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T h e Phas e TVacke r  o f  Attentio n 

Eri k D .  Lume r 

Xero x Pal o Ali o Researc h Cente r 

Pal o Alto .  C A 9430 4 

luiner(a)parc.xerox.coi n 

A b s t r a c t 

We introduce a new mechanism of selective attention 

a m o ng perceptua l  group s a s par t  o f  a  computationa l 

model  o f  earl y vision .  I n thi s model ,  selectio n o f  ob -

ject s i s a  two-stag e process :  perceptua l  groupin g i s first 

performe d i n paralle l  i n connectionis t  network s whic h 

dynamicall y bin d togethe r  th e neura l  activitie s triggere d 

i n respons e t o relate d feature s i n th e image ;  secondly , 

by lockin g it s  outpu t  o n th e quasi-peridi c burst s o f 

activit y associate d wit h a  singl e perceptua l  group ,  a 

dynami c networ k calle d th e phase-tracke r  o f  attentio n 

produce s a  tempora l  filter  whic h retain s th e selecte d 

grou p fo r  furthe r  processing ,  whil e rejectin g th e unat -

tende d ones .  Simulation s sho w tha t  th e network' s be -

havio r  matche s k n o w n psychologica l  dat a tha t  fit  i n 

th e descriptiv e framewor k o f  object-base d theorie s o f 

visua l  attention . 

I n t r oduc t i o n 

In most elaborate perceptual systems with limited pro-

cessin g resources ,  mechanism s tha t  focu s th e attentio n 

o n smal l  part s o f  th e sensor y input s ar e ofte n neces -

sar y i n orde r  t o cop e wit h th e complexit y o f  th e sense d 

world .  Th e importanc e o f  attentio n i n everyda y activ -

it y ha s bee n a  majo r  impetu s fo r  it s extensiv e stud y 

by psychologist s an d neurophysiologist s (Erikse n & 

St-James ,  1986 ;  Crick ,  1984 ;  Duncan ,  1984 ;  Treis -

m an &  Gelade ,  1980) .  A s a  resul t  o f  thei r  work ,  a 

number  o f  theorie s hav e bee n developed ,  tha t  fal l  i n 

genCTal  unde r  eithe r  on e o f  tw o broa d classes ,  know n 

as th e location-base d an d object-base d theorie s o f  vi -
sua l  attentio n (Duncan ,  1984) .  T h e first  clas s stipu -

late s that ,  a t  an y give n moment ,  attentio n i s  entirel y 

allocate d t o a  singl e conve x regio n o f  space .  I n thi s 

model ,  th e spatia l  dimensio n i s th e basi c cu e use d t o 

direc t  attention ,  whic h i s therefor e ofte n compare d t o a 

menta l  spotligh t  Th e psychologica l  evidenc e tha t  sup -

port s location-base d the<»ie s alon g wit h th e spotligh t 

Thi s woi k wa s partiall y  tuppoite d b y th e Ai r  Forc e Offic e o f 
Scientifi c  Researc h contrac t  No .  F49620-90-C—008 6 give n t o B.A . 
Hubennan . 

metapho r  i s reminiscen t  o f  a  variet y o f  experimenta l 

paradigms ,  includin g respons e competitio n (Erikse n & 

St-James ,  1986) ,  spatia l  precueing ,  an d visua l  searc h 

(Treisma n &  Gelade .  1980) .  Location-base d theaie s 

m ay b e contraste d wit h object-base d theories ,  whic h 

assume tha t  attentio n ca n b e allocate d t o on e o r  mor e 

perceptua l  groups ,  regardles s o f  thei r  spatia l  locations . 

Object-base d theorie s describ e earl y perceptio n a s a 

two-stag e process :  th e segmentatio n o f  image s int o 

distinc t  perceptua l  group s i s  don e accordin g to  low -

level ,  data-drive n mechanism s o f  perceptua l  organiza -

tio n tha t  exploi t  detecte d prqjertie s o f  proximity ,  con -

tinuity ,  similarity ,  o r  c o m m o n motion ,  amon g others . 

I n contras t  wit h th e paralle l  preattentiv e stage ,  a  sec -

on d stag e o f  visua l  processing ,  calle d foca l  attention , 

i s  seria l  an d consist s i n th e selectio n an d analysi s o f  a 

particula r  perceptua l  grou p (Neisse r  &  Becklen ,  1975) . 

Th e experimenta l  evidenc e i n suppor t  o f  a n object -

base d for m o f  attentio n i s multiple .  I t  indicate s i n par -

ticula r  tha t  subject s ar e bette r  abl e to  repor t  tw o prop -

ertie s o f  th e sam e objec t  tha n on e fro m eac h o f  tw o 

object s tha t  ar e a t  th e sam e spatia l  locatio n (Duncan , 

1984) .  Roc k an d Gutma n (1981 )  als o obs^ve d tha t 

subject s w h o wer e directe d to  atten d to  onl y on e o f 

tw o overlappin g an d nove l  figures  (sa y th e re d figure 

among a  re d an d gree n one )  showe d n o recognitio n o f 

for m fo r  th e unattende d one .  Suc h resul t  i s  no t  pre -

dicte d b y standar d location-base d theorie s o f  attention . 

Mor e recently .  Drive r  an d Bayli s (1989 )  showe d tha t 

i n respons e competitio n experiments ,  th e groupin g o f 

targe t  an d distractin g element s b y c o m m o n motio n ca n 

hav e mor e influenc e tha n thei r  proximity .  Thes e result s 
ar e consisten t  wit h th e hypothesi s tha t  attentio n ca n b e 

directe d t o perceptua l  group s whos e component s ar e 

not  spatiall y  contiguous .  Despit e thes e an d man y othe r 

experimenta l  facts ,  ver y littl e ha s bee n don e t o addres s 

th e computationa l  an d neurologica l  issue s raise d b y th e 

existenc e o f  a n object-base d for m o f  attention .  Thi s sit -

uatio n contrast s wit h th e flurry  o f  recen t  wor k devote d 

to  th e modelin g o f  location-base d mechanism s o f  at -

tentio n (Ahmad ,  1991 ;  Mozer ,  1988) . 

Th e goa l  o f  thi s pape r  i s to  m a p th e conceptua l 

framewori c o f  object-base d the(»ie s int o a  cris p compu -

tationa l  mode l  whic h ha s bette r  predictiv e value .  Not e 
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Figur e 1  :  Functiona l  mode l  o f  selectiv e attention . Figur e 2  :  Connectionis t  phase-tracker . 

tha t  i n thi s framework ,  th e object s tha t  th e foca l  atten -

tio n ca n selec t  o r  discar d ar e define d a t  a  preattentiv e 

stage .  Thus ,  on e expect s mechanism s o f  attentio n t o 

be intimatel y tie d t o th e one s underlyin g perceptua l 

organization .  I n wha t  follows ,  thi s relationshi p i s un -

ravele d i n term s o f  compatibl e mechanism s o f  interac -

tion s amon g neurons .  I n ou r  model ,  th e organizatio n o f 

visua l  scene s i s base d o n a  biologicall y inspire d mech -

anis m o f  labelin g o f  perceptua l  group s (Gra y e t  al. , 

1989 ;  vo n de r  Malsbuig ,  1981) ,  i n whic h neura l  assem -

blie s expres s thei r  membershi p t o a  perceptua l  grou p b y 

firing  simultaneousl y an d i n a  pseudo-periodi c fashion , 

whil e bein g ou t  o f  synchron y wit h neuron s stimulate d 

by othe r  group s o r  a  background .  A  numbe r  o f  au -

thor s hav e recentl y demonstrate d th e feasibilit y  o f  per -

ceptua l  groupin g vi a synchronizatio n o f  neura l  activ -

it y i n larg e heterogeneou s network s (Lume r  &  Huber -

man,  1992 ;  Spoms ,  Tononi ,  &  Edelman ,  1991 ;  Bald i 

& Meir ,  1990) .  W e refe r  t o (Lume r  1992 )  fo r  a  de -

scriptio n o f  h o w thi s mechanis m i s implemente d i n ou r 

model .  I n thi s paper ,  w e focu s mor e specificall y o n th e 

issu e o f  interna l  acces s t o perceptua l  group s constructe d 

i n thi s way :  give n implici t  tempora l  labels ,  i.e .  th e rel -

ativ e phase s o f  neura l  oscillation s distribute d acros s a 
populatio n o f  detectors ,  w e stil l  fac e th e proble m o f 

ho w t o us e the m explicitl y  i n a  mechanis m o f  visua l 

attentio n tha t  select s amon g group s fo r  furthe r  process -
ing .  A  solutio n t o thi s proble m i s propose d i n th e nex t 

sectio n i n th e for m o f  a  dynami c networ k calle d th e 

phase-tracke r  o f  attention .  Thi s syste m i s the n teste d 

on example s whic h mimi c th e condition s an d obso^e d 

behavior s i n a  numbe r  o f  psychologica l  experiments . 
Th e pape r  end s wit h a  shor t  discussio n abou t  th e im -

plication s o f  ou r  work . 

T h e P h a s e - l V a c k e r 

We develop and study below a computational model 

of  a  two-stage d visua l  syste m o f  th e kin d describe d b y 

Neisse r  (1975 )  an d others . 

A coars e schemati c representatio n o f  th e mode l  i s 

give n i n Figur e 1 .  Le t  u s assum e tha t  th e segmenta -

tio n o f  perceive d image s i s achieve d a t  a  preattentiv e 
stag e vi a th e synchronizatio n o f  neuron s tha t  fire  peri -

odicall y i n respons e t o th e loca l  propertie s o f  a  sam e 

objec t  Th e discussio n o f  h o w thi s i s actuall y don e 

i s reporte d elsewher e (Lumer ,  1992) .  I n th e presen t 

context ,  suffice s i t  t o notic e tha t  th e cumulate d activit y 
emergin g fro m th e preattentiv e stag e evolve s i n tim e 

as on e o r  severa l  intertwine d an d periodicall y burstin g 

signal s superimpose d ove r  a  lo w leve l  stochasti c noise . 

Th e nois y activit y result s fro m th e asynchronou s firing 

of  cell s stimulate d b y a n incoheren t  percep t  o r  back -

ground .  Eac h periodi c burs t  o f  activity ,  o n th e othe r 
hand ,  i s associate d wit h a  singl e perceptua l  grou p s o 

tha t  it s phas e ca n serv e a s a  uniqu e labe l  referencin g 

tha t  group . 
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I n orde r  t o mak e us e o f  suc h a  labe l  t o selec t  a 

desire d object ,  w e imagin e th e followin g process :  th e 

cumulate d activit y fro m th e preattentiv e stag e i s fe d 

int o a  specialize d network ,  calle d th e phase-tracke r 

of  attention .  Thi s syste m i s  capabl e o f  lockin g it s 

outpu t  o n th e periodi c burs t  o f  activit y associate d wit h 

th e targe t  objec t  s o tha t  th e outpu t  equal s 1  whe n th e 

periodi c signa l  i s  burstin g an d 0  otherwise .  Tha t  way , 

th e phase-tracke r  define s explicitly ,  tha t  i s  i n term s 

of  it s ouq)ut ,  th e tempora l  window s durin g whic h th e 

neura l  assemblie s representin g th e targe t  objec t  ar e 

firing.  I f  th e projection s fro m th e preattentiv e stag e 

ont o th e inpu t  layer s o f  th e highe r  level s o f  perceptio n 

ar e modulate d b y th e outpu t  o f  th e phase-tracker ,  al l 

th e non-targe t  object s presen t  i n th e imag e wil l  remai n 

undetecte d beyon d th e preattentiv e stage . 

A simpl e implementatio n o f  a  phase-trackin g sys -

te m i s  show n o n th e right  han d sid e o f  Figur e 2 .  I t 

consist s o f  a  hylxi d dynami c networ k exhibitin g tran -

sien t  states ,  delaye d propagatio n an d feedforwar d a s 

wel l  a s feedbac k connections .  Eac h uni t  i n th e net -

wor k connect s it s tota l  inpu t  (i.e .  presyn^tic )  activity , 

X,  wit h it s (postsynaptic )  output ,  y ,  vi a a  shar p thresh -

oldin g functio n tha t  i s  define d a s 

y =  fe{x ) 

wher e 

M r )  =  { l 
0 

ifx> 0 
otherwise . 

(1 ) 

(2 ) 

The inpu t  t o th e phase-tracker ,  s(t) ,  i s  propagate d 

alon g a  lef t  an d a  right  branch .  Th e tw o branche s ac t  a s 

risin g an d fallin g edg e detectors ,  respectively .  Le t  u s 

first  tak e a  cIosc t  loo k a t  h o w th e risin g edg e detecto r 

works .  Th e presyniq;>ti c connectio n t o cel l  1  (se e Figur e 

2)  produce s th e first  orde r  differenc e o f  th e inpu t  signal . 

W h en laî O T tha n th e threshol d 0 ,  thi s differenc e cause s 

cel l  1  t o fire.  State d mor e formally ,  th e outpu t  o f  cel l  1 , 

yi(t) ,  i s  relate d t o th e inpu t  signa l  s(t )  b y th e relatio n 

yr{i )  =  M s { t ) - 8 { t - A t ) ) (3 ) 

wher e A t  i s a  positiv e tim e delay .  Wit h a  prope r  valu e 

assigne d t o A/ ,  cel l  1  wil l  tur n o n a s a  resul t  o f  an y 

shar p increas e o f  it s inpu t  I t  therefor e play s th e rol e 

of  a  risin g edg e detector . 

The outpu t  o f  cel l  1  i s fe d int o cel l  2 ,  whic h pos -

sesse s a  dynamica l  threshold .  Th e propertie s o f  net -

work s o f  ceU s wit h dynamica l  threshold s hav e recentl y 

bee n studie d b y a  numbe r  o f  peopl e (Abbot ,  1990 ; 

Hor n &  Usher ,  1989) .  I n essence ,  a  dynami c threshol d 

i s a  transien t  feedbac k lin k fro m th e thresholdin g cel l 

ont o itself .  I t  i s  usuall y modele d a s a  leak y integrato r 

whic h get s charge d b y th e outpu t  activit y o f  it s  cell . 

Once chaiged ,  suc h threshol d inhibit s an y furth w fir-

in g o f  it s cel l  fo r  a  perio d determine d b y th e constant s 

of  th e integrator .  I n particular ,  th e amplitud e o f  th e 

dynamica l  threshol d o f  cel l  2 ,  R2(t )  evolve s i n discret e 

tim e step s accordin g t o 

R2{t + 1) = VnMt) + e-'/^'.R.it) (4) 

where yj is the output of cell 2, Vr the gain and rg 

th e tim e constan t  o f  th e leak y integrator .  Wit h th e 

notation s o f  Eq .  (1) ,  th e outpu t  o f  cel l  2  the n read s a s 

Mt )  =  Mym-R2(t)) . (5 ) 

The puls e sen t  b y cel l  2  upo n detectio n o f  a  risin g 

inpu t  turn s o n th e outpu t  o f  th e phase-tracker ,  tha t  i s 

cel l  3 .  Th e subsequen t  inhibitio n o f  cel l  2  prevent s 

furthe r  increase s i n th e inpu t  signa l  fro m affectin g th e 

outpu t  o f  th e phase-tracke r  fo r  a  perio d o f  tim e Tr . 

Thi s refractor y perio d i s  relate d t o th e parameter s o f 

cel l  2  vi a 

T^  =  Ceil{r,ln(^ )  +  l ) (6 ) 

wher e th e functio n Ceil(. )  round s it s argumen t  u p t o 

th e neares t  intege r  valu e an d account s fo r  th e discret e 

natur e o f  th e dynamics .  Becaus e o f  th e stati c feedbac k 

connectio n fro m cel l  3  ont o itself ,  it s ouqiu t  remain s a t 

a hig h leve l  unti l  a  puls e fro m th e fallin g edg e detecto r 

reset s i t  t o zero .  Th e fallin g edg e detecto r  i s  vo y 

simila r  t o th e risin g edg e detector .  B y changin g th e 

sig n o f  th e first  orde r  differenc e compute d a t  th e inpu t 

of  th e right  branc h wit h respec t  t o tha t  use d i n th e lef t 

branch ,  it s  ouqiu t  wil l  fire  i n respons e t o an y shar p 

decreas e o f  th e inpu t  t o th e phase-tracker . 

Conside r  thu s a  periodi c signa l  place d a t  th e inpu t 

of  th e phase-tracker ,  whic h consist s o f  burst s lastin g 

fo r  a n interva l  o f  tim e g  an d separate d fro m eac h othe r 

by regula r  interval s Tg .  Th e risin g edg e o f  th e first 

burs t  cause s th e phase-tracke r  t o tur n on ,  a  stat e whic h 

i s kep t  b y th e syste m unti l  th e burs t  die s off ,  a t  whic h 

poin t  th e fallin g edg e detecto r  emit s a  puls e an d th e 

ouq)u t  o f  th e phase-tracke r  switche s t o a  lo w value . 

The phase-tracke r  i s the n inhibite d durin g a n interva l  o f 

tim e Tj i  followin g th e rise  o f  th e detecte d burst .  I t  wil l 

therefor e accuratel y trac k th e phas e o f  th e incomin g 

signa l  provide d tha t  th e refractor y perio d i s shorte r  tha n 

Tg.  Furthermore ,  othe r  signal s adde d t o th e inpu t  i n 

betwee n tw o successiv e burst s o f  th e tracke d activit y 

wil l  b e ignore d b y th e syste m a s lon g a s the y preced e 

or  follo w a  detecte d burs t  b y a n interva l  o f  tim e large r 

tha n T g — T R.  Thi s differenc e define s th e resolutio n o f 

th e phase-tracke r  an d constrain s i n par t  th e numbe r  o f 
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object s whic h ca n b e separate d b y th e mechanis m o f 

attentio n prqxise d i n thi s section .  Thi s poin t  wil l  b e 

expande d late r  i n th e paper . 

The regime s jus t  outline d ar e illustrate d o n th e lef t 

sid e o f  Figur e 2 .  Th e lowe r  plo t  show s th e tempora l 

evolutio n o f  th e incomin g signal ,  s(t) .  Th e resultin g 

ouq)u t  o f  th e phase-tracke r  i s represente d i n th e uppe r 

plo t  whil e th e middl e on e give s th e evolutio n o f  th e 

dynamica l  threshol d o f  cel l  2 .  Th e horizonta l  lin e i n 

thi s figure  indicate s th e threshol d valu e unde r  whic h 

th e risin g edg e detecto r  i s enabled . 

N e t w o r k S i m u l a t i o n s 

We have implemented the phase-tracker as part of a 

connectionis t  architectur e o f  earl y perceptio n (Lumer , 

1992) .  I n brief ,  loca l  attribute s o f  2D-image s ar e 

detecte d i n paralle l  b y cell s organize d i n a  numbe r 

of  featur e maps .  T h e segmentatio n o f  image s vi a 

synchronizatio n o f  activit y i s don e i n groupin g map s 

whose output s ar e projecte d i n a  on e t o on e fashio n 

on th e map s whic h defin e th e first  stag e o f  th e highe r 

level s o f  perception .  Th e input s t o th e groupin g map s 

can b e restricte d b y a  coars e location-base d mechanis m 

of  attentio n whic h work s cooperativel y wit h th e phase -

tracker .  M o r e wil l  b e sai d abou t  spatia l  attentio n i n 

th e final  par t  o f  th e paper .  Th e cumulate d outpu t  fro m 

th e groupin g map s i s fe d int o th e phase-tracker .  A 

simpl e contro l  mechanis m allow s th e us e o f  top-dow n 

informatio n i n th e selectio n o f  object s wit h specifie d 

feaoires :  a  globa l  detecto r  i s associate d wit h eac h m a p 

at  th e entranc e o f  th e highe r  level s o f  perceptio n an d 

signal s whethe r  th e corresponding  featur e i s presen t  i n 

th e grou p currentl y selected .  I f  thi s i s th e cas e an d th e 

featur e doe s no t  matc h th e descriptio n o f  a  targe t  object , 

th e stat e o f  th e phase-tracke r  i s automaticall y rese t  s o 

as t o trac k th e nex t  labe l  whic h i s availabl e a t  it s inpu t 

l b ge t  a  roug h estimat e o f  th e tim e scale s involve d i n 

th e studie d mechanis m o f  selection ,  w e equat e on e tim e 

ste p i n ou r  simulatio n wit h 1  mse c o f  rea l  time .  Th e 

tim e constant s o f  th e groupin g cell s ar e se t  s o tha t  th e 

cell s fire  onc e ever y 2 5 cycles ,  tha t  i s  a t  a  frequenc y 
of  40Hz .  Thi s numbe r  i s consisten t  wit h th e observe d 

frequencie s o f  neura l  oscillation s i n th e primar y visua l 

corte x o f  cat s (Gra y e t  al. ,  1989) .  Th e resolutio n o f 

th e phase-tracker ,  a s define d above ,  i s equa l  t o 1  msec . 

Finally ,  th e visua l  field  i n th e simulation s i s a n arra y 

wit h 1 6 b y 1 6 pixels . 
The syste m wa s teste d o n a  numbe r  o f  example s i n 

whic h th e phase-tracke r  take s advantag e o f  th e tempo -

ra l  separatio n o f  perceptua l  group s tha t  canno t  b e easil y 

discriminate d spatially .  Thus ,  a  simpl e spatia l  spotligh t 

of  attentio n wil l  fai l  i n thes e cases .  I n particular ,  w e 
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Figur e 3  :  Imag e containin g thre e block s movin g upwar d 
separate d from  eac h othe r  b y object s movin g downward . 

have demonstrated the ability of our system to selec-

tivel y focu s o n eithe r  on e o f  tw o overlaiq)in g figures 

distinguishe d fro m eac h othe r  b y thei r  respectiv e col -

ors .  Thi s behavio r  i s i n agreemen t  wit h psychologica l 

observation s (Roc k &  Gutman ,  1981) .  Similarly ,  atten -

tio n ca n b e restricte d t o a  non-contiguou s se t  o f  object s 

animate d b y a  c o m m o n motio n i n a  settin g tha t  m i m -
ics ,  albei t  i n a  caricatura l  fashion ,  recen t  experim^t s 

performe d b y Drive r  an d Bayli s  (1989) .  T o sav e space , 

we wil l  onl y detai l  th e secon d example .  T h e imag e i n 

Figur e 3  i s compose d o f  five  2x 2 objects .  Th e cente r 

and tw o fa r  en d element s ar e animate d b y a  c o m m o n 

upwar d motio n whil e th e intermediat e object s m o v e 

downward .  Th e contro l  syste m i s instructe d t o focu s 

onl y o n th e object s movin g upwar d durin g th e first  1(X ) 

iteration s befor e shiftin g attentio n t o th e othe r  grou p o f 

objects .  Figur e 4  display s th e inpu t  (lowe r  plot )  an d 
ou^u t  (uppe r  plot )  o f  th e phase-tracke r  a s a  functio n 

of  time .  Afte r  a  transien t  perio d o f  abou t  2 5 itera -

tion s durin g whic h th e tempora l  label s ar e formed ,  th e 

phase-tracke r  lock s o n th e inde x t o th e object s movin g 

upwar d (thei r  share d labe l  i s  represente d i n gre y fo r 

illustrativ e purpos e only) .  Attentio n i s release d fro m 

thi s grou p a t  /=10 0 mse c an d redirecte d toward s th e 

object s movin g downwar d afte r  a n equivalen t  tim e o f 

abou t  2 0 mse c (th e correspondin g labe l  fo r  thes e ob -

ject s i s show n i n black) .  Notic e tha t  th e lockin g o f  th e 

phase-tracke r  o n a  labe l  translate s int o th e selectio n fo r 

furthe r  processin g o f  th e entir e grou p indexe d b y tha t 

particula r  label . 
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Figur e 4  :  Trackin g o f  object s wit h c o m m o n motion . 

Discussion 

In this p^jer, we have presented a non-spatial process 

of  selectio n a m o n g perceptua l  groups ,  whic h over -

comes th e shortcoming s o f  location-base d model s o f 

visua l  attention .  Th e propose d mechanis m o f  selectiv e 

attentio n presuppose s th e segmentatio n an d labellin g 

of  perceptua l  group s vi a synchronizatio n o f  th e neu -

ron s respondin g t o th e loca l  propertie s withi n a  group . 

Our  wor k i s therefor e complementar y t o th e flurry  o f 

recen t  report s showin g tha t  thi s typ e o f  groupin g ca n 

be achieve d usin g simpl e dynamica l  networks .  Indeed , 

an y improvemen t  o f  imag e segmentatio n vi a dynami c 

groupin g wil l  augmen t  th e potentia l  o f  selectio n b y th e 

phase-tracker .  Furthermore ,  th e us e o f  oscillator y dy -

namic s i n ou r  mode l  leave s th e doo r  ope n fo r  a  bette r 

modellin g o f  th e cortica l  tissue s i n whic h thes e regime s 

hav e bee n observed . 

T h e embeddin g o f  th e phase-tracke r  i n a  connec -

tionis t  architectur e o f  earl y visua l  processin g reveal s 

it s capabilitie s an d limitations .  Wit h th e parameter s 

use d fo r  ou r  simulations ,  w e observe d tha t  th e burst s 

of  activity ,  o r  labels ,  associate d wit h a  singl e percep -

tua l  grou p hav e a  tempora l  duratio n o n th e orde r  o f  3 

tim e steps .  Furthermore ,  th e resolutio n o f  th e phase -

tracker ,  a s define d i n th e secon d section ,  i s equa l  t o on e 

tim e steps .  W e therefor e k n o w tha t  eac h unambiguou s 

labe l  produce d b y th e segmentatio n syste m occupie s o n 

th e tim e axi s abou t  4  tim e steps .  Sinc e th e consecu -

tiv e firings  o f  groupin g cell s ar e space d b y 2 5 tim e 

steps ,  w e conclud e tha t  selectio n canno t  operat e o n 

mor e tha n approximatel y 6  perceptua l  group s whos e 

label s ar e place d a t  th e inpu t  o f  th e phase-tracker .  Thi s 

observatio n place s a  stron g constrain t  o n th e interac -

tio n betwee n a  coars e mechanis m o f  spatia l  orienta -

tio n an d selection :  th e forme r  mus t  b e tune d s o a s t o 

limi t  th e numbe r  o f  object s tha t  th e dua l  mechanism s 

of  segmentatio n an d selectio n operat e o n a t  an y give n 

moment.  T o ou r  knowledge ,  thi s constitute s th e first 

embodie d predictio n o f  a  possibl e interdependenc e be -

twee n tw o mode s o f  attention ,  i.e .  location-base d an d 

object-based ,  tha t  hav e traditionall y bee n considere d a s 

orthogonal .  W e expec t  tha t  futur e work ,  bot h experi -

menta l  an d computational ,  wil l  furthe r  elucidat e thi s 

relation . 

Anothe r  ver y interestin g observatio n ca n b e draw n 

fro m th e fac t  tha t  th e combine d mechanism s o f  seg -

mentatio n an d selectio n hav e a  m a x i m u m "cap^ity " 

of  abou t  6  elements .  Indeed ,  i n tryin g t o determin e 

h o w th e tim e require d t o quantif y a  collectio n o f  n 

item s presente d t o vie w wa s functio n of/t ,  i t  wa s foun d 

(Ch i  &  Klahr ,  1975 )  tha t  a  strikin g discontinuit y occur s 

i n th e regio n o f  n=6±l .  Thi s phenomenon ,  know n a s 

subitizing ,  i s  characterize d b y a  ver y rapi d apprehen -

sio n o f  th e numbe r  o f  item s belo w th e discontinuity , 

whil e th e reactio n tim e increase s linearl y wit h th e num -

ber  o f  element s b y a  muc h large r  incremen t  abov e th e 

critica l  poin t  I t  i s  temptin g t o speculat e tha t  a  transi -
tio n fro m a n object-base d for m o f  attentio n t o a  seria l 

scannin g o f  spatia l  location s i n th e displa y migh t  b e 

relate d t o th e observe d phenomenon .  W e als o notic e 

tha t  sensor y segmentatio n an d selectiv e attentio n ar e 

not  th e uniqu e attribute s o f  vision .  Fo r  example ,  th e 

auditor y modalit y parse s comple x soun d fields  int o in -

dependen t  streams ,  eac h on e bein g associate d wit h a 

specifi c  externa l  source .  Thi s capabilit y  i s  bes t  illus -

trate d i n cocktai l  partie s wher e on e i s abl e t o distinguis h 

severa l  voices ,  an d selectivel y atten d t o one ,  amon g 

a nois y crowd .  Sinc e th e processe s o f  segmentatio n 

of  th e auditor y fields  hav e bee n modelle d a s neura l 

oscillator s whic h eithe r  synchroniz e o r  desynchroniz e 

thei r  phase s (vo n de r  Malsbur d &  Schneider ,  1986) ,  a 

phase-tracke r  coul d likewis e b e use d i n thi s contex t  t o 

implemen t  selectiv e attention . 

Las t  bu t  no t  least ,  thi s pape r  illustrate s th e rich-

nes s o f  computationa l  mechanism s whic h ca n b e de -

rived  fro m th e us e o f  dynamica l  netwcnic s havin g tran -

sien t  states .  A s connectionis t  model s o f  cognitio n be -

c o me large r  an d develo p modularity ,  th e issue s o f  com -

municatio n an d coordinatio n betwee n th e heterogenou s 

module s becom e central .  I n thi s context ,  th e connec -

tionis t  equivalent s o f  communicatio n devices ,  suc h a s 

signa l  multiplexers ,  cloc k synchronizers ,  an d phase -

locke d loop s o f  th e kin d studie d here ,  ar e expecte d 

t o pla y a  fundamenta l  role. 
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