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A visua l  syste m face d wit h th e proble m o f  objec t  recogni -
tio n mus t  overcom e th e variabilit y  i n th e object' s appearanc e 
cause d b y factor s suc h a s illuminatio n an d pose ,  t o b e abl e t o 
identif y differen t  view s o f  th e sam e shap e a s such .  Becaus e 
recognitio n call s fo r  rememberin g a n objec t  tha t  ha s bee n 
seen befor e (albei t  fro m anothe r  angle ,  o r  unde r  a  differen t 
illumination) ,  i t  i s  amenabl e t o a  memory-base d approach ,  ac -
cordin g t o whic h representativ e view s o f  th e objec t  ar e store d 
and subsequentl y interpolate d betwee n t o recogniz e it s nove l 
view s (Poggi o an d Edelman ,  1990) .  I n comparison ,  catego -
rizatio n ca n b e describe d a s makin g sens e o f  a n objec t  wit h 
whic h th e syste m ha s ha d n o prio r  encounter ;  traditionally ,  i t 
has bee n assume d tha t  thi s tas k ca n onl y b e approache d b y 
representin g object s i n term s o f  generi c part s an d thei r  spatia l 
relationship s (Biederman ,  1987) . 

A recen t  theor y (Edelma n e t  al. ,  1996 )  offere d a  unifie d ap -
proac h t o recognitio n an d categorization ,  accordin g t o whic h 
bot h familia r  an d nove l  object s ar e represente d b y thei r  simi -
laritie s t o a  chose n se t  o f  prototypes ,  o r  referenc e shapes .  W e 
no w presen t  a  connectionis t  implementatio n o f  thi s approach , 
whic h addresse s th e need s o f  superordinat e an d basic-leve l 
categorization ,  an d o f  identificatio n o f  specifi c  instance s o f 
familia r  categories . 

The implemente d mode l  consist s o f  te n classifiers ,  eac h 
tune d t o a  3 D objec t  chose n a t  rando m fro m a  commerciall y 
availabl e compute r  graphic s database .  Th e classifier s wer e re -
alize d b y radia l  basi s functio n network s (Poggi o an d Edelman , 
1990) ,  an d wer e traine d t o recogniz e thei r  assigne d shapes , 
usin g a s fe w a s 1 5 store d view s pe r  object ,  chose n accord -
in g t o a  canonica l  vecto r  quantizatio n algorithm .  Tes t  stimul i 
(image s o f  nove l  o r  familia r  objects )  wer e the n represente d 
by th e vector s o f  response s o f  th e te n classifier s (whic h m a y 
be considere d a s point s i n a  10-dimensiona l  shap e space) . 

We evaluate d th e model' s performanc e o n thre e tasks :  (1 ) 
recognitio n o f  nove l  view s o f  th e prototype s (referenc e ob -
jects) ,  (2 )  categorizatio n o f  view s o f  nove l  object s belongin g 
t o categorie s o f  whic h a s leas t  on e m e m b er  wa s availabl e a s 
a prototype ,  an d (3 )  representatio n o f  radicall y nove l  object s 
and discriminatio n amon g suc h objects .  I n al l  th e experi -
ments ,  th e tes t  se t  consiste d o f  16 9 view s pe r  object ,  take n 
aroun d th e canonica l  orientation ,  ove r  a  rang e o f  ±60 °  i n 
azimut h an d elevation ,  a t  10 "  increments . 

I n th e recognitio n task ,  th e Winner-Take-Al l  algorithm ,  ac -
cordin g t o whic h th e identit y o f  th e stimulu s i s determine d 
by th e labe l  o f  th e classifie r  tha t  respond s th e strongest ,  re -
sulte d i n an  erro r  rat e o f  1 0 % .  W e the n traine d a  second-stag e 
classifie r  t o m a p th e 10-dimensiona l  vector s o f  th e first-level 

classifie r  response s int o vector s o f  th e sam e size ,  i n whic h th e 
singl e prope r  elemen t  (signifyin g th e identit y o f  th e stimulus ) 
was se t  t o 1 ,  an d th e other s t o 0 .  Thi s modificatio n reduce d 
th e erro r  rat e t o 6% . 

I n th e categorizatio n task ,  w e teste d th e abilit y  o f  th e mode l 
t o assig n view s o f  2 0 nove l  object s t o thei r  prope r  categorie s 
(e.g. ,  bot h c o w an d giraff e ha d t o b e labele d a s quadrupeds) . 
Th e categor y labe l  fo r  a  vie w o f  a  tes t  objec t  wa s determine d 
by a  ̂ -nearest-neighbo r  (Dud a an d Hart ,  1973 )  majorit y vot e 
i n th e 10-dimensiona l  shap e space ,  resultin g i n a  misclas -
sificatio n rat e o f  1 7 % .  A  2 D renditio n o f  th e shape-spac e 
arrangemen t  o f  th e view s o f  th e object s (obtaine d wit h multi -
dimensiona l  scaling )  reveale d a  satisfactor y clusterin g o f  th e 
stimul i  b y category .  Thi s wa s als o tru e o f  th e representatio n 
task ,  i n whic h th e mode l  ha d t o discriminat e amon g view s 
of  te n radicall y nove l  objects ,  represente d i n th e sam e 10 -
dimensiona l  shap e space .  Th e discriminatio n erro r  rat e i n thi s 
experimen t  wa s 1 0 % .  Confinin g th e tes t  view s t o a  smalle r 
rang e aroun d th e canonica l  vie w reduce d bot h th e misclassi -
fication  an d th e discriminatio n error s considerably . 

I n summary ,  th e implemente d mode l  support s representa -
tio n o f  an d discriminatio n amon g shape s radicall y differen t 
fro m th e referenc e ones ,  whil e bypassin g th e computationall y 
problemati c nee d fo r  th e extractio n o f  part s an d determinatio n 
of  thei r  spatia l  relationship s i n stimulu s images .  Descriptio n 
by similaritie s t o prototype s thu s offer s a  viabl e approac h t o a 
rang e o f  visua l  categorizatio n tasks ,  whos e appeal ,  moreover , 
extend s t o othe r  aspect s o f  representatio n suc h a s veridicalit y 
and biologica l  relevanc e (Edelman ,  1997) . 
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