
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Relations Between Schemata-Based Computational Vision and Aspects of Visual Attention

Permalink
https://escholarship.org/uc/item/97v5b8pt

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 3(0)

Author
Browse, Roger A.

Publication Date
1981
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/97v5b8pt
https://escholarship.org
http://www.cdlib.org/


A-̂I D ASPtrr S O F VISUA L ATTENTTON 

by 
Rogpr  A .  BrorfS" ? 

Drpartmen t  o f  Conpute r  Scionc } 
Oniversit y o f  Britis h '̂ olimbi a 

Vancouve r  B.C .  Canad a 

I. TTFROrxiCTICM 

Ttiis papor explores relations between arn>!cts of 
visua l  attentio n an( 3 th e operation s o f  schep«ta-bnse< i 
conpijtationa l  visio n systems .  Tties e relation s ar e 
3hcn.T i  t o sugges t  th e requirenien t  fo r  method s wliic h 
operat e toivard s interpretatio n withou t  mode l 
invocation .  A  specifi c  mechanis m i s describe d whic h 
permit s interpretatio n base d interactio n betwee n 
informatio n fro m differen t  resolutio n levels ,  bu t  doe s 
not  rel y o n node !  invocation .  Thi s mechanis m i s the n 
used i n th e examinatio n o f  som e relate d perceptua l 
phenomena,  permittin g a  mor e corputationa l  viê - ;  o f 
thei r  cperations . 

IT. SOI'IMATA-BA.SED VISICN SYSTEMS 

An issue of interest to both cognitive psychology 
and artificia l  intelligenc e i s th e questio n o f  hO' i 
kno-zHedg e o f  a  domai n o f  obiect s ca n h e applie d 
to-vard s visua l  interpretation .  Schemata-base i 
knowledg e organization s (Rumelhar t  an d Ortony ,  1976 ; 
Noisser ,  1976 )  ar e nc- /  bein g use d t o addres s tJii s 
issu e (Freuder ,  1976 ;  Havens ,  1978 ;  Haven s an d 
Mackworth ,  1980 ;  Browse ,  1980) .  On e distinctiv e 
featur e o f  a  scliervata-base d interpretatio n i s th e 
organizatio n o f  it s  domai n kncrviedg e alon g "natural " 
lines .  Tli e knowledg e i s obiec t  centere d an d relie s o n 
f̂ amilia r  structurin g mechanism s suc h a s conponen t  an d 
instanc e hierarchies . 

A doliviin of knoivledge structured in this wav is 
conduciv e t o a  recursiv e cuin g mechanis m (Havens , 
1978) :  txasi c imag e element s ac t  a s cue s fo r  siFpl e 
scf>n e obiects ,  whic h i n tur n ac t  a s cue s fo r  mor e 
comple x objects ,  etc . 
For example; in the 'Vmafn of line drawings of 

human-lik e bod y form s (Brcvse ,  1980 ;  1981) ,  a 
certai n configuratio n o f  line s ma y cu e a 
"hanfi" ,  whic h i n tur n cue s "arm" ,  whic h cue s 
"hotly" . 

At each lev<»i of this hierarchy, objects are described 
as teing  oonpose d o f  sinple r  objects . 
Tlie occurrence of the objects wliich are required 
i n th e descriptio n rm y no t  b e enough ,  hcvever ,  t o 
con'̂ ir m th e "'<istenc e o f  tli e mor e comole x object . 
Ther e ar e als o relation s v/hic h mus t  b e va l  i d amon g th e 
cnnponents .  Thi s -Mstinctio n wil l  h e referre d t o a s 
th e distinctio n hetv/ee n havin g foun d th e require d 
element s an d havin g me t  th e require d relations . 
For exairpl", all the required elements trvay 

exis t  t o irak e u p a n "arm" :  th e "hand",  th e 
"upper-arm" ,  an d tli e "lower-arm" ,  bu t  a  numlx̂ r 
of  require d relation s mus t  als o hold .  Th e 
element s ntis t  b e connecte d i n a  certai n way , 
and th e angle s hetw^o n t'l e element s mls ^  b e 
withi n certai n bounds . 

'.fliile it is difficult to l-)e certain of tho presi^nce of 
an olijec t  o n th e basi s o f  th e rcquif^ d r>lf>mont s only , 
•.• ^  shal l  sof -  tha t  ther e ar e specia l  si^uation s i n 
whic h thi s informatio n i s v^r y valuable .  Tlies e 
situation s rel y o n a  capabilit y  o f  groupin q imag e 
elements . 

Durin g th e interpretatio n process ,  an y elemen t  X 
i n t-h e iirvag e wil l  hav e associate !  wit h i t  a  se t  o f 
model  possibilitie s (o r  labels) .  Thi s se t  i s sirrpl y 
th e se t  o f  al l  object s '̂ /hic h ar e describe d usin g X  a s 
a require d element .  I n tii e absenc e o f  a  mean s o f 
groupin g elements ,  th e interpretatio n proces s na y dea l 
wit h th e discover y o f  a n elemen t  b y takin g th e cours e 
of  Rpde i  invocatio n {o r  testing) .  Thi s operatio n 
involve s selectin g on e o r  mor e o* "  th e morle l 
possibilities ,  an d testin g fo r  thei r  existenc e by 
locatin g th e othe r  require d elements ,  an d determinin g 
th e validit y o f  thei r  require d relations . 

"rtie model invocation approacli can prc/ide a 
dynami c determinatio n o f  wliethe r  th e processin g 
procedo s top-do- m o r  bottom-u p (se e Havens ,  1978) .  A s 
wel l  i t  ca n provid e a  mean s o f  iterativ e refinemen t  o f 
Interpretatio n an d segmentatio n (se e Mackworth ,  1978) , 
The operatio n o f  rtnde l  invocatio n can ,  hcvever ,  h e 
costl y becaus e i t  i s  exhaustiv e searc h ove r  th e mode l 
possibilities . 
On some occasions it may be feasible to delete 
some o f  th e mode l  possibilitie s withou t  actuall y 
invokin g them .  Thi s i s oossibl e ivheneve r  unifor m 
constrainin g relation s ca n b e devise d ove r  a  typ e o f 
imag e element . 
For example, if 'Je know that certain lines 

must  b e a  par t  o f  th e sam e object ,  the n th e 
male l  possibilit y  set s fo r  tlios e line s ca n b e 
intersected . 

Waltz (1972) has shovn that such a uniform constraint 
may b e formulate d fo r  th e interpretatio n o f  lin e 
drawing s o f  th e blocks-world .  Th e resul t  wa s tha t 
sutjsequen t  backtrac k searc h wa s seldo m required . 
Mackwort h (1977 )  ha s provide d a  generalizatio n o f  th e 
us e o f  suc h networ k consistenc y method s i n artificia l 
intel l  igf̂ no e problems . 
III. FFAT07U5 nTTRGRATICN mO WDEL INVOCATION 

Recently in cognitive psychology there have 
emerge d theoretica l  idea s abou t  visua l  attentio n \4iic h 
relat e t o th e notion s o f  mode l  invocatio n an d 
opr-ration s o n set s o f  norle l  possibilities .  Th e 
Featur e Integratio n Theor y o f  attentio n (Treisma n an d 
Gelade ,  1980 )  propose s tha t  individua l  iimg e feature s 
ar e detecte d rapidl v an d i n parallel ,  but ,  i n orde r 
tha t  a n objec t  b e identifief l  a s consistin g o f  tw o o r 
more separat e features ,  location s mus t  b e processe d 
seriall y  wit h fooa l  attention .  I f  thi s i s prevented , 
illusor y conjuction s may b e forme<- l  (Treisma n an d 
Schmidt ,  1981 )  .  Tlius ,  i n huma n vision ,  th e 
applicatio n o f  foca l  attentio n is .  require d by  mr>le l 
invocation . 

There is an increased expense which accompanies 
th e applicatio n o f  foca l  attention .  Treisman ,  Sykes , 
and nelad e (1977 )  hav e shcnv n tha t  th e amoun t  o f  tim e 
require d t o detec t  object s nad e u p o f  a  conjunctio n o f 
feature s increase s linearl y wit h th e displa y size ,  bu t 
tha t  displa y siz e doe s no t  hav e suc h a  grea t  effec t  o n 
th e detectio n o f  object s whic h ca n b e define d withou t 
consideratio n o f  th e relation s amon g features .  I n 
CoT̂ vita'-.iona l  terms ,  thes e object s ca n b e identifie d 
onl y b y th e examinatio n o f  mode l  possibilit y  set s t o 
determin f  th e prr>-<'nc e o f  require d elements ,  wlierea s 
conjunctio n obiect s requir e th e establishmen t  o f  th e 
relatio n o f  commn soatia l  locatio n betwee n features . 
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To TCike  th< ? relatio n nor e clear ,  conside r  a n 
ex.-jTTpl o tnke n fro m pxporimon t  I V o f  Treisro n an< i 
Gel.ifl e (1980) : 

Q 

(a )  tarrjo t  "R " (b )  tarqfj t  "T " 

Fiqur e 1 :  l-v o soarc h condition s Hepicto d a s 
feature s whicl i  cortpos e th e letters ,  wit h thei r 
'•'̂t T o f  nr>le l  possibilitie s attachefl . 

The tisk was to detect the presence of one of the 
tarqot s "R "  o r  "r "  i n a  visua l  fiel d o f  "P" s an d "0"s . 
Featur e integratio n theor y predict s tha t  th e searc h 
tim e wil l  increas e linearl y wit h displa y si^ e fo r  th e 
"R"  target ,  an d wil l  increas e les s fo r  th e "T "  target . 
Thi s predictio n wa s foun d t o l-) o correct .  Th e 
differenc e betwee n th e bJ O condition s i s shryv n i n 
figur e 1 .  Fo r  th e targe t  "R" .  th e require d elernent s 
(features )  ar e availabl e i n b'l o d'Tforen t  ways :  eithe r 
by th e presenc e o f  a n "R "  o r  b y adjacen t  "P "  an d "0" . 
I n thi s targe t  condition ,  th e relation s amon g th e 
require d element s Tus t  Ix ? examined .  r-riFTputationa l  ly , 
thi s mean s invokin g th e mole l  fo r  a n "H "  eac h tim e it s 
require d element s ar e present .  Tli e tarq̂ - t  "T "  ca n 1> » 
detecte d b y onl y examinin g th e mode l  possibilitie s fo r 
tli e primitive s becaus e th e require d f̂ eature s ca n onl y 
bo presen t  i f  th e targe t  i s present . 
There are indications that it is conputationally 
more expensiv e t o invok e model s tha n t o us e 
consistenc y motliod s (VJaltz ,  1972 ;  Mackivorth ,  1977) . 
Tlv » propose d relatio n betwee n moile l  invocatio n an. l 
featur e integratio n ;K3d s t o th e iustificatlo n fo r  th e 
searc h "̂o r  conputationa l  method s whic h ca n operat e 
toward s interoretatio n a t  th e pre-invocatio n level . 

TV. FILTERIfJG ACROSS RFSOfXTTirW TEVEr-S 
Follaving the clues provided in the previous 
secticns .  Brows e (1931 )  ha s rievisn' l  a  metho d wliic h 
permit s tli e interactio n betwee n informatio n obtainw l 
at  differen t  level s o f  resolution .  Thi s metho d 
operate s toward s interpretation ,  bu t  befor e mode l 
invocation . 

A Bchemata-basf>d representation for the kno'tflef'ge 
of  the  body-for m structur e ha s bee n developed ,  "nn s 
knowledg e i s specifie d i n term s o f  imag e primitive s 
attainabl e a t  tw o differen t  level s o f  resolutio n i n 
tti e imag e (line s an d blobs) .  Area s o f  th e imag e fo r 
whic h tli e correspondenc e o f  imag e primitive s acros s 
level s i s kno-v n ar e area s i n wliic h th e follcvin g 
unifor m constrainin g relation s nn y b e applie<l : 

1. For any blob v-hich mist have an integral 
interpretation ,  the  correspondin g line s mus t 
al l  hav e a  coimo n interpretatio n model .  Thu s 
th e s'̂ t s  o f  mode l  possibilitie s fo r  eac h o f 
tli e line s may b e reduce d t o thei r 
intersection . 

2.  Th e ultimat e interpretatio n nus t  b e th e sam e 
f̂o r  bot h level s o f  resolutio n (a t  lea-i t 
instance-hierarch y related) ,  henc e th e 
possibilit y  set s may li e intersecte d acros s 
levels . 

Figure 2a depicts tv.'-i lines v/hich are kn<"'vii to 
correspon d t o a  -|>x:ifi c  blol i  Iv^cnus p o f  thei r  im,ig e 
h'orarch y -tructiire .  Als o depicte d * s a  nrnln i 
pnssilii l  it y  se t  fo r  oac h olr>mr>nt .  B y applyin g rul e 

blo b 
(a,c,h| a,c, h 

lin e lin e lin e lin e lin e lin e 
(n,b,c,d |  (a,b,c,e )  (a,b,c )  (a,b,c (  |a,c |  (a,c | 

(a ) (b ) (c ) 

Figur e 2 ;  Thre e stage s i n th e apî licatio n o f 
consistenc y acros s resolutio n levels . 

(1) we eliminate (d,e|, and by applying rule (2) we 
arriv n a t  tli e fina l  se t  o f  possibl e model s |a,c |  a s 
slrr. m i n figur e 2c .  See  Bravs e (1931 )  fo r  a n exampl e 
of  th e operatio n o f  thes e metliotJ s i n th e body-for m 
domain . 

Tlie correspondences being utilized Ijy these 
metliod s are  onl y availabl e i n th e limite d are a o f  th e 
imag e whic h ha s bee n processe d a t  th e highes t  leve l  o f 
resolutio n (fovea) ,  an d th e u]tim.at e usefulnes s o f 
suc h operation s wil l  li e influence d b y th e 
appropriatenes s o f  th e selectio n o f  thes e location s b y 
th e progra m (lirowsp ,  1980 )  .  I t  als o remain s t o 
establis h coTî utationa l  advantage s i n th e orde r  o f 
processin g th e loca l  an d globa l  informatio n (se e 
Mavon,  1977 ;  Kinchl a andltolfe ,  1979) . 
V. GROUP PROCESSING AND MODEL irWnCATTC»'I 

Kahneman and llenik (1977) have formulated a 
"group-processing "  mode l  o f  th e applicatio n o f 
attentio n \-Anc h i s simila r  t o th e applicatio n o f 
constrainin g relatio n (1 )  o f  th e previou s section . 
Thei r  mode l  propose s a  pre-attentiv e groupin g 
operatio n whic h select s larg e sca^ e obiect s fo r 
subsequen t  analysis .  Tli e experiment s whic h 
demonstrat e tli e validit y o f  thi s mrxJe l  emplcf f  display s 
suc h a s tha t  o f  figur e 3 . 

4 3 6 2 8 1 4 3 6 2 8 

(al (b ) 

Figur e 3 .  Grou p processin g digi t  detectio n 
displa y 

One of the two displays such as shcsm in figure 3, is 
presente d briefl y an d th e tas k i s t o detec t  a 
specifie d targe t  digit .  Th e result s shoi v tha t  group s 
are  processef l  separately ,  bu t  tha t  processin g i s 
almos t  unifor m withi n groups . 

|l,7,4 |  (4,8 | 

w 

12,4 }  (1,4 | 

(a ) 

Figure 4. 
resolutions . 

(b) 

Feature s availabl e a t  tw o 

Assume tha t  hig h resolutio n ''eatur e informatio n 
i s availa "  • ,  an d tha t  fo r  eac h suc h '"eature ,  a  se t  o f 
model  possibilitie s i s establishe d (a s shav n i n figur e 
4a) .  Als o assum "  th e availabilt v o f  coars e l'>' d 
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in''ormatio n whic h give s th « identificatio n o f  larqe r 
object s (figur e 4h) . 

Consider the following interpretation of these 
results :  T n th e firs t  stage ,  th e glob-i l  obiect s ar e 
detected ,  a s ar e th e hig h resolutio n feature s 
specifyirv g thei r  mode l  possibilit y  sets .  Tties o s^t s 
can onl y h e assigned ,  however ,  t o th e establishe d 
objects ,  a s depicte d i n ""igur e 5 . 
(1,4,7) {1,4,7| {4,8| {7.2,6) (5,7,2,6) (8,3,2) 

6 2 8 (6,8 ) 

(1,4 )  (6,3,8,5 ) 
f 

y V ^  (2,4 ) 

(6,8 )  (6,3,8,5 )  (6,3,8,5 ) 

Figur e 5 .  lo w re.solutio n object s detecte d an d 
node l  possibilitie s assigne d t o hig h 
resolutio n features ,  whicl i  ar e roughl y 
located . 

At  thi s point ,  ther e ar e obviousl y to o ran y 
feature s associate d wit h th e object  fo r  i t  t o b e a 
singl e digit ,  s o a  subsequen t  breakdoi m o f  object s 
take s place .  T n tha t  thi s secon d phas e i s a  highe r 
resolution ,  i t  ca n only  tak e plac e ove r  a  smalle r 
area ,  s o on e o f  tli e tw o mai n object s i s selecte d fo r 
more rletaile d examinatio n (se e figur e 6 )  . 

(1,7,4 )  - ^ 

(1,4)/^ 

(1,7,4 )  (4,8 ) 

4 3 

r  * N 
(2,4 )  (1,4 ) 

(8,3,2 ) 

(6,3,8,5) 

Figur e 6 .  Feature s assigne d t o deject s 
detecte d a t  a  fine r  leve l  o f  resolution ,  fo r 
one o f  th e lo w leve l  objects . 

A second examination of the possibility sets reveals 
tha t  th e require d element s ar e availabl e fo r  onl y on e 
digi t  i n eac h o f  th e define d positions ,  an d henc e 
thei r  identitie s ca n b e establishe d i n p3ranel , 
withou t  seria l  applicatio n o f  attentio n t o eac h o f  th e 
specifi c  locations . 
Feature integration theory proposes that object 
identificatio n na y tak e plac e i n piralle! ,  base d o n 
feature s alone ,  o r  seriall y  base d o n conjunction s o f 
feature s whe n necessary .  Th e grou p processin g result s 
indicat e intermediat e step s a t  wĥ cl i  feature s ar e 
assigne d t o nbjf̂ t̂ s  detecte< l  a t  lo'̂ ;  resolution ,  an d 
onc e thi s assignmen t  i s complete ,  som e mode l 
possibilitie s na y b e discarde: !  b y usin g th e 
constrainin g relatio n (1 )  fro m th e previou s section . 
Tli e locatio n o f  obiect s t o wliic h thes e feature s ar e 
attache d wil l  becom '  mor e refine d i f  necessary ,  t o th e 
poin t  o f  eithe r  allowin g ol-ijsc t  identificatio n throug h 
confirmatio n o f  th e presenc e o f  th e require d element s 
alone ,  o r  i f  necessar y b y considerin g th e relation s 
ammg features . 

TTie identity of features miy be determined over a 
wid e visua l  field ,  bu t  withou t  specifi c  location . 
IrtMtio n may br>com e vmr e specifi c  throug h attachmen t 
t o \c M resolutio n imaq e elements ,  bu t  onl y ove r  a  mor e 
restrictei l  visua l  field .  Finally ,  th e actua l  locatio n 
may h e determine d (- o nerm i  t  feTtur p integration .  Ttii s 
fina l  locatin g actio n operate s ove r  a  '•nvi l  1  are a o f 
th p visua l  field ,  an d therefor e require s seria l 
applicatio n i f  mor e tha n on e locatio n i s t o b e 
searched . 

VI .  StrWAR Y 

By adopting a scWenata-based approach, 
oonputationa l  visio n domain s rm v b e structure d s o a s 
t o us e th e conponen t  hierarchy  a s a  meclianis m fo r 
cu''n g th e mrxlel s t o b e invoke-l .  Tti e corrplet e 
exaninatio n o f  th e relation s require d b y nodel s ca n b e 
conputationall y expensive ,  an d fo r  huma n vision , 
presuppose s th e applicatio n o f  fovea l  attention . 
A mechanism has been described which permits the 
interactio n betwee n informatio n fro m differen t  level s 
of  resolutio n b y eliminatin g mode l  possibilitie s an d 
inposin g grouping s ove r  hig h resolutio n features . 
Thi s mechanis m ha s bee n slxyv n t o b e usefu l  i n 
describin g th e relatio n betwee n grou p processin g 
phenomena an d Featur e Integratio n Theory . 
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1931 .  Tlliî ôr y cxjniunction s i n th e perceptio n o f 

objects ,  t o appear . 

Waltz, D.L. 
l'>72 .  Generatin g semanti c der.criptionr ;  fro m 

drawing s o f  r.ceno s wit h shadows .  Technica l  repor t 
••1A C AI-TR-271 ,  M.t.T .  ,  Caml̂ ridge ,  Mass . 

190 


	cogsci_1981_187-190



