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Abstrac t 

Visual images are ambiguous. Any given im-
age,  o r  collectio n o f  images ,  i s consisten t  wit h a n 
infinit e numbe r  o f  possibl e state s o f  th e exter -
nal  world .  Yet ,  th e h u m a n visua l  syste m seem s 
t o hav e littl e difficult y i n reducin g thi s poten -
tia l  uncertaint y t o one ,  o r  perhap s a  fe w per -
ceptua l  interpretations .  M a n y visio n researcher s 
hav e investigate d wha t  sor t  o f  constraints — 
assumption s abou t  th e externz d worl d an d th e 
image s forme d o f  it—tha t  th e visua l  syste m 
migh t  b e usin g t o arriv e a t  it s perceptions .  O n e 
importan t  clas s o f  constraint s ar e thos e base d o n 
genericit y o r  genera l  position . 

We propos e a  theor y o f  illusor y contour s i n whic h 
genera l  positio n assumption s ar e use d t o infe r 
certai n necessar y condition s fo r  th e occurrenc e 
of  illusor y figure s tha t  appea r  t o occlud e thei r 
inducers .  Experiment s wit h h u m a n subject s ar e 
described .  Th e result s o f  thes e experiment s sug -
ges t  a n importan t  rol e fo r  genera l  positio n as -
sumption s i n understandin g th e perceptio n o f  il -
lusor y contours .  I t  i s  als o demonstrate d tha t 
parallelis m o f  contour s o f  "blob "  typ e inducer s 
i s a n importan t  determinan t  o f  illusor y contou r 
strength . 

Introduction 

Illusory contours are contours that are perceived 
i n region s o f  th e visua l  fiel d wher e ther e are ,  i n 
fsŵ t ,  n o physica l  contours ,  i.e. ,  wher e ther e ar e 
no shar p gradient s i n an y imag e property .  Fo r 
example ,  i n Figur e 1  mos t  observer s perceiv e a 
rectangula r  illusor y surfac e tha t  i s brighte r  thzu i 
th e surroundin g whit e area ,  an d i s partiall y  oc -
cludin g th e blac k element s i n th e display .  Th e 
theor y o f  illusor y contou r  perceptio n presente d 
i n thi s pape r  ha s it s root s i n othe r  theorie s pro -
pose d i n th e literatur e o n h u m a n an d machin e 

'Putiall y  supporte d b y O N R contrac t 
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vision .  Thes e theorie s hav e al l  use d "genera l  po -
sition "  o r  "generi c view "  assumption s t o under -
stan d som e aspec t  o f  h u m a n perception ,  o r  t o 
constrai n th e desig n o f  a  compute r  visio n algo -
rithm .  Roughl y speaking ,  thes e assumption s air e 
satisfie d whe n th e ey e o f  th e observe r  (o r  T V 
camera) ,  an d th e physicall y independen t  object s 
i n a  scen e ar e place d "randomly "  wit h respec t  t o 
eac h other ,  s o tha t  th e imag e receive d b y th e ey e 
i s no t  i n an y wa y qualitativel y "special "  o r  im -
probable .  Thes e assumption s ar e closel y relate d 
t o th e theor y o f  perceptua l  preferenc e propose d 
by Roc k (1983) . 

Previou s theorie s o f  illusor y contour s (IC's )  fal l 
int o thre e mai n categories ;  peripheral ,  centra l 
an d Gestaltist .  Theorist s i n th e periphera l  grou p 
(Brigne r  an d Gallagher ,  1974 ;  Frisb y an d Clat -
worthy ,  1975 )  believ e tha t  IC' s ca n b e accounte d 
fo r  primaril y i n term s o f  periphera l  neurobio -
logica l  processe s i n th e visua l  system .  Theo -
rist s o f  th e centra l  grou p (Gregory ,  1972 ;  Roc k 
an d Anson ,  1979 ;  Coren ,  1972 )  hav e pointe d ou t 
tha t  m a n y o f  th e propertie s o f  IC' s d o no t  fi t 
wit h purel y periphera l  explanations .  The y clai m 
tha t  IC' s ar e create d highe r  u p i n th e visua l 
system ,  an d tha t  a  "cognitive "  sor t  o f  explana ^ 
tio n i s  mor e appropriate .  Ou r  theor y perhap s 
bes t  fit s  i n thi s category .  Finally ,  th e Gestaltist s 
(Kanizsa ,  1955 ,  1974 )  believ e tha t  th e phenom -
ena ar e bes t  understoo d i n term s o f  th e Gestal t 
law s o f  perceptua l  organization . 

TVansversality 

T h e Transversalit y Principl e i s  centra l  t o th e 
fiel d o f  differentia l  topolog y i n mathematic s (see , 
fo r  example ,  Guillemi n ain d Pollack ,  1974) .  Fo r 
our  purpose s w e ca n stat e a  specia l  cas e o f  tha t 
principl e a s follows :  I f  tw o differentiabl e curve s 
i n 92 ^  (i.e. ,  th e plane )  ar e independentl y an d 
randoml y selected ,  the n th e probabilit y  tha t  th e 
derivative s o f  thos e curve s wil l  agre e a t  an y in -
tersectio n poin t  o f  th e curve s i s  zero .  I n othe r 
words ,  genericall y a t  al l  point s wher e the y inter -
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sec t  the y intersec t  transversely . 

Th e Transversalit y Principl e i s use d i n th e wor k 
of  Hoffma n an d Richard s (1984 )  o n th e decom -
positio n o f  physica l  object s int o parts .  Fo r 
occlusio n th e lYansversalit y Principl e implie s 
that ,  generically ,  th e tangent s t o th e curve s tha t 
boun d th e object s i n a m imag e diffe r  a t  al l  inter -
sectio n point s o f  thos e curves .  I n display s wit h 
"blob "  inducers ,  w e ca n us e thi s observatio n t o 
deriv e a  necessar y conditio n fo r  th e occurrenc e 
of  a  specia l  clas s o f  IC's ,  viz. ,  IC' s tha t  appea r 
t o putiall y  occlud e som e o r  al l  o f  thei r  inducer s 
(ICO's) . 

Th e standar d example s o f  IC' s consis t  o f  som e 
blac k region s o n a  whit e backgroun d i n whic h 
am illusor y ''white r  thau i  white "  surfac e appear s 
t o partiall y  occlud e th e blac k region s (e.g. .  Fig -
ur e 2) .  B y th e Transversalit y Principl e w e ca n 
conclud e tha t  i f  th e illusor y surfac e occlude s th e 
blac k region s i n a  generi c way ,  the n eac h poin t  o f 
intersectio n o f  th e I C wit h th e contou r  o f  a  par -
tiall y  occlude d blac k regio n i s a  poin t  o f  trans -
vers e intersection .  W e no w mak e th e followin g 

General position assumption for illu-
sor y contours :  ICO' s ai e generate d b y th e 
visua l  syste m onl y i f  th e occlusio n i s generic . 

If this assumption is correct, then a necessary 
conditio n fo r  th e occurrenc e o f  a n illusor y whit e 
surfac e tha t  appear s t o partiall y  occlud e blac k 
inducer s i s th e presenc e o f  conve x disconiinuitie a 
i n th e tangen t  line s t o th e contour s o f  th e induc -
er s (als o se e Brad y an d Crimson ,  1981 ;  Kellma n 
an d Shipley ,  1991) . 

Usin g magnitud e estimation ,  2 5 naiv e h u m a n 
subject s rate d th e I C i n Figur e 2  t o b e muc h 
stronge r  tha n i n Figur e 3 ,  an d the y al l  sai d tha t 
th e blac k element s appeare d t o b e occlude d i n 
Figur e 2 ,  wherea s 2 2 ou t  o f  2 5 sai d tha t  the y di d 
not  i n Figur e 3 .  Typically ,  subject s describe d 
th e inducer s i n Figur e 3  a s pushe d u p agains t  o r 
crowde d aroun d th e illusor y square . 

Figur e 3 

L i n e D r a w i n g I n te rp re ta t i o n 

A numbe r  o f  theorie s o f  lin e drawin g interpre -
tatio n hav e bee n propose d b y researcher s i n hu -
m an an d machin e vision .  M a n y o f  thes e theorie s 
hav e use d th e generi c viewpoin t  assumption .  I n 
particular ,  Binfor d (1981 )  showe d tha t  a  lo t  o f 
informatio n abou t  th e relativ e dept h o f  curve s 
i n a n imag e ca n b e inferre d b y applyin g rule s 
base d o n thi s assumption .  Thes e rule s ca n ex -
plain ,  fo r  example ,  wh y "special "  viewpoint s o n 
a Necke r  cub e lea d t o 2- D rathe r  tha n 3- D in -
terpretations .  T w o rule s tha t  wil l  b e usefu l  fo r 
us are :  1 )  I f  thre e o r  mor e curve s intersec t  a t  a 
c o m m on poin t  i n a n image ,  the n thei r  preimage s 
intersec t  a t  a  c o m m o n poin t  i n spac e and ,  2 )  I f 
tw o o r  mor e curve s terminat e a t  a  c o m m o n poin t 
i n a n image ,  the n thei r  preimage s terminat e a t  a 
c o m m on poin t  i n space . 

Suppos e w e tak e a  displa y tha t  generate s a 
stron g I C O usin g line-en d inducers ,  suc h a s Fig -
ur e 4 .  Fo r  eac h inducin g lin e ending ,  w e ad d 
t o tha t  displa y anothe r  lin e tha t  terminate s a t  a 
c o m m on poin t  wit h it ,  a s i n Figur e 5 .  I f  th e hu -
m an visua l  syste m generate d a n I C i n Figur e 5 , 
then ,  treatin g th e I C o n a n equa l  footin g wit h 
th e rea l  line s i n th e display ,  an d applyin g rul e 1 , 
i t  woul d conclud e tha t  th e intersectio n poin t  o f 
th e I C an d th e inducer s i n th e imag e mus t  cor -
respon d t o a n intersectio n o f  thei r  preimage s i n 
space .  S o th e I C an d th e line s woul d appea r  t o 
be a t  th e sam e dept h wher e the y meet ,  an d th e 
illusor y 8urf2u: e woul d no t  appea r  t o b e occlud -
in g th e inducer s (als o se e Kennedy ,  1978) .  Ou r 
experiment s sho w tha t  h u m a n subject s perceiv e 
th e I C i n Figur e 5  t o b e muc h weaker ,  o r  non -
existen t  compare d t o tha t  i n Figur e 4 ,  an d th e 
appearanc e o f  occlusio n i s gone .  Thi s i s tru e de -
spit e th e fac t  tha t  th e inducer s i n Figur e 5  ar e 
jus t  a s "wel l  aligned "  a s i n Figur e 4  (se e Roc k 
an d Anso n 1979) .  I n fact ,  th e additiona l  line s 
migh t  lea d on e t o expec t  a  stronge r  I C i n Fig -
ur e 5  tha n i n Figur e 4 .  Thus ,  genericit y seem s 
t o b e importan t  no t  onl y fo r  th e interpretatio n 
of  ordinar y lin e drawings ,  bu t  als o i n determin -
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Figur e 4 Figur e 5 Figur e 6 Figur e 7 

in g th e stimulu s condition s fo r  I C perceptio n (fo r 
mor e detail s se e Albert ,  submitted) . 

I n Figur e 6  subject s perceiv e a n I C O define d 
by th e ending s o f  th e semicircula r  arcs .  I n Fig -
ur e 7  w e hav e adde d anothe r  coterminatin g ar c 
fo r  eac h endin g o f  a  semicircul u ar c i n Figur e 6 
i n suc h a  wa y tha t  thei r  tangent s agre e a t  th e co -
terminatio n points .  Thus ,  th e stron g impressio n 
of  lin e ending s i s preserved .  Ye t  th e I C ha s d l 
but  vanished .  Thi s seem s inconsisten t  wit h th e 
line-en d contras t  theor y o f  I C perceptio n pu t  for -
war d b y Frisb y an d Clatworth y (1975) ,  an d wit h 
th e theor y o f  Grossber g an d Mingoll a (1985) . 
However ,  usin g th e genericit y principl e w e ca n 
readil y understan d wh y Figur e 6  produce s a n 
IC O an d Figur e 7  doe s not . 

Analogou s result s ca n b e obtaine d wit h th e 
•'neo n colo r  spreading "  effec t  (va n Tuijl ,  1975) . 
I f  w e star t  wit h a  displa y tha t  produce s neo n 
colo r  spreadin g usin g colore d lines ,  an d the n ad d 
t o i t  line s tha t  intersec t  th e origina l  line s a t 
thei r  point s o f  colo r  change ,  the n th e neo n colo r 
spreadin g i s greatl y reduced ,  an d th e perceptio n 
of  transparenc y disappear s (se e Alber t  an d Hoff -
man,  t o appear) . 

Whil e w e hav e state d ou r  theor y i n term s o f  th e 
generi c viewpoin t  eissumption ,  analogou s argu -
ment s ca n b e m a d e usin g th e assumptio n tha t 
th e physicall y independen t  object s i n a  scen e ar e 
place d "randomly "  wit h respec t  t o eac h othe r  i n 
space .  Thi s constrain t  ca n explai n th e effect s dis -
cusse d abov e eve n i f  th e illusor y surfac e i s see n 
as bein g onl y "infinitesimally "  close r  t o th e ob -
serve r  tha n th e inducer s whe n occlusio n i s per -
ceived .  Perhap s bot h constraint s ar e influencin g 
our  perceptions . 

I n addition ,  althoug h w e hav e state d th e the -
or y i n term s o f  "rules "  fo r  imag e interpretatio n 
and I C O perception ,  w e d o no t  clai m tha t  i t  i s 
impossibl e t o perceiv e a n occludin g illusor y fig-

ur e i n display s fo r  whic h suc h a  percep t  i n non -
generic .  W e onl y clai m that ,  othe r  thing s bein g 
equal ,  suc h a  percep t  i s muc h les s likely ,  espe -
ciall y fo r  naiv e subjects ,  tha n i t  i s  i n display s 
i n whic h th e percep t  i s generic .  Similarly ,  i t 
i s  possibl e t o perceiv e "special "  viewpoint s o n 
Necke r  cube s a s cubes ,  bu t  suc h interpretation s 
ar e rarel y m a d e b y naiv e subjects .  Genericit y i s 
onl y on e a m o n g m a n y factor s tha t  ar e weighe d 
by th e visua l  syste m whe n i t  interpret s images . 
I t  ca n b e violate d whe n othe r  factors ,  whic h con -
tradic t  it s  predictio n fo r  a  particula r  image ,  ar e 
give n greate r  weigh t  b y th e visua l  system .  W e 
do no t  believ e tha t  constraint s suc h a s generic -
it y (or ,  fo r  example ,  rigidit y i n structur e fro m 
motion )  ar e stric t  rule s o f  imag e interpretation . 
Our  vie w i s tha t  thes e constraint s ca n interac t 
and compet e wit h eac h othe r  an d wit h othe r  vi -
sua l  cue s t o determin e imag e interpretation . 

Figures 4, 5, 6, and 7 were used in experiments 
wit h 2 5 naiv e h u m a n subjects .  The y rate d th e 
IC' s i n Figure s 4  an d 6  a s muc h stronge r  tha n 
thos e i n Figure s 5  an d 7 ,  respectively .  Fo r  Fig -
ure s 4  an d 6 ,  2 1 subject s sai d tha t  th e blac k ele -
ment s wer e occluded ,  wherea s onl y 2  sai d s o fo r 
Figur e 5 ,  an d non e fo r  Figur e 7 . 

Many researchers have pointed out that outlines 
of  pac-me n (o r  othe r  blo b inducers )  fai l  t o gener -
at e IC's .  Usin g genericit y w e ca n understan d thi s 
outcom e a s follows :  Th e shor t  lin e segment s tha t 
follo w th e potentia l  I C canno t  b e see n a s bein g 
partiall y  occlude d b y a n illusor y surfac e becaus e 
i f  the y ar e viewe d a s bein g par t  o f  a  large r  blob -
lik e element ,  the n i t  i s  highl y improbabl e tha t 
jus t  a  ver y thi n edg e o f  tha t  blo b woul d b e vis -
ibl e (se e als o Kellma n an d Shipley ,  1991) .  O n 
th e othe r  hand ,  i f  the y ar e viewe d simpl y a s lin e 
segments ,  the n i f  an y o f  the m wer e a t  a  differen t 
dept h fro m th e illusor y edg e whic h the y appea r 
t o la y o n (o r  nex t  to )  i n th e image ,  i t  woul d impl y 
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tha t  ou r  viewpoin t  o n th e scen e wa s highl y im -
probable .  Thus ,  th e shor t  lin e segment s mus t  b e 
at  th e sam e dept h a s th e illusor y edge ,  possibl y 
interprete d a s a  highlight ,  o r  a  surfac e irregular -
ity ,  o r  a s somethin g attache d t o th e sid e o f  th e 
surface .  N o w thos e shor t  segment s als o termi -
nat e a t  c o m m o n point s wit h th e circula r  arcs ,  s o 
by rul e 2  th e circula r  axe s mus t  als o b e a t  th e 
same dept h a s th e shor t  lin e segment s a t  thei r 
point s o f  intersection .  Therefore ,  th e potentia l 
inducer s canno t  appea r  t o b e occlude d b y a n il -
lusor y surface . 

Kanizs a (1974 )  ha s argue d tha t  "closure "  ca n ex -
plai n th e perceptio n o f  IC' s wit h line-en d induc -
ers .  Supporter s o f  thi s theor y migh t  clai m tha t 
th e effect s see n i n ou r  display s coul d b e explaine d 
i n thi s wa y (sinc e th e curve s i n Figure s 5  an d 7 
are ,  a t  least ,  close d "o n th e sid e o f  th e poten -
tia l  IC") .  However ,  w e believ e genericit y t o b e a 
mor e satisfactor y explanation ,  sinc e i t  i s  a  vali d 
ecologica l  constr2unt .  I t  als o predict s certai n per -
ceive d dept h relation s whic h closur e canno t  (se e 
Albert ,  submitted) . 

Mathematical Formalization 

Koenderink (1990) has proposed a theory of ob-
jec t  recognitio n base d o n th e th e ide a o f  generi c 
versu s accidenta l  views .  I n hi s theor y th e ambi -
ent  spac e o f  possibl e viewpoint s o n a  scen e i s di -
vide d int o "cells" .  Th e cel l  whic h contain s a  par -
ticula r  viewpoin t  i s  th e larges t  connecte d regio n 
of  th e ambien t  spac e withi n whic h al l  viewpoint s 
giv e ris e t o topologicall y equivalen t  images .  In -
tuitivel y tw o image s ar e topologicall y equivalen t 
i f  th e junction s amon g th e imag e curve s (ex -
cludin g L  junctions )  hav e th e sam e qualitativ e 
structure .  T h e "cel l  walls "  i n thi s theor y defin e 
surface s i n space .  W h e n a n observe r  crosse s a 
cel l  wal l  th e qualitativ e structur e o f  th e imag e 
changes . 

We believ e tha t  no t  onl y topologica l  structure , 
bu t  als o firs t  orde r  differentiabl e structur e i s per -
ceptuall y important .  Thi s entail s tha t  corre -
spondin g imag e curve s hav e correspondin g tan -
gent  discontinuitie s (i.e. ,  transversalit y i s take n 
int o account) .  W e mak e th e followin g hypoth -
esis :  T h e visua l  syste m prefer s no t  t o interpre t 
image s i n a  wa y tha t  place s it s viewpoin t  o n a 
scen e withi n a  "cel l  wall "  wit h regar d t o firs t 
orde r  differentiabl e structure .  Th e justificatio n 
fo r  thi s hypothesi s i s tha t  i f  a  viewpoin t  o n a 
scen e i s chose n "a t  random" ,  the n th e probabil -
it y  o f  endin g u p i n a  cel l  wal l  i s  zero .  S o i f  th e 
feature s definin g th e cell s an d cel l  wall s ar e per -
ceptuall y salient ,  th e visua l  syste m ca n us e thi s 
probabilisti c  informatio n i n selectin g interpreta -
tion s fo r  images .  Nakayam a an d Shimoj o (1990 ) 

hav e m a d e a  simila r  proposal ,  bu t  the y consid -
ere d onl y topologica l  structure .  The y applie d 
thei r  ide a t o a  particula r  displa y i n a  wa y tha t  i s 
ver y simila r  t o th e styl e o f  analysi s use d i n thi s 
paper . 

Parallelism 

Witkin and Tenenbaum (1983) proposed a 
framewor k fo r  theorie s o f  perceptio n base d o n 
th e ide a o f  "non-accidental "  S- D relations .  Fo r 
example ,  i f  a n imag e contain s a  grou p o f  paralle l 
curves ,  the n Binford' s theor y justifie s th e infer -
enc e tha t  the y ar e paralle l  i n space .  Now ,  Witki n 
and Tenenbau m clai m tha t  i t  woul d b e a  highl y 
improbabl e coincidenc e tha t  the y ar e al l  paral -
le l  t o on e another ,  unles s the y al l  arous e fro m 
a singl e "cause "  o r  process .  An d thi s explain s 
why th e visua l  syste m is ,  i n a  sense ,  "correct "  t o 
grou p suc h curve s together . 

Lowe (1985 )  use d th e idea s o f  Witki n an d Tenen -
b a u m t o construc t  a  compute r  visio n system . 
W h en Lowe' s syste m sa w tw o paralle l  line s i n a n 
imag e whic h coul d plausibl y represen t  edge s o f 
object s i n th e scene ,  an d i f  thos e line s wer e rela -
tivel y clos e t o eac h othe r  i n relatio n t o th e over -
al l  densit y o f  lin e segment s a t  tha t  scal e i n th e 
image ,  the n th e syste m inferre d tha t  thos e line s 
wer e opposin g edge s o f  a  singl e 3-dimensiona l  ob -
jec t  i n th e world .  Tha t  is ,  Low e instantiate d 
Witki n an d Tenenbaum' s ide a tha t  th e tw o line s 
aros e fro m a  singl e cause ,  t o th e inferenc e tha t 
the y represente d edge s o f  a  singl e object . 

Rock (1983 )  ha s pointe d ou t  tha t  huma n sub -
ject s grou p paralle l  curve s togethe r  t o for m th e 
boundarie s o f  region s mor e readil y tha n the y d o 
non-paralle l  curves .  Fo r  example ,  i n Figur e 8 a 
most  peopl e se e th e blac k region s a s figur e an d 
th e whit e region s a s ground ,  wherea s th e revers e 
i s tru e fo r  Figur e 8b . 

Now,  conside r  Figur e 9 .  Thi s displa y ha s bee n 
discusse d b y man y researcher s goin g bac k t o 
Kanizs a (1955) .  Not e tha t  1 )  thi s displa y con -
tain s mor e blac k u e a tha n Figur e 2 ,  2 )  ther e ar e 
equa l  amount s o f  th e contou r  o f  th e blob s alon g 
th e potentia l  I C i n bot h displays ,  an d 3 )  th e 
lengt h o f  th e I C t o b e interpolate d i s th e same . 
However ,  i n spit e o f  this ,  huma n subject s per -
ceiv e a n I C onl y weakly ,  i f  a t  all ,  i n Figur e 9 , 
and a  stron g I C i n Figur e 2 .  Kanizs a claime d 
thi s a s stron g supportin g evidenc e fo r  hi s the -
or y o f  IC' s base d o n Gestal t  ideas .  H e believe d 
tha t  th e visua l  syste m create s a n illusor y surfac e 
i n Figur e 2 ,  fo r  example ,  s o tha t  th e pac-me n 
ca n b e amodall y complete d t o disks ,  whic h ar e 
"good" ,  symmetrica l  forms .  O n th e othe r  hand , 
i n Figur e 9  th e crosse s ar e alread y quit e sym -
metrical ,  an d amodall y extendin g the m behin d 
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a potentia l  illusor y surfac e woul d destro y thei r 
symmetry .  However ,  i t  wa s subsequentl y show n 
by Kanizs a an d other s tha t  stron g IC' s occurre d 
i n display s i n whic h th e inducer s coul d no t  possi -
bl y b e amodall y complete d t o entitie s possessin g 
figura l  "goodness "  i n th e Gestal t  sense . 

So,  th e theoretica l  positio n researcher s foun d 
themselve s i n wa s th e following :  Potentia l 
amodal  completio n o f  inducer s int o good ,  sym -
metrica l  form s wa s no t  a  majo r  facto r  i n causin g 
IC' s t o occur .  But ,  i f  th e shap e o f  th e induc -
er s wa s alread y goo d an d symmetrical ,  the n thi s 
inhibite d th e emergenc e o f  IC's . 

However ,  conside r  Figur e 10 .  I n thi s displa y th e 
inducer s ar e jus t  a s symmetrica l  a s i n Figur e 9 , 
and ther e i s muc h les s alignmen t  o f  th e physicall y 
presen t  edges ,  a  facto r  tha t  i s  know n t o hav e a 
considerabl e impac t  o n I C strengt h (Roc k an d 
Anson ,  1979) .  Yet ,  fo r  mos t  subject s th e I C i s 
stronge r  i n Figur e 1 0 tha n i n Figur e 9 . 

We woul d lik e t o sugges t  tha t  th e majo r  facto r 
inhibitin g th e emergenc e o f  a n I C i n Figur e 9 
i s paralUlism .  W e clsd m tha t  IC' s shoul d b e 
weakene d i n display s wit h blo b inducer s i f  par t 
of  th e contou r  o f  a  blo b i s  reasonabl y clos e to , 
approximatel y paralle l  to ,  an d opposit e th e par t 
of  th e blob' s contou r  tha t  i s  alon g th e potentia l 
I C (e.g. .  Figur e 11a) .  T h e theoretica l  idea s an d 
psychophysica l  demonstration s presente d abov e 
suppor t  thi s clau m i n th e followin g way .  W h e n 
an I C occur s i n a  displa y wit h blo b inducers ,  th e 
par t  o f  th e contou r  o f  a  blo b tha t  i s contiguou s 
wit h th e illusor y surfac e mus t  b e interprete d b y 
th e visua l  syste m a s bein g "owned "  b y th e illu -
sor y surface ,  an d th e remainde r  o f  th e contou r 
interprete d a s owne d b y th e blob .  Now ,  i f  th e 
par t  o f  th e contou r  tha t  wa s mean t  t o b e owne d 
by th e illusor y surfzut e i s paralle l  t o an d opposit e 
a par t  o f  th e contou r  tha t  wa s mean t  t o b e owne d 
by th e blob ,  the n th e I C shoul d b e weakene d i f 
th e visua l  syste m i s biase d toward s interpretin g 
paralle l  an d opposit e contour s a s bot h belongin g 

t o th e sam e object . 

We aske d 2 5 naiv e h u m a n subject s t o sa y 
whethe r  Figur e 11 a o r  li b ha d a  stronge r  IC . 
Th e contour s o f  th e blob s i n th e tw o display s 
diffe r  onl y i n edge s tha t  ar e no t  alon g an d d o 
not  intersec t  th e potentia l  IC .  However ,  part s o f 
th e contour s o f  th e blob s i n Figur e 11 a ar e par -
alle l  t o an d opposit e th e part s o f  th e contour s 
tha t  li e alon g th e potentia l  IC .  I n ou r  experi -
ment s 2 2 ou t  o f  th e 2 5 subject s sai d tha t  th e I C 
was stronge r  i n Figur e li b tha n i n Figur e 11a . 
Th e sam e 2 5 subject s wer e als o aske d t o ran k or -
der  Figure s 12a ,  b  an d c  i n term s o f  I C strengt h 
(fro m stronges t  t o weakest) .  Her e 2 0 ou t  o f  th e 
25 subject s ordere d the m a s 12c ,  12b ,  12a ,  4  sub -
ject s ordere d the m a s 12c ,  12a ,  12b ,  an d on e sub -
jec t  ordere d the m a s 12a ,  12b ,  12c .  Not e tha t 
Figur e 12 c ha s hal f  a s muc h blaic k are a a s Fig -
ur e 12a ,  an d tha t  ther e ar e 6  possibl e ordering s 
of  th e thre e displays . 

Summary and Conclusion 

We have explored the hypothesis that the vi-
sua l  syste m applie s th e principl e o f  genericit y 
t o th e whol e collectio n o f  contour s tha t  ar e per -
ceive d i n a n image .  Thi s include s contour s tha t 
ar e give n b y rea l  contras t  edges ,  a s wel l  a s illu -
sor y ones .  I n addition ,  w e hav e show n tha t  par -
allelis m strongl y influence s I C perception ,  an d 
tha t  display s whic h ha d previousl y bee n though t 
t o confir m th e importanc e o f  symmetr y migh t 
bes t  b e understoo d i n term s o f  th e influenc e o f 
parallelis m o n th e perceive d "ownership "  o f  con -
tours . 

W h at  i s th e overal l  significanc e o f  th e principl e 
of  genericit y fo r  understandin g I C perception ? 
Of  course ,  i t  canno t  predic t  th e exac t  strengt h 
an d perceptua l  qualit y o f  th e IC' s see n b y ob -
server s i n arbitrar y displays .  However ,  w e fee l 
i t  doe s provid e importan t  constraint s fo r  a  mor e 
comprehensiv e theory . 

293 



I 

I 

I  I 

I  1 

I 

I 

k 

Figur e 1 1 

Acknowledgments 

Many thanks to Don Hoffman for numerous dis-
cussion s abou t  th e idea s i n thi s paper .  Thank s 
als o t o Mik e Braunstein ,  Jac k Beusmans ,  an d 
Davi d Honig . 

References 

Albert, M. K. submitted. General position as-
sumptions ,  pairedlelism ,  an d illusor y contours . 
Perceptio n 

Albert ,  M .  K. ;  Hoffman ,  D .  D .  t o appear . 
Generi c visions :  Genera l  positio n assumption s 
i n visua l  perception .  Scientifi c  America n 

Becker ,  M .  F. ;  Knopp ,  J .  1978 .  Processin g o f 
visua l  illusio n i n th e frequenc y an d spatia l  do -
mains .  Perceptio n an d Psychophysic s 2 3 521 -
526 

Binford ,  T .  O .  1981 .  Inferrin g surface s fro m im -
ages .  Artificia l  Intelligenc e 1 7 205-24 4 

Brady ,  M. ;  Grimson ,  B .  1981 .  Th e perceptio n o f 
subjectiv e surfaces .  M.I.T .  A I  m e mo no .  66 6 

Brigner ,  W .  L. ;  Gallagher ,  M .  B .  1974 .  Subjec -
tiv e contour :  Apparen t  dept h o r  simultaneou s 
brightnes s contrast ? Perceptua l  an d Moto r  Skill s 
38 1047-105 3 

Coren ,  S .  1972 .  Subjectiv e contour s an d appar -
ent  depth .  Psychologica l  Revie w 7 9 (4 )  359-36 7 

Frisby ,  J .  P. ;  Clatworthy ,  J .  L .  1975 .  Illusor y 
contours :  curiou s case s o f  simultaneou s bright -
ness contrast ? Perceptio n 4  349-35 7 

Ginsburg ,  A .  P .  1975 .  I s th e illusor y triangl e 
physica l  o r  imaginary ? Natur e 25 7 219-22 0 

Gregory ,  R .  1972 .  Cognitiv e contours .  Natur e 
23 8 51-5 2 

Grossberg ,  S. ;  Mingolla ,  E .  1985 .  Neura l  dy -
namic s o f  for m perception :  boundar y comple -

Figur e 1 2 

tion, illusory figures, and neon color spreading. 
Psychologica l  Revie w 9 2 173-21 1 

Guillemin ,  V. ;  Pollack ,  A .  1974 .  Differentia l 
Topology .  (Englewoo d Cliffs :  Prentice-Hall ) 

Hoffman ,  D .  D. ;  Richards ,  W .  A .  1984 .  Part s o f 
recognition .  Cognitio n 1 8 65-9 6 

Kanizsa ,  G .  1955 .  Marzin i  quasi-percettiv i  i n 
campi  co n stimolazion e omogenea .  Rivist a d i 
Psicologi a 4 9 7-3 0 

Kanizsa ,  G .  1974 .  Contour s withou t  gradient s 
or  cognitiv e contours ? 
Italia n Journa l  o f  Psycholog y 1  93-11 2 

Kellman ,  P .  J. ;  Shipley ,  T .  F .  1991 .  A  theor y o f 
visua l  interpolatio n i n objec t  perception .  Cogni -
tiv e Psycholog y 2 3 141-22 1 

Kennedy ,  J .  M .  1978 .  Illusor y contour s no t  du e 
t o completion .  Perceptio n 7  187-18 9 

Koenderink ,  J .  1990 .  Soli d Shape .  (Cambridge : 
M I T Press ) 

Lowe,  D .  G .  1985 .  Perceptua l  Organizatio n an d 
Visua l  Recognition .  (Boston :  Kluwer ) 

Marr ,  D .  1982 .  Vision .  (Ne w York :  W H  Free -
man an d Co. ) 

Nakayama,  K. ;  Shimojo ,  S .  1990 .  Toward s a  neu -
ra l  understandin g o f  visua l  surfac e representa -
tion .  Col d Sprin g Harbo r  Symposiu m o n Quan -
titativ e Biolog y 5 5 

Rock,  I .  1983 .  Th e Logi c o f  Perception .  (Cam -
bridge :  M I T Press ) 

Rock,  I. ;  Anson ,  R .  1979 .  Illusor y contour s a s 
th e solutio n t o a  problem .  Perceptio n 8  665-68 1 

van Tuijl ,  H .  F .  J .  M .  1975 .  A  ne w visua l  il -
lusion :  Neonlik e colo r  spreadin g an d comple -
mentar y colo r  inductio n betwee n subjectiv e con -
tours .  Act a Psychologic a 3 9 441-44 5 

Witkin ,  A .  P. ;  Tenenbaum ,  J .  M .  1983 .  O n th e 
rol e o f  structur e i n vision .  I n Huma n an d Ma -
chin e Visio n Ed s J  Beck ,  B  Hope ,  A  Rosenfel d 
(Ne w York :  Academi c Press )  p p 481-54 3 

294 


	cogsci_1992_289-294



