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Integratin g I m a g e r y a n d Visua l  Representat ion s * 

B. CHANfDRASEKARAN AND N. H. NARAYANAN 
Laborator y fo r  Artificia l  Intelligenc e Researc h 

Departmen t  o f  Compute r  an d Informatio n Scienc e 
The Ohi o Stat e Universit y 

Columbus ,  O H 4321 0 

The Issue of proposlUonal versus analogic representations for visual Information 
has bee n debate d extensivel y I n cognitiv e psychology .  I n thi s pape r  w e argu e tha t 
issue s arisin g fro m thi s debat e ca n b e effectivel y addresse d b y postulatin g a  commo n 
mechanis m underlyin g visua l  processin g an d menta l  imager y which ,  whil e 
representin g Informatio n symbolically ,  ca n manipulat e visua l  aspect s o f  perceive d 
object s m Imaglna l  forms .  Th e centra l  component s o f  thi s mechanis m ar e 
representation s resultin g fro m visua l  perception ,  calle d visua l  representations ,  an d 
a special-purpos e architectur e specifi c  t o th e visua l  modality .  Th e experienc e o f 
menta l  Imager y arise s fro m th e interpretatio n o f  visua l  representation s b y th e 
modality-specifi c  architecture .  Thi s architectur e als o allow s operation s specifi c  t o 
th e visua l  modalit y t o b e performe d o n visua l  representations .  Thus ,  th e 
modality-specifi c  architectur e i s th e ke y tha t  Integrate s th e experienc e o f  analogi c 
imager y an d symboli c visua l  representations .  W e argu e tha t  ther e I s n o rea l 
oppositio n betwee n a  belie f  I n th e nee d fo r  som e for m o f  analogi c phenomen a t o 
explai n Imager y an d a  belie f  i n th e realizatio n o f  suc h phenomen a fro m symboli c 
structures ,  an d tha t  a  middl e cours e ca n b e charte d betwee n th e purel y analogi c an d 
th e purel y proposltiona l  view s whil e retainin g th e advantage s o f  both . 

1. INTRODUCTION 

The representation of visual information and its relation to the phenomenon of mental imagery 
hav e attracte d a  grea t  dea l  o f  attentio n fro m cognitiv e psychologists .  Ther e ha s bee n considerabl e 
debat e (Anderson ,  1978 ;  Kossly n &  Pomeraniz ,  1977 ;  Kosslyn ,  1981 ;  Pylyshyn ,  1981 )  abou t 
postulatin g separat e analogi c representation s fo r  imager y a s oppose d t o unifor m prepositiona l 
representations .  Th e representatio n o f  visua l  informatio n mus t  b e "picture-like" ,  i n som e sens e o f 
th e term ,  t o on e cam p becaus e the y se e evidenc e tha t  som e aspect s o f  huma n reasonin g ar e bette r 
explaine d b y exploitin g specia l  propertie s o f  thi s modality .  Scanning ,  relativ e distanc e estimation , 

an d directio n findin g ar e example s o f  menta l  actions ,  explanation s o f  whic h benefi t  fro m 

postulatin g a  pictoria l  representation .  Fo r  researcher s subscribin g t o thi s view ,  wha t  i s importan t 

i s tha t  an y ultimat e proposa l  fo r  menta l  representation s shoul d b e abl e t o explai n thi s differentia l 

us e o f  modality-specifi c  operations .  O n th e othe r  sid e ther e ar e peopl e w h o vie w proposition s a s 

th e basi c currenc y o f  menta l  representations .  The y believ e tha t  th e us e o f  prepositiona l 

representation s unit e conceptua l  an d perceptua l  processes .  The y vie w th e advocac y o f  image-lik e 

representation s a s a  rejectio n o f  thei r  claim s abou t  th e generalit y o f  proposltiona l  representations . 

The y argu e tha t  th e us e o f  visua l  operation s ca n b e explaine d b y prepositiona l  representation s an d 

processe s a s well .  M a n y suc h argument s ar e give n i n (Anderson ,  1978 ;  Pylyshyn ,  1981) . 

This is the dichotomy between the positions taken by proponents of analogic and 

prepositiona l  representations .  Bu t  ar e thes e tw o view s reall y mutuall y exclusiv e contender s fo r 

th e positio n o f  th e "ultimate "  theor y o f  visua l  representations ? M a y b e wha t  i s missin g i s th e 

realizatio n tha t  a  mechanis m tha t  preserve s th e significan t  propertie s o f  bot h analogi c an d 

prepositiona l  representation s ca n accoun t  fo r  th e supportiv e experimenta l  evidenc e presente d b y 

researcher s o n bot h side s o f  th e issue .  Thi s i s th e insigh t  tha t  le d t o th e idea s presente d i n th e res t 

of  thi s paper . 

*  Idea s i n thi s pape r  hav e benefite d fro m ou r  discussion s wit h Stephe n Kosslyn .  Thi s researc h ha s bee n supporte d 

by D A R PA &  AFOSR contrac t  #  F-49620-89-C-011 0 an d b y AFOSR gran t  #  890250 .  Firs t  author' s emai l 

addres s i s chandra(2)cis.ohio-state.edu . 
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2.  TYPE S O F VISUA L REPRESENTATIONS 

In the literature, representations that result from actually perceiving objects arc called perceptual 

representations  an d representations  tha t  underli e menta l  imager y ar e calle d imagina l 

representations .  W c refer  t o thes e collectivel y a s visua l  representation s i n thi s paper .  I n thi s 

sectio n thre e type s o f  visua l  representation s ar c described . 

The analogic-propositional debate centered around two kinds of representations. One is 

calle d a n analogi c representatio n an d th e motivatio n fo r  i t  stemme d fro m th e phenomeno n o f 

menta l  imagery .  Whil e fe w den y th e existenc e o f  menta l  imagery ,  th e hypothesi s tha t  analogi c 

representation s underli e menta l  imager y ha s bee n questioned .  Thos e w h o subscrib e t o thi s 

hypothesis ,  w h o m w e cal l  analogists ,  ar e impresse d b y wha t  the y se e a s evidenc e fo r  subjects ' 

preferentia l  us e o f  pictoria l  operation s (e.g :  scanning )  o n menta l  imager y an d t o accoun t  fo r  thi s 

the y ascrib e t o thi s representatio n certai n propertie s tha t  ar e usuall y associate d wit h picnires . 

Such operation s hav e a  specia l  statu s i n analo g rcpresentational  theories ,  bu t  no t  i n prepositiona l 

theories .  Kossly n (1981 )  present s a  concret e explicatio n o f  a n analogi c theor y o f  visua l 

representation .  H e propose s tw o level s o f  representations :  on e "deep "  representatio n tha t  i s 

abstrac t  an d no t  experience d directi y an d a  "surface "  representatio n tha t  support s menta l  imagery . 

A surfac e representatio n i s pictoria l  i n natur e sinc e i t  depict s a n objec t  b y regions  o f  activatio n i n 

th e visua l  buffe r  whic h i s a n analo g medium .  Thi s two-leve l  vie w o f  imager y (i.e. ,  surfac e 

display s generate d b y compariso n and/o r  transformatio n processe s from a  dee p structure )  i s use d 
i n (Kossly n &  Schwartz ,  1977 ;  Kossly n &  Pomerantz ,  1977 ;  Pinker ,  1980 )  a s well . 

The other type of representation is called propositional (and its advocates, 
proposinonalists) .  I t  i s  m a d e u p o f  propositions .  A  propositio n consist s o f  symbols ,  bu t  i t  i s 

more tha n a  mer e collectio n o f  symbols .  Proposition s hav e identifiabl e predicat e an d argumen t 
constituents ,  bea r  trut h values ,  an d hav e rule s o f  formatio n (Anderson ,  1978) .  Thu s a 
propositio n ha s bot h a  fixe d syntacti c for m an d a  fixe d semanti c content .  I n th e propositiona l 

vie w o f  menta l  representations ,  proposition s encod e knowledg e abou t  object s i n a  perceive d 
scen e an d requir e interpretatio n fo r  thei r  semanti c content s t o b e accesse d b y processe s operatin g 
on them .  Propositiona l  theorie s hav e a n underlyin g implicatio n tha t  th e rule s whic h gover n h o w 

proposition s ar e interprete d ar e independen t  o f  th e perceptua l  o r  cognitiv e nxxlalit y  tha t  produce d 
th e propositions .  I n othe r  words ,  a  genera l  purpos e mechanis m tha t  i s no t  modality-specifi c  i s 

assumed t o operat e o n propositiona l  representations.  Fo r  example ,  accordin g t o propositionalists , 

th e proposition s {left-of A B ) ,  (smell-o f  C  pungent )  an d (rate-o f  inflatio n high )  wil l  b e handle d 
by menta l  processe s i n a  unifor m manne r  tha t  doe s no t  reflect  th e distinctio n tha t  on e describe s a 

visua l  attribute ,  anothe r  a n olfactor y attribute ,  an d th e thir d i s a  conceptua l  assertion .  Thu s th e 
intrinsi c propert y o f  propositiona l  representation s i s thei r  uniformit y o f  representatio n an d 
processin g acros s modalitie s o r  "faculties" . 

There is a third type of representation, called a discrete synibolic representation. A discrete 

symboli c representatio n comprise s structiû s o f  discret e o r  atomi c symbol s compose d accordin g 
t o well-define d rule s o f  formation .  A  symbo l  i s jus t  a  toke n and ,  b y itself ,  i s  devoi d o f  an y 

meaning .  It s semantic s derive s from  th e architectur e o f  th e syste m i t  reside s i n an d from  h o w i t 

i s  use d b y processe s operatin g o n it .  Therefor e i t  i s  conceivabl e tha t  th e sam e symbo l  m a y b e 
interprete d differentl y b y differen t  architecture s an d processes .  Thi s i s a n importan t  distinction . 

Conside r  th e symbo l  "car" ^  appearin g a s th e first  elemen t  o f  a  list .  I n a n architectur e designe d 

specificall y t o execut e Lis p programs ,  thi s symbo l  wil l  trigge r  a  proces s tha t  extract s th e first 

e emen t  o f  a  list .  I n a  differen t  architectur e th e sam e symbo l  m a y hav e a  differen t  meaning .  Th e 

meanin g o f  a  progra m ( a progra m i s nothin g bu t  a  discret e symbo l  structure )  i s give n b y it s 

operationa l  semantic s whic h specifie s th e operation s performe d an d thei r  effect s o n th e input s 

(whic h ar e als o discret e symb o structures )  an d th e compile r  enforce s thi s semantics .  W e propos e 

^  "Car "  i s  a  Lis p command tha t  extract s th e first  elemen t  o f  it s  argument ,  whic h shoul d b e a  list . 
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tha t  th e discret e symboli c representatio n i n th e genera l  sens e i s als o a  contende r  fo r  th e menta l 

representatio n o f  visua l  information .  Th e operationa l  semantic s o f  suc h a  visua l  representatio n 

specifie s th e operation s allowe d b y th e visua l  modality-specifi c  architectur e an d thei r  effect s o n 

th e representatio n an d th e architectur e enforce s thi s semantics . 

Both prepositional and discrete symbolic representations are made up of symbols and 

c o m p o s e d accordin g t o specifi c  rule s o f  formation .  Howeve r ,  unlik e prepositiona l 

representations ,  a  discret e symboli c representatio n doc s no t  necessaril y  nee d t o hav e a  trut h valu e 

or  hav e predicate s an d argument s a s constituents .  I n othe r  words ,  a  propositio n i s a  specia l  typ e 

of  discret e symboli c structur e whos e operationa l  semantic s i s truth-preserving^ .  Thu s discret e 

symboli c representation s ar c mor e genera l  tha n prepositiona l  representations .  Th e onl y 

commitmen t  entaile d b y th e discret e symboli c representatio n i s tha t  i t  i s  composed ,  i n a  principle d 

manner ,  o f  discret e symbol s an d interprete d consistentl y b y th e underlyin g architectur e an d 

processe s operatin g e n th e representation .  Whil e th e discret e symboli c representatio n ha s a  fixe d 

syntacti c form ,  it s semanti c conten t  i s define d relativ e t o th e underlyin g architectur e an d th e 

processe s tha t  operat e o n it .  Propertie s exhibite d b y suc h a  representatio n ar e no t  intrinsi c t o th e 

representatio n itself ,  bu t  ste m fro m mechanism s (whic h m a y wel l  b e sensory-modalit y specific ; 

thi s i s on e o f  th e claim s mad e late r  i n thi s paper )  tha t  suppor t  an d operat e o n th e representation . 

3. THE IMAGE REPRESENTATIONAL SYSTEM 

We referred before to a debate in psychology between analogists and proposirionalists about the 
natur e o f  visua l  representations .  Th e debat e i s ofte n state d i n term s o f  severa l  "versus " 
formulations : 
1.  Analo g versu s symbolic :  Som e picture-lik e analo g representation s versu s discret e symboli c 

representations . 
2.  Analo g versu s prepositional :  Picture-lik e representation s versu s prof>ositiona l  representations . 

3.  Sensor y modality-specifi c  representation s an d interpreter s versu s sensor y 

modality-independen t  representation s an d a  unifor m interpreter . 

In the literature on this debate, discrete symbolic representations are equated with 

prepositiona l  representations ,  i.e. ,  1  an d 2  abov e ar e generall y suppose d t o m a k e th e sam e 

distinctions .  However ,  a s w e jus t  discussed ,  prepositiona l  representation s ar c a  specia l  for m o f 

discret e symboli c representations .  Additionally ,  becaus e o f  th e uniformit y o f  interpretatio n tha t 

applie s t o prepositiona l  representations ,  prepesitienalist s ar e necessaril y  le d t o a  sensor y 

modality-independen t  vie w o f  representation .  T o th e exten t  tha t  analogi c representation s involv e 

interpretation s tha t  giv e a  privilege d statu s t o som e operation s ove r  other s dependin g e n th e 

sensor y modality ,  ther e i s a  genuin e oppositio n betwee n analogist s an d propositionalists . 

The burden of this paper is that, on the contrary, there is no real opposition between a 

belie f  i n th e nee d fo r  sem e for m o f  analogi c representation s an d a  belie f  i n th e realizatio n o f  suc h 

a representatio n fro m symboli c structures .  Th e facil e equatio n o f  propositiena l  representation s 

and symboli c representation s has ,  i n ou r  view ,  se t  u p a  fals e oppositio n i n 1  above .  Th e roo t  o f 

thi s misconceptio n arise s fro m th e assumptio n tha t  symboli c representation s necessaril y  nee d t o 

ru n e n genera l  purpos e computers .  W e argu e tha t  i n fac t  on e ca n hav e analogic ,  i.e. ,  visua l 

modality-specific ,  representation s whic h ar e als o i n principl e symbo l  structures .  Th e ke y t o thi s 

possibilit y  i s  tha t  representation s fo r  differen t  sensor y modalitie s ar e ru n e n interpreter s whic h 

provid e privilege d operation s tha t  ar e specifi c  t o tha t  modality .  O f  course ,  thes e representations , 

t o th e exten t  possibl e an d relevant ,  nee d t o b e coordinate d wit h correspondin g representation s i n 

2 Not e tha t  logi c ha s tw o distinc t  uses .  On e i s a s a  representationa l  languag e an d th e othe r  a s a  metalanguag e i n 

whic h a  representationa l  theor y ca n b e describe d an d analyzed .  Logi c a s a  programmin g languag e i s a n exampl e o f 

th e forme r  an d logi c specificatio n o f  progra m semantic s i s a n exampl e o f  th e latter .  Her e w e ar e concerne d onl y 

wit h th e forme r  us e o f  logi c i n propositiona l  representations . 
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othe r  sensor y modalitie s a s wel l  a s th e genera l  cognitiv e architecture . 

We propose that properties exhibited by visual representations stem from an underlying 
mechanism ,  whic h w e cal l  th e Imag e Representationa l  Syste m (IRS) .  Th e IR S contain s a  speci d 

purpos e architectur e tha t  i s  specifi c  t o th e visua l  modality .  Visua l  representation s resid e i n thi s 

architectur e an d th e architectur e interpret s th e representation s i n a  wa y tha t  allow s visua l 

operation s (e.g. ,  scanning ,  relativ e positio n estimatio n etc. )  t o b e performe d o n them .  I t  i s  thi s 

interpretatio n tha t  give s ris e t o menta l  imagery .  Thu s th e analo g natur e o f  menta l  imager y arise s 

fro m th e interactio n betwee n visua l  representation s an d th e visua l  nxKlality-specifi c  architecture . 

The central components of the IRS are the visual representations that result from 

perception ,  calle d Imag e Symbo l  Structure s (ISS) ,  th e underlyin g specialize d (t o th e visua l 

modality )  architectur e i n whic h thes e structure s reside ,  th e interpretatio n o f  IS S (whic h give s ris e 

t o menta l  imagery )  tha t  th e architectur e produces ,  an d th e visua l  operation s tha t  i t  provides .  A n 

IS S i s a  hierarchica l  discret e symbolic- ^  representation ,  simila r  i n spiri t  t o th e 3- D sketc h o f  Mar r 

and Nishihar a (1978) .  I t  i s th e en d produc t  o f  visua l  processin g tha t  start s fro m th e retina l  image . 

The ISS has both syntactic form and semantic content. When an ISS is interpreted by the 

architecture ,  it s  semanti c conten t  ca n b e experience d a s menta l  imagery .  Thes e interpretation s a s 

wel l  a s th e IS S itsel f  functio n a s input s t o hig h leve l  visua l  processe s fo r  objec t  recognitio n etc . 

W h en a n objec t  represente d i n th e IS S i s recognize d an d labelled ,  tha t  facilitate s th e evocatio n o f 

non-visua l  (concepmal )  knowledg e abou t  it .  Th e visua l  modality-specifi c  architectur e o f  th e IR S 

als o provide s basi c operation s suc h a s scannin g o n th e ISS .  Thes e hav e concomitan t  effect s o n 

it s interpretatio n a s well .  Visua l  processe s ca n manipulat e th e Imag e Symbo l  Structure s b y 

invokin g thes e operations .  Fig .  1  illustrates ^  thi s rol e o f  th e IRS .  A  mechanis m lik e th e IR S ca n 

accoun t  fo r  th e preferentia l  us e o f  visua l  operation s o n menta l  image s base d o n underlyin g 

non-analogi c representations . 

4. THE IMAGE SYMBOL STRUCTURE 

Visual perception, according to the theory of Marr and Nishihara (1978), consists of the 
transformatio n o f  th e prima l  sketc h obtaine d fro m th e retina l  imag e int o a  2  V2- D sketc h an d the n 

int o a  3- D sketc h whic h feed s int o shap e an d objec t  recognitio n processes .  Th e mos t  interestin g 
aspec t  o f  thi s theor y i s it s us e o f  parametrize d volumetri c primitive s i n th e 3- D sketch .  Ou r 

conceptio n o f  th e Imag e Symbo l  Structur e ha s bee n inspire d b y Marr' s theory .  Th e IS S i s 
define d t o b e th e interna l  representatio n o f  a  perceive d rea l  worl d scene .  I t  i s  a  hierarchica l 
compoun d structur e mad e u p o f  primitives . 

Primitives of shape, texture, color and other visually perceivable attributes are assumed to 

be availabl e t o th e IRS .  Eac h primitiv e i s parametrized .  Fo r  example ,  a  shap e primitiv e m a y hav e 
it s relevan t  dimension s a s parameters .  Thes e parameter s ar e no t  absolut e measurements ,  bu t  hav e 
relativ e meanin g withi n a n interna l  referenc e fi-ame.  Tha t  is ,  the y serv e a s yardstick s tha t  facilitat e 

attribut e valu e comparison s wit h othe r  primitive s o f  th e sam e type . 

The ISS is structured as a hierarchy of descriptions with levels that decrease in grain size, 

^  Quit e independen t  o f  th e debat e abou t  visua l  representation s bein g analogi c o r  prepositional ,  ther e i s anothe r 

ongoin g debat e abou t  menta l  representation s i n genera l  bein g symboli c versu s connectionist .  I n thi s pape r  w e 

argu e tha t  visua l  representation s ca n b e discret e symboli c whil e preservin g analogi c properties .  Thi s argumen t  ca n 

be extende d t o th e connectionis t  positio n a s well .  Th e aspect s relevan t  t o ou r  proposa l  ar e th e informationa l 

conten t  o f  th e representation s (Chandrasekaran ,  Goel ,  &  Allemang ,  1988) ,  ho w thi s visua l  informatio n i s 

organize d (e.g. ,  structure d a s hierarchica l  composite s buil t  u p from  primitive s o f  visua l  attributes ,  se e th e 

followin g section) ,  an d ho w th e representation s ge t  interprete d b y th e architecture . 

^  A  simila r  depictio n wa s originall y suggeste d t o u s b y Bruc e Flinchbaugh . 
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or  alternately ,  mcrcas c i n resolution .  Th e descriptio n a t  eac h leve l  i s  mad e u p o f  appropriatel y 

parametrize d primitive s correspondin g t o object s delineativ c a t  tha t  level' s  resolution .  Th e 

topmos t  leve l  describe s th e imag e coarsel y whil e th e lowes t  leve l  describe s i t  i n term s o f  th e 

fmes t  detail s capture d durin g perception .  A t  eac h intermediat e leve l  mor e detail s ge t  adde d t o th e 

description s o f  imag e component s fro m th e leve l  above .  Th e IS S encode s onl y 5i e intrinsicall y 

visua l  (an d therefor e internall y visualizable )  aspect s o f  a  scene .  Non-visualizabl e aspect s (fo r 

example ,  Icnowledg c abou t  th e weigh t  o f  a n object )  ar e par t  o f  th e conceptua l  knowledg e 

associate d wit h th e scen e an d no t  par t  o f  th e ISS .  Also ,  th e IS S i s neutr a wit h respec t  t o 

recognition;  i t  represents  object s i n term s o f  visua l  attributes ,  bu t  doc s no t  "nam e "  o r  labe l  th e 

object s tha t  i t  represents. 

We term those parts of an ISS that together correspond to an object or a delineative pan of 

an object ,  a n S-percep t  ("symboli c  percept") .  A n IS S i s thu s mad e u p o f  multipl e S-pcrccpt s an d 

an S-percep t  m a y itsel f  b e compose d o f  othe r  S-percepts .  I t  i s  essentiall y  a  descriptio n tha t 

contain s (only )  visua l  aspect s o f  a  delineativ e objec t  o r  it s  pan .  i n term s o f  parametrize d 

primitives .  Fo r  exampl e th e S-pcrcep t  correspondin g t o a n appl e wil l  consis t  o f  primitive s tha t 

describ e it s shape ,  color ,  shin y textur e etc. ,  bu t  no t  it s  tast e o r  nutritiona l  value .  I n additio n t o 
parametrize d primitive s a n S-percep t  als o contain s description s o f  spatia l  relation s amon g th e 

primitives . 

Each S-pcrcept has a corresponding mental image that results from its interpretation. This 

entit y i s calle d a n A-pcrccp t  ("analogi c percept") .  A n A-percep t  exhibit s al l  visua l  attribute s an d 

spatia l  orientation s describe d b y th e correspondin g S-percept .  Fo r  instance ,  a n A-percep t 

correspondin g t o a n S-pcrcep t  o f  th e for m {cylinde r  (diameter:! ,  length:4) ,  color(red) }  wil l  b e 

th e menta l  imag e o f  a  re d cylinde r  o f  diamete r  2  unit s an d lengt h 4  units .  Thu s th e S-percep t  o f  a n 

objec t  i s  a  symboli c entit y wherea s th e A-pcrcep t  o f  th e objec t  i s  a n imagina l  entity ,  an d th e tw o 

m ay b e though t  o f  a s tw o side s o f  th e sam e coin . 

Thus the ISS may be viewed as an internal representation of a perceived scene that 

function s a s a  symboli c descriptio n a s wel l  a s a n algorith m fo r  th e compositio n o f  a  menta l  imag e 

by th e visua l  modality-specifi c  architecture .  Th e followin g analog y shoul d explicat e ho w ISS , 

S-pcrcepts ,  an d A-pcrcept s ar e related.  Conside r  a  robo t  standin g besid e bin s containin g cubes , 
cylinder s an d othe r  geometri c object s o f  variou s dimension s an d colors .  A s s u m e tha t  i t  i s 

possibl e t o writ e a  descriptio n o f  an y structur e mad e u p o f  thes e geometri c object s i n a n abstrac t 

languag e tha t  th e robo t  ca n interpret .  Upo n loadin g suc h a  descriptio n int o th e robo t  i t  i s  capabl e 
of  pickin g u p object s o f  appropriat e shape ,  siz e an d colo r  an d buildin g tha t  structure . 

Conversely ,  i f  a  structur e mad e u p o f  th e geometri c object s i s provided ,  th e robo t  ca n produc e a 

descriptio n o f  tha t  structur e i n th e abstrac t  language .  Assum e tha t  i f  som e componen t  i n thi s 

structur e (o r  th e abstrac t  description )  i s remova l  o r  replace d wit h another ,  i t  i s  possibl e fo r  th e 

robo t  t o sens e th e chang e an d correspondingl y chang e th e abstrac t  descriptio n (o r  th e structure) . 

Thi s siniatio n i s simila r  t o th e mechanis m comprisin g ER S an d ISS .  Th e robo t  i s  analogou s t o th e 

specia l  architectur e o f  th e IRS ,  th e abstrac t  descriptio n i s analogou s t o a n ISS ,  pan s o f  th e 

abstrac t  descriptio n ar e analogou s t o S-percepts ,  th e geometri c object s ar e analogou s t o 

A-perccpts ,  an d th e structur e buil t  b y th e robo t  i s  analogou s t o th e interpretatio n o f  a n ISS . 

Operations performed on S-percepts (A-pcrcepts) have concomitant effects on A-percepts 

(S-percepts) .  Th e menta l  imag e o f  a  scen e result s fro m accessin g th e IS S correspondin g t o tha t 

scen e an d bringin g int o th e IR S a  descriptio n o f  th e scen e fro m th e appropriat e leve l  i n th e IS S 

hierarchy .  S o m e example s o f  basi c operation s performe d o n menta l  image s ar e changin g th e 

relativ e positio n o f  a n object ,  enlargin g o r  zoomin g i n o n a n object ,  an d scanning .  I n th e IR S 

thes e ar e no t  analogi c operations .  Rather ,  changin g th e positio n o f  a n objec t  ca n b e achieve d b y 

appropriatel y modifyin g spatia l  relation s amon g S-percept s i n th e ISS .  2 ^ m i n g i n o n a n objec t 

correspond s t o selectivel y bringin g i n a  mor e detaile d (lowe r  level )  descriptio n o f  th e 

correspondin g S-percep t  from  th e IS S hierarchy .  Scannin g i s th e proces s o f  movin g one' s 

fixatio n poin t  from  objec t  t o objec t  i n th e menta l  imag e an d bringin g i n mor e materia l  (fro m th e 
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ISS )  a s th e fixatio n poin t  approache s th e menta l  horizo n (Pinker ,  1980) . 

Fig. 2 shows an example that illustrates the inherent correspondence between S-percepts 

and A-perccpts .  I t  is ,  however ,  niean t  onl y a s a n analogy .  Conside r  a  two-dimensiona l  arra y o f 

two-value d logi c element s wit h ligh t  bulb s attache d t o eac h elemen t  s o tha t  a n elemen t  ha s valu e 1 

i f  an d onl y i f  it s  bul b i s o n an d a n clemen t  ha s valu e 0  i f  an d onl y i f  it s  bul b i s  off .  A  patter n 

store d i n thi s arra y m a y the n b e viewe d eithe r  a s a n imag e o r  a s a  se t  o f  multi-dimensiona l  bi t 

vectors .  N o w interfac e thi s arra y wit h symboli c processe s throug h a  "vecto r  set<->symbol " 

conveno r  tha t  ca n translat e betwee n parametrize d two-dimensiona l  shap e description s lik e 

"rectangle(2,3) "  -  meanin g a  rectan g e  o f  breadt h 2  unit s an d lengt h 3  unit s -  an d bi t  vecto r  sets . 

Similarl y interfac e th e arra y throug h a  "photoreceptor-actuator "  matri x wit h pattern-manipulatin g 

processes .  Thi s matri x i s capabl e o f  sensin g image s displaye d o n th e arra y a s wel l  a s acmatin g 

bulb s i n th e arra y i n respons e t o inpu t  fro m th e pattern-manipulatin g processes .  The n th e 

symboli c (pattern-manipulating )  processe s ca n inpu t  a  symboli c descriptio n (image )  t o th e vecto r 

set<->symbo l  conveno r  (photoreceptor-actuato r  matrix )  an d a  correspondin g bi t  vecto r  se t  wil l 

be loade d ont o th e arra y whic h ca n the n b e sense d b y th e photoreceptor-actuato r  matri x (vecto r 

set<->symbo l  convenor )  an d th e resultin g imag e (symboli c description )  ca n b e sense d an d 

modifie d b y th e pattern-manipulatin g (symbolic )  processes .  Th e nxxlifie d imag e (symboli c 

description )  ca n the n b e fe d bac k int o th e symboli c (pattem-manipulating )  processe s i n a  simila r 

fashion .  Thi s i s a n exampl e o f  a  mechanis m tha t  consist s o f  a  representatio n (bi t  vecto r  set ) 

residin g i n a  specialize d architectur e (consistin g o f  th e array ,  photoreceptor-actuato r  matri x an d 

th e vecto r  set<->symbo l  convenor )  whic h generate s symboli c description s an d image-lik e 

interpretation s o f  th e represente d entit y an d als o act s a s a  two-wa y channe l  betwee n symboli c an d 

panem-manipulatin g processes .  I n thi s exampl e th e symboli c shap e description s ar e analogou s t o 

S-percept s an d th e pattern s depicte d o n th e arra y ar e analogou s t o A-percepts .  Th e bi t  vector s ar e 

analogou s t o th e primitive s tha t  S-percept s ar e compose d of . 

5. RELATED WORK AND DISCUSSION 

Work by Kosslyn and Schwanz (1977) on two dimensional mental images and by Pinker (1980) 
on 3- D image s repo n simila r  models .  Kossly n (1981 )  provide s a  cognitiv e theor y tha t  utilize s 
tw o distinc t  representation s -  dee p non-pictoria l  representation s an d surfac e representation s 
(patterns )  i n a  visua l  buffer .  Ther e ar e similaritie s an d difference s betwee n thi s an d ou r  model . 

The IS S an d A-percept s m a y b e viewe d a s dee p an d surfac e representation s respectively .  Th e 

IR S ca n hav e a  componen t  simila r  t o th e visua l  buffe r  a s a  mediu m fo r  A-percepts .  However ,  th e 
IS S i s a  hierarchica l  multi-resolutio n representatio n whic h consist s o f  objec t  description s 

compose d o f  visua l  primitives ,  a s oppose d t o propositiona l  encoding s i n th e for m o f  list s an d 
litera l  encodings .  Also ,  a n architectur e specialize d fo r  visua l  perceptio n i s centra l  t o ou r  theory . 

Pylyshyn (1981; 1984) has also made significant contributions to the imagery debate. He 

uses th e concept s o f  taci t  knowledg e an d cognitiv e penetrabilit y  t o argu e agains t  a  purel y 

"analogue "  position .  Th e IR S i s no t  i n oppositio n t o thes e concepts .  I n fact ,  som e cognitiv e 
processe s tha t  operat e o n IS S o r  A-percept s m a y b e (an d som e m a y no t  be )  cognitivel y penetrabl e 
and thu s influence d b y taci t  knowledge ,  ove n instruction s etc .  However ,  w e postulat e tha t  th e 

interpretatio n o f  th e IS S b y th e visua l  modality-specifi c  architectur e an d th e basi c operation s tha t 

th e architectur e provide s o n IS S an d A-percept s ar e no t  cognitivel y penetrabl e an d tha t  thes e ar e 

i n fac t  propertie s o f  th e functiona l  architectur e (a s define d b y Pylyshyn )  o f  visua l  perceptio n an d 

menta l  imagery . 

The IRS does not provide for a separate analogic representation. However, the preferential 

treatmen t  o f  modality-specifi c  operation s tha t  analogist s requir e i s preserve d i n th e IRS .  O n th e 

othe r  hand ,  whil e th e IR S doe s no t  confir m t o propositionalists '  belie f  i n a  unifor m mechanis m 

fo r  al l  o f  cognitiv e an d perceptua l  processin g an d instea d advocate s modality-specifi c 

architectures ,  proposition s ar e i n fac t  on e typ e o f  discret e symboli c representatio n an d thu s 
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advantage s o f  a  unifor m representatio n tha t  a  prepositiona l  theor y provide s ar e preserve d i n th e 
IR S a s weU . 

Our proposal is also related to the question about how a purely syntactic system, such as a 
Turin g Machine ,  ca n mak e connection s t o semantics ,  excep t  i n a n arbitrar y way .  Fo r  example , 
thi s questio n lie s a t  th e hear t  o f  Searle' s Chines e R o o m argumen t  whic h seek s t o sho w tha t 
compute r  program s canno t  understan d th e meaning s o f  symbol s the y manipulate .  Th e IR S show s 
ho w modadity-spccifi c  architecture s preserv e som e aspect s o f  th e semantic s o f  th e worl d i n suc h a 
way tha t  th e symbol s ca n b e see n t o b e "grounded "  i n perceptio n a s Hama d (1988 )  point s out . 
Thi s issu e i s describe d i n mor e detai l  i n (Chandrasekara n &  Narayanan ,  i n press) . 

6. CONCLUSION 

In this paper we provide a description of how visual knowledge can be represented within the 
computationa l  framewor k o f  discret e symboli c representation s i n suc h a  wa y tha t  bot h menta l 
image s an d symboli c though t  processe s ca n b e explained .  Thu s w e answe r  th e questio n "ho w 
can a  percep t  tha t  appear s i n th e mind' s ey e a s a n imag e b e symbolic? "  b y sayin g tha t  i t  ca n 
indee d b e so ,  give n tha t  a  specia l  purpos e architecttire ,  providin g privilege d visua l  operations , 
underlie s visua l  representations .  W e propos e a  mechanis m calle d a n Imag e Representationa l 
Syste m tha t  provide s interpretation s o f  an d visua l  modality-specifi c  operation s o n symboli c 
visua l  representations ,  calle d Imag e Symbo l  Structures .  A n Imag e Symbo l  Structur e i s a 
hierarchica l  multi-resolutio n structur e compose d o f  S-percepts .  S-percept s ar e mad e u p o f 
parametrize d symboli c primitive s o f  visua l  attribute s suc h a s textur e an d color .  S-percept s 
represen t  delineativ e object s o r  part s o f  object s seen .  A-percept s ar e interpretation s o f  S-percept s 
tha t  giv e rise  t o menta l  imagery .  S-percept s an d A-percept s ma y b e viewe d a s dua l  facet s o f  a 
singl e entity ,  namely ,  informatio n abou t  a  perceive d object .  Th e propose d architectur e afford s 
du d perspective s (symboli c an d imaginal )  o n visua l  representation s an d simila r  mechanism s ma y 
underli e huma n visua l  perceptio n an d menta l  imagery . 
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