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1.  Introductio n 

Some of the issues addressed in com-
putationa l  visio n researc h relat e t o th e 
questio n o f  th e structur e o f  huma n intel -
ligenc e i n general ,  an d ar e thereb y sub -
jec t  t o a  Cognitiv e Scienc e approach . 
Thj s i s particularl y tru e o f  th e tradi -
tiona l  issu e o f  ho w knowledg e o f  specifi c 
object s migh t  b e applie d toward s visua l 
recognitio n an d understanding . 

Ther e ar e tw o advantage s t o th e 
developmen t  o f  compute r  visio n system s 
whic h maintai n compatibilit y  wit h selecte d 
aspect s o f  huma n vision .  First ,  clue s t o 
th e underlyin g operationa l  requirement s o f 
th e visio n syste m may b e obtaine d fro m th e 
characteristic s o f  th e huma n system ,  an d 
second ,  th e resultin g computationa l  syste m 
may ac t  a s a n explanator y mode l  fo r  th e 
human operations .  Th e researc h reporte d 
her e center s aroun d a  computationa l  visio n 
syste m whic h interpret s lin e drawing s o f 
human-lik e bod y forms .  Thi s syste m main -
tain s a  numbe r  o f  compatibilitie s wit h 
human visio n (se e Brows e 1981 ;  1982b) . 

Thi s pape r  describe s a  mechanis m fo r 
th e interpretation-base d integratio n o f 
informatio n availabl e a t  differen t  level s 
of  resolution .  Fro m th e integration , 
ther e follow s a  metho d fo r  th e intelligen t 
selectio n o f  processin g locatio n withi n 
th e image . 
2. Multiple Resolution Systems 

Ther e i s a  variet y o f  evidenc e i n 
favo r  o f  approachin g visio n a s a  proces s 
whic h operate s wit h informatio n availabl e 
fro m severa l  different ,  bu t  related ,  lev -
el s o f  resolution .  Th e primat e visua l 
syste m ha s a  distributio n an d structur e o f 
retina l  receptor s whic h lead s t o response s 
base d o n differen t  receptiv e fiel d size s 
(se e Hube l  an d Weisel ,  1979) .  Whil e 
severa l  receptiv e fiel d size s may coexis t 
at  an y specifi c  poin t  o n th e retina ,  a 
near-linea r  increas e i n fiel d siz e 
(decreas e i n resolution )  i s exhibite d 
toward s th e peripher y (Wilso n an d Bergen , 
1979)  . 

Consideratio n o f  thes e aspect s o f  th e 
visua l  syste m appear s i n th e formulatio n 
of  contemporar y computationall y base d 
theorie s o f  vision .  Mar r  an d Hildret h 
(1979 )  presen t  a  mathematica l  formulatio n 
of  edg e detectio n i n whic h image s smoothe d 
wit h a  variet y o f  Gaussia n filters ,  ar e 
convolve d wit h th e Laplacia n operator . 
The zero-crossing s o f  thes e convolution s 
ar e representativ e o f  th e imag e intensit y 
change s i n differen t  spatia l  frequenc y 
channels ,  dependin g o n th e valu e o f  th e 
spac e constan t  o f  th e Gaussia n distribu -
tion . 

One importan t  theoretica l  questio n 
whic h confront s th e developmen t  o f  suc h 
theorie s whic h maintai n compatibilit y  wit h 
human visio n is :  What  mechanis m ca n pro -
vid e usefu l  interactio n betwee n informa -
tio n fro a differen t  resolutio n levels ? 

For  mos t  theorie s o f  computationa l 
vision ,  multipl e resolutio n i s a  too l  i n 
th e discover y o f  context-fre e imag e 
feature s suc h a s edges .  Thi s notio n ha s 
been develope d throug h th e introductio n o f 
"imag e pyramids "  (Uhr ,  1972 ;  Hanso n an d 
Riseman ,  1975 )  whic h represen t  a n imag e a s 
severa l  interrelate d layers ,  constructe d 
at  differen t  resolutions .  Th e bas e leve l 
i s  th e regula r  digitize d image ,  an d th e 
upper  layer s ar e successivel y smalle r 
images ,  wit h pixe l  value s derive d b y som e 
averagin g operatio n o n fou r  (o r  more )  pix -
el s a t  th e leve l  beneat h it .  A  numbe r  o f 
processin g scheme s hav e bee n devise d t o 
use thes e structure s t o ai d i n th e detec -
tio n o f  imag e features .  Th e basi c ide a 
behin d th e us e o f  pyramid s i s tha t  indica -
tion s o f  th e existenc e o f  a  featur e may b e 
foun d i n a  simpl e searc h o f  a  smaller , 
coarse r  resolutio n versio n o f  th e image . 
Thi s initia l  detectio n ca n b e use d t o 
direc t  th e extractio n o f  feature s fro m th e 
fine r  level s (se e Tanimoto ,  1980) . 

Marr  (1976 )  take s a  simila r  approach . 
The proces s o f  combinin g th e result s fro m 
differen t  spatia l  frequenc y channel s 
relie s o n th e ide a tha t  zer o crossing s a t 
th e sam e locatio n a t  differen t  scale s ar e 



probabl y th e resul t  o f  th e sam e underlyin g 
phyfSLca l  phenomenon .  S o wheneve r  th e seg -
ment s obtaine d fro m tw o o r  mor e (contigu -
ous )  channel s agre e i n bot h po;iltio n an d 
orientation ,  a n edg e i s hypothesized . 

Othe r  compute r  visio n researc h 
attempt s a n interpretation-base d interac -
tio n betwee n level s o f  resolution ,  usin g 
knowledg e o f  th e clas s o f  object s whic h 
compris e th e proble m domain .  Kell y (1971 ) 
devise d a  syste m whic h analyze d coars e 
leve l  feature s i n th e contex t  o f  wha t  wa s 
expecte d fo r  th e outlin e o f  a  head .  Thu s 
th e subsequen t  examinatio n o f  th e fin e 
feature s wa s abl e t o ignor e th e othe r 
prominen t  edge s produce d b y th e back -
ground .  Bajcz y an d Rosentha l  (1980 )  hav e 
extende d th e interactio n betwee n worl d 
knowledg e an d imag e hierarch y i n a n 
inquiry-drive n compute r  visio n syste m 
whic h relie s o n th e natura l  hierarchica l 
relation s o f  th e proble m domain .  Th e 
method s ar e simila r  t o thos e propose d b y 
Palmer  (1977) . 
Psychological research supports this 
ide a o f  th e involvemen t  o f  interpretatio n 
i n th e interactio n o f  resolutio n levels . 
Kinchl a (1974 )  an d Navo n (1977 )  develope d 
an experimenta l  paradig m i n whic h subject s 
ar e presente d wit h th e tas k o f  processin g 
loca l  an d globa l  informatio n a t  th e sam e 
time .  Th e resul t  fro m usin g thi s metho d 
demonstrat e differen t  propertie s o f  recog -
nitio n base d o n visua l  informatio n fro m 
th e tw o levels .  Mille r  (1981 )  ha s 
presente d result s whic h indicat e th e 
requiremen t  fo r  a  mode l  o f  perceptio n i n 
whic h informatio n fro m differen t  level s o f 
resolutio n fee d int o a  singl e decisio n 
proces s whic h integrate s th e results . 

The approac h take n i n th e body -
drawin g interpretatio n syste m i s tha t 
separat e representation s ar e maintaine d 
fo r  informatio n fro m differen t  resolutio n 
levels ,  an d tha t  eac h on e ha s specialize d 
capabilitie s fo r  interactin g wit h 
knowledg e o f  th e proble m domain . 

A secon d questio n whic h relate s t o 
th e us e o f  multipl e resolution s is :  Ho w 
can location s b e selecte d fo r  th e applica -
tio n o f  hig h resolutio n visua l  processing ? 
This question is not only of interest 
i n simulation s o f  huma n visua l  processing , 
hut  i s als o a  concer n t o th e pragmatic s o f 
engineerin g compute r  visio n systems .  'îh e 
issu e o f  intelligentl y orderin g an d res -
trictin g th e processin g o f  a n imag e 
becomes mor e importan t  a s large r  featur e 
detectio n mask s ar e bein g convolve d wit h 

image s o f  increasin g tota l  numbe r  o f  pic -
tur e elements . 

Saccadic eye movements are the most 
obviou s o f  th e visua l  selectio n processes . 
Ther e ar e many excellen t  review s emphasiz -
in g th e rol e o f  cognitio n i n th e selectio n 
of  fixatio n location s (se e Rayner ,  1978) . 
Tt  i s  generall y accepte d tha t  expectatio n 
or  conflic t  withi n th e ongoin g visua l 
interpretatio n influence s th e choic e o f 
processin g are a (Loftu s an d Mackworth , 
1978) .  On e importan t  ai m o f  th e body -
drawin g interpretatio n syste m wa s t o 
develo p a  computationa l  basi s fo r  thes e 
capabilities . 
3. System Overview 
A computational vision system has 
been implemente d whic h interpret s a  clas s 
of  lin e drawing s o f  human-lik e bod y form s 
as show n i n figur e 1 .  Th e basi c feature s 
availabl e t o th e interpretatio n processe s 
ar e representativ e o f  thre e differen t 
resolutio n levels : 
(I) fine resolution: line segments and 

connection s betwee n lin e segment s 
take n fro m a  1024x102 4 image . 

(2 )  coars e resolution :  axi s measurement s 
of  blob s detecte d i n a  128x12 8 image . 

(3 )  ver y coars e resolution :  measur e o f 
th e amoun t  o f  detai l  tha t  exist s i n 
eac h pixe l  o f  a n 8x 8 representatio n 
(show n a s 32x32) . 

figur e 1 . 

At any given point in the processing, 
thes e feature s ar e onl y availabl e i n lim -
ite d diameter s o f  th e image ,  represente d 
as overlappin g concentri c circle s (se e 
figur e 2) . 
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figur e 2 . 

The system uses a schemata-based 
knowledg e representatio n o f  th e wa y 
feature s may compos e t o provid e supportiv e 
evidenc e fo r  bod y part s (se e Brows e 1980 , 
1982b) .  Thi s descriptio n include s provi -
sio n fo r  th e topologicall y distinc t  view s 
of  th e bod y parts ,  an d a s wel l  encode s th e 
underlyin g structur e o f  th e huma n bod y 
for m an d it s potentia l  fo r  deformation s a t 
th e joints . 

Contro l  o f  possibl e interpretation s 
i s accomplishe d b y usin g a  cue/mode l  tech -
niqu e adapte d fro m Mackworth' s (1977a ) 
MAPSEE system .  Throug h a  serie s o f  step s 
involvin g th e applicatio n o f  loca l  con -
sistenc y method s (Waltz ,  1972 ;  Mackworth , 
1977b) ,  bot h a t  th e featur e groupin g 
level ,  an d a t  th e mode l  invocatio n level , 
interpretatio n hypothese s ar e generate d 
regardin g th e underlyin g bod y for m bein g 
depicte d i n th e image . 
4. Interaction Between Resolution Lev-
el s 

Withi n limite d diameter s o f  availabl e 
features ,  complet e interpretatio n o f  th e 
lin e drawin g i s no t  possible .  Th e result s 
of  processin g th e imag e durin g a  singl e 
fixatio n (figur e 3 1 i s show n i n th e pars e 
tree s o f  figur e 4 . 

figur e 3 . 
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Thes e result s ar e availabl e base d o n bot h 
th e fin e leve l  feature s an d o n th e coars e 
level .  Not e tha t  a  mor e specialize d 
resul t  i s  produce d (i n a  smalle r  area )  fo r 
th e fin e features . 
One obvious objective of the 
interpretatio n proces s i s t o develo p a 
detaile d descriptio n fo r  eac h are a o f  th e 
image .  I f  th e syste m wer e t o rel y solel y 
on th e processin g o f  fin e leve l  feature s 
i n th e accomplishmen t  o f  thi s goal ,  the n 
ever y locatio n i n th e imag e woul d hav e t o 
be processed .  Thi s exhaustiv e operatio n 
can b e avoide d throug h th e formatio n o f 
cocrespondence s betwee n interpretation s 
base d o n th e differen t  levels ,  an d b y pro -
pagatin g th e detaile d interpretatio n out -
war d int o th e periphery . 
Interpretation elements are said to 
correspon d i f  (I )  the y ar e relate d b y th e 
specializatio n hierarchy ,  an d (2 )  thei r 
attribute s ar e simila r  (particularl y loca -
tion) .  I f  a  cours e leve l  interpretatio n 
objec t  (suc h a s "limb" )  i s known ,  an d on e 
of  it s  component s (suc h a s "upper-limb" ) 
has a  correspondenc e a t  th e fin e leve l 
(suc h a s "upper-arm") ,  the n a n inferre d 
correspondenc e may b e develope d fo r  th e 
entir e coars e leve l  object :  i f  on e o f  th e 
component s ha s bee n identifie d i n detail , 
the n th e entir e structur e ca n b e know n i n 
term s o f  it s  detaile d interpretation . 
Thes e imag e location s t o whic h detaile d 
interpretatio n ha s bee n propagate d may 
the n initiat e propagatio n eve n furthe r 
int o th e periphery . 

In order to summarize this mechanism, 
conside r  a  real-lif e example :  yo u wal k 
int o a  room ,  an d you r  eye s fal l  o n a 
bookcas e i n fron t  o f  you .  A t  tha t  moment , 
onl y a  fe w book s ar e actuall y withi n th e 
fovea l  are a o f  detaile d vision .  Th e res t 
of  th e bookcas e i s onl y observe d i n th e 
lowe r  resolutio n periphery ,  an d provide s 
an interpretatio n whic h may b e consisten t 
wit h severa l  possibilities :  record s o n a 
shelf ,  hangin g rack s o f  compute r  tapes ,  o r 
book s o n a  bookcase .  Th e subjectiv e 
experienc e i s tha t  o f  confirmatio n o f 
"books "  ove r  th e entir e bookcase .  Th e 
detaile d interpretatio n o f  "books "  a t  th e 
fove a ha s propagate d a  mor e specifi c  valu e 
t o th e relate d lo w resolutio n interpreta -
tio n i n th e periphery . 

Thi s notio n o f  correspondenc e betwee n 
interpretation s i s als o th e mainsta y o f 
th e system' s capabilit y  t o intelligentl y 
selec t  fixatio n locations .  An y coars e 

leve l  interpretatio n objec t  whic h (1 )  ha s 
component s (suc h a s lim b does) ,  an d whic h 
(2 )  doe s no t  hav e a  correspondenc e a t  th e 
fin e leve l  interpretation ,  i s  a  prim e can -
didat e fo r  a  subsequen t  fixatio n location . 
The reaso n i t  woul d b e a  goo d candidat e i s 
that ,  i f  fixated ,  on e o f  it s  component s 
wil l  probabl y b e wel l  enoug h interpretate d 
at  th e fin e leve l  t o provid e a  correspon -
denc e adequat e t o propagat e th e detaile d 
result s t o th e entir e structure .  Suc h 
location s wil l  provid e th e greates t  possi -
bl e evidenc e toward s a  fina l  interpreta -
tio n o f  th e image . 

The mechanis m o f  consideratio n o f 
correspondenc e possibilitie s provide s a 
means o f  intelligen t  selectio n o f  fixatio n 
locatio n base d o n th e ongoin g statu s o f 
th e interpretatio n process .  Th e selec -
tiio n o f  fixatio n location s i s als o sensi -
tiv e t o propertie s o f  th e imag e itself . 
I n th e absenc e o f  othe r  requirements , 
location s ar e selecte d whic h ar e expecte d 
t o expan d th e periphera l  interpretatio n 
area .  Fo r  th e exampl e i n figur e 3 ,  onl y 
thre e fixation s ar e necessar y befor e a n 
inferre d correspondenc e i s establishe d fo r 
th e entir e bod y form .  A t  tha t  poin t  th e 
syste m wil l  no t  hav e establishe d th e exac t 
value s o f  th e relativ e orientation s o f  al l 
body parts ,  bu t  late r  fixation s may b e 
used t o obtai n thes e detail s a s require d 
by th e interpretatio n task . 
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