P C  1 0  as well as deter mined cepstr al 
coefficients q = 1 2  ar e used in speech r ecognition. P r ediction 
modeling is not applied on the or iginal signal section x ( n) ,  b ut on 
the signal v er sion that under went pr e-emphasis,  which was filter ed 
b y  non-r ecur siv e F I R  filter  :  
 

)1(9375,0)()(' −−= nxnxnx                 ( 4 )  
 
The filter  incr eases the high fr eq uencies of the human speech 

signal. The speech signal is sub seq uently  analy z ed. I n or der  to 
select a fr agment of speech the 2 4 0 -element H amming window is 
shifted b y  1 8 0  samples and multiplied b y  the signal. S ub seq uently ,  
thank s to the deter mined signal autocor r elation function within a 
fr ame,  a pr ediction filter  coefficient is calculated,  which is the 
b asis for  the calculation of cepstr al coefficients. I nfor mation 
concer ning the calculation of cepstr al coefficients with the linear  
pr ediction method can b e found in section  [ 3 ] .  
The last step inv olv es ob taining the speech signal image with 

one of the two speech signal par ameter iz ation methods.  
 
3. E f f i c i e n c y  o f  s p e e c h  s i g n a l  

p a r a m e t e r i z a t i o n  m e t h o d s  
 
The efficiency  of speech signal par ameter iz ation methods is 

r epr esented in F ig. 2 . The efficiency  is the time needed for  
ob taining an image of a speech signal,  using the cepstr al method:  
• due to logar ithmiz ation of the spectr um module and calculation 
of fast F our ier  tr ansfor m ( C C  F F T) ,  

• with linear  pr ediction method ( C C  L P C ) . 
H or iz ontal ax is r epr esents the numb er  of sound samples tested  
( n) . V er tical ax is of the spectr ogr am r epr esents time in 
milliseconds.  The tests wer e car r ied out on a P C  with 3 .0 0  G H z  
I ntel P entium 4  pr ocessor ,  2  G B  R A M . 
 
 

 Fig. 2 .  E f f ic ie n c y  o f  t h e  c e p s t r a l  p a r a m e t e r iz a t io n  m e t h o d s   
R y s . 2 .  W y d a j n o ś ć  c e p s t r a l n y c h  m e t o d  p a r a m e t r y z a c j i 
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During implementation of cepstral methods in Java, if the 
numb er of the samples is b elow  3 1 4 3 0 3 , the application of the C C  
F F T  method is a sufficient solution that w ill produce a signal 
image.  I f the numb er of samples ex ceeds 3 1 4 3 0 3 , the C C  L P C  
method b ecomes a b etter solution.  
2 D grid method is a b etter solution in ob taining speech signal 

imagery  in terms of parameteriz ation of single phonemes and the 
speed of processing.   
I n case of cepstral methods, the linear prediction proves to b e 

the most sufficient.   
 
4. R e s u l t s  
 
T he tool w as implemented in Java language and it is used for 

digital signal processing w ith signal graphic analy sis.    I t provides 
speech parameteriz ation methods, preparing the signal for speech 
recognition.     
T he ob tained graphical speech signal in the domain of time and 

freq uency  generated b y  the tool are show n in F ig.  3  and F ig.  4 .   
  
 

  
F i g .  3 .   D i s c r e t e  t i m e  s i g n a l  o f  h u m a n  s p e e c h  – t h e  w o r d  “ d z w o n ”  
R y s .  3 .   P r z e b i e g  s y g n a ł u  w  d z i e d z i n i e  c z a s u  – s ł o w o  “ d z w o n ”  
 
 

  
F i g .  4 .   N o r m a l i z e d  p o w e r  s p e c t r u m  i n  D e c i b e l s   - t h e  w o r d  “ d z w o n ”  
R y s .  4 .   U n o r m o w a n e  w i d m o  m o c y  w  d B  – s ł o w o  „ d z w o n ”  
 
W hen analy z ing F ig.  4 , one can notice the apparent sy mmetry  

of the results.  T he sy mmetry  results from DF T  sy mmetry   
( m-initial value of DF T  has the same amplitude as ( N -m) -initial 
value of DF T ) .  I n DF T  real input series  X ( m)  is an  X ( N -m)  
feedb ack .  L eft/ right mouse click  on the image w ill enlarge or 
reduce the siz e of the image.   

T he image fragment represented as a chart in F ig.  5  w as 
ob tained w ith tw o fast F ourier transform calculations ( C C  F F T ) .  
H oriz ontal cells represent discrete fragments of speech signals 
w hereas columns  the numb er of tw elve cepstral coefficients 
calculated for each fragment.    
 

 

  
F i g .  5 .   I m a g e  o f  t h e  s p e e c h  s i g n a l  o b t a i n e d  w i t h  c e p s t r a l  c o e f f i c i e n t s   

[ 2 x F F T ]  – t h e  w o r d  “ d z w o n ”  
R y s .  5 .   O b r a z  s y g n a ł u  m o w y  o t r z y m a n y  m e t o d ą  w s p ó ł c z y n n i k ó w  c e p s t r a l n y c h  

[ 2 x F F T ] – s ł o w o  „ d z w o n ”  
 

 
5 . C o n c l u s i o n s  
 
T he main ob j ective of the w ork  concerning ob taining speech 

signal imagery  has b een achieved.  I n case of parameteriz ation of 
single phonemes the fastest method proves to b e 2 D 
parameteriz ation.  A s far as the cepstral methods are concerned the 
most effective seems to b e the linear prediction method.  O b taining 
parameters of speech signals w ith cepstral methods is very  
effective.  O ptimiz ation of the digital signal processing is 
especially  important if the signals are to b e processed on a regular 
P C .   
U tiliz ing Java environment, the tool allow s graphical analy sis 

of the signal in the domain of time and freq uency .  T he Java S ound 
A P I  fulfills the needs of a w ide range of application developers.  
P otential application areas include:  communication framew ork s, 
end-user content delivery  sy stems, interactive application 
programs, content creation and editing.  
 
6 . F u t u r e  w o r k  
 
C urrently  the author is focusing on the speech signal imagery  so 

that the application can b e ex tended b y  an additional module – 
A R O A  – the speech signal recognition module.   
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