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Abstract 

A neural network model for object recognition based on Biederman's (1987) theory of 

Recognitio n b y Component s (RBC )  i s described .  R B C assume s tha t  object s ar e recognize d 

as configuration s o f  simpl e volumetri c primitive s calle d geons .  Th e mode l  take s a 

representatio n o f  th e edge s i n a n objec t  a s inpu t  and ,  a s output ,  activate s a n invariant , 

entry-leve l  representatio n o f  th e objec t  tha t  specifie s th e object' s componen t  geon s an d 

thei r  interrelations .  Loca l  configuration s o f  imag e edge s firs t  activat e cell s 

representin g loca l  viewpoint-invarian t  propertie s (VIPs) .  suc h a s vertice s an d 2- D 

axe s o f  parallelis m an d symmetry .  Onc e activated ,  VIP s ar e boun d int o set s throug h 

tempora l  synchron y i n th e firin g pattern s o f  cell s representin g th e VIP s an d imag e edge s 

belongin g t o a  c o m m o n geon .  Th e synchron y i s establishe d b y a  mechanis m whic h 

operate s onl y betwee n pair s o f  a )  collinear ,  b )  parallel ,  an d c )  coterminatin g edg e an d 

VI P cells .  Thi s desig n fo r  perceptua l  organizatio n throug h tempora l  synchron y i s a 

majo r  contributio n o f  th e model .  A  geon' s boun d VIP s activat e independen t 

representation s o f  th e geon' s majo r  axi s an d cros s section ,  locatio n i n th e visua l  field , 

aspec t  ratio ,  size ,  an d orientatio n i n 3-space .  Th e relation s amon g th e geon s i n a n imag e 

ar e the n compute d fro m th e representation s o f  th e geons '  locations ,  scale s an d 

orientations .  Th e independen t  specificatio n o f  geo n propertie s an d interrelation s use s 

representationa l  resource s efficientl y an d yield s a  representatio n tha t  i s  completel y 

invarian t  wit h translatio n an d scal e an d largel y invarian t  wit h viewpoint .  I n th e fina l 

layer s o f  th e model ,  thi s representatio n i s use d t o activat e cell s that ,  throug h self -
organization ,  lear n t o respon d t o individua l  object s 

Introduction 

Within the limits of visual resolution, and excluding so-called "accidental" viewpoints 

(i.e. ,  singularitie s o f  viewin g angl e tha t  projec t  misleadin g image s o n th e retina ,  suc h a s 

viewin g a  cylinde r  fro m a n angl e tha t  make s i t  appea r  t o b e a  rectangle) ,  a n object' s 
imag e ma y b e projecte d o n th e retin a i n an y location ,  i n an y size ,  an d fro m an y viewin g 

angle ,  an d th e objec t  wil l  stil l  b e readil y recognized .  Biederman' s (1987 )  theor y o f 

Recognitio n b y Component s (RBC )  explain s thes e fundamenta l  phenomen a o f  objec t 

recognitio n b y positin g tha t  object s ar e represente d a s structure d configuration s o f 

viewpoint-invarian t  volumetri c primitive s calle d g e o n s .  Thi s pape r  introduce s a 

neurall y plausibl e mode l  o f  objec t  recognitio n base d upo n R B C .  Althoug h th e mode l 

describe d herei n i s a  complet e mode l  o f  recognition ,  thi s pape r  describe s onl y thos e 

part s explicitl y  concerne d wit h th e deriviatio n o f  a n object' s structura l  descriptio n i n 

term s o f  geon s an d thei r  relations . 

To derive a viewpoint-invariant representation of the geons and relations in an image of 

an object ,  a  neura l  networ k (NN )  mus t  solv e thre e relate d problems :  (1 )  Fo r  an y imag e 
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containin g mor e tha n on e geon ,  i t  mus t  determin e whic h imag e feature s belon g wit h 

whic h geons ;  (2 )  i t  mus t  recogniz e th e geon s an d represen t  the m i n a  manne r  that ,  whil e 

invarian t  wit h locatio n an d viewpoint ,  expresse s th e locatio n an d orientatio n o f  eac h 

geon ;  an d (3) ,  i t  mus t  deriv e th e relation s amon g th e differen t  geon s i n th e imag e an d 

bin d thos e relation s t o th e geon s t o whic h the y apply .  Thes e task s ar e al l  manifestation s 

of  th e Bindin g Problem ,  a  proble m tha t  ha s no t  bee n adequatel y handle d b y artificia l 

neura l  networks .  W e describ e a  solutio n t o bindin g whic h allow s th e presen t  mode l  t o 

solv e eac h o f  thes e problems . 

The Binding Problem The term binding refers to the represention of feature 

conjunctions .  Fo r  example ,  ho w ca n a  N N represen t  a n imag e edg e tha t  i s a t  a  particula r 

locatio n i n th e imag e an d a t  a  particula r  orientatio n an d wit h a  particula r  curvature , 

etc. ? Th e predominan t  approac h i s t o allocat e a  cel l  (o r  specifi c  patter n o f  activit y ove r 

a se t  o f  cells )  t o respon d t o edge s wit h th e desire d combinatio n o f  properties .  Likewise , 

othe r  cell s o r  pattern s woul d b e allocate d t o respon d t o al l  othe r  combinations .  W e wil l 

us e th e ter m enumera te d t o refe r  t o representation s o f  thi s typ e becaus e featur e 

conjunction s ar e represente d b y enumeratin g al l  possibl e combination s an d allocatin g 

separat e cell s fo r  each . 

Despite its popularity in NNs, enumeration suffers critical shortcomings as a general 

solutio n t o binding .  It s mos t  seriou s difficult y i s tha t  th e cell s representin g a  give n 

featur e conjunctio n mus t  b e dedicate d prio r  t o th e occurrenc e o f  tha t  conjunctio n i n th e 

system' s input .  I n additio n t o inefficienc y o f  representatio n (mos t  cell s ar e unuse d mos t 

of  th e time) ,  thi s requiremen t  preclude s dynami c binding .  Dynami c bindin g refer s t o 

conjoinin g stimulu s propertie s tha t  ar e represente d i n differen t  cell s o r  eve n differen t 

part s o f  th e brain .  Th e proble m o f  dynami c bindin g i s typicall y illustrate d i n th e 

contex t  o f  conjoinin g a n object' s colo r  an d shape ,  an d it s solutio n i s usuall y describe d i n 
term s o f  a n attentiona l  mechanis m tha t  operate s b y someho w "gluing "  togethe r  differen t 

propertie s tha t  ar e linke d t o a  c o m m o n poin t  i n s o m e sor t  o f  "locatio n map "  (e.g. , 

Kahneman &  Treisman ,  1984 ;  Treisma n &  Gelade ,  1980) . 

But the problem of dynamic binding has implications far beyond conjoining color and 
shap e b y referenc e t o c o m m o n location .  First ,  an y imag e projecte d o n th e retin a wil l 

exis t  ove r  a  rang e o f  locations ,  s o eve n assemblin g th e variou s feature s definin g a  shap e 
(Proble m 1  above )  entail s bindin g feature s occurrin g a t  differen t  locations .  I n ttii s 

context ,  bindin g i s referre d t o a s imag e parsin g o r  perceptua l  groupin g (althoug h 
whethe r  th e bindin g i s performe d dynamicall y o r  b y pre-dedicate d cell s i s rarel y 
addresse d explicitly) .  Representin g geon s i n a  manne r  invarian t  wit h locatio n an d 

viewpoin t  whil e stil l  expressin g thes e propertie s (Proble m 2 )  als o require s a 

mechanis m fo r  dynami c bindin g since ,  t o b e invarian t  wit h location ,  th e representatio n 

of  a  geo n mus t  b e independen t  o f  th e representio n o f  it s  location .  Therefore ,  conjoinin g 
thes e separat e representation s t o expres s th e locatio n o f  a  particula r  geo n require s 
dynami c binding .  Th e sam e logi c applie s t o bindin g geon s an d relation s (Proble m 3) . 
Unles s a  differen t  cel l  i s  t o b e posite d fo r  eac h possibl e geo n i n eac h possibl e relatio n 
wit h ever y othe r  geon ,  bindin g geon s an d relation s entail s dynamicall y bindin g feature s 

represente d i n separat e cells .  Thus ,  th e dynami c bindin g proble m underlie s eac h o f  th e 
at>ov e difficultie s pose d b y a  N N approac h t o viewpoint-invarian t  recognition . 

Binding Through Synchrony In the present model, independent features are 

dynamicall y boun d b y establishin g synchronou s firin g i n th e cell s representin g thos e 

features .  Althoug h synchron y a s a  basi s fo r  bindin g wa s firs t  describe d b y vo n de r 

Malsbur g (1981,1987 )  an d late r  b y other s (e.g. ,  Crick ,  1984) ,  thi s articl e present s 
an origina l  proposa l  fo r  establishin g synchron y amon g th e basi c feature s o f  comple x 

shapes .  Specifically ,  w e posi t  th e existenc e o f  Fas t  Enablin g Link s (FELs )  tha t  induc e 
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synchronou s firin g i n activ e unit s sharin g them .  I n th e model' s firs t  tw o layers ,  visua l 

feature s represente d b y cell s sharin g FEL s ar e groupe d int o coheren t  shapes .  Th e for m 

of  th e grouping ,  fundamenta l  t o th e model' s capacit y fo r  representin g shape ,  i s 

determine d b y th e specifi c  se t  o f  FELs .  Th e resultin g synchron y i s the n use d i n highe r 

layer s bot h t o bin d th e independen t  propertie s o f  geons ,  an d t o bin d relation s t o th e geon s 

the y describe . 

The Model 

Overview The complete model is a 7 layer connectionist network that takes as input a 

representatio n o f  a  lin e drawin g o f  a n objec t  and ,  a s output ,  activate s a  cel l  representin g 

th e entry-leve l  categor y o f  th e object .  A n overvie w o f  it s  architectur e i s show n i n Figur e 

1.  Th e model' s firs t  laye r  (L1 )  i s compose d o f  a  mosai c o f  cel l  cluster s distribute d ove r 

th e model' s visua l  field .  Th e cell s withi n a n L 1 cluste r  respon d t o imag e edge s i n term s o f 

thei r  orientation ,  curvature ,  an d whethe r  the y terminat e withi n th e cluster' s receptiv e 

field .  Th e model' s secon d laye r  (L2 )  i s als o compose d o f  a  mosia c o f  cel l  clusters .  Thes e 

cell s respon d t o configuration s o f  edge s tha t  defin e vertices ,  2- D axe s o f  parallelis m an d 

symmetry ,  an d oriented ,  elongate d blob s a t  particula r  location s i n th e visua l  field .  Cell s 

i n L 1 an d L 2 grou p themselve s int o set s (o r  assemblies )  describin g geon s b y establishin g 

tempora l  synchron y amon g thei r  spike s o f  output .  Cell s ten d t o fir e i n synchron y i f  the y 

represen t  feature s o f  th e s a m e geo n an d ou t  o f  synchron y i f  the y represen t  feature s o f 

differen t  geons . 

Cells in L3 respond to properties of complete geons. These cells take their input directly 

fro m L2 ,  bu t  becaus e o f  th e bindin g achieve d i n L I  an d L2 ,  eac h o f  th e geo n propertie s i s 

represente d independentl y o f  ever y othe r  property .  Fo r  example ,  th e shap e o f  a  geon' s 

majo r  axi s (straigh t  o r  curved )  i s represente d i n on e vecto r  o f  cell s an d th e geon' s 
locatio n i s represente d i n anothe r  vector .  Consequently ,  th e representatio n o f  th e geon' s 

axi s doe s no t  chang e whe n th e geo n i s move d i n th e visua l  field .  Th e fourt h an d fift h layer s 

comput e th e relation s amon g th e geon s represente d i n L3 .  Thes e computation s ar e 

performe d o n th e basi s o f  th e geons *  coarsel y code d metri c propertie s (i.e. ,  locatio n i n th e 

visua l  field ,  scal e an d orientatio n i n 3-space) .  Th e relation s amon g th e geon s ar e boun d t o 

th e geon s the y describ e b y th e sam e synchron y o f  firin g tha t  bind s imag e feature s togethe r 

fo r  geo n recognition .  Th e outpu t  o f  layer s 3  an d 5  togethe r  describ e a n objec t  i n term s o f 

it s  geon s an d thei r  relations .  Thi s representatio n i s invarian t  wit h scal e an d translation , 

an d largel y invarian t  wit h viewpoin t  (orientatio n i n th e visua l  plan e an d i n depth) . 

The representations and processes employed in layers 1 to 5 constitute the major 

contributio n o f  thi s effort ,  bu t  th e mode l  ha s tw o additiona l  layer s tha t  us e th e outpu t  o f 

layer s 3  an d 5  a s a  basi s fo r  invarian t  recognition .  Thes e layer s integrat e th e output s o f 

L3 an d L 5 ove r  tim e an d self-organiz e t o recogniz e complet e objects .  Thi s pape r  wil l 

emphasiz e th e processe s employe d i n L I  an d L 2 fo r  imag e parsin g an d th e processe s 

employe d i n L 4 fo r  computin g relations . 

Image Parsing 

Image parsing is among the first problems to confront a geon-based model of visual 

recognitio n becaus e th e VIP s i n a n imag e mus t  b e groupe d befor e th e geon s the y defin e 

ca n b e identified .  Fo r  example ,  correctl y parsin g th e imag e i n Figur e 2 a entail s 

groupin g vertice s V1,V 2 wit h segment s S1,S 2 a s feature s o f  on e geon ,  an d V 3 wit h S 3 a s 

feature s o f  th e other .  Thi s mode l  perform s parsin g b y establishin g tempora l  synchron y 

a m o ng th e cell s i n L 1 an d L 2 representin g feature s o f  a  c o m m o n geon .  Th e synchron y i s 

establishe d throug h loca l  interaction s amon g edge -  an d VIP-sensitiv e cells . 
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Cell s I n L 1 shar e tw o type s o f  connection s wit h othe r  cell s i n th e network :  typica l 

activatio n connection s (o r  simpl y connections) ,  whic h sprea d excitatio n an d inhibitio n 

fro m on e cel l  t o another ,  an d fas t  enablin g link s (FELs) ,  whic h ar e assume d t o operat e 

approximatel y a n orde r  o f  magnitud e faste r  tha n th e duratio n o f  a  "tim e slice "  (th e 

tempora l  perio d withi n whic h cell s s u m thei r  inputs) ,  an d whic h propagat e onl y binar y 

enablin g signal s betwee n cells .  FEL s induc e synchronou s firin g i n pair s o f  activ e cell s 

as follows :  Eac h cell j  i n L I  ha s a n outpu t  refractor y R j  whic h prevent s i t  fro m 

generatin g a  continua l  trai n o f  outpu t  spikes .  I f  cell j  i s  active ,  i t  wil l  generat e a  spik e o f 

outpu t  onl y whe n R j  goe s belo w th e refractor y threshol d (0) .  R j  i s  assume d t o deca y 

linearly .  W h e n R j  <  0 ,  i t  i s  rese t  t o it s max imum ,  an d cell j  fire s (i t  generate s a  spik e o f 

outpu t  an d send s a  signa l  ou t  alon g al l  it s  FELs) .  Becaus e o f  th e spee d wit h whic h FEL s 

propagate ,  a n enablin g signa l  wil l  ten d t o arriv e a t  it s  destinatio n withi n th e sam e tim e 

slic e i t  w a s generated .  W h e n i t  arrive s a t  a n activ e cellj ,  it s  effec t  i s  t o se t  R j 

immediatel y t o zero ,  causin g cell j  t o g o throug h th e s a m e sequenc e o f  event s a s cell j 

(i.e. ,  rese t  it s refractory ,  an d generat e a n outpu t  an d a n enablin g signal) .  I f  th e 

enablin g signa l  arrive s a t  a n inactiv e cell ,  nothin g happens . 

Because active cells sharing FELs tend to fire in synchrony, they organize themselves 

int o group s define d b y thei r  tempora l  firin g patterns .  A s show n i n figur e 2b ,  FEL s ar e 

posite d betwee n fiv e type s o f  cel l  pair s i n L 1 an d L2 ,  reflectin g fou r  genera l  constraint s 
on th e formatio n o f  edge-base d images : 

1) Image edges usually extend 

beyon d th e receptiv e fiel d o f  a  singl e 

edge-sensitiv e neuron ,  s o a  give n 

imag e edg e wil l  ten d t o excit e 

collinear ,  adjacen t  edge-sensitiv e 

cells .  Suc h cell s ar e synchronize d 

by FEL s a  an d b  i n Figur e 2b . 

2)  Th e receptiv e field s o f  adjacen t 

edge-sensitiv e cell s overlap ,  s o a 

give n imag e edg e wil l  ten d t o excit e 

parallel ,  adjacen t  edge-sensitiv e 

cells .  Thes e cell s ar e synchronize d 

by FE L c . 

3)  Edge s tha t  coterminat e i n a n 
intra-geo n verte x ( a fork ,  arrow ,  L 

or  tangen t  Y )  ten d t o correspon d t o 

edge s o f  a  c o m m o n geon .  Thes e 

feature s ar e groupe d b y FEL s 

betwee n terminatio n an d verte x cell s 

i n correspondin g location s o f  L I  an d 

L2 (FE L d) . 

4)  A n edg e occlude d b y a  surfac e wil l 
appea r  a s collinea r  segment s that , 
excludin g accidenta l  alignments ,  d o 

not  coterminat e wit h othe r  edge s a t 

th e point s o f  occlusion . 

C o m p l i m e n t a r y ,  col l inea r 

terminatio n cell s i n distan t  location s 

ar e synchronize d b y FE L e  i n Figur e 

2b . 
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FELs a ,  b  an d c  caus e al l  th e cell s representin g a  continuou s edg e t o fir e synchronously . 

Termination-to-verte x FEL s (d )  grou p vertice s wit h th e edge s t o whic h the y ar e 

attached .  Sinc e FEL s ar e bidirectional ,  al l  th e edge s coterminatin g a t  a  give n verte x wil l 

als o b e groupe d togethe r  (a n enablin g signa l  wil l  ente r  a  verte x fro m on e terminatio n 

and b e passed ,  vi a tha t  vertex ,  t o th e othe r  termination s a t  tha t  location) .  Th e distan t 

termination-to-terminatio n FEL s (e )  operat e throug h verte x cell s i n L 2 whic h respon d 

specificall y t o lon e termination s (edge s tha t  d o no t  terminat e wit h othe r  edges ,  suc h a s 

th e ste m o f  a  T  vertex) .  FEL s betwee n collinea r  lon e termination s allo w th e visibl e 

piece s o f  occlude d edge s t o grou p wit h on e another .  Becaus e th e L 2 lon e terminatio n cell s 

ar e inhibite d b y inconsisten t  termination s i n L1 ,  thi s typ e o f  "ga p jumping "  canno t 

occu r  whe n mor e tha n on e edg e terminate s a t  a  point .  Thi s restrictio n prevent s edge s 

belongin g t o differen t  geon s fro m bein g groupe d jus t  becaus e the y happe n t o b e collinear . 

Not e als o tha t  thi s se t  o f  FEL s implicitl y  exclude s groupin g edge s tha t  for m T  vertices .  T 

vertice s ar e forme d a t  th e junctio n o f  separat e geons ,  th e "top "  belongin g t o on e geon ,  an d 

th e "stem "  t o another ,  an d therefor e constitut e imag e feature s whos e constituen t  part s 

shoul d no t  b e grouped . 

Applied iteratively, locally grouping edges and vertices causes all features belonging to a 

common geo n t o b e grouped ,  an d sinc e blob s an d axe s receiv e thei r  input s fro m edg e cells , 

th e blob s an d axe s belongin g t o a  give n geo n wil l  fir e o n th e sam e tim e slice s a s th e geon' s 

edge s an d vertices .  I n thi s manner ,  th e loca l  computation s performe d b y th e FEL s pars e a n 

imag e int o it s constituen t  geons .  Unlik e a  top-dow n o r  knowledge-drive n mechanism , 

thes e computation s requir e n o informatio n abou t  wha t  volume s ar e i n th e imag e an d wher e 

the y ar e located .  Thi s i s a n importan t  advantage ,  becaus e a  parsin g mechanis m tha t 

require d suc h informatio n woul d effectivel y requir e tha t  th e imag e alread y b e parsed . 

Representing Geons The cells of the model's third layer represent the properties of 

geon s (show n i n Figur e 1 )  whic h hav e th e followin g characteristics :  (1 )  G e o n 

propertie s ar e divide d int o tw o classes :  contrastiv e propertie s (suc h a s straigh t  axi s vs . 

curve d axis )  an d metri c propertie s (suc h a s locatio n i n th e image) .  Th e forme r  ar e use d 

directl y fo r  recognitio n whil e th e latte r  ar e use d t o comput e th e relation s amon g th e 

variou s geon s i n a n image .  (2 )  Geo n propertie s ar e activate d b y th e VIP s activate d i n 

laye r  2 .  Fo r  example ,  al l  L 2 cell s representin g Tangen t  Y  vertice s activat e th e cel l 

whic h respond s t o curve d cros s sectio n geons .  (3 )  Eac h L 3 cel l  respond s independentl y 

t o a  particula r  valu e o n a  particula r  dimensio n ove r  whic h geon s ca n vary .  Fo r  example , 

th e L 3 cel l  tha t  respond s t o th e valu e curve d o n th e dimensio n shape-of-majo r  axi s wil l 
fir e i n respons e t o an y geo n wit h a  curve d axis ,  suc h a s a  larg e curve d bric k i n th e 

uppe r  lef t  o f  th e visua l  fiel d o r  a  smal l  curve d con e i n th e lowe r  right .  Thus ,  eac h geo n 

propert y i s represente d i n a  manne r  tha t  i s  invarian t  wit h ever y othe r  geo n property . 

Thi s invariance ,  m a d e possibl e b y th e bindin g achieve d i n L 1 an d L2 ,  i s a  crucia l  aspec t 

of  th e model' s design . 

Deriving Relations Among Geons Of the properties derived in L3, only the 

contrastiv e propertie s ar e use d directl y fo r  geo n classification .  Th e metri c propertie s 

(size ,  location ,  an d orientation )  ar e use d t o determin e th e relation s amon g th e geon s i n 
th e image ,  suc h a s relativ e size ,  relativ e location ,  an d relativ e orientatio n (Figur e 1) . 

Determination of inter-geon relations is performed in two steps. In L4, relations are 
compute d separatel y fo r  eac h valu e o f  eac h dimension .  Th e relatio n belo w wil l  b e use d t o 

illustrat e ho w th e L 4 cell s operate ,  bu t  th e logi c generalize s t o al l  relations .  Conside r 

Figur e 3 .  Associate d wit h ever y positio n i n Y  (Yp) ,  ther e i s a n L 3 cel l  whic h become s 

activ e whe n tha t  positio n i s occupie d b y a  geo n (L3y=p) ,  an d ther e ar e tw o L 4 cells :  on e 

tha t  become s activ e whe n Y p i s belo w anothe r  occupie d positio n (L4belo w a t  y=p) .  an d 
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on e tha t  become s activ e whe n Y p i s abov e anothe r  occupie d positio n (L4abov e a t  y=p) -  ^ ^ 

L5 ,  ther e i s onl y on e cei l  fo r  eac h relation ,  eac h o f  whic h receive s excitatio n fro m ever y 

correspondin g L 4 cell .  Fo r  example ,  LSbelo w receive s excitatio n fro m L4belo w a t  y=1 . 

L^belo w a t  y=2 .  etc .  Eac h L 4 cel l  receive s tw o type s o f  input :  a n excitator y inpu t  an d a n 

enablin g signa l  (throug h a n FEL) . 

L4belo w a t  y= l  receive s a n enablin g 

singa l  fro m 

inpu t  fro m 

L3y =  i  an d excitator y 

L3 v =  2 -  l-3 y =  5 .  T o 

determin e it s activation ,  eac h L 4 cel l 

s u ms it s excitator y input s ove r  time . 

Suppos e ther e i s a  geo n a t  Y i  (geon-j ) 

an d anothe r  a t  Y 3 (geona) .  LSy^ i 

wil l  fir e o n th e sam e tim e slice s a s th e 

othe r  propertie s o f  geoni ,  an d L3y= 3 

wil l  fir e i n synchron y wit h th e othe r 

propertie s o f  geona .  L4belo w a t  y= 1 

receive s a n excitator y inpu t  fro m 

L 3 y =  3  becaus e Y i  i s  belo w Y 3 . 

Therefore ,  w h e n L3ys: 3 fires , 

1-4belo w a t  y= 1 wil l  receiv e a n 

excitator y input ,  an d it s activatio n 

wil l  g o abov e zero .  W h e n L3 y =  1 

fires ,  I t  send s a n enablin g signa l  t o 

L 4 belo w a t  y=1 .  causin g i t  t o fire . 

Not e tha t  geon- i  i s  positione d belo w 

geon3 .  Be lo w i s therefor e a  propert y 

tha t  describe s geoni ,  an d L4belo w a t 

y= 1 i s n o w firin g i n synchron y wit h 

g e o n i ' s othe r  properties .  Sinc e 

l-4belo w a t  y= 1 send s a n excitator y 

signa l  t o LSbelow .  LSbelo w w' "  a's o 
fir e i n synchron y wit h geoni' s othe r 

properties . 

L 

iBui r Connectio n 

Ba lo w 

Belo w Be lo w Be lo w Be lo w 

V=l Vt2 V =  3 V =4 Vr 5 
Leye r 

3 

Figur e 3 .  Comput tn g Relation e 

Recognizin g Object s Th e model' s sixt h laye r  receive s input s fro m L 3 cell s describin g 

geons ,  an d fro m L 5 cell s describin g inter-geo n relations .  L 6 an d L 7 perfor m tw o 

functions :  the y us e th e tempora l  synchron y o f  input s withi n a n assembl y t o ensur e tha t 

th e geon s i n a  objec t  ar e i n th e appropriat e configuratio n t o defin e tha t  object ,  an d the y 

combin e informatio n fro m differen t  tim e slice s int o a n interpretatio n o f  a  singl e object . 

Preliminary Results and Discussion 

Simulations with the model described here have shown that the model is capable of 

parsin g lin e drawing s o f  simpl e (eve n unfamiliar )  object s an d derivin g description s o f 

thei r  geon s an d relation s tha t  ar e completel y invarian t  wit h scal e an d translation ,  an d 

largel y invarian t  wit h viewpoint .  A s a  consequence ,  i t  demonstrate s complet e 

translatio n an d scal e invarianc e i n recognizin g eac h o f  th e object s wit h whic h i t  i s 

familia r  (th e object s o n whic h i t  wa s allowe d t o self-organize) ,  an d demonstrate s 

rotatio n invarianc e resemblin g tha t  o f  th e h u m a n i n experimenta l  situation s wit h 

nonsens e objects .  Tha t  is ,  i t  tolerate s rotation s i n dept h bette r  tha n rotation s i n th e 

visua l  plane ,  an d it s performanc e o n rotation s i n th e plan e degrade s a s a  functio n o f  th e 

degre e o f  rotation . 
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