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Dimitr i  Papadia s Janic e Glasgo w * 

Departmen t  o f  Computin g an d Informatio n Scienc e 

Queen' s University ,  Kingston ,  Canad a 

janice@qucis.queensu.c a 

A b s t r a c t 

After many years of neglect, the topic of mental im-

ager y ha s recentl y emerge d a s a n activ e are a o f  debate . 

One aspec t  o f  thi s ongoin g debat e i s  whethe r  a n im -

age i s represente d a s a  descriptio n o r  a  depictio n o f  it s 

components .  Thi s pape r  i s no t  s o concerne d wit h ho w 

menta l  image s ar e stored ,  a s wit h wha t  machin e repre -

sentation s wil l  provid e a  basi s fo r  imager y a s a  prob -

le m solvin g paradig m i n artificia l  intelligence .  I n fact , 

we argu e tha t  a  knowledg e representatio n schem e tha t 

combine s th e abilit y t o reaso n abou t  bot h description s 

and depiction s o f  image s bes t  facilitate s th e efficien t  im -

plementatio n o f  th e processe s involve d i n imagery . 

1 Introduction 

Numerous experimental and neuropsychological stud-
ie s hav e bee n carrie d ou t  an d several ,  ofte n conflicting , 

model s o f  menta l  imager y hav e bee n proposed .  Thi s pa -

per  doe s no t  presen t  anothe r  computationa l  model ,  bu t 

instea d treat s imager y a s a  proble m solvin g paradig m 

i n artificia l  intelligenc e (AI) .  Ou r  thesi s i s  tha t  ther e 

exist s a  concep t  o f  computationa l  imagery ,  whic h ha s 

potentia l  application s t o problem s whos e solution s b y 

humans involv e th e us e o f  menta l  imagery .  I n orde r  t o 

defin e th e concep t  o f  computationa l  imagery ,  w e requir e 

a knowledg e representatio n scheme .  Althoug h psycho -

logica l  theorie s ar e use d a s a  guid e t o th e propertie s o f 

menta l  imager y tha t  ou r  schem e shoul d preserve ,  when -

ever  possibl e w e attemp t  t o overcom e th e limitation s o f 

th e h u m a n informatio n processin g system .  Thus ,  ou r 

primar y concern s ar e efficiency ,  expressiv e powe r  an d 

inferentia l  adequacy . 

Th e knowledg e representatio n schem e fo r  computa -

tiona l  imager y include s thre e representation s -  th e dee p 

•Suppor t  fo r  thi s researc h wa s provide d b y th e Institut e fo r 
Robotic s an d Intelligen t  System s Federa l  Cente r  o f  Excellenc e o f 
Canada an d th e Naturj J Scienc e an d Engineerin g Researc h Coun -
ci l  o f  Canada . 

representation ,  th e symboli c arra y representatio n an d 

th e surfac e representatio n -  eac h appropriat e fo r  a  differ -

ent  kin d o f  processing .  Whil e th e dee p representatio n i s 

use d a s a  permanen t  stor e fo r  information ,  th e symboli c 

arra y an d surfac e representation s ar e onl y constructe d 

when retrievin g spatia l  informatio n no t  explicitl y  store d 

i n th e dee p representation . 

2 M e n t a l  I m a g e r y 

Although no one seems to deny the existence of the phe-

nomenon calle d imagery ,  ther e ha s bee n a n ongoin g de -

bat e abou t  th e structur e an d th e functio n o f  imager y i n 

h u m an cognition .  T h e imager y debat e i s primaril y con -

cerne d wit h whethe r  image s ar e represente d a s descrip -

tion s o r  depictions .  I t  ha s bee n suggeste d tha t  descrip -

tiv e representation s contai n symbolic ,  interprete d infor -

mation ,  wherea s depictiv e representation s contai n geo -

metric ,  uninterprete d informatio n (Finke ,  Pinke r  & :  Far -

ra h 1989) .  Th e debat e ca n als o b e expresse d a s whethe r 

image s ar e epiphenomena l  o r  not ,  wher e epiphenomen a 

ar e effect s tha t  d o no t  pla y an y causa l  rol e i n th e brain' s 

informatio n processin g (Bloc k 1981) . 

Thi s pape r  doe s no t  attemp t  t o debat e th e issue s 

involve d i n menta l  imagery ,  bu t  t o describ e effectiv e 

computationa l  technique s fo r  storin g an d manipulatin g 

imagery-relate d representations .  T o achiev e thi s goal , 

though ,  w e believ e i t  i s  necessar y t o bette r  understan d 

th e processe s involve d i n menta l  imagery . 

Result s i n th e are a o f  cognitiv e psycholog y hav e sug -

geste d severa l  propertie s o f  menta l  imager y tha t  th e 

propose d knowledg e representatio n schem e shoul d at -

temp t  t o capture .  Fink e summarize s thes e propertie s b y 

proposin g five  "unifyin g principles "  o f  menta l  imagery : 

th e principle s o f  implici t  encoding ,  perceptua l  equiva -

lence ,  spatia l  equivalence ,  transformationa l  equivalenc e 

an d structura l  equivalenc e (Fink e 1989) . 

Whil e individua l  experiment s attemp t  t o explai n a 

limite d numbe r  o f  imager y phenomena ,  theorie s ar e 
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more genera l  an d attemp t  t o explai n a  larg e numbe r 

of  suc h phenomena .  Pylyshyn ,  a  forcefu l  proponen t  o f 

th e descriptiv e view ,  argue s tha t  menta l  imager y simpl y 

consist s o f  th e us e o f  genera l  though t  processe s t o simu -

lat e perceptua l  events ,  base d o n taci t  knowledg e o f  ho w 

thes e event s happene d (Pylyshy n 1981) .  H e dispute s 

th e ide a tha t  menta l  image s ar e store d i n a  ra w uninter -

prete d for m resemblin g menta l  photograph s an d argue s 

fo r  a n abstrac t  forma t  o f  representatio n calle d proposi -

tiona l  code .  Kosslyn' s mode l  o f  menta l  imager y (Koss -

ly n 1980 )  i s a  depictiv e theory ,  whic h claim s tha t  im -

ages ar e quasi-pictorial .  Accordin g t o Kosslyn' s model , 

menta l  image s ar e workin g memory ,  surfac e represen -

tation s generate d fro m long-ter m memory ,  dee p repre -

sentations .  A  se t  o f  procedure s serve s a s a n interfac e 

betwee n th e surfac e representation s an d th e underlyin g 

dat a structures ,  whic h ma y b e decidedl y non-pictoria l 

i n form . 

Interestin g findings ,  provide d b y th e stud y o f  patient s 

wit h visua l  impairments ,  hav e bee n interprete d b y som e 

researchers ,  fo r  exampl e (Kossly n 1987) ,  a s suggestiv e o f 

tw o distinc t  component s o f  menta l  imagery :  th e spatia l 

and th e visual .  Th e spaha/componen t  o f  imager y pre -

serve s informatio n abou t  th e relativ e position s o f  th e 

meaningfu l  par s o f  a n image .  Th e visua l  componen t 

preserve s informatio n abou t  ho w (size ,  shape ,  etc. )  a n 

imag e looks . 

We d o no t  propos e a  computationa l  mode l  fo r  im -

agery .  Rather ,  w e presen t  a  knowledg e representatio n 

scheme tha t  attempt s t o captur e th e functionalit y o f 

menta l  imagery .  Althoug h th e schem e i s simila r  t o Koss -

ly n s  i n som e ways ,  i t  extend s hi s approac h b y definin g 

imag e representation s tha t  ar e 3 D an d hierarchical .  Ou r 

approac h als o consider s tw o workin g memor y represen -

tations ,  correspondin g t o th e visua l  an d spatia l  compo -

nent s o f  imagery . 

3 K n o w l e d g e R e p r e s e n t a t i o n 

AI programs rely on the ability to store domain de-

scription s an d formall y manipulat e thes e description s 

t o deriv e ne w knowledg e abou t  th e give n domain .  Tra -

ditiona l  approache s t o knowledg e representatio n includ e 

logi c representations ,  whic h denot e th e object s an d rela -

tion s i n th e worl d i n term s o f  logi c rules ,  an d structura l 

representations ,  whic h denot e concept s an d relation s i n 

term s o f  hierarchies .  I n additio n t o genera l  knowledg e 

representatio n schemes ,  ther e exis t  specialize d scheme s 

concerne d wit h th e representatio n o f  shape ,  volum e an d 

othe r  spatia l  qualitie s o f  images .  Thes e includ e dis -

criminatio n tree s (McDermot t  &  Davi s 1984) ,  quadtree s 

(Samet  1980 )  an d simpl e primitiv e volume s (Biederma n 

1985) .  A  majo r  contributio n i n representationa l  for -

malism s fo r  visua l  image s i s th e progressio n o f  prima l 

sketch ,  2-1/2 D sketc h an d 5 D sketc h (Mar r  &  Nishihar a 

1978) . 

Kosslyn ,  i n a  discussio n o f  th e implementatio n o f  hi s 

computationa l  mode l  fo r  menta l  imagery ,  expresse s frus -

tratio n wit h existin g computationa l  tool s a s wel l  a s th e 

need fo r  a  metadescriptio n fo r  theorie s o f  imagery : 

There is a major problem with this approach 

however ;  th e progra m wil l  no t  actuall y ru n 

withou t  numerou s "kluges" ,  numerou s a d ho c 

manipulation s require d b y th e realitie s o f  work -

in g wit h a  digita l  compute r  an d a  programmin g 

languag e lik e A L G O L o r  LISP.. .  Th e idea l 

woul d b e a  precise ,  explici t  languag e i n whic h 

t o specif y th e theor y an d ho w i t  map s int o th e 

program .  (Kossly n 1980 ) 

A formal theory of arrays provides such a meta-

language .  Arra y theor y i s th e mathematic s o f  nested , 

rectangularly-arrange d collection s o f  dat a object s (Mor e 

1979)(Jenkin s &  Glasgo w 1989) .  Simila r  t o se t  theory , 

arra y theor y i s concerne d wit h th e concept s o f  nesting , 

aggregatio n an d membership .  Arra y theor y i s als o con -

cerne d wit h th e relativ e spatia l  position s o f  dat a object s 

i n a  collection . 

Nial ,  a n interactiv e programmin g languag e tha t  com -

bine s concept s fro m LIS P an d APL ,  constitute s a n im -

plementatio n o f  arra y theor y (Jenkins ,  Glasgo w &  Mc -

Crosk y 1986) .  Thus ,  th e languag e o f  arra y theor y pro -

vide s fo r  a  specificatio n o f  th e representation s an d func -

tion s fo r  computationa l  imager y a s wel l  a s a  mappin g 

int o Nia l  programs . 

3.1 Deep Representation 

Research in vision and imagery has focused almost ex-

clusivel y o n th e forma t  o f  th e on-lin e consciou s repre -

sentations ,  t o th e exclusio n o f  tha t  entaile d i n long-ter m 

storage .  I n ou r  view ,  th e dee p representatio n fall s  mor e 

withi n th e limit s o f  researc h i n long-ter m memor y tha n 

imagery .  Thus ,  w e bas e it s implementatio n o n th e hier -

archica l  networ k mode l  o f  semanti c memor y (Collin s k 

Quillia n 1969) .  Thi s networ k mode l  i s suitabl e fo r  stor -

in g image s sinc e i t  ca n b e use d t o denot e th e decomposi -

tio n an d classificatio n hierarchie s involve d i n imagery ,  a s 

wel l  a s th e feature s o f  concept s an d instance s o f  images . 

There are two kinds of hierarchies in the network 

representation :  th e A K O ( a kin d of )  an d th e PARTS. 

The A K O hierarch y provide s propert y inheritance :  a n 
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b)  Fram e representatio n 

Figur e 1 :  Dee p representatio n 

imag e ca n inheri t  feature s fro m mor e generi c images . 

The P A R T S hierarch y i s use d t o denot e th e structura l 

decompositio n o f  image s int o thei r  meaningfu l  compo -

nents . 

For  th e implementatio n o f  th e dee p representatio n i n 

our  schem e w e us e a  fram e language ,  i n whic h eac h im -

age fram e contain s (o r  inherits )  al l  th e salien t  informa -

tio n abou t  th e image .  Thi s informatio n include s propo -

sitiona l  knowledge ,  i n additio n t o encoding s tha t  permi t 

th e reconstructio n o f  th e working-memor y representa -

tions . 

A fram e correspondin g t o th e imag e o f  a  ma p o f  Eu -

rop e an d par t  o f  th e semanti c networ k fo r  a  geographi c 

map domai n i s illustrate d i n Figur e 1 .  Eac h nod e i n 

th e networ k correspond s t o a n individua l  fram e an d th e 

link s describ e th e structura l  an d conceptua l  relation -

ship s betwee n frames . 

The fram e implementatio n o f  th e dee p representatio n 

has severa l  attractiv e properties .  Firs t  i t  provide s a 

natura l  wa y t o represen t  knowledg e sinc e th e hierarchi -

cal  structur e o f  a n imag e i s capture d b y th e networ k 

structure .  I t  als o incorporate s th e concep t  o f  seman -

ti c network s i n a  computationa l  implementatio n tha t 

provide s features ,  suc h a s multipl e hierarchie s an d pro -

cedura l  attachmen t  (abilit y  t o attac h procedure s t o slo t 

values) .  Th e non-monotoni c featur e o f  default s i n th e 

fram e structur e correspond s t o th e cognitiv e abilit y  t o 

make conjecture s an d infe r  informatio n whe n th e exis -

ten t  knowledg e i s incomplete . 

Despit e it s attractiv e properties ,  th e dee p representa -

tio n i s no t  th e mos t  suitabl e representatio n fo r  al l  com -

putations .  Certai n tasks ,  suc h a s determinin g th e spa -

tia l  relation s betwee n imag e components ,  surfac e pat -

ter n matchin g an d imag e scanning ,  requir e informatio n 

tha t  i s no t  explicitl y  store d i n long-ter m memory .  Thus , 

th e constructio n o f  representation s correspondin g t o th e 

visua l  an d spatia l  component s o f  imager y ar e require d 

t o facilitat e th e efficienc y o f  th e scheme . 

3.2 Working-Memory Representations 

Unlike the deep representation, which is used for the 

permanen t  storag e o f  information ,  th e working-memor y 

representation s o f  a n imag e exis t  onl y whil e th e imag e 

i s activ e (whe n visua l  o r  spatia l  informatio n processin g 

take s place) . 

3.2.1 Surface Representation 

The surface representation corresponds to the visual 

componen t  o f  imagery ,  an d i t  ca n eithe r  b e recon -

structe d fro m th e underlyin g dee p representatio n o r  gen -

erate d fro m lo w leve l  visio n processes .  Simila r  t o Koss -

lyn' s skeleta l  imag e (Kossly n 1980) ,  th e surfac e repre -

sentatio n i s depictiv e an d incorporate s geometri c infor -

mation ,  includin g shap e an d volume .  Unlik e thes e rep -

resentations ,  w e assum e tha t  th e surfac e representatio n 

can b e 3D .  I n suc h cases ,  w e assum e a n object-centere d 

descriptio n o f  a n image . 

For  th e curren t  implementatio n o f  th e surfac e repre -

sentatio n w e us e occupanc y arrays .  A n occupanc y arra y 

consist s  o f  cells ,  eac h mappe d t o a  loca l  regio n o f  th e vi -

sual  field  an d representin g informatio n suc h a s lightness , 

color ,  texture ,  edg e orientatio n o r  dept h abou t  thi s re -

gion .  Object s ar e depicte d i n th e array s b y pattern s o f 

filled  cell s isomorphi c i n shap e t o th e objects .  Figur e 

2 illustrate s a  2 D occupanc y arra y correspondin g t o a 

map o f  Italy .  Eve n a t  lo w resolution ,  thi s surfac e repre -

sentatio n contain s informatio n abou t  th e shap e an d siz e 

of  th e country . 

3.2.2 Symbolic Array Representation 

A primary characteristic of a good formalism for knowl-

edge representatio n i s tha t  i t  make s relevan t  propertie s 

explicit .  Whil e a n occupanc y arra y provide s a  represen -

tatio n fo r  th e visua l  componen t  o f  imagery ,  i t  i s basicall y 

uninterpreted .  Fo r  th e spatia l  componen t  o f  imager y w e 
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Figur e 2 :  O c c u p a n c y arra y FiRur e 3 :  Syinholi c arra y representatio n 

ar e bes t  serve d b y a  descriptiv e representatio n tha t  de -

note s th e spatia l  relation s be twee n meaningfu l  part s o f 

a n i m a g e .  T h u s w e us e a  mult idimensiona l  symbol i c ar -

ra y t o depic t  th e spatia l  structur e o f  a n image ,  whe r e el -

e m e n t s o f  th e arra y denot e th e meaningfu l  c o m p o n e n t s 

o f  a n image .  T h e symbol i c arra y capture s th e spatia l 

relationship s o f  i m a g e c o m p o n e n t s ,  bu t  no t  necessaril y 

relativ e size s o r  distances .  T h e interpretatio n o f  th e 

spatia l  relation s i n a  symbol i c arra y i s dependen t  o n 

th e give n d o m a i n .  If ,  fo r  e x a m p l e ,  w e us e th e s c h e m e t o 

represen t  men ta l  geographi c m a p s ,  interpretation s coul d 

includ e predicate s suc h a s north ,  east ,  sout h a n d west ; 

i f  th e arra y i s use d t o represen t  th e i m a g e o f  a  r o o m , 

the n th e interpretatio n wou l d involv e predicate s suc h a s 

above ,  behind ,  left-of ,  beside ,  etc . 

Symbo l i c array s ca n b e generate d usin g th e frame' s 

procedura l  a t tachmen t  facility .  T h e informatio n t o de -

fin e thi s representatio n ca n eithe r  b e store d explicitly , 

as i n th e e x a m p l e o f  Figur e 1  whe r e th e P A R T S slo t 

contain s th e indice s fo r  th e sub images ,  o r  derive d f ro m 

a geometri c descriptio n o f  a n image .  Figur e 3  illustrate s 

th e symbol i c arra y correspondin g t o th e i m a g e o f  a  m a p 

of  Eu rope .  N o t e tha t  s o m e part s occup y m o r e tha n on e 

elemen t  i n a n arra y (e.g. ,  Italy ,  France) .  Th i s i s neces -

sar y t o captur e al l  th e spatia l  relationship s o f  th e i m a g e 

c o m p o n e n t s .  Als o not e tha t  ther e i s n o a t temp t  t o cap -

tur e siz e o r  distanc e informatio n i n thi s representation . 

Accord in g t o Py lyshyn ,  image s ar e no t  ra w uninter -

prete d menta l  pictures ,  bu t  ar e organize d int o m e a n -

ingfu l  parts ,  wh ic h ar e r e m e m b e r e d i n term s o f  thei r 

spatia l  relations .  Fur thermore ,  w e ca n acces s th e m e a n -

ingfu l  parts ;  w e ar e abl e t o focu s attentio n o n a  spe -

cifi c  featur e o f  a n i m a g e (Pylyshy n 1973) .  Neste d s y m -

boli c array s captur e thi s propert y o f  menta l  imager y b y 

representin g image s a t  variou s level s o f  abstractio n (a s 

suggeste d b y th e structura l  hierarch y o f  th e dee p repre -

sentation) .  Fo r  instance ,  focusin g attentio n o n Britai n 

Wales 
Scotlan d 
Englan d 

Portuga l 

Franc e 

Spai n 

Hollan d 

Belgiu m 

Franc e 

Denmark 

Germany 

Ital y 

Ital y 
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Figur e 4 :  E m b e d d e d arra y representatio n 

i n th e arra y o f  Figur e 3  wou l d resul t  i n a  n e w arra y i n 

whic h th e s y m b o l  fo r  Britai n i s replace d b y th e symboli c 

arra y specifyin g it s part s (se e Figur e 4 ) .  Th i s sub imag e 

i s generate d f ro m th e f ram e representatio n fo r  th e imag e 

of  Britain . 

Simila r  t o th e surfac e representation ,  a  symboli c ar -

ra y ca n b e 2 D o r  3 D dependin g o n th e application .  T h e 

symbol i c representatio n ca n b e though t  o f  a s descrip -

tiv e sinc e i t  ca n b e expresse d a s a  prepositiona l  rep -

resentation ,  wher e th e predicate s ar e spatia l  relation -

ship s an d th e a rgumen t s ar e concrete ,  imaginable ,  ob -

jects .  A l thoug h informatio n i n th e symbol i c represen -

tatio n ca n b e expresse d a s propositions ,  th e t w o repre -

sentation s ar e no t  computationall y equivalent .  T h e spa -

tia l  structur e o f  image s possesse s propertie s no t  foun d 

i n deductiv e prepositiona l  representations .  T h e s e prop -

ertie s hel p avoi d th e combinatoria l  explosio n o f  correc t 

bu t  trivia l  inference s tha t  m u s t  b e explicitl y  represente d 

i n a  prepositiona l  system .  Lindsa y argue s tha t  spatia l 

i m a g e representation s (symboli c representation s i n ou r 

case )  suppor t  non-deductiv e inferenc e b y a  constrain t 
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satisfactio n mechanis m buil t  int o th e processe s tha t  con -

struc t  an d acces s the m (Lindsa y 1988) .  Consider ,  fo r 

example ,  th e imag e o f  th e m a p o f  Europe .  Determin -

in g th e countrie s nort h o f  German y ca n b e achieve d b y 

mentall y scannin g a  smal l  portio n o f  th e menta l  imag e 

of  a  map .  Similarly ,  i n th e correspondin g symboli c arra y 

we onl y nee d t o searc h th e subarra y abov e Germany . 

Anothe r  advantag e o f  symboli c arrays ,  wit h respec t  t o 

prepositiona l  representations ,  concern s th e fram e prob-

lem .  An y cognitiv e system ,  natura l  o r  artificial ,  shoul d 

be abl e t o dea l  wit h a  dynami c environmen t  i n whic h 

a chang e i n a  singl e ite m o f  knowledg e migh t  hav e 

widesprea d effect s o n m a n y othe r  items .  Suppos e tha t 

we chang e th e positio n o f  a  countr y i n ou r  m a p o f  Eu -

rope .  Usin g propositions ,  w e migh t  nee d t o chang e 

severa l  relation s involvin g th e give n country ,  an d per -

hap s relation s derive d fro m th e initia l  propositions .  Us -

in g a  symboli c arra y t o stor e th e m a p ,  w e nee d onl y 

delet e th e countr y fro m it s previou s positio n an d inser t 

i t  i n th e ne w one .  Sinc e spatia l  relationship s ar e de -

termine d functionall y (no t  logicall y inferred )  fro m im -

age representations ,  w e eliminat e th e proble m o f  non -

monotonicit y i n domain s involvin g spatia l  reasoning . 

3. 3 P r i m i t i v e F u n c t i o n s fo r  I m a g e r y 

Approaches to knowledge representation are distin-

guishe d b y th e th e operation s performe d o n th e repre -

sentations .  Thus ,  th e effectivenes s o f  ou r  schem e ca n b e 

partiall y  measure d b y ho w wel l  i t  facilitate s th e imple -

mentation  o f  imager y relate d processes .  Severa l  primi -

tiv e function s fo r  imager y hav e bee n specifie d i n arra y 

theor y an d implemente d i n Nial .  Thes e includ e func -

tion s fo r  constructin g images ,  transformin g image s an d 
accessin g images . 

Image s ca n b e constructe d i n uniqu e an d creativ e 

ways b y definin g a  symboli c arra y whos e component s 

correspon d t o existin g frame s i n th e dee p representa -

tion .  N e w image s ca n als o b e create d throug h lo w leve l 

perceptio n technique s tha t  transfor m a n uninterprete d 

surfac e representatio n int o a  symboli c array .  Opera -

tion s tha t  transfor m th e symboli c an d surfac e represen -

tation s throug h rotatio n an d translatio n hav e bee n im -

plemented .  A s well ,  a  focu s function ,  whic h transform s 

a symboli c arra y b y replacin g a  symbo l  wit h it s  corre -

spondin g symboli c array ,  ha s bee n defined .  Operation s 

tha t  extrac t  propositiona l  information ,  relativ e t o a  par -

ticula r  domain ,  hav e als o bee n implemented .  Fo r  a  mor e 

complet e an d detaile d lis t  o f  function s fo r  computationa l 

imager y se e (Glasgo w 1990) . 

4 C o n c l u s i o n s 

This paper treats imagery as a problem solving 

paradig m i n A I  an d propose s a  knowledg e representa -

tio n schem e fo r  computationa l  imagery .  Asid e fro m re -

late d researc h i n vision ,  th e A I  communit y ha s give n 

littl e attentio n t o th e topi c o f  imagery .  Thu s w e rel y o n 

th e relevan t  theorie s o f  cognitiv e psycholog y t o provid e 

initia l  guidanc e fo r  ou r  research .  Althoug h psycholog -

ica l  plausibilit y  i s on e o f  it s goals ,  th e schem e wa s no t 

designe d t o b e a  mode l  o f  h u m a n informatio n processin g 

but  a  too l  fo r  practica l  applications . 

Th e knowledg e representatio n schem e fo r  computa -

tiona l  imager y include s thre e imag e representations , 

eac h appropriat e fo r  a  differen t  kin d o f  processing :  a n 

imag e i s  store d i n long-ter m m e m o r y a s a  dee p repre -

sentatio n tha t  contain s relevan t  descriptiv e informatio n 

abou t  th e image ;  th e surfac e representatio n contain s ge -

ometri c informatio n abou t  th e imag e components ;  th e 

symboli c arra y representatio n i s a  spatiall y  indexe d de -

scriptio n o f  th e meaningfu l  part s o f  th e image .  A  se t 

of  primitiv e functions ,  whic h correspon d t o th e funda -

menta l  processe s involve d i n menta l  imagery ,  hav e bee n 

designe d an d implemented . 

Sinc e th e representatio n schem e i s no t  intende d t o b e 

a psychologica l  mode l  o f  menta l  imagery ,  w e d o no t  sug -

ges t  tha t  i n h u m a n working-memor y tw o "mind' s eyes " 

exis t  tha t  proces s symboli c an d surfac e representation s 

identica l  t o th e one s tha t  w e hav e implemented .  W h a t 

we d o clai m i s tha t  th e schem e i s informationall y equiv -

alen t  t o th e representation s involve d i n menta l  imagery , 

wher e tw o representation s ar e sai d t o b e informationall y 

equivalen t  i f  al l  th e informatio n i n on e representatio n i s 

als o inferabl e fro m th e othe r  an d vic e vers a (Larki n & 

Simo n 1987) . 

Lik e Kosslyn' s mode l  (Kossly n 1980) ,  th e schem e i s 

base d o n a n arra y theor y o f  imagery .  Accordin g t o 

suc h theories ,  menta l  image s ar e array-lik e surfac e repre -

sentation s generate d throug h perception ,  o r  fro m long -

term ,  dee p representations .  Severa l  type s o f  imag e ar -

ray s hav e previousl y bee n suggested .  Kosslyn' s mode l 

use s 2 D array s fo r  th e implementatio n o f  th e surfac e 

representation .  Pinke r  ha s suggeste d 2 D array s com -

bine d wit h informatio n abou t  th e 3 D shape s o f  object s 

i n long-ter m memor y files  fro m whic h arra y pattern s ar e 

generate d (Pinke r  1980) .  A  recen t  mode l  base d o n a n ar -

ra y theor y o f  imager y describe s ho w visua l  informatio n 

ca n b e represente d withi n th e computationa l  framewor k 

of  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 

be explaine d (Chandrasekara n &  Narayana n 1990) . 

Menta l  imager y ca n provid e insight s tha t  contribut e 
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t o effectiv e proble m solvin g techniques .  A  goa l  o f  ou r 

researc h i s t o develo p knowledge-base d system s tha t  in -

tegrat e computationa l  imager y wit h othe r  A I  proble m 

solvin g paradigms .  On e suc h system ,  whic h i s currentl y 

unde r  development ,  i s  a n applicatio n t o th e proble m 

of  molecula r  scen e analysi s (Glasgow ,  Fortie r  an d Alle n 

1991) .  Othe r  potentia l  application s includ e visio n an d 

tactil e perception ,  medica l  imaging ,  motio n plannin g 

and gam e playing . 
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