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G a b o r  Mos£ucs :  A  Descriptio n o f  Loca l  Orientatio n Statistics ,  w i t h 

Application s t o M a c h i n e Perception . 

Javier R. Movellan and Ram S. Prayaga 
Cognitiv e Scienc e 051 5 

Universit y o f  California ,  Sa n Dieg o 
La Jolla ,  C A 9209 3 

{•ovellan ,  rprayaga}Ccogsci.uc8d.ed a 

Our  goa l  i s t o understan d th e rol e o f  naturs d signa l 
processin g b y simulatin g i t  o n machin e perceptio n tasks . 
We us e Gabo r  filter s a s a  firs t  approximatio n t o th e op -
eratio n o f  primat e striat e cortex .  I t  ha s bee n propose d 
tha t  beside s modelin g th e receptiv e fields  o f  simpl e cell s 
i n striat e corte x (Jone s &  Palmer ,  1987) ,  Gabo r  recep -
tiv e fields  provid e a n efficien t  an d spars e cod e fo r  natura l 
image s (Field ,  1994 ;  Daugman ,  1989) .  I t  ha s als o bee n 
propose d tha t  on e o f  th e function s o f  thi s spars e cod e 
may b e t o facilitat e visua l  patter n recognitio n (Field , 
1994) .  W e tes t  thi s predictio n o n a  machin e visio n task : 
automatic ,  speake r  independen t  lipreadin g o f  th e first 
fou r  digit s i n English . 

Automati c visua l  speec h recognitio n i s  bein g exten -
sivel y studie d i n th e machin e perceptio n an d cognitiv e 
scienc e communities .  Beside s it s rol e i n improvin g th e 
intelligibilit y o f  eicousti c speech ,  visua l  informatio n au -
tomaticall y modulate s th e perceptio n o f  auditor y sig -
nal s (McGur k k  MacDonald ,  1976 ;  Massar o k  Cohen , 
1983) .  I n recen t  year s lipreadin g ha s als o receive d at -
tentio n fo r  it s applicatio n i n th e automati c recognitio n 
of  speec h i n nois y environment s an d becaus e i t  pro -
vide s a  tractabl e avenu e t o computationa l  issue s o n inter -
modal  integratio n (Yuhas ,  Goldstein ,  Sejnowski ,  k  Jenk -
ins ,  1990 ;  Bregler ,  Hild ,  Manke ,  k  Waibel ,  1993 ;  Wolff , 
Prasad ,  Stork ,  k  Hennecke ,  1994 ;  Movellan ,  1995) . 

I n thi s project ,  w e us e a  biologicall y inspire d ap -
proac h t o earl y visua l  processing .  W e mode l  striat e cor -
te x a s a  ban k o f  Gabo r  filter  an d propos e a  metho d t o 
visualiz e loca l  textur e an d orientatio n usin g thes e fil-
ters .  W e mode l  late r  recognitio n processe s a s a  ban k 
of  hidde n Marko v models ,  th e mos t  successfu l  syste m 
fo r  th e automati c recognitio n o f  visua l  an d acousti c 
speech(Rabine r  k  Juang ,  1993) .  Th e recognitio n engin e 
was traine d an d teste d usin g th e followin g database . 

Trainin g Scunple :  Th e trainin g sampl e consist s o f 
4504 image s (45 6 movies )  o f  5 7 undergraduat e student s 
fro m th e Cognitiv e Scienc e Departmen t  a t  U C S D.  Sub -
ject s wer e aske d t o tal k int o a  vide o camer a an d t o sa y 
th e first  fou r  digit s i n Englis h twice .  Subject s coul d se e 
thei r  lip s i n a  monito r  2«i d wer e tol d t o positio n them -
selve s s o tha t  thei r  lip s wer e relativel y centere d i n th e 
monitor .  W e trie d a  variet y o f  illuminatio n condition s 
and allowe d th e lip s no t  t o b e entirel y centered . 

Curren t  Directions :  W e investigat e whethe r  Gabo r 
base d representation s d o indee d creat e a  sparse r  cod e i n 
our  database .  W e analyz e th e resistanc e o f  thi s repre -

sentatio n t o change s i n illuminatio n an d presen t  result s 
comparin g th e performanc e o f  a  pixel-base d approac h 
and th e Gabor-base d approau:h . 
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