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Abstrac t 

One function of visual attention is ais a filter that 

select s on e regio n o f  th e visua l  field  fo r  enhance d 

detectio n an d recognitio n processing .  A  secon d 

functio n o f  attentio n i s t o provid e localizatio n in -

formation ,  whic h ca n b e use d i n guidin g moto r 

activity .  A  visua d syste m i n whic h th e eye s ca n 

be move d require s suc h localizatio n informatio n 

t o guid e ey e movements .  Furthermore ,  th e con -

tro l  o f  ar m an d han d movement s fo r  objec t  m a -

nipulatio n i s simplifie d b y attentiona l  localizatio n 

of  th e han d wit h respec t  t o a  fixation  fram e cen -

tere d o n th e object .  Thi s pape r  describe s thi s 

rol e o f  attentio n i n th e visua l  guidanc e o f  simpl e 

moto r  behavior s associate d wit h unskille d objec t 

manipulatio n behaviors . 

Introduction 

It is often observed that the amount of data con-

taine d i n a n imag e i s to o larg e t o b e processe d 

completel y i n th e smal l  fractio n o f  a  secon d al -

lowe d b y m a n y tasks .  Th e obviou s solutio n t o 

thi s proble m i s t o proces s onl y a  par t  o f  th e vi -

sua l  environmen t  accordin g t o curren t  tas k re -

quirements .  T h e animat e visio n paradig m im -

plement s thi s solutio n throug h th e us e o f  activ e 

contro l  o f  sensor s an d task-dependen t  visua l  pro -

cessin g (Ballardiijcai) .  Animat e visio n ha s bee n 

propose d a s bot h a n approac h t o designin g com -

pute r  visio n systems ,  an d a s a  mode l  o f  h u m a n 

visua l  behavior .  Whil e th e computationa l  loa d 

i s reduce d whe n th e entir e imag e doe s no t  hav e 

t o b e processed ,  th e questio n o f  wha t  regio n o f 

th e imag e t o proces s become s paramount .  Selec -

tiv e visua l  attentio n provide s th e mechanis m fo r 

answerin g thi s question . 

T h e ter m (selectiv e visual )  attentio n wil l  b e 

use d t o refe r  t o a  specifi c  collectio n o f  visua l  sub -

processe s whic h perfor m th e cover t  selectio n o f 

retina l  region s fo r  furthe r  processing .  Thi s fur -

the r  processin g m a y involv e recognitio n process -

in g o f  th e selecte d region ,  o r  m a y involv e th e 

use o f  th e correspondin g locatio n informatio n fo r 

guidanc e o f  movements .  I t  i s  thi s secon d eispec t 

tha t  wil l  b e th e emphasi s here ,  thoug h th e recog -

nitio n processo r  i s  involve d i n thi s localizatio n 

function ,  a s wil l  b e discussed . 

I n th e remainde r  o f  th e paper ,  th e mechanism s 

comprisin g a n attentiona l  visua l  recognitio n sys -

te m ar e first  discusse d a t  a  coars e leve l  o f  detail . 

Thi s provide s a  sufficien t  basi s fo r  describin g th e 

use o f  attentiona l  localizatio n i n guidin g ey e an d 

ar m movement s fo r  objec t  manipulatio n tasks .  I n 

particular ,  a  touchin g tas k an d a  manua l  track -

in g tas k ar e use d t o elaborat e th e concepts ,  bot h 

of  whic h hav e bee n implemente d i n a  real-tim e 

robotic s syste m t o demonstrat e th e approach . 

Attentional visual recognition 

A number of computational models of attentional 

mechanism s hav e bee n proposed ,  includin g thos e 

of  (Treisma n 1988 ;  Moze r  1988 ;  Cav e &  Wolf e 

1990 ;  Sando n 1990 ;  an d A h m a d 1991) .  Whil e 

thes e model s diffe r  i n a  numbe r  o f  details ,  an d 

i n th e emphasi s the y plac e o n variou s aspect s o f 

attentiona l  function ,  the y als o shar e a  numbe r  o f 

c o m m on feature s whic h provid e a  sufficien t  ba -

si s fo r  th e curren t  discussion .  Thus ,  th e follow -

in g coars e leve l  descriptio n o f  attentiona l  visua l 

recognitio n i s presente d fo r  th e benefi t  o f  th e suc -

ceedin g discussion . 

Th e visua l  syste m consist s o f  thre e compo -

nents ,  a  featur e processor ,  a n attentio n proces -

sor  an d a  recognitio n processo r  (se e Figur e 1) . 

Th e featur e processo r  extract s a  numbe r  o f  spat -

tiall y  localize d feature s fro m th e image .  Thes e 

feature s ar e extracte d i n paralle l  ove r  th e entir e 

image ,  an d represente d retinotopicall y i n featur e 

maps.  Thoug h attempt s hav e bee n mad e t o iden -

tif y th e particula r  feature s tha t  ar e extracte d i n 
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Figur e 1  -  Scnemati c drawin g o f  tn e attentiona l  visio n syste m 

h u m a n vision ,  thi s aspec t  i s n o t  k e y t o th e curren t 

discussion .  W i t h i n eac h featur e m a p ,  a  latera l 

inhibitio n n e t w o r k operate s o n th e r a w featur e 
activity ,  t o p r o d u c e contras t  e n h a n c e d features . 

T h e resultin g activit y i n eac h m a p i s ga te d t o th e 

attentio n processo r  t o a  degre e d e t e r m i n e d b y ex -

pectancie s p rov ide d b y th e recognitio n processor . 

R e g i o n s o f  activit y i n featur e m a p s ar e als o ga te d 

t o th e recognitio n processor ,  i n thi s cas e b y local -

ize d activit y i n th e attentio n processor . 
T h e recognitio n processo r  ha s acces s t o a 

databas e o f  objec t  models ,  whic h i s indexe d b y 

featur e values .  Recognitio n i s performe d b y hav -

in g th e featur e processo r  pas s imag e featur e val -

ues t o th e recognitio n processor ,  whic h ar e the n 

use d t o inde x int o th e objec t  database .  A n objec t 
i s  recognize d i f  th e featur e value s ar e sufficientl y 

clos e t o thos e definin g a n objec t  t o satisf y som e 

matc h criteria .  Conversely ,  th e recognitio n pro -

cesso r  ca n us e th e definin g feature s o f  a n objec t 

t o modif y th e gatin g o f  th e feature s t o th e atten -

tio n processo r  a s mentione d above .  W e describ e 

thi s us e o f  th e mode l  dat a fo r  objec t  localizatio n 

i n mor e detai l  below . 

Th e attentio n processo r  determine s th e regio n 

of  th e imag e whos e correspondin g featur e vadue s 

wil l  b e passe d u p t o th e recognitio n processor . 

Th e featur e m a p value s ar e combine d t o provid e 

th e inpu t  t o a  salienc y m a p ,  whic h represents , 
i n registratio n wit h th e image ,  th e importanc e o f 

eac h imag e regio n t o th e curren t  task .  T o choos e a 

singl e regio n fo r  processing ,  a  selectio n operato r  i s 

applie d t o th e activit y i n th e salienc y m a p .  Thi s 

selectio n operato r  choose s som e regio n o f  th e im -

age ,  whos e feature s ar e the n gate d t o th e recogni -

tio n processor ,  an d whos e locatio n ca n b e passe d 

t o moto r  processors . 

Give n thes e thre e componen t  mechanisms , 

what  function s migh t  the y implement ? I n th e 

absenc e o f  an y task-specifi c  contro l  o f  th e featur e 

m ap inpu t  t o th e attentio n processor ,  th e salienc y 

m ap wil l  b e sensitiv e t o ai l  th e contras t  enhaince d 

features .  T h e resultin g salienc y activit y ca n b e 

use d t o implemen t  alertin g an d orientin g behav -

iors ,  a s wel l  a s precategorica l  imag e segmenta -

tion . 

W h en th e recognitio n processo r  activate s it s 

contro l  o f  th e featur e m a p input s t o th e attentio n 

processor ,  accordin g t o th e feature s tha t  charac -

teriz e a n objec t  o f  interes t  t o th e curren t  task , 

th e salienc y m a p become s sensitiv e onl y t o thos e 

specifie d featur e maps .  T h e selectio n o f  a n activ e 

regio n o f  th e salienc y m a p i n thi s cas e allow s lo -

calizatio n o f  th e desire d objec t  i n retinotopi c co -

ordinates .  Thi s locatio n informatio n ca n b e use d 

t o represen t  spatia l  relation s amon g objects ,  an d 

i n particular ,  ca n b e use d t o guid e moto r  activity , 

as w e no w discuss . 

Fixation-based motor control 

There has been a great deal of discussion in the 

literatur e abou t  th e appropriat e fram e o f  refer -

enc e fo r  eac h differen t  aspec t  o f  visuomoto r  pro -

cessing .  Whil e Marr ,  fo r  example ,  emphasize d 

th e nee d fo r  object-centere d coordinate s i n repre -

sentin g visua l  informatio n fo r  recognitio n (Mar r 

1982) ,  other s hav e note d tha t  a n egocentri c co -

ordinat e syste m woul d b e usefu l  whe n interact -

in g wit h object s (Feldma n 1985) .  Ballar d argue s 

agains t  th e egocentri c representation ,  du e t o th e 

presume d difficult y o f  maintainin g it s currency . 

Instead ,  h e propose s th e us e o f  a  coordinat e sys -

te m centere d o n a  particula r  'calibration '  objec t 

(Ballar d 1987) . 

Th e domai n o f  interes t  her e i s visuall y guide d 

manipulatio n o f  objects .  Althoug h i t  i s  tru e tha t 

th e eyes ,  hea d an d bod y m a y al l  b e movin g durin g 

th e executio n o f  suc h manipulatio n tasks ,  eve n a 

retinocentri c referenc e fram e ca n b e effectiv e fo r 

objec t  localizatio n i f  th e spatia l  relation s neces -

sar y t o th e tas k ca n b e update d i n a  timel y m a n -

ner .  I n particular ,  fo r  a  binoculst r  system ,  th e pai r 

of  x, y coordinate s representin g th e horizonta l  an d 

vertica l  oflGset s o f  a n objec t  fro m th e cente r  o f  th e 

imag e i n eac h ey e ca n b e use d t o comput e a  loca -

tio n i n a  thre e dimensiona l  retinocentri c space . 
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As ha s bee n observe d elsewher e (Ballar d 1989) , 

^  referenc e fram e tha t  ha s particularl y desirabl e 

>ropertie s i s th e fixation  frame ,  whic h i s centere d 

>n th e poin t  i n spac e wher e th e tw o optica l  axe s 

)f  a  binocula r  visio n syste m intersect ,  an d i s ori -

inte d t o correspon d t o th e retina l  axe s an d th e 

iirectio n o f  gaze .  T h e binocula r  retinocentri c 

ram e i s th e proxima l  correlat e o f  thi s dista l  fix-

itio n frame .  O n e versio n o f  th e projectio n o f  th e 

'ou r  dimensiona l  binocula r  retina l  coordinate s t o 

i  thre e dimensiona l  spac e i s achieve d usin g th e 

lorizontz d (h )  2m d vertica l  (v )  coordinate s o f  on e 

;y e (th e dominan t  eye) ,  an d th e disparit y (d )  be -

twee n th e horizonta l  coordinate s i n th e tw o eyes . 

Thi s define s th e 3- D retinocentri c frame ,  R ,  i n 

whic h location s ar e expresse d a s triple s o f  th e 

For m (h,v,d) .  A n objec t  a t  th e origi n o f  thi s co -

ordinat e fram e i s a t  th e fixation  poin t  i n physica l 

space . 

T h e advauitage s i n representin g objec t  locatio n 

i n 3- D retinocentri c coordinate s ar e tha t  objec t 

location s cei n b e compute d quickl y an d main -

taine d easily ,  an d tha t  th e coordinat e transforma -

tion s require d fo r  ey e movement s an d ar m move -

ment s ca n b e easil y expresse d i n term s o f  thi s ref -

erenc e frame .  Th e proces s o f  localizin g object s i n 

eac h retina l  fram e i s mediate d b y th e attentiona l 

mechanism s previousl y described .  Fo r  example , 

t o locat e a  particula r  objec t  i n on e image ,  th e 

recognitio n processo r  project s th e featur e value s 

associate d wit h th e objec t  t o th e featur e proces -

sor ,  whic h differentiall y  gate s th e correspondin g 

featur e m a p s t o th e attentio n processor .  T h e re -

sultin g activit y i n th e salienc y m a p reflect s th e 

degre e o f  matc h betwee n th e feature s definin g th e 

objec t  an d thos e i n an y particula r  regio n o f  th e 

image .  Selectin g th e mos t  salien t  regio n corre -

spond s t o identifyin g th e mos t  likel y locatio n o f 

th e objec t  i n th e image . 

Give n th e tw o retina l  location s o f  a n object , 

equivalentl y th e 3- D retinocentri c coordinates , 

th e guidanc e o f  ey e an d han d movement s towar d 

th e objec t  i s  relativel y straightforward .  Fo r  ey e 

movements ,  th e moto r  fram e i s define d b y th e 

gaz e angle s o f  th e tw o cameras .  Analogou s t o 

th e 3- D retinocentri c frame ,  th e appropriat e gaz e 

angl e frame ,  G ,  fo r  a  pai r  o f  horizontall y offset , 

fixating  eyes ,  i s  a  3- D referenc e fram e consistin g 

of  th e ya w angl e (0 )  an d pitc h angl e {<f) )  o f  th e 

dominan t  eye ,  an d th e ya w angl e disparit y (ip ) 

betwee n th e tw o eyes . 

Eye movement s ar e define d relativ e t o th e cur -

ren t  gaze ,  an d resul t  i n a  relativ e displacemen t 

of  th e retinocentri c location s o f  image d objects . 

Th e kinemati c transformatio n fro m relativ e gaz e 

angle ,  A g ,  t o relativ e retinocentri c location ,  A r , 

ca n b e approximate d b y a  constant-valued ,  diag -

ona l  Jacobia n matrix ,  Jgr : 

^ r  =  Jg r  X  A g 

Jg r  = 
Ch 0  0 
0 C „  0 
0 0  C h 

wher e C h an d C „  expres s th e numbe r  o f  pixel s pe r 

visua l  angl e o f  th e imagin g surfac e i n th e horizon -

ta l  an d vertica l  directions ,  respectively . 

Thi s approximatio n hold s whe n th e cente r  o f 

rotatio n o f  gaz e coincide s wit h th e optica l  cente r 

of  th e lens ,  an d th e sensor y surfac e i s spherica l 

abou t  thi s sam e point .  T o th e exten t  tha t  thes e 

tw o assumption s ar e violated ,  th e constan t  func -

tio n kinematic s wil l  b e les s accurate ,  thoug h fo r 

smal l  gaz e angle s an d limite d dept h o f  field,  th e 

accurac y wil l  remai n high . 

T h e proces s o f  establishin g a  ne w fixation  poin t 

i s  a s follows .  I f  th e desire d actio n i s t o fixate a 

particula r  object ,  th e objec t  i s first  localize d i n 

eac h imag e a s describe d previously .  Th e loca -

tion s i n th e tw o image s ar e use d t o comput e a 

location ,  r ,  i n th e retinocentri c frame ,  R .  Sinc e 

th e desire d locatio n i s a t  th e origi n i n R ,  th e vec -

to r  - r  represent s th e relativ e movemen t  i n R .  Thi s 

vecto r  i s  passe d t o th e ey e movemen t  contro l  sys -

tem ,  whic h compute s th e transformatio n fro m R 

t o G  as : 

A g =  J , - ' 3 k X —r 

T h e compute d gaz e angle s ar e use d t o direc t  a 

saccadi c movemen t  o f  th e eye s t o th e ne w fixation 

point . 

I n th e absenc e o f  havin g a  particula r  objec t 

specifie d a s th e targe t  o f  fixation,  th e proces s 

remain s th e same ,  excep t  tha t  th e featur e map s 

ar e gate d t o th e attentio n processo r  accordin g t o 

some defaul t  weightin g o f  th e individua l  maps , 

correspondin g t o th e relativ e importanc e o f  eac h 

featur e fo r  alertin g purposes . 

Thi s schem e ca n b e extende d t o smoot h pur -

sui t  ey e movement s b y performin g a n additiona l 

filtering  ste p o n a  sequenc e o f  gaz e angl e value s 

tha t  ar e obtaine d b y successiv e execution s o f  th e 

abov e procedure .  T o maintai n accurat e pursuit , 

a predictiv e filter  suc h a s a  proportional-integral -

derivativ e (PID )  filter  ca n b e use d t o adjus t  gaz e 

velocitie s (Dor f  1986) . 
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T o u c h i n g a n d m a n u a l  trackin g be accomplishe d a s follows : 

For  ar m movements ,  define d wit h respec t  t o th e 

ar m join t  coordinat e frame ,  A ,  analogou s compu -

tation s ca n b e used .  Conventionally ,  contro l  o f 

ar m movement s i s presume d t o requir e a  com -

plet e mode l  o f  th e ar m kinematic s i n environ -

menta l  coordinate s (Brow n &  Rime y 1988) .  Vi -

suall y guide d movement s the n requir e tha t  th e 

kinematic s o f  th e visua l  syste m i n environmenta l 

coordinate s b e determined .  A n alternativ e ap -

proach ,  tha t  i s  applicabl e t o th e kind s o f  simpl e 

movement s considere d here ,  i s t o expres s th e ar m 

kinematic s i n th e 3- D retinocentri c frame .  I n par -

ticular ,  a  representatio n o f  th e kinematic s tha t  i s 

bot h eas y t o acquir e an d t o comput e wit h i s a 

loca l  one ,  wher e th e smal l  chang e i n retinocentri c 

coordinate s du e t o a  smal l  chang e i n ar m join t 

position s i s use d t o represen t  a  constant-value d 

kinematic s i n tha t  particula r  regio n o f  joint-gaz e 

spac e (Me l  1989) .  Tha t  is ,  fo r  a  particula r  joint -

gaze configuration ,  th e chang e i n retinocentri c co -

ordinates ,  Ar ,  fo r  a  give n chang e i n ar m join t 

positions ,  Aa ,  i s give n by : 

Ar = Jar x Aa 

where Jar is the Jacobian evaluated at the par-

ticula r  joint-gaz e configuration . 

One wa y t o represen t  th e complet e kinemat -

ic s i s a s a  collectio n o f  evaluate d Jacobia n matri -

ces indexe d b y joint-gaz e coordinate s i n a  looku p 

table .  Thes e matrice s ca n b e acquire d throug h 

a calibratio n procedur e prio r  t o use ,  o r  throug h 

an adaptiv e proces s durin g movemen t  execution . 

Thi s ha s advantage s fo r  acquisitio n an d fo r  rep -

resentatio n o f  arbitrar y relations .  Alternately ,  a 

representatio n o f  th e Jacobia n term s a s low-orde r 
function s o f  joint-gaz e spac e i s mor e efficien t  an d 

provide s bette r  generalizatio n durin g acquisitio n 

when th e relation s bein g represente d ar e smooth . 

The direc t  kinemati c equatio n abov e i s use d fo r 

acquisitio n o f  th e kinemati c parameters ,  whil e th e 
invers e Jacobia n i s use d fo r  control . 

Touchin g 

Perhaps the simplest object manipulation behav-

io r  i s touching ,  tha t  is ,  usin g ar m movement s t o 
brin g th e han d int o proximit y wit h som e objec t 

of  interest .  Give n th e previousl y describe d atten -

tiona l  mechanis m fo r  locatin g object s i n R ,  an d 

kinemati c model s fo r  transformin g betwee n R  an d 
G,  an d betwee n R  an d A ,  th e touchin g tas k ca n 

T O U CH (object) : 

r  =  Attend{ohject ) 

Ag =  J , - 'J A X - r 
r  =  Attend{h&nd ) 

A a = J -  f- i 
AR X - r 

;locat e objec t  i n R 

;saccad e t o th e objec t 

jlocat e han d i n R 

;mov e han d t o objec t 

Due t o th e us e o f  loca l  kinematics ,  a  give n mov e 

wil l  b e inaccurat e t o th e degre e tha t  th e ne w join t 

stat e i s fa r  fro m th e initia l  one .  Thi s approac h i s 

appropriate ,  therefore ,  whe n a  lac k o f  real-tim e 

constraint s allow s fo r  th e us e o f  on e o r  mor e smal l 

compensator y movement s t o b e use d t o achiev e 

th e desire d accuracy . 

Notic e th e minima l  nee d fo r  representatio n o f 

spatia l  relation s i n thi s process .  Attentio n i s first 

used t o locat e th e objec t  o f  interest .  Thi s loca -

tio n informatio n i s represente d i n th e stat e o f  th e 

selectio n process ,  whic h i s transmitte d t o th e ey e 

movement  contro l  system .  Onc e th e eye s hav e 

been moved ,  th e locatio n o f  th e objec t  i s implici t 

i n th e gaz e angle s o f  th e eyes ,  an d th e attentio n 

processo r  nee d no t  maintai n tha t  locatio n (whic h 
i s no w ou t  o f  dat e i n an y case) .  Attentio n i s no w 

used t o locat e th e hand ,  an d th e selectio n proces s 

represent s th e locatio n fo r  th e sak e o f  th e ar m 

movement  contro l  system .  Ther e i s n o nee d t o 
maintai n locatio n informatio n acros s movement s 

fo r  thi s simpl e task ,  becaus e i t  ca n b e easil y reac -

quire d b y repeatin g th e sequence . 

Tracking 

A relatively simple extension of the touching be-

havio r  allow s a  movin g objec t  t o b e manuall y 

tracked .  W e wil l  us e th e ter m pursui t  t o refe r  t o 
eye movement s tha t  maintai n fixatio n o n a  mov -

in g object ,  an d manua l  tracking ,  o r  simpl y track -
ing ,  t o refe r  t o ar m movement s tha t  maintai n 

proximit y o f  th e han d t o a  movin g object .  Al -

thoug h th e trackin g behavio r  b y itsel f  i s  no t  on e 
tha t  i s  commonl y executed ,  i t  i s a  necessar y com -

ponen t  o f  task s tha t  requir e movin g object s t o b e 

grasped ,  an d a  precurso r  t o task s tha t  requir e 

interceptio n o f  movin g objects ,  suc h a s catchin g 

and hitting .  Mor e importantl y fo r  th e presen t 

purposes ,  th e trackin g behavio r  demonstrate s th e 

use o f  th e attentiona l  mechanis m a s a  share d re -

sourc e fo r  th e concurren t  contro l  o f  th e ey e an d 

ar m moto r  systems . 

The trackin g tas k coul d b e accomplishe d b y 

simpl y executin g th e touchin g behavio r  i n a n iter -
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ate d loop .  However ,  thi s yield s a  sequenc e o f  dis -

cret e movement s fo r  th e eye s an d th e arm ,  rathe r 

tha n th e smoot h movement s tha t  migh t  b e de -

sired .  Th e require d modificatio n i s straightfor -

ward .  Th e attentions ^  processo r  toggle s bac k an d 

fort h t o locat e firs t  th e object ,  the n th e hand ,  a s 

i n th e touc h procedure .  Th e location s tha t  ar e 

supplie d t o th e moto r  contro l  processe s ar e the n 

transforme d b y a  predictiv e filter .  Th e outpu t 

of  th e filte r  i s  use d t o contro l  th e gaz e an d ar m 

join t  velocities ,  suc h tha t  th e objec t  bein g tracke d 

i s maintjune d a t  th e fixatio n point ,  an d th e han d 

i s maintaine d clos e t o th e object : 

T R A CK (object) : 

repea t 

r  =  Attend{ohject ) 

Af l  =  Jg r  X  - r 
Ag =  PID{Ag ) 
r  =  >l(ten(f(hand ) 

- 1 
AR 

X —r Aa =  J 

Ah =  P ID(Aa ) 

;locat e objec t  i n R 

;desire d gaz e chang e 

jsmoot h g&z e adjus t 

;locat e han d i n R 

;desire d ar m chang e 

jsmoot h ar m adjus t 

An implementatio n o f  th e saccade ,  pursuit , 

touchin g an d trackin g behavior s jus t  describe d 

has bee n develope d fo r  a  binocula r  camer a an d 

roboti c ar m system .  Th e visio n syste m consist s 

of  a  pai r  o f  camera s mounte d o n a  motorize d 

pan-til t  platform ,  an d a  Datacub e Maxvide o im -

age processin g system .  Th e ar m i s a  P U M A 76 1 

si x degree-of-freedo m arm .  A  S U N 4 workstatio n 

run s th e contro l  progra m an d mediate s communi -

catio n betwee n th e imag e processing ,  ey e moto r 

contro l  an d ar m moto r  contro l  systems . 

The feature s use d fo r  definin g object s ar e base d 

on imag e intensity ,  edg e orientatio n an d edg e ra -

ti o magnitude .  Th e objec t  o f  interes t  i s  attache d 

t o a  slowl y revolvin g platfor m place d withi n th e 

workspac e o f  th e arm .  Th e pursui t  behavio r  ha s 

a .4 s cycl e time ,  an d generate s a  smoot h gaz e 

trajector y tha t  lag s th e objec t  b y u p t o a  de -

gre e i n eac h dimension .  Th e trackin g behavio r 

has a  1.25 s cycl e time ,  an d generate s discret e 

ar m movements ,  du e t o a  lac k o f  velocit y con -

tro l  i n th e curren t  ar m controlle r  interface .  Thes e 

movement s als o la g th e objec t  movement ,  an d ex -

hibi t  a n appreciabl e rm s erro r  fro m th e expecte d 

trajectory ,  tha t  i s  fou r  time s greate r  (48m m v s 

1 2 m m)  i n th e directio n paralle l  t o th e lin e o f  sigh t 

tha n i n th e direction s perpendicula r  t o th e lin e o f 

sight . 

Furthe r  detail s ar e presente d i n (Sando n 1992) . 

C o n c l u d i n g r e m a r k s 

Although a great deal of consideration has been 

give n t o th e mechanism s o f  attention ,  muc h les s 

wor k ha s addresse d th e functio n o f  attentio n i n 

everyda y visuomoto r  behavior .  Thi s pape r  de -

scribes ,  an d th e briefl y presente d implementa -

tio n result s demonstrate ,  a  computationall y sim -

pl e approac h t o visua l  guidanc e o f  eye s an d arm s 

base d o n attentiona l  localizatio n an d loca l  kine -

matics .  Th e minima l  representatio n use d i n th e 

approac h ha s advantage s i n computationa l  effi -

ciency ,  bot h fo r  acquirin g an d fo r  maintainin g 

a curren t  mode l  o f  th e externa l  world .  I n addi -

tion ,  minima l  representation s exhibi t  advantage s 

i n adaptiv e systems ,  sinc e th e credi t  assignmen t 

proble m i s reduce d (Whitehea d k  Ballar d 1990) . 

As stated ,  thi s approac h t o objec t  manipula -

tio n applie s t o servo-controlle d movements ,  i n 

whic h visua l  feedbac k i s use d t o repeatedl y ad -

jus t  a n ey e o r  ar m movement .  Thi s i s a n ap -

propriat e mode l  fo r  unskille d behavior ,  an d cor -

respond s t o a  situatio n i n whic h th e kinemati c 

and dynami c model s o f  th e moto r  system s sir e 

not  wel l  characterized .  Whil e mor e complet e an d 

accurat e model s ar e require d fo r  modellin g skille d 

movement s an d fo r  task s havin g significan t  real -

tim e constraints ,  i t  seem s reasonabl e t o assum e 

tha t  suc h model s ar e precede d b y th e approxi -

mat e one s discusse d here .  Mor e accurat e mod -

el s ar e the n acquire d usin g th e error s tha t  occu r 

whil e performin g thes e simple r  behaviors . 

Whil e i t  ma y see m intuitiv e tha t  cover t  atten -

tio n shoul d b e use d t o guid e over t  ey e movements , 

th e precis e relatio n betwee n th e tw o system s i s 

not  ye t  clear .  O n th e on e hand ,  Remingto n foun d 

tha t  th e enhance d processin g associate d wit h at -

tentio n precede d saccadi c ey e movement s tha t 

wer e initiate d b y a  stimulu s onse t  i n th e retina l 

targe t  positio n (Remingto n 1980) .  Thi s provide s 

evidenc e tha t  attentio n i s bein g use d t o guid e th e 

eye movement .  I n addition ,  ther e i s evidenc e tha t 

one componen t  o f  saccadi c latenc y i s th e tim e 

neede d fo r  attentio n t o disengag e prio r  t o localiz -

in g a  targe t  t o b e fixate d (Fische r  &  Breitmeye r 

1987) .  However ,  Remingto n als o foun d tha t  fo r 

eye movement s initiate d b y a  centra l  cu e indicat -

in g th e desire d directio n o f  movement ,  attentio n 

followe d th e ey e movemen t  t o th e targe t  position , 

indicatin g tha t  saccadi c guidanc e wa s provide d 

by som e othe r  source .  A s fo r  th e guidanc e o f  ar m 

movements ,  ther e i s evidenc e tha t  ey e movement s 

pla y a  par t  (Ballard ,  et .  al .  1991) ,  bu t  th e rol e 

of  attentio n i s no t  known . 
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How doe s thi s approac h exten d t o mor e com -

ple x tasks ? Th e introductio n o f  real-tim e con -

straint s ha s alread y bee n mentioned .  Thes e re -

quir e accurat e ballisti c  movements ,  whic h i n tur n 

requir e mor e accurat e kinemati c an d dynami c 

models .  A s previousl y discussed ,  thes e model s 

can b e develope d durin g th e executio n o f  th e sim -

ple r  behavior s describe d here .  Whe n th e tas k 

involve s th e manipulatio n o f  additiona l  objects , 

attentio n mus t  b e share d amon g th e object s t o 

maintai n localizatio n information .  Furthermore , 

an exphci t  shor t  ter m representatio n o f  object s 

wil l  likel y b e necessary ,  i n orde r  t o maintai n con -

tinuit y o f  objec t  characteristics ,  an d t o predic t 

futur e objec t  locatio n fo r  guidin g th e selectio n 

process . 

Finally ,  fo r  mor e comple x interaction s wit h 

objects ,  i n particular ,  fo r  graspin g them ,  han d 

movement s mus t  b e controlle d i n additio n t o ey e 

and ar m movements .  Graspin g behavior s requir e 

not  onl y localizatio n o f  a n object ,  bu t  a n estimat e 

of  objec t  pose .  I n man y cases ,  scal e an d majo r 

axi s orientatio n informatio n ar e sufficien t  fo r  th e 

determinatio n o f  a n appropriat e han d configura -

tio n fo r  grasping .  Fo r  mor e comple x objects ,  de -

taile d pos e mus t  b e determined .  Whil e desirabl e 

feature s fo r  localizin g a n objec t  ar e thos e tha t 

do no t  depen d o n viewpoint ,  th e feature s neede d 

t o determin e pos e ar e thos e tha t  ar e viewpoin t 

dependent .  I n addition ,  th e likel y rol e fo r  atten -

tio n i n detaile d pos e estimatio n i s i n localizin g 
th e component s o f  object s t o represen t  th e spa -

tia l  interrelation s amon g parts . 
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