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Abstrac t 

The appearance of an object or a face changes continuously 
as th e observe r  m o v e s throug h th e environmen t  o r  a s a  fac e 

change s expressio n o r  pose .  Recognizin g a n objec t  o r  a  fac e 

despit e thes e i m a g e change s i s a  challengin g proble m fo r  c o m -
pute r  visio n systems ,  ye t  w e perfor m th e tas k quickl y an d eas -
ily .  I n natura l  visua l  experience ,  differen t  v iew s o f  a n objec t 
ten d t o appea r  i n clos e tempora l  proximity .  Capturin g th e tem -

pora l  relationship s a m o n g pattern s i s a  w a y t o automaticall y 
associat e differen t  v iew s o f  a n objec t  withou t  requirin g c o m -
ple x geometrica l  transformation s o r  thre e dimensiona l  struc -
tura l  description s [1] . 

Tempora l  associatio n m a y b e a n importan t  aspec t  o f  i n vari -
anc e learnin g i n th e ventra l  visua l  strea m [2] .  Ther e i s evi -
denc e fo r  tempora l  associatio n o f  comp le x visua l  pattern s b y 
neuron s i n th e inferio r  tempora l  lob e [3] .  A  tempora l  w i n d o w 
fo r  Hebb ia n learnin g coul d b e provide d b y th e lon g open-tim e 
o f  th e N M D A channe l  [4] ,  o r  b y reciproca l  connection s be -

twee n cortica l  region s [5] .  Hebb ia n learnin g o f  tempora l  as -
sociation s ha s bee n explore d wit h idealize d inpu t  representa -
tion s [6,7,5] . 

I n ou r  firs t  m o d e l  w e use d a  o n e laye r  feedforwar d networ k 
t o demonstrat e th e capabilit y  o f  suc h mechan i sm s t o acquir e 
invarian t  representation s o f  comp le x representation s suc h a s 
gra y leve l  image s o f  face s [8 ;  Se e als o 9 ] .  A  tempora l  associ -
atio n ( T A )  learnin g rul e base d o n Competitiv e Learnin g [10 ] 
cluster s inpu t  pattern s b y a  combinatio n o f  spatia l  similarit y 
an d tempora l  proximity .  A  tw o laye r  networ k presente d wit h 
sequence s o f  image s o f  face s a s subject s graduall y chang e 
pos e learne d representation s tha t  ar e invarian t  t o pos e (Fig -
ur e 1)[11] . 

We nex t  explore d th e th e developmen t  o f  invariance s wit h 
a n attracto r  stat e representation .  I n thi s f ramework ,  repre -
sentation s ar e sustaine d patter n o f  activit y acros s a n intercon -
necte d assembl y o f  units .  Attracto r  network s wit h Hebb ia n 
learnin g m e c h a n i s m s ar e capabl e o f  acquirin g tempora l  asso -
ciation s betwee n randoml y generate d pattern s [12] .  W e inves -

tigat e th e abilit y  o f  attracto r  networ k dynamic s t o acquir e tem -
pora l  association s betwee n differen t  v iew s o f  a  fac e o r  object . 
Inpu t  t o thi s syste m consiste d o f  image s o f  face s convolve d 
wit h G a b o r  filters  o f  thre e spatia l  scale s an d 4  orientation s a t 
6 4 location s i n th e image .  Face s ar e presente d t o th e syste m 
i n sequenc e a s the y rotat e f ro m th e fronta l  view .  T h e leam -
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Figur e 1 :  Left :  Networ k architecture .  Right :  Mea n "tunin g curve " 
fo r  pos e followin g competitiv e learnin g o f  fronta l  view s only ,  an d 
afte r  tempora l  associatio n (TA )  learning .  Output s fo r  non-fronta l 
view s wer e classe d a s correc t  i f  the y matche d th e outpu t  fo r  th e 
fronta l  vie w o f  th e sam e face .  Dat a ar e mean s fo r  1 0 differen t  faces . 
ing algorithm [12] caused input patterns that are spatially sim-
ila r  an d temporall y proxima l  t o b e draw n t o th e sam e basi n 
of  attraction .  Correction s i n attracto r  state s correspondin g t o 
th e tempora l  proximit y o f  th e associate d inpu t  pattern s durin g 
trainin g reveale d th e degre e t o whic h th e networ k acquire d in -
varian t  representations . 
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