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Perception ,  Computation ,  an d Categorizatio n 

Whitman Richards 

M.I.T. 

The thread through these three seemingly somewhat disjoint topics is the 

rol e feature s an d model s pla y I n perceptua l  categorizations .  Bobic k 
begin s b y proposin g tha t  perceptua l  categorizatio n i s usefu l  fo r  predictin g 

unobserve d propertie s o f  object s fro m thei r  observabl e properties .  Suc h 
properties ,  o f  course ,  ar e inferre d fro m feature s derive d fro m ou r  sens e 

data .  Whic h o f  th e infinit y o f  possibl e feature s shoul d w e elec t  t o 
construc t  t o suppor t  thes e inferences ? Bobic k provide s a n answe r  t o thi s 
questio n b y showin g ho w a  particula r  mode l  fo r  structur e i n th e worl d ca n 
driv e bot h featur e selectio n an d categorization .  Nakayam a the n explore s 
on e ver y specia l  cas e o f  th e clas s o f  model s propose d b y Bobic k namel y 
th e proposa l  tha t  object s occup y distinctl y separat e region s i n spac e an d 

time .  Th e predictable ,  bu t  unobserve d propert y i s th e surfac e o f  on e 
objec t  tha t  i s  hidde n o r  occlude d b y another .  Nakayam a show s tha t  th e 
machiner y supportin g suc h inference s i s locate d quit e earl y i n th e visua l 
pathway .  Finally ,  Jepso n focusse s o n ho w featur e m a p s interfac e wit h 
model s suc h a s thos e require d fo r  makin g inference s abou t  occlusion , 
thereb y allowin g on e t o assig n th e prope r  worl d structur e t o seemingl y 
inadequat e sens e data .  Th e resul t  o f  thi s interpla y betwee n feature s an d 
model s i s a n orderin g o f  possibl e categorization s o f  th e data ,  whic h lead s 
t o a  forma l  definitio n fo r  th e categorizatio n selecte d a s "th e perception. " 
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Natura l  Objec t  Categorizatio n an d Perceptua l  Inferenc e 

Aaron Bobick 

SRI International 

We present a basis for generating natural categories of objects. To provide a 
criteri a fo r  categorizatio n w e propos e tha t  th e purpos e o f  a  categorizatio n i s t o suppor t 

th e inferenc e o f  unobserve d propertie s o f  object s fro m th e observatio n o f  perceivabl e 

properties .  Becaus e n o suc h se t  o f  categorie s ca n b e constructe d i n a n arbitrar y 

world ,  w e m a k e a  clai m abou t  th e structur e o f  th e worl d - -  th e Principl e o f  Natura l 
M o d es - -  an d argu e tha t  a  natura l  categorizatio n shoul d t o reflec t  thi s structure . 

We first define an evaluation function that measures how well a set of 

categorie s support s th e inferenc e goal s o f  th e observer .  Entrop y measure s fo r  propert y 
uncertaint y an d categor y uncertaint y ar e combine d throug h a  fre e paramete r  tha t 

reflect s th e goal s o f  th e observer .  Natura l  categorization s ar e show n t o b e thos e tha t 

ar e stabl e wit h respec t  t o thi s fre e parameter .  Thes e categorie s ar e relate d t o Rosch' s 

Basi c Leve l  Categories .  W e nex t  develo p a  categorizatio n paradig m tha t  utilize s th e 
categorizatio n evaluatio n functio n i n recoverin g natura l  categories .  A  statistica l 

hypothesi s generatio n algorith m i s presente d tha t  i s show n t o b e a n effectiv e 
categorizatio n procedure .  Example s draw n fro m severa l  natura l  domain s ar e 

presented ,  includin g dat a know n t o b e a  difficul t  tes t  cas e fo r  numerica l  categorizatio n 
techniques .  Onc e a  categorizatio n ha s bee n discovered ,  th e evaluatio n functio n ca n 

be use d t o measur e th e utilit y  o f  feature s i n recoverin g natura l  categories .  Finally ,  w e 
conside r  th e extensio n o f  th e paradig m t o a  categorizatio n syste m tha t  describe s 

object s usin g a  representatio n languag e riche r  tha n simpl e propert y descriptions . 
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Visua l  Inferenc e I n th e Perceptio n o f  Occlude d Surface s 

Ken Nakayama 

Harvard University 

If a surface is hidden behind another surface, we often infer its 

continue d existenc e eve n thoug h i t  i s  literall y invisible . 
At  wha t  leve l  o f  cognitiv e representatio n shoul d w e attribut e suc h 

knowledg e o f  occlusiv e spatia l  relations ? I s ou r  knowledg e o f  occlusio n 

represente d relativel y late ,  perhap s a s a  for m o f  genera l  spatia l 

reasoning ,  o r  i s i t  specificall y visua l  an d represente d muc h earlier ? 
Fro m a  serie s o f  perceptua l  demonstration s an d psychophysica l 

experiments ,  w e argu e tha t  th e processin g o f  occlusio n i s specificall y 
visual .  Suc h experiment s sho w th e importanc e o f  occlusio n relate d 
processin g i n th e perceptio n o f  form ,  motion ,  dept h an d color . 

Furthermore ,  w e argu e tha t  i n som e cases ,  th e processin g o f  occlusio n 
migh t  begi n a s earl y a s primar y visua l  corte x (are a VI) . 

W h at  i s a  Perception ? 

Allan Jepson 

University of Toronto 

Perceptio n i s th e subjec t  o f  extensiv e stud y i n Al ,  Neurobiolog y 
an d Psychology .  Ye t  th e even t  itsel f  tha t  w e cal l  a  perceptio n ha s neve r 
bee n define d formally .  Here ,  w e offe r  a  definitio n hinge d aroun d ho w ou r 

belief s an d knowledg e o f  th e worl d affec t  th e interpretatio n o f  ou r  sens e 
data .  Give n a  se t  o f  beliefs ,  a  lattic e o f  possibl e belie f  state s ca n b e 

created ,  wher e th e node s i n th e lattic e ar e labelle d b y th e belief s whic h 
remai n vali d o r  invalid .  A  perceptio n ca n the n b e define d a s a  loca l 

max imu m i n a  partia l  orderin g withi n thi s lattice .  T w o example s illustrat e 
ho w ou r  lattic e theor y ca n represen t  plausibl e perceptua l  states .  I n on e 

example ,  w e als o introduc e th e notio n o f  a  "ke y feature "  -  on e capabl e 
of  supportin g especiall y stron g inferences .  Ou r  "lattic e theory "  suggest s 
a mor e meaningful ,  highe r  leve l  stat e o f  understandin g fo r  machin e 
systems ,  an d als o provide s insigh t  int o huma n perception . 
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