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A b s t r a c t 

I n thi s pape r  w e addres s th e proble m o f  constructin g a  computationa l  devic e tha t  i s  abl e t o describ e i n 

natura l  languag e it s o w n conceptualizatio n o f  vbua l  input .  Thi s addresse s th e basi c issue s o f  even t  percep -

tio n fro m ra w data ,  a s wel l  a s wha t  connnectio n a  languag e wit h a  limite d vocabular y ha s t o thi s even t 

construction .  W e outlin e a  mode l  o f  ho w th e perceptua l  primitive s i n a  syste m ac t  t o bot h constrai n th e 

possibl e conceptualization s an d naturall y limi t  th e languag e use d t o describ e events . 

Topic: Visual Perception, Natural Language, Lexical Semantics 

1.  In t roduc t io n 

I n orde r  fo r  a n artificiall y  intelligen t  syste m t o interac t  wit h humans ,  i t  i s  desirabl e tha t  i t  b e abl e 

t o communicat e wit h them .  Characterizin g thi s interactio n will ,  i n part ,  requir e considerin g th e impac t 

of  languag e an d perceptio n o n th e communicatio n process .  Thi s pape r  wil l  addres s th e us e o f  languag e i n 

describin g visuall y perceive d events .  T h e focu s wil l  b e o n a  theoretica l  bu t  practica l  descriptio n o f  th e inter -

fac e betwee n a  limite d vocabular y linguisti c syste m whic h support s bot h tens e an d aspec t  an d a  perceptua l 

representatio n fo r  visua l  events .  T w o majo r  bsue s discusse d ar e vbuo-linguisti c tempora l  granularit y an d 

th e effec t  o f  th e interactio n betwee n "hard-wired "  an d learne d focu. $ o f  attentio n o n even t  conceptualization . 

Th e pape r  begin s wit h a  dbcussio n o f  vbion-languag e researc h an d th e problem s associate d wit h integratin g 

vbio n an d language .  I n sectio n 3 ,  w e presen t  ou r  lingubti c an d vbua l  concep t  structures .  Sectio n 4  follow s 

wit h a  descriptio n o f  th e vbuo-linguisti c interfac e illustrate d b y 4  examples .  Sectio n 6  conclude s th e pape r 

wit h a  s u m m a r y an d direction s fo r  futur e research . 
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2.  L a n g u a g e - V i s i o n R e s e a r c h 

Ther e ha s bee n littl e researc h concernin g th e interfac e o f  visua l  an d lingubti c processes .  O n e reaso n 

fo r  thi s i s  tha t  the y eac h currentl y appea r  t o involv e ver y differen t  an d difficul t  processes .  Considerabl e 

energ y ha s bee n focuse d o n low-leve l  o r  earl y vision .  Marr' s [17 |  prima l  sketc h include s severa l  low-leve l 

primitive s fro m whic h scene s ca n b e constructed .  M a n y other s hav e develope d formalism s tha t  relat e low -

leve l  visua l  informatio n t o th e analysi s o f  polyhedra l  scene s i n th e block s worl d ' .  Thei r  wor k point s ou t 

th e difficult y i n analyzin g eve n th e mos t  simpl e scenes .  Ther e ha s als o bee n som e researc h concernin g high -

leve l  vision .  [10 ]  implemen t  a  globa l  blackboar d m e m o r y i n a  scen e interpretatio n system ,  generatin g scen e 

description s b y sharin g th e blackboar d a t  severa l  abstrac t  level s o f  visua l  interpretation .  [5 ]  use s geometri c 

model s t o identif y aircraf t  object s i n aeria l  image s o f  a n airpor t  scene .  ' 

Ther e ha s bee n som e interes t  i n th e us e o f  languag e t o describ e event s an d spatia l  relationships .  [4 | 

develop s a n even t  calculu s whic h use s som e low-leve l  visua l  primitive s t o guid e th e interpretatio n o f  event s 

i n a  robo t  assembl y environment .  [3 |  describe s th e us e o f  spatia l  preposition s fo r  generatin g description s t o 

scene s fro m th e viewpoin t  o f  a  scen e observer ,  [ll j  analyze s locativ e preposition s an d point s ou t  tha t  th e 

use o f  suc h locative s establishe s "ideal "  relationship s whic h mus t  b e m a d e t o fit  t o eac h particula r  instanc e 

of  it s  usage .  Sh e ha s als o pointe d ou t  tha t  ther e i s a n implie d "geometri c conceptualizaton "  w h e n locative s 

ar e interpreted .  [I6 j  develop s a  cogpaitiv e g ramma r  whic h help s t o formaliz e th e us e o f  spatia l  an d perceptua l 

relationship s throug h th e us e o f  referent s an d trajector s a s key s whic h relat e a  linguisti c g r a m m a r  t o th e 

conceptualizatio n o f  th e object s whic h ar e spatiall y  related .  [23 |  explor e verb-drive n even t  processin g i n th e 

observatio n o f  traffi c  scene s fo r  th e generatio n o f  natura l  languag e descriptions .  [29 ]  ha s contribute d t o th e 

researc h wit h e?q)loration s o f  th e relationshi p betwee n languag e an d spatia l  relations .  [24 ]  ha s implemente d a 

syste m usin g visua l  predicate s fo r  earl y languag e development .  Whil e researc h ha s bee n accomplishe d towar d 

understandin g verba l  scen e description ,  ther e ha s no t  bee n enoug h wor k o n describin g th e visuo-linguisti c 

interfac e i n term s o f  ho w vbio n an d languag e influenc e an d constrai n eac h othe r  t o determin e visua l  an d 

lingubti c conceptualizations . 

Th e perceptua l  activitie s an d structure s associate d wit h visua l  perceptio n ar e no t  well-defined .  F r o m 

an apparentl y smal l  se t  o f  "hard-wired "  visua l  percepts ,  peopl e see m t o eventuall y buil d a  relativel y larg e se t 

of  comple x visua l  concepts .  Whil e languag e help s peopl e communicate ,  i t  i s  ofte n require d t o als o efficientl y 

conve y a  larg e amoun t  o f  perceptua l  information .  A  complet e analysi s o f  th e verba l  descriptio n o f  visua l 

concept s woul d requir e considerin g th e verba l  communicatio n proces s fro m perceptuall y low-level s throug h 

th e generatio n o f  linguisti c responses .  Thi s pape r  wil l  concentrat e however ,  o n outlinin g ho w linguisti c 

concept s o f  tens e an d aspec t  ca n b e generate d fro m mostl y intermediate-leve l  visua l  percepts . 

3.  Conceptua l iza t in g th e E v e n t 

To further dbcuss the model of a visuo-linguistic interface, it is important to define what concepts 

and conceptualization s are .  A  concep t  i s a n associatio n o f  object ,  state ,  an d even t  (objec t  an d stat e changes ) 

representation s whic h hav e perceptual ,  linguistic ,  physical ,  an d cognitiv e foundations .  Conceptualizatio n 

i s th e proces s o f  associatin g thos e representation s unde r  a  c o m m o n conceptua l  them e a s concepts .  Ther e 

i s n o defaul t  structur e fo r  concept s sinc e the y ar e representation s o f  distribute d knowledg e source s an d 

may b e associate d wit h severa l  othe r  concepts .  Conceptua l  associatio n i s  constraine d b y th e m e m o r y an d 

processin g capabilit y o f  th e conceptualizin g agent .  I n thi s paper ,  w e ar e concerne d wit h th e visuo-linguisti c 

conceptualizatio n o f  events :  th e proces s o f  associatin g sequentia l  visua l  object ,  state ,  an d even t  change s wit h 

Space doe s no t  permi t  xi s t o revie w th e low-leve l  visio n researc h bu t  Cf .  [2| ,  [6| ,  [l3] . 

An excellen t  collectio n o f  paper s concernin g compute r  visio n system s ma y b e foun d i n |10| . 
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languag e an d vic e versa .  T o addres s thi s concern ,  th e descriptio n o f  linguisti c an d visua l  concept s mus t  b e 

presented .  Th e followin g section s wil l  outlin e linguisti c an d visua l  concept s an d discus s thei r  properties . 

3. 1 Lexica l  S e m a n t i c s fo r  V e r b s 

In this section we outline the framework that defines our domain for lingubtic and lexical conceptu-

alization .  W e wil l  adop t  a n interval-base d semantics ,  th e Extende d Aipec t  Calcul m ([25]) ,  whic h provide s a 

semantic s fo r  lexica l  item s an d constrain s wha t  wor d meaning s ar e possibl e fo r  lexicalizatio n i n a  language . 

T h e thesi s o f  thi s approac h i s t o decompos e th e event s denote d b y verb s int o th e subinterva b tha t  compos e 

the m (cf .  |7l) . 

Our  mode l  i s a  first-order  logi c tha t  employ s specia l  symbol s actin g a s operator s ove r  th e standar d 

logica l  vocabulary .  Thes e ar e take n fro m thre e distinc t  semanti c fields.  The y are :  cautal ,  ipatial ,  an d 

aspectiio L T h e predicate s associate d wit h th e causa l  field  are :  (7au«er((7i) ,  CauaeelC^) ,  an d Inalrumenl(I) . 

T h e spatia l  field  ha s tw o predicat e types :  Locativ e an d T h e m e .  Finally ,  th e aspectua l  field  ha s thre e 

predicates ,  representin g thre e tempora l  intervals :  li ,  beginning ,  t̂ ,  middle ,  an d / j ,  end .  F ro m th e interactio n 

of  thes e predicate s al l  themati c type s ca n b e derived. ' 

Le t  u s illustrat e th e working s o f  th e calculu s wit h a  fe w eTcamples .  Fo r  eac h lexica l  item ,  w e specif y 

informatio n relatin g t o th e argumen t  structur e an d mapping s tha t  exis t  t o eac h semanti c field;  w e ter m thi s 

informatio n th e Themati c Mappin g Inde x ( T M I ) . 

Pair t  o f  th e semanti c informatio n specifie d lexicall y wil l  includ e som e classificatio n int o on e o f  th e 

foUowin g event-type s (cf .  (ij ,  (7| ,  [IS] ,  [26] ,  [30]) . 

even t  — type s 

state s no n — state s 

dynami c stati c processe s event s 

protracte d momentaneou s 

For example, the distinction between state, activity (or process), and accomplbhment can be cap-

ture d i n th e followin g way .  A  stat e ca n b e though t  o f  a s referenc e t o a n unbounde d interval ,  whic h w e wil l 

simpl y cal l  <2 ;  tha t  is ,  th e stat e span s thi s interval. *  A n activit y o r  proces s ca n b e though t  o f  a s referrin g 

t o a  designate d initia l  poin t  an d th e ensuin g process ;  i n othe r  words ,  th e situatio n span s th e tw o mterval s 

<i  an d / j .  Finally ,  a n even t  ca n b e viewe d a s referrin g t o bot h a n activit y an d a  designate d terminatin g 

interval ;  tha t  is ,  th e even t  span s al l  thre e intervals ,  (i ,  / j ,  an d tj . 

We assum e tha t  par t  o f  th e lexica l  informatio n specifie d fo r  a  predicat e i n th e dictionar y b  a 

classificatio n int o som e event-typ e a s wel l  a s th e numbe r  an d typ e o f  argument s i t  take s [18] ,  [31] .  Fo r 

example ,  conside r  th e ver b ru n i n sentenc e (1) ,  an d giv e i n sentenc e (2) . 

(1 )  Joh n ra n yesterday . 

(2 )  Joh n gav e th e boo k t o Mary . 

The prnentatio n o f  th e theor y i i  simplifie d here ,  a s w e d o no t  hav e th e spac e fo r  a  complet e discussion .  Se e [25 ]  fo r 

discussion . 

*  Thi s i s a  simpHcatio n o f  ou r  model ,  bu t  fo r  ou r  purpose s th e differenc e i s moot .  A  stat e i s actuall y interprete d a s a 

primitiv e homogeneou s event-sequence ,  wit h downwar d closure .  Cf .  [20| , 
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We associat e wit h th e ver b ru n a n aspec t  structur e P  (fo r  process )  an d a n argumen t  structur e o f  simpl y 

run[x] .  Fo r  giv e w e associat e th e aspec t  structur e A  (fo r  accomplishment) ,  an d th e argumen t  structur e 

give(x,y ,  z) .  Th e Themati c Mappin g Inde x fo r  eac h i s give n belo w i n (3 )  an d (4) . 

(3 ) 

ru n = 

Cy 

Th 

(4 ) 

giv e = 

U,  I , 

X y 

L T h L 

W 
I 

h J 

The sentenc e i n (1 )  represent s a  proces s wit h n o logica l  culmination ,  an d th e on e argumen t  b  linke d t o 

th e name d themati c (o r  case )  role ,  Th tm e [14] ,  [27| .  Th e entir e proces s i s associate d wit h bot h th e initia l 

interva l  t i  an d th e middl e interva l  i-i .  Th e argumen t  x  i s linke d t o (7 i  a s well ,  indicatin g tha t  i t  i s  a n Acto r 

as wel l  a s a  movin g objec t  (i.e .  Themt) .  Thi s represent s on e T M I  fo r  a n activit y verb . 

The structur e i n (2 )  specifie s tha t  th e meanin g o f  giv t  carrie s wit h i t  th e suppositio n tha t  ther e i s 

a logica l  culminatio n t o th e proces s o f  giving .  Thi s i s capture d b y referenc e t o th e final  subinterval ,  î .  Th e 

linkin g betwee n x  an d th e L  associate d wit h l \  i s  interprete d a s th e themati c rol e Source ,  whil e th e othe r 

linke d arguments ,  y  an d z  ar e Them e (th e book )  an d Goal ,  respectively .  Furthermore ,  x  i s specifie d a s a 

Cante r  an d th e objec t  whic h b  marke d Them e i s als o a n afi'ecte d objec t  (i.e .  Patient) .  Thi s wil l  b e on e o f 

th e TMI s fo r  a n accomplishment . 

Finall y le t  u s conside r  ho w thi s lexica l  informatio n i s actuall y use d whe n w e for m sentence s i n th e 

language .  I n particular ,  le t  u s examin e th e distinctio n betwee n th e limpl e pas t  form s o f  a  sentenc e (5 )  an d 

th e progressiv e form s i n (6) . 

(5 )  a .  Th e plan e landed . 

b.  Th e plan e descended . 

(6 )  a .  Th e plan e i s landing . 

b.  Th e plan e i s descending . 

Notic e tha t  (6b )  entail s (5b )  bu t  i t  i s  no t  tru e tha t  (6a )  entail s  (5a) .  Tha t  is ,  althoug h w e ca n sa y tha t  th e 

plan e ha s descende d i f  w e sa y tha t  i t  i s  currentl y descending ,  i t  i s  no t  th e cas e tha t  th e plan e ha s complete d 

it s landin g i f  w e sa y tha t  i t  b  landing .  I f  w e classif y descen d a s a n activit y an d lan d a s a n accomplbhment , 

however ,  w e ar e abl e t o captur e thi s dbtinctio n i n entailments . 

Let  u s sa y tha t  th e progressiv e act s a s a n operato r  ove r  a n even t  sequence ,  an d pick s ou t  th e middl e 

interva l  < ]  a s th e on e bein g referre d to . 

T h b mean s tha t  th e subeven t  bein g referre d t o b y us e o f  th e progressiv e i s insid e th e even t  / j ,  an d 

does no t  entai l  th e completio n o f  a  landing ,  sinc e ther e b  n o culminatin g even t  associate d wit h th e progressive . 

Give n th b analys b fo r  th e progressive ,  w e no w ca n explai n wh y proces s verb s allo w th e inferenc e i f  x  i s  V-ing , 

the n X  ha s V-ed . 
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3. 2 V i s u a l  E v e n t  C o n c e p t s 

Visua l  even t  concept s (o r  visua l  events )  ar e association s o f  percept s whic h ar e "hard-wired "  low-leve l 

visua l  primitive s (motion ,  location ,  intensity ,  size ,  color ,  etc. )  an d spatio-tempora l  relation s define d b y thos e 

primitive s (e.g .  under ,  near ,  between ,  etc.) .  A  majorit y o f  percept s represen t  objec t  state s an d relations , 

whil e onl y a  fe w percept s represen t  event s (e.g .  motion) .  Ou r  definition s fo r  motio n ar e foun d i n Figur e 1 . 

[motio n 

(objec t  (aotioB-righ t  motion-lef t  motion-forwar d 

motion-backwar d motion-n p motion-dow n 0))) ] 

[motion-righ t 

(objae t  (locatio n 0 )  (locatio n ( x (incroai o 1)))) ] 

[motion-down 

(objec t  (locatio n 0 )  (locatio n ( y (decreas e 1)))) ] 

[Figur e i ] 

We assum e a  viewer-oriente d coordinat e syste m wit h th e origi n a t  th e cente r  o f  th e field  o f  view .  Th e 

z-axi s i s th e lin e o f  sigh t  o f  th e observe r  (-t-z )  throug h th e origin .  Th e x-axi s correspond s t o th e observers ' 

right  (-l-x )  an d lef t  whil e th e y-axi s b  u p (-j-y )  an d down .  Th e number s ar e visua l  samplin g indice s whic h 

sugges t  th e expecte d sequenc e o f  locatio n state s whic h determin e motion .  W e presen t  thes e definition s t o 

illustrat e tha t  thoug h motio n an d locatio n ca n b e decompose d int o mor e primitiv e element s (coordinates) , 

we wil l  defin e locatio n an d motio n (chang e o f  location )  a s ou r  mos t  primitiv e stat e an d event ,  respectively . 

Our  theor y b  concerne d wit h percept s whic h ar e sufficien t  fo r  verba l  description s usin g tens e an d aspect , 

therefor e percept s whic h ar e determine d b y low-leve l  locatio n an d motio n ar e considere d intermediate-leve l 

vbua l  percepts . 

Sinc e event s ar e mor e salien t  tha n states ,  percept s whic h denot e event s hav e greate r  contro l  o f  a n 

observer' s vbua l  focu s o f  attentio n tha n percept s whic h simpl y denot e states .  Vbua l  event s whic h includ e 

suc h percep t  change s ca n infiuenc e (support ,  interrupt ,  suspend ,  o r  terminate )  th e observer' s attention . 

Furthermore ,  short-ter m memor y constraint s forc e th e observe r  t o atten d t o perceptua l  change s durin g a n 

observation .  W e defin e object ,  state ,  an d even t  change s a s simpl e event s s o tha t  a  visuz J even t  ma y b e 

define d a s a  sequenc e o f  on e o r  mor e simpl e events .  T h b sequenc e ma y b e a  sub-sequenc e (sub-event )  o f 

any numbe r  o f  othe r  dbtinc t  vbua l  events .  Fo r  th e remainde r  o f  th b paper ,  vbua l  event s wil l  b e referre d 

t o simpl y a s event s an d simpl e event s whic h boun d visua l  event s wil l  b e terme d initia l  an d final  event s ( a 

simpl e even t  b  th e initia l  an d final  even t  o f  itself) . 

Event s ar e largel y develope d throug h observatio n whic h b  th e concurren t  processin g o f  identifyin g 

object s an d thei r  behavior ,  predictin g an d matchin g event-schemata ,  an d evokin g linguistic ,  cognitive ,  an d 

physica l  descriptiv e procedures .  Thes e procedure s ar e evoke d a t  som e leve l  o f  abstractio n whic h b  appropri -

at e fo r  th e description ,  whic h b y defaul t  b  th e highes t  level .  Descriptio n complexit y ma y var y fro m simpl e 

perceptua l  recognitio n t o combination s o f  linguistic ,  cognitive ,  an d physica l  procedures .  Generally ,  event s 

ar e percep t  change s define d i n term s o f  objec t  combination s an d th e polyadicit y (numbe r  o f  objec t  argu -

ments )  o f  th e percepts .  W e hav e identifie d percept s whic h requir e one ,  two ,  o r  thre e object s simila r  t o thos e 

m 19] .  Eac h visua l  samplin g interva l  (scene )  i s represente d b y th e simpl e even t  whic h b  th e se t  o f  monadic . 

dyadic ,  an d triadi c percept s usin g eac h object ,  objec t  pair ,  an d objec t  tripl e a s arguments ,  respectively . 
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The purpos e o f  observatio n i s t o describ e know n event-schemat a an d t o defin e ne w event-schemata . 

Generally ,  ne w schemat a ar e constructe d fro m a  visua l  activit y histor y by :  retainin g th e histor y a s i t  wa s 

observed ;  definin g sub-event s fro m changin g "hard-wired "  percepts ;  definin g sub-event s fro m an y changin g 

percept s o r  simpl e events ;  o r  b y matchin g predicte d simpl e event s fro m know n event-schemata .  Ne w event -

schemat a ar e name d throug h interactio n wit h a  criti c  o r  b y concatenatin g th e name s o f  previousl y define d 

event s an d recognize d percepts .  Th e probabilit y  o f  even t  recognitio n b  measure d b y th e degre e t o whic h 

event-schemat a ar e matched . 

4.  A  Visuo-linguisti c Interfac e M o d e l 

At each scene, matched percepts, simple events, sub-events, and event-schemata will determine the 

generatio n o f  verba l  description s wher e object s assum e themati c roles .  Th e descriptio n proces s i s guided ,  i n 

part ,  b y recognizin g whethe r  th e objects ,  th e initia l  event ,  an d th e final  even t  ca n b e identified ,  partiall y 

identified ,  o r  unidentified .  Thi s wil l  m tur n determin e whethe r  th e even t  b  a  definite ,  probable ,  o r  possibl e 

past ,  present ,  o r  futur e process ,  achievement ,  o r  accomplishment .  Th e pas t  i s considere d whe n al l  event s 

have occurre d prio r  t o th e presen t  scene ;  th e presen t  whe n al l  simpl e event s occu r  withi n th e presen t  scene ; 

and th e f'itur e b  use d whe n al l  event s wil l  occu r  afte r  th e present .  Th e followin g i s ou r  algorith m fo r  th e 

vbuo-linguisti c interface : 

1. OBSERVE acencn. 

When a n observatio n begins ,  th e observe r  create s a  vbua l  hbtor y i n intermediate-ter m blackboar d 

memory.  A t  eac h scen e th e observe r  confirm s th e recognitio n o f  object s an d th e spatio-tempora l  relation s 

betwee n objects . 

2. PREDICT event-Bchemata. 

Prediction s o f  long-ter m memor y event-schemat a ar e goal-base d whe n selecte d b y th e observe r 

throug h non-vbua l  (e.g .  verbal )  input ,  object-base d whe n selecte d b y vbibl y identifyin g object s whic h 

ar e event-schemat a agents ,  an d event-base d whe n selecte d b y identifyin g spatio-tempora l  relatio n sequence s 

of  visibl y unidentifie d object s an d plausibl y inferrin g event-schemat a agents . 

3. DETERMINE changed percepts. 

The observer' s attentio n i s drive n b y percep t  change s durin g eac h scene .  Th e degre e o f  attentio n 

b roughl y proportiona l  t o th e numbe r  o f  change d percepts :  th e large r  th e numbe r  o f  changes ,  th e greate r 

th e nee d fo r  attention .  Goal-base d predictio n wil l  evok e e-xpectation-drive n attentio n whil e object-base d an d 

event-base d prediction s wil l  evok e data-drive n attention .  Puttin g thes e together ,  w e ca n defin e th e tota l 

attentio n t o b e th e cooperativ e and/o r  competitiv e interactio n betwee n th e data-drive n an d expectation -

drive n mechanisms . 

4. MATCH observed sub-events with predicted event-schemata. 

Sub-event s ar e identifie d b y focusin g attentio n o n defaul t  "hard-wired "  and/o r  learne d percepts . 

Identifie d sub-event s ar e matche d wit h sub-event s o f  predicte d event-schemata . 

5. CLASSIFY predicted event-schemata using matched sub-events. 

Matche d sub-event s ar e compare d wit h th e structur e o f  predicte d event-schemat a b y verifyin g objec t 

agents ,  an d determinin g th e stat e (past ,  present ,  o r  future )  o f  predicte d event-schemat a an d thei r  matche d 
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sub-events .  Predicte d event-schemat a ar e subsequentl y classifie d a s processes ,  achievements ,  o r  accomplish -

ment s . 

6. PRIORITIZE claBsifled predicted event-schemata. 

Predicted event-schemata are ordered based on the percept salience of the sub-events by which they 

wer e classified .  Fo r  example ,  a  nearb y objec t  quickl y movin g towar d th e observe r  ma y b e mor e salien t  tha n 

a dbtan t  objec t  movin g slowl y awa y fro m th e observer . 

7. DESCRIBE successfully predicted event-schemata. 

Verbal descriptions are generated based on the salience, state, and classification of the predicted 

event-schemata .  Thi s wil l  includ e tense ,  aspectual ,  an d causa l  references .  Th e fine-grained  tempora l  granu -

larit y o f  visua l  perception s wil l  b e mappe d int o medium-graine d perceptua l  change s whic h ar e mappe d int o 

coarse-graine d lingubti c descriptions . 

8. COMMENT and generate QUERIES about unsuccessful predictions. 

Verbal comments are generated for predicted event-schemata whose descriptions suggest improbable 

occurrenc e an d minima l  salience .  Th e observe r  wil l  direc t  question s t o a n interactiv e criti c  i n a n attemp t  t o 

relat e successfu l  prediction s t o unsuccessfu l  prediction s ([6] ,  [21]) . 

9. REFINE, UPDATE, and CREATE event-schemata. 

Through dialogue the observer will attempt to assign credit to percepts and sub-events in an effort 

t o creat e ne w event-schemat a an d revis e know n event-schemata . 

10. REPEAT UNTIL scenej. 

The process continues until the observation is terminated by a minimal amount of salience in the 

scen e fo r  a n extende d perio d o f  time ,  o r  throug h th e volitio n o f  th e observer . 

It should be pointed out that event-schemata predictions are made in order to reduce the search 

proble m o f  a  larg e numbe r  o f  event-schemat a wit h a  ver y larg e numbe r  o f  percepts .  Goal-base d prediction s ar e 

specifi c  an d requir e th e les s o f  th e observer' s attentio n resource s tha n object-base d prediction s whil e event -

base d prediction s ar e genera l  an d requir e mor e o f  th e observer' s attentio n tha n object-base d predictions . 

Thi s attentio n disparit y exist s a t  th e beginnin g o f  th e observation ,  bu t  i t  b  expecte d tha t  b y th e en d o f  th e 

observatio n a  smal l  numbe r  o f  event-schemat a wil l  hav e actuall y bee n described . 

5.  E x a m p l e s 

To illustrate our theory of the integration of language and perception, consider that an observer and 

a criti c  witnes s ai r  sho w event s a t  a n airport .  Ther e ar e tw o object s a t  th e show :  a  plan e an d a  runway . 

The observe r  i s a  novic e an d ca n identif y plane s an d runway s an d th e criti c  L s a n aviatio n expert .  Assum e 

tha t  fo r  ever y scen e i n th e observatio n th e observe r  perceive s th e locatio n an d motio n o f  bot h objects .  Fro m 

thes e "hard-wired "  percept s th e observe r  determine s othe r  percepts :  on ,  over ,  above ,  velocity ,  an d altitude . 

Let  u s sa y tha t  th e observe r  focuse s o n percep t  change s betwee n eac h scen e an d represent s the m i n a  visua l 

activit y history .  I f  a n observatio n yield s th e followin g histor y o f  percep t  changes : 
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(viaaal-histor y 

(ronwa y (locatio n 0) ) 

(plan *  (locatio n 0 )  (motio n 3 ) 

(valoclt y (zer o 0 )  (incraas a 4 )  (constan t  IE )  (dacraas a 19 ) 

(coaatan t  27) ) 

(altitnd a (constan t  0 )  (incraas a 10 )  (constan t  16 )  (dacraas a 20 ) 

(constan t  26) ) 

(ranva y (o n 0 )  (ova r  abov a 10)  (abov a 13 )  (ova r  abov a 20 ) 

(o n 25))) ) 

and the observer can verbally describe percepts, it could describe the activity in any scene in terms of the 

percepts : 

(scana-0 

(rnnwa y (locatio n 0) ) 

(plan a (locatio n 0 ) 

(valoclt y (zar o 0) ) 

(altitnd a (conatan t  0) ) 

(rnnva y (o n 0))) ) 

ING(»it x) 

ON(Th ,L ) 

Theme —•  plane/\—motion ] 

L —•  runwa y 

"A plana is aitting on a rnnvay." 

Scene 0 suggests that a motionless plane is the direct agent of sitting on a runway location. This would be 

th e cas e unti l  scen e 4 : 

(Bcans-4 

(ranva y (locatio n 0) ) 

(plan a (locatio n 0 )  (motio n 3 ) 

(velocit y (incraaa a 4) ) 

(altitnd a (conatan t  0) ) 

(rnnva y (o n 0))) ) 

ING(move z) 

ON(Th,L ) 
Theme - ^  plane/{-i-motion l 

L —•  runwa y 

"Ths plana is moving faster on tha rnnvay." 

Scene 4 shows that the plane had been on the runway since scene 0, moved since scene 3, and 

increase d velocit y i n scen e 4 .  Th e observe r  ca n als o generat e sub-event s base d o n an y particula r  changin g 

percept .  Fo r  instance ,  th e observe r  ca n defin e a  simpl e sub-even t  b y focusin g o n th e chang e i n velocit y o f  th e 

plan e a t  scen e 1 5 an d includ e al l  percep t  change s whic h occurre d betwee n th e las t  tw o successiv e velocit y 

change s i n scene s 4  throug h 1 5 an d cal l  i t  a  'Yoo" : 
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(Bub-BV«nt-fo o 

(rnnva y (loc&tio n 0) ) 

(plan *  (locatio n 0 )  (motio n 3 ) 

(valocit y (increas e 4 )  (constan t  16) ) 

(altitud e (increas e 10) ) 

(rnnva y (ove r  abov e 10 )  (abov e 13))) ) 

ING(foo x) 

Theme - *  plane/\+motion ] 

L —•  abov e runway/\+localion \ 

"The plane is increasing altitude above the rnnvay at constant speed." 

or 

"Th e plan e ha s fooed. " 

The observer could continue to generate descriptions of this visual activity in such terms, but for 

lon g an d comple x event s ther e coul d b e a  ver y larg e numbe r  o f  percept s an d sub-event s makin g verba l 

description s to o detailed ,  awkward ,  lengthy ,  o r  ridiculous .  Fo r  thes e reasons ,  i t  b  sometime s desirabl e tha t 

sub-event s hav e mor e concis e an d meaningfu l  descriptions .  Sub-event s coul d b e identifie d b y a n interactiv e 

criti c  wh o ca n recogniz e an d labe l  the m linguistically .  Conside r  tha t  th e followin g dialogu e take s plac e afte r 

witnessin g th e visua l  activity : 

Critic: "The plane takes-off vhen it accelerates on the rnnvay 

and tha n ascends. " 

Observer :  "Vha t  i s ascending?" . 

Critic :  "Th e plan e ascend s vhe n i t  increase s altitude. " 

This verbal exchange causes the observer to focus attention on "increasing altitude" at scene 10. The observer 

no w construct s a n "ascend "  sub-even t  schema : 

(ascend 

(rnnva y (locatio n 0) ) 

(plan e (locatio n 0 )  (motio n 3 ) 

(valocit y (zer o 0 )  (increas e 4) ) 

(altitud e (constan t  0 )  (increas e 10) ) 

(runva y (o n 0 )  (ove r  abov e 10))) ) 

From the observation and the dialogue, the role of the runway in the plane's ascending is not clear. Further-

more ,  th e criti c  ha s no t  give n an y definit e indicatio n a s t o whe n a n ascen d begin s an d ends .  I f  th e dialogu e 

continues : 

Observer: "Vhen does an ascend begin?" 

Critic :  "Th e plan e begin s t o ascen d vhe n i t  increase s 

altitude. " 

Observer :  "Vhe n doe s i t  end? " 

Critic :  "Vhe n th e plan e stop s increasin g altitude. " 

Observer :  "Doe s a  plan e nee d a  rnnva y t o ascend? " 

Critic :  "No. " 

Observer :  "Doe s i t  nee d velocit y t o ascend? " 

Critic :  "Tee. " 
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and scen e indice s ar e normalized ,  th e observe r  ma y generat e a  mor e refine d schem' a fo r  "ascend" : 

(ascand 

(plan a (locatio n 0 )  (motio n 1 ) 

(valocit y (incraas d 3 )  (constan t  4) ) 

(altitnd a (incraas a 3 )  (constan t  5))) ) 

Careful guidance by the critic could result in other refined event-schema definitions such as take-oflf, descend, 

and landing .  Th e observe r  coul d no w describ e th e sam e vbua l  activit y a t  a  highe r  leve l  o f  abstractio n ( ? 

indicate s unobserve d percept) : 

(8cana-4 

(runwa y (locatio n 0) ) 

(plan a (locatio n 0 )  (motio n 3 ) 

(valocit y (incraaa a 4) ) 

(altitnd a (constan t  0) ) 

(rnnva y (o n 0))) ) 

(taka-of f 

(runwa y (locatio n 0) ) 

(plan a (locatio n 0 )  (motio n 3 ) 

(valocit y (Incraas a 4} )  (altitnd a (ucraas a ?)) ) 

(rnnwa y (o n 0 )  (ova r  abov a ?))) ) 

•Tha plana is taking-off." 

(scana-2 3 

(rnnwa y (locatio n 0) ) 

(plan a (locatio n 0 }  (motio n 3 ) 

(valocit y (dacreas a 19) ) 

(altitnd a (dacraas a 20) ) 

(rnnwa y (ova r  abov a 20))) ) 

(dascan d 

(plan a (locatio n 0 )  (motio n 3 ) 

(valocit y (dacraas a 19 )  (con»tan t  ?) ) 

(altitnd a (dacraas a 20 )  (constan t  ?))) ) 

(lan d 

(rnnwa y (locatio n 0) ) 

(plan a (locatio n 0 )  (motio n 3 ) 

(valocit y (dacraas a 19) )  (altitnd a (dacraas a 20)) ) 

(rnnwa y (ova r  abov a 20 )  (o n ?))) ) 

"Tha plana is descanding and has almost landad." 
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I n thes e cases ,  th e observe r  i s guide d t o defin e sub-event s b y focusin g attentio n o n suggeste d percept s rathe r 

tha n focu s attentio n o n "hard-wired "  o r  motion-relate d percept s thoug h al l  percept s remai n buildin g block s 

fo r  sub-events .  Partia l  event-schemat a matche s wer e foun d t o b e helpfu l  i n generatin g description s wit h th e 

us e o f  word s suc h a s "almost "  an d "partially "  thoug h th e event s neve r  completel y occurred .  Th e observe r 

m ay no w describ e ne w visua l  activit y i n term s o f  event s tha t  i t  ca n recognize . 

Withou t  th e benefi t  o f  instruction ,  i t  woul d tak e ou r  observe r  severa l  observation s outsid e th e 

proximit y o f  a n airpor t  t o notic e tha t  plane s ofte n ascen d withou t  runway s an d sometime s ascen d du e t o 

increase d win d velocity .  *  Whil e th e plzme' s velocit y b  no t  essentia l  fo r  vbuall y recognizin g ascen t  o r 

descent ,  suc h percept s ca n b e include d i n event-schemat a t o hel p th e observe r  mak e causa l  inference s i n 

verba l  descriptions . 

O ur  example s sho w tha t  ou r  visua l  even t  definition s ar e hierarchica l  (sinc e sub-event s ar e constructe d 

fro m events )  an d concurrent .  W e ar e quic k t o poin t  ou t  tha t  withou t  th e benefi t  o f  language ,  even t  boundarie s 

m ay b e determine d b y percep t  salienc e alone ,  however ,  languag e ca n hel p t o determin e an d labe l  visua l  event s 

on non-salien t  o r  non-visua l  baaes .  Thu s th e defaul t  tempora l  granularit y an d focu s o f  attentio n durin g even t 

processin g ca n b e altere d b y usin g language . 

6. Summary and Future Work 

Our theory relates the thematic roles of objects in events to lexical and perceptual semantics. It 

present s a  plausibl e mappin g fro m visua l  percept s t o linguisti c description s an d th e invers e transformatio n 

fro m linguisti c description s t o visua l  event-schemata .  W e hav e suggeste d th e rol e tha t  languag e ma y pla y 

i n describin g perception s an d provid e a n algorith m whic h describe s thi s mappin g process .  W e introduc e 

goad-based ,  object-based ,  an d event-base d predictio n an d sho w ho w suc h prediction s ar e integrate d t o focu s 

attentio n o n input  whic h m a y b e linguisti c a s wel l  a s perceptual . 

T h e author s woul d lik e t o poin t  ou t  severa l  significan t  direction s tha t  ou r  researc h i n perceptual -

linguisti c interfacin g an d relate d issue s ca n b e explored .  First ,  thoug h w e ar e directl y concerne d wit h 

visio n an d languag e i n th b paper ,  suc h wor k shoul d lea d toward s investigation s i n perceptua l  modalit y 

an d descriptiv e integration .  Fo r  example ,  th e nex t  ste p i n definin g formalbm s coul d b e t o selec t  anothe r 

perceptua l  modalit y (e. g taction )  an d anothe r  descriptiv e mechanis m (e.g .  motor-control )  an d develo p 

formalism s whic h describ e ho w a n intelligent ,  observin g entit y m a y physicall y mov e a s a  resul t  o f  ho w i t 

b physicall y touched .  Alon g wit h th e theor y outline d i n thi s pape r  a  mor e complet e characterizatio n o f 

perceptua l  descriptio n m a y result . 

Anothe r  interestin g avenu e t o explor e woul d b e ho w moda l  an d descriptiv e integratio n ca n b e con -

trolled .  O n e ide a b  tha t  th e lexicon ,  percepts ,  an d event-schemat a ca n b e noda l  processor s i n a  massivel y 

paralle l  fine-grained  computationa l  networ k simila r  t o [12 ]  an d mor e sophbticate d memor y an d mferenc e 

an d searc h reductio n m e c h a n b m s suc h a s [28 |  m a y b e employed .  W e ar e explorin g suc h implementatio n 

detai b an d find  tha t  a  "Societ y o f  Mind "  (20 j  architectur e m a y b e mos t  prombing . 

Thi s i s th e sam e proble m a s learnin g th e necessar y condition s fo r  a n even t  o r  concept .  Th e mor e genera l  notio n o f 

th e concep t  wil l  aris e wit h th e righ t  trainin g instances .  Se e [2l] ,  [22] . 
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