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I. INST RUMQTTBT I0Y FOR SPZECH AkN;iLYSIS 

A. A FILTER BANK SPXTCH SPXCTRUM AKALYZXR' 

J .  L i l  jancrants  

A t  t h e  Speech Trsmsmission Laboratory a f l e x i b l e  spec- 

trum an-lyzer has been designed and constructed.  

The i n p t  s i gna l  i s  .inalyzed with a bank of band-pass 

f i l t e r s .  These can be s e t  i n  3 number of d i f f e r e n t  combinations of 

c e n t e r  f requencies  2nd b~ndwid ths .  I n  t h i s  way it  i s  poss ible  t o  

make 3 gross  ana ly s i s  f o r  o r i en t a t i on  3s well  2s d e t a i l e d  ana ly s i s  

with a high r e so lu t i on  i n  e i t h e r  frequency o r  time. 

The s i g n a l s  from t h e  band-pass f i l t e r s  a r e  r e c t i f i e d  2nd 

smoothad i n  low-pass f i l t e r s  with a v a r i a b l e  cu tof f  frequency. The 

channels a r e  synchronously samplod and t he  s i gna l  i s  quantized on a 

logar i thmic s c a l e  i n  1 2 0  s t eps  of 0.5 dB. 

The scanning of t h e  channels and t h e  subsequent da t a  

handl ing employ d i g i t a l  techniques.  I n  t h i s  way t h e  analyzer  i s  

f a i r l y  independent of t h e  s p e d  of per iphera l  equipment which thus  

can be chosen accord i rq  t o  i t s  s u i t a b i l i t y  f o r  s p e c i f i c  t asks .  

The fol lowing i s  a shor t  de sc r ip t i on  of t h e  main p a r t s  

of t h e  analyzer  with examples of -the mode of operat ion.  

Signs1 source 

The s igna l  t o  be analyzed i s  normally reccrded on one 

t r a c k  of a conventional  msgnetic audio-recording tape .  The o ther  

t r a c k  con ta ins  a time-code o i g i s l  g iving a time s c a l e  t h z t  i s  f ixed  

r e l a t i v e  t o  t h e  sign21 and which can bc used t o  con t ro l  t h e  sam- 

pl ing.  The time code i s  generated and received by a spec i a l  u n i t  

wi th in  t h e  analyzer.  

I n  c e r t a i n  cases  t h e  s i gna l  should be repeated a number 

of t imes which can be accomplished e i t h e r  by c u t t i n g  t h e  tape i n t o  

loops o r  by us ing  a tape-scanner. 

" ~ x t e n d e d  vers ion  of paper t o  be presented a t  t h e  5 t h  In t e rna t i ona l  
Congress on Acoustics,  LiEge, Belgium, Sept. 7-14, 1965. 



Heterodyne system 

The inpu t  s i g n a l  i s  bznd-l imited t o  1 1  kc/s  and modu- 

l? . ted  wi th  a  first c a r r i e r ,  t h e  f requency of which can be v a r i e d  

between 27 a.nd 36.5 kc /s .  P a r t  of t h o  lower s ideband i s  i s o l a t e d  

wi th  a band-pass f i l t e r ,  78 t o  28 kc / s ,  and i s  modulated wi th  a  

second c a r r i e r  f i x e d  a t  28  kc/s. The lower s ideband of t h i s  modu- 

l a t i o n  i s  i n  t h e  audio-frequency band and i s  f e d  t o  t h e  f i l t e r  bank 

v i a  a power a m p l i f i e r .  

The r e s u l t  of t h e s e  mcdula t ions  i s  t h u s  t h a t  t h e  inpu t  

band i s  d i s p l a c e 6  upwards o r  downwsrds w i + h  an amount equal  t o  t h e  

d i f f e r e n c e  f requency betweer t h e  twc c a r r i e r s .  

Thz c a r r i e r  f r e q u e n c i e s  a r c  de r ived  by means of f r e -  

quency s y n t h e s i s  from : ~ p p r o p r i = ~ t e  p ~ r t i a l s  of s s e t  of square  waves. 

These a r e  t aken  f r o n  n b i n ~ r y  d i v i d e r  chz in  coun t ing  a master  

c lock .  Thc s y n t h e s i s  of t h e  f i r s t  c a r r i e r  f requency i s  c o n t r o l l e d  

by a  5 b i t  b i n a r y  s i g n a l  d e t e r m i ~ i n g  t h e  a p p r o p r i a t e  m u l t i p l e  of 

0.5 kc /s  of f requency s h i f t .  

F i l t e r  bank 

The f i l t e r  bank c o n t a i n s  5'1 channels .  Each channel  i s  

b u i l t  a s  3 plug-in u n i t  cont: t ining a band--pass f i l t e r ,  a  l i n e a r  

full-wave r e c t i f i e r ,  and a low-pzss f i l t s r .  

Ths low-pass f i l t e r ;  h a m  an spproximate l i n e a r  phase 

which i m p l i e s  t h a t  t h e  t r a n s i t i o n  from pass  band t o  r e j e c t i o n  band 

i s  no t  a s  s h a r p  a p  f o r  i n s t a n c e  i n  3 Buttorworth f i l t e r .  I n s t e a d  

t h e  overshoot  i n  t h e  pu l se  response  i s  v e r y  smal l  a t  t h e  same t ime 

as t h e  d u r a t i o n  of t h o  response  i s  compsra t ive ly  smal l  a s  r e l 3 t e d  

t o  t h e  i n v e r t e d  -7al.ue of t h e  bandwidth. These p r o p e r t i e s  a r e  

r a t h e r  e s s e n t i a l  i n  t h e  a n a l y s i s  of r a p i d l y  changing s i g n a l s  f o r  

t h e  2voidance of mssking e f f e c t s .  The f i l t e r  i s  mininum-phsse 

nctwork (no f i n i t e  z e r o s )  of t h e  t h i r d  degrcc an2 t h u s  t h e  3 t t en -  

u a t i o n  w i l l  r i s e  18 d ~ , / o c t  i n  t h e  r e j e c t i o n  bznd. 

Thc band-pass f i l t e r s  d r e  de r ived  from a  corresponding 

low-pzss f i l t e r  by me a s  of t h e  l ~ w - ~ a ~ s s / b a n d - ~ a s s  f requency sub- 

s t i t u t i o n  W = s + m ? / s .  The a t t e n u a t i o n  and t r a n s i e n t  p r o p e r t i e s  

a r e  analogous t o  t h o s e  of t h e  Low-pass f i l t e r .  



Thc: chcmncls  of t h e  f i l t e r  bsnk a r e  d i v i d e d  i n t o  two 

groups  cctlled i and B. Group A c o n p r i s e s  t e n  channels  from 0 t o  900 

c / s  w i t h  cons tan t  spac ing  and v a r i a b l e  bandwidths. T h i s  group i s  

not  used  t o g e t h a r  w i t h  t h e  heterodyne system, Group B c o n s i s t s  of 

t h e  remzining 41 chsnne l s  t h e  f i r s t  of which i s  zlwsys cen te red  a t  

1 kc /s  whi le  t h e  remainder cover s  z range  above t h i s  frequency.  

There a r e  11 d i f f e r c n t  combinst ions of f requency spzc ing  and band- 

width  of t h e  B-group and 4 combinst ions of t h e  h-group, 2s shown 

i n  Fig .  I-h-I and i n  Tzb les  I - l - I  2nd I-h-2. 

Table  I-R-1 

F i l t e r  spac ing  Af, 
bandwidth B ,  and t o t a l  
a n a l y s i s  rznge W cov- 
e r e d  w i t h i n  t h e  B- 
group. F i l t e r  group A 
i s  l i m i t e d  t o  t h e  com- 
b i n  z t  i o n s  6-3. 

The f i r s t  n i n e  combinzt i o n s  hzve c o n s t a n t  spacings  of 

c e n t e r  f r e q u e n c i e s  throughout  t h e  f i l t e r  bank. The f i l t e r  spac ing  

i n  combinst ions 6 through 9 i s  100 c / s  which conforms wi th  t h e  

f i x e d  spac ing  of t h e  !\-group s o  t h a t  t h e  B-group may be added 

wi thout  t r a n s p o s i t i o n .  

I n  c o m b i n ~ t i o n  10 t h e  spac ing  i s  cons tan t  100 c / s  over  

t h e  f i r s t  800 c / s  t h s n  i n c r e a s i n g  and t h e  bsndwidth i s  cons tzn t  

250 c/s .  If' t h e  i n p u t  s i g n s 1  i s  t r m s p o s e d  upwards 1 kc/s t h e  E- 

group w i l l  spproximzte s Kocnig s c c ~ l e .  1s an ~ l t o r n a t i v e  t h e  

t r z n s p o s i t i o n  can be d isposed wi th  and an h-8 s e l e c t i o n  be com- 

bined wi th  B-10. Wo t h e n  genera te  a f r ~ q u e n c y  s c a l e  t h a t  i s  l i c c s r  

up  t o  1.8 kc/s  znd t h e n  g r a d u a l l y  compressed. 



F i g .  I - A -  I .  The  top s c a l e  indicates  the channel number s  while the 
o the r  s c a l e s  show corresponding cen te r  f requenc ies  of 
the band-pass  f i l t e r s  for  the 11 possible  a l t e rna t ives  a s  
indicated.  The  b a r s  a t  left  show the f i l t e r  bandwidth. 

The  effective f i l t e r  f requencies  m a y  be shifted upwards 
o r  downwards in  500 c / s  i nc remen t s  using the heterodyne 
s y s t e m .  
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Tiible I--4-2.  C e n t e r  f r t>q~?enc ie - s  a ~ i d  spxclngs of combination 10 
(bandwidth L3 = 250 c,/sj, and c e n t e r  f r equenc ies ,  
spac ings ,  and ba nciwidths of cornbiniition 11. 



Fig .  I - A - 2 .  Examples  of group ana lys i s  with s p e c t r u m  sect ions  a s  
r eg i s t e red  on the X/Y plot ter .  10 dB  p e r  division of the 
ve r t i ca l  a x i s .  

Spec t r a  of a synthetic / s /  (OVE 11) analyzed using f i l t e r  combination 6 .  
The  influence of the  in tegra t ion t i m e  constant  on the  typical  random 
var ia t ions  in  s p e c t r a l  level  i s  appa ren t .  

A synthetic vowel with constant  fo iman t  frequencies and bandwidths 
analyzed with f i l t e r  combinations 2 and 3 .  
( a )  Voice fundamental Fo = 100 c / s ,  ana lys i s  bandwidth B = 6 3  c / s ,  
the ha rmonics  a r e  resolved.  
(b )  B = 125 c / s  will give a smoo th  s p e c t r u m  envelope. The f i l s t  two 
formant  peaks  a r e  d i s to r t ed  due to  absence  of ha rmonics  a t  the formant  
frequi:ncies.  
( c )  F = 175 c / s  and ha rmonics  r eappea r  in  the  p i c tu re .  F ~ o b l e m s  ~. . . 
of megsuI ing  f b L m a n t  f requency and level  a r e  obvious.  





a pulse  group of opposi te  p o l a r i t y  i s  added giving information of 

t h e  abso lu te  l oca t i on  on t he  t ape  wi th in  t h e  code cyc le  which i s  

about 25 seconds i n  l eng th ,  The time-code r ece ive r  w i l l  g ive  a  

warning i f  t h e  input  s i gna l  does not s a t i s f y  a p a r i t y  check and 

o the r  conventions. 

Out put equipment 

Output da t a  cdn be presented v i s u a l l y  f o r  monitoring 

and demonstration e i t h e r  on a  d i g i t a l  d i sp l ay  o r  reconverted t o  

analog form on a CRT, 

Graphic r e g i s t r a t i o n  i s  mdde on a regu ldr  X/Y p l o t t e r  

f o r  measuring pGrposes o r  photographically from a  CRT f o r  v i s i b l e  

speech purToses, 

To f a c i l i t a t e  ddta  processing by computer t h e  da t a  may 

be recorded i n  IBM compatible formdt with a d i g i t a l  magnetic tape- 

recorder .  

Example of ana ly s i s  procedure 

Since each of t he  main p a r t s  i s  so  f l e x i b l e  i t  i s  

poss ib le  t o  s e l e c t  an optimal working mode f o r  each s p e c i f i c  pro- 

j e c t .  The fol lowing may be a  t y p i c a l  rou t ine .  

F i r s t  t h e  time code i s  recorded along with t ho  input 

s i gna l .  4n t l y s i s  i s  then made with one of t h e  f i l t e r  combinations 

covering t h e  whole important par t  of t h e  audio band, The analyzer  

i s  scanned pe r iod i ca l l y  a t  a  high r a t e  and t h e  r e s u l t  i s  recorded 

a s  v i s i b l e  speech a long with a s u i t a b l e  represen ta t ion  of t h e  time 

code. Al te rna t ive ly  t h e  time code i s  presented 3s an oscil logram 

toge the r  with a  duplex oscil logram of t h e  speech. From these  d a t a  

t h e  a r ea s  of i n t e r e s t  mtiy be loca ted  and labe led  according t o  t h e  

time code ds a  re fe rence  f o r  t he  fol lowing szmpling of amplitude- 

frequency sec t ions .  

If spectrum sec t ions  of high frequency r e so lu t i on  dre  

wanted we use t h e  so  c a l l e d  group a1l:xlpsis method. The ana ly s i s  

f i l t e r s  d r e  f o r  ins tance  s e t  t o  a  frequency spdcing of 25 c/s. 

Ths per t inen t  par t  of t h e  f i l t e r  bank w i l l  then cover t h e  band 

from 1 t o  2 kc/s,  The input s i gna l  i s  transposed 1 kc/s  upwards, 



When t h e  time code r ece ive r  f i n d s  t h e  des i red  point  i n  time a f i r s t  

s a t  of measurements a r e  taken represen t ing  t h e  input  band from 0 t o  

1 kc/s. W i l e  these  a r e  r e g i s t e r e d  on t he  X/Y p l o t t e r  t h e  heterodyne 

i s  r e s e t  f o r  no t r anspos i t i on .  The input  s i gna l  i s  then repeated 

and t h e  next s e t  of samples w i l l  now represent  t h e  range from 1 t o  

2 kc/s. Ths process i s  repeated t i l l  the des i red  range has been 

covered. The whole procedure i s  c a r r i e d  out au tomat ica l ly  and t h e  

r e s u l t  i s  recorded a s  a coherent p i c tu r e  on t h e  p l o t t e r .  
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