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{ h u c k a , s k a p } @ u m i c h . e d u 

Imagin e yoursel f  runnin g throug h roug h terrain ,  perhap s 
fleein g a  predator ,  o r  perhap s chasin g afte r  prey .  You r  visua l 
syste m doe s no t  hav e tim e t o scrutiniz e th e countles s trees . 
rocks ,  an d othe r  object s yo u pas s by .  Wha t  yo u nee d mos t  i s 
enoug h spatia l  informatio n t o avoi d obstacles ,  t o orien t  your -
self ,  t o pic k a  path .  I n thi s situation ,  eve n a  roug h sketc h o f 
th e spatia l  layou t  o f  th e environmen t  ca n provid e crucia l  in -
formation . 

Withou t  tim e o r  opportunit y  t o perfor m a  mor e carefu l  anal -
ysis ,  a n initia l  estimat e o f  th e layou t  o f  visibl e structure s ma y 
be al l  th e visua l  syste m ca n extract .  However ,  thi s kin d o f 
basi c spatia l  information ,  whil e devoi d o f  detail s  abou t  shap e 
and othe r  feature s usefu l  fo r  objec t  recognition ,  woul d ofte n 
be sufficien t  t o fulfil l  th e requirement s above .  I t  coul d als o 
serv e a s a  stepping-ston e t o mor e extensiv e spatia l  an d objec t 
analysi s i n les s constraine d situations . 

Humans an d othe r  natura l  system s ar e remarkabl y adep t 
at  extractin g spatia l  organizatio n fro m vision .  Ye t  th e for m 
of  thi s information ,  an d th e neura l  information-processin g 
mechanism s use d t o obtai n it ,  remai n poorl y understood .  T o 
bette r  understan d thi s capability ,  i t  woul d b e usefu l  t o kno w 
ho w th e visua l  syste m ca n mak e a n initia l  estimat e o f  th e spa -
tia l  layou t  o f  a  visua l  input . 

The hypothesi s w e ar e explorin g i s tha t  th e syste m automat -
icall y an d preattentivel y extract s th e approximat e locations , 
size s an d spatia l  orientation s o f  majo r  element s i n th e visua l 
input ,  thereb y obtainin g a  roug h sketc h o f  th e spatia l  layout . 
We ar e investigatin g th e mechanism s b y whic h th e visua l  sys -
te m ca n extrac t  thi s fro m monocula r  view s o f  natura l  scenes . 

Textur e i s on e well-know n sourc e o f  informatio n tha t  th e 
visua l  syste m ca n exploi t  (Gibson ,  1950) .  Pattern s o f  tex -
tur e ca n b e obtaine d eve n fro m brie f  glimpses ,  durin g whic h 
a scen e wil l  appea r  stati c an d motio n cue s ar e unavailable . 
and a t  distance s an d visua l  angle s a t  whic h th e effectivenes s 
of  stereopsi s i s limited .  Visibl e textur e an d textur e gradients . 
arisin g fro m marking s o n surface s o r  th e spatia l  arrangement s 
of  objects ,  ar e usefu l  source s o f  informatio n bot h fo r  segre -
gatin g differen t  region s i n a  scen e an d fo r  estimatin g spatia l 
propertie s suc h a s surfac e orientatio n (Watt ,  1995) . 

Textur e an d textur e gradient s ca n b e characterize d i n term s 
of  th e loca l  spatial-frequenc y conten t  a t  differen t  point s i n a n 
imag e (Bajcs y &  Lieberman .  1976) .  I t  i s widel y believe d tha t 
neuron s i n th e primar y visua l  corte x ar e responsiv e t o spatial -
frequenc y content .  Th e propertie s o f  comple x ceil s i n par -
ticula r  woul d mak e the m highl y usefu l  a s startin g point s fo r 
texture-base d analysi s (D e Valoi s &  D e VaJois ,  1990) .  Thes e 
neurons ,  togethe r  wit h othe r  neura l  circuit s beyon d th e pri -

mar y visua l  cortex ,  coul d serv e a s par t  o f  th e mechanism s 
fo r  bot h performin g a  roug h segmentatio n o f  th e scene ,  an d 
estimatin g th e genera l  spatia l  orientation s (slan t  an d tilt )  o f 
segmente d regions .  Bu t  th e questio n o f  h o w bot h processe s 
ca n b e combine d int o a  singl e syste m ha s rarel y bee n ad -
dresse d ( K r u m m &  Shafer ,  1994) .  Mos t  existin g model s 
of  texture-base d segmentatio n assum e tha t  texture d region s 
withi n th e visua l  inpu t  ar e fre e o f  systemati c distortion s du e t o 
surfac e slant ;  conversely ,  mos t  model s o f  texture-base d shap e 
estimatio n assum e input s consistin g o f  a  singl e surface . 

For  spatia l  layou t  analysis ,  th e syste m shoul d als o b e abl e 
t o estimat e th e location s an d size s o f  th e differen t  regions . 
Ther e i s empirica l  evidenc e tha t  th e visua l  syste m compute s 
th e location s o f  simpl e figures  automaticall y an d preatten -
tively .  Thi s locatio n informatio n appear s t o tak e th e for m o f 
th e centers-of-mas s o f  th e region s (Morgan ,  Hol e &  Glen -
nerster .  1990) .  Ther e i s als o evidenc e suggestin g tha t  th e vi -
sua l  syste m automaticall y compute s th e genera l  size s o f  visua l 
stimul i  (Findlay ,  Broga n &  Wenban-Smith .  1993) . 

Take n together ,  th e approximat e locations ,  size s an d spa -
tia l  orientation s o f  majo r  element s i n a  scen e woul d provid e 
an agen t  wit h a  rough ,  initia l  sketc h o f  th e spatia l  layout .  O n e 
of  th e goal s o f  ou r  researc h i s t o develo p a  biologicall y rea -
sonabl e mode l  an d simulatio n o f  thi s processing . 
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