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Abstrac t 

This paper reports on the learning of spatial concepts 
i n th e £ o project .  Th e startin g poin t  L s th e identifi -
catio n o f  a  visua l  primitiv e whic h appear s t o pla y a 
centra l  rol e i n th e visually-base d semantic s fo r  term s 
whic h expres s spatia l  relation s betwee n tw o objects . 
Thi s primitiv e i s  simpl y th e orientatio n o f  th e imag -
inar y ra y connectin g th e tw o relate d object s wher e 
the y ar e neares t  eac h other .  Give n this ,  a n impor -
tan t  par t  o f  th e learnin g consist s o f  determinin g whic h 
othe r  orientation s thi s particula r  on e shoul d alig n wit h 
(e.g .  i t  shoul d alig n wit h upwar d vertica l  fo r  "above") . 
Thes e othe r  orientation s ma y b e supplie d b y a n object -
centere d coordinat e frame ,  a s i n Englis h "i n fron t  o f 
and Mixte c "cii" ,  a s wel l  a s b y th e uprigh t  coordinat e 
frame .  A  centra l  featur e o f  th e syste m desig n i s th e us e 
of  orientation-tune d Gaussia n node s whic h ca n lear n 
thei r  orientatio n an d <t ,  an d whic h perfor m th e critica l 
tas k o f  orientatio n comparison . 

I n t r o d u c t i o n 

The L o projec t  (Feldma n e t  al .  1990 ;  Webe r  &  Stol -
ck e 1990 )  concern s th e computationa l  tas k o f  acquir -
in g natura l  languag e i n th e visually-base d semanti c do -
mai n o f  spatia l  relation s betwee n geometrica l  objects . 
The goa l  i s t o lear n t o determine ,  fo r  an y natura l  lan -
guage ,  whethe r  a  scen e descriptio n i n tha t  languag e i s 
tru e o f  a  particula r  scene .  A  significan t  par t  o f  thi s 
tas k i s  learnin g th e perceptuall y grounde d semantic s 
fo r  th e individua l  spatia l  term s i n th e language .  Thus , 
as a  subtask ,  w e woul d lik e t o lear n t o associat e scenes , 
containin g severa l  simpl e objects ,  wit h spatia l  term s de -
scribin g th e spatia l  relation s i n th e scene .  Language s 
diffe r  widel y i n th e perceptua l  feature s encode d i n thei r 
spatia l  term s (Talm y 1983 ;  Bowerma n 1989) ,  makin g 
thi s subtas k a  challengin g one . 

W h en learnin g a  particula r  spatia l  concept ,  th e sys -
te m i s supplie d wit h a  scene ,  an d a n indicatio n o f  whic h 
objec t  i s  th e referenc e objec t  (calle d th e landmark ,  o r 
L M)  an d whic h i s th e objec t  locate d relativ e t o th e 
referenc e objec t  (calle d th e trajecior ,  o r  T R ) .  Thi s i s 
illustrate d i n Figur e 1 . 

Earlie r  wor k o n thi s subtas k (Regie r  1-990 ;  Regie r 
1991 )  use d connectionis t  mechanism s t o lear n severa l 

.  T R 

L M 
"Above " 

Figur e 1 :  Learnin g t o Associat e Scene s 
wit h Spatia l  Term s 

basi c spatia l  term s i n English ,  an d handle d th e prob -
le m o f  learnin g th e semantic s fo r  thes e i n th e absenc e o f 
explici t  negativ e instances .  I t  di d not ,  however ,  cove r 
object-relativ e terms ,  i.e .  spatia l  term s whic h ar e sen -
sitiv e t o a n inheren t  orientatio n tha t  a  L M m a y have , 
suc h a s "i n fron t  o f  i n English .  "I n fron t  o f  make s 
referenc e t o a  coordinat e fram e centere d i n th e L M it -
self :  i f  th e L M ( a person ,  fo r  example )  ha s a n inheren t 
front ,  "i n fron t  o f  i s determine d relativ e t o tha t  front . 
Thi s i s i n contras t  t o term s lik e "above" ,  whic h ar e un -
affecte d b y an y inheren t  orientatio n o f  th e L M . 

Thi s pape r  present s a  wa y o f  viewin g spatia l  con -
cept s i n whic h th e semantic s fo r  object-relativ e term s 
and non-object-relativ e term s ar e learne d i n muc h th e 
same manner .  Thi s i s  base d o n th e identificatio n o f  a 
usefu l  visua l  primitive ,  an d th e specificatio n o f  a  mech -
anis m fo r  usin g it .  Th e syste m presente d her e success -
full y learn s th e perceptually-base d semantic s o f  object -
relativ e term s suc h a s "i n fron t  o f ,  a s wel l  a s tha t  o f 
non-object-relativ e term s suc h a s "above" ,  "on" ,  an d 
th e like . 

General Approach 

A centra l  assertio n o f  thi s wor k i s tha t  on e o f  th e cru -
cia l  primitive s use d i n determinin g spatia l  relation s i s 
th e orientatio n o f  th e (imaginary )  ra y fro m th e L M t o 
th e T R wher e the y ar e neares t  t o eac h other .  Conside r 
Figur e 2 .  Her e w e hav e smal l  circle s locate d relativ e 
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(b ) 

Figur e 2 :  Goo d an d Poo r  Instance s o f  Englis h "Above " 

t o tw o triangles ,  wit h th e shortes t  possibl e connectin g 
lin e betwee n th e L M an d T R draw n in .  Not e tha t  i n 
bot h cases ,  th e circl e i s abov e som e par t  o f  th e triangle . 
The assertio n i s tha t  (a )  i s a  bette r  instanc e o f  "above " 
becaus e th e orientatio n o f  th e ra y i s close r  t o upwar d 
vertica l  i n thi s cas e tha n i n (b) .  Thi s has ,  a t  an y rate , 
prove n t o b e a  productiv e workin g hypothesis .  Thi s 
orientatio n wher e th e L M an d T R ar e neares t  i s calle d 
th e T R orientation . 

Anothe r  potentiall y  usefu l  primitive ,  t o b e incorpo -
rate d i n th e future ,  i s  th e orientatio n o f  th e ra y con -
nectin g th e center s o f  mas s o f  th e tw o object s (th e C o M 
orientation) .  Figur e 2  ca n actuall y b e see n a s supply -
in g evidenc e tha t  a  combinatio n o f  thes e tw o primitive s 
migh t  pla y a  rol e i n th e determinatio n o f  exactl y whe n 
one objec t  i s  "above "  another .  Fo r  i f  th e smal l  cir -
cl e i n (a )  wer e move d dow n th e slop e o f  th e triangle , 
i t  woul d eventuall y reac h a  poin t  a t  whic h w e woul d 
no longe r  fee l  comfortabl e callin g th e relatio n betwee n 
th e tw o object s "above" ;  however ,  th e T R orientatio n 
woul d hav e remaine d unchanged .  Thi s ca n b e explaine d 
by postulatin g tha t  bot h th e T R orientatio n an d th e 
C oM orientatio n mus t  pla y a  par t  i n th e determinatio n 
of  "above" ,  an d tha t  th e C o M orientatio n i n thi s ne w 
cas e i s to o fa r  fro m vertica l  t o allo w on e t o labe l  th e 
scen e "above" .  Th e C o M orientatio n i s no t  use d i n th e 
syste m presente d here ;  thi s  i s primaril y t o simplif y th e 
exposition . 

Give n orientatio n primitive s o f  thi s sort ,  a  larg e par t 
of  th e tas k o f  learnin g th e perceptually-base d semantic s 
fo r  spatia l  term s i s t o determin e whic h othe r  orienta -
tion s i n th e scen e th e T R (and/o r  C o M )  orientatio n 
align s with ,  an d t o wha t  extent .  A s a  ver y simpl e ex -
ample ,  i f  th e T R orientatio n align s perfectl y wit h up -
war d vertical ,  w e conside r  thi s a n excellen t  instanc e o f 
"above" .  I f  i t  deviate s a  littl e fro m upwar d vertical , 
thi s i s a  fai r  instance ,  an d s o on .  Thus ,  wha t  i s re -
quire d i s a n orientatio n compariso n mechanis m o f  som e 
sort .  6-nodes ,  t o b e describe d i n detai l  below ,  fulfil l 
thi s function . 

Ther e ar e i n fac t  tw o distinc t  aspect s t o th e proces s 
of  learnin g orientations : 

• Learning which of several available reference orienta-
tion s th e T R orientatio n shoul d alig n with . 

•  Learnin g wha t  th e value s o f  som e o f  thes e referenc e 
orientation s shoul d be .  Fo r  example ,  th e syste m 
start s learnin g withou t  knowledg e o f  th e fac t  tha t  up -
war d vertica l  i s  a n importan t  referenc e orientation .  I t 
must  lear n t o tun e itsel f  s o tha t  upwar d vertica l  be -
comes on e o f  th e referenc e orientation s availabl e t o 
th e T R orientatio n fo r  alignment . 

Thes e tw o aspect s o f  th e learnin g occu r  simultaneousl y 
i n th e system . 

Some referenc e orientation s ar e no t  learned ,  however . 
The orientation s o f  th e majo r  an d mino r  axe s o f  th e 
landmar k ar e critica l  fo r  learnin g object-relativ e terms , 
togethe r  wit h a n indicatio n o f  whethe r  o r  no t  on e en d o f 
each axi s i s inherentl y marke d a s th e positiv e directio n 
(e.g .  th e positiv e directio n o f  th e majo r  axi s fo r  a n erec t 
human bein g i s upwards ,  whil e th e positiv e directio n 
fo r  th e mino r  axi s i s towar d th e ventra l  side) .  Th e 
value s o f  thes e orientation s clearl y chang e wit h eac h 
new landmark ;  thus ,  the y ar e no t  learned . 

Orientatio n alignmen t  doe s no t  suffic e t o represen t 
suc h importan t  perceptua l  feature s a s inclusio n an d 
contact .  Anothe r  crucia l  primitiv e i s a  bitma p repre -
sentatio n o f  th e interio r  o f  th e L M ,  i.e .  a  2- D visua l 
map suc h tha t  al l  point s tha t  fal l  i n th e interio r  o r  o n 
th e boundar y o f  L M ar e activated ,  an d al l  other s un -
activated .  Ideally ,  a  fixed  connectionis t  visua l  prepro -
cessin g stag e wil l  produc e thes e primitive s fo r  th e learn -
in g system ,  give n th e inpu t  image .  Currently ,  the y ar e 
compute d i n a  non-connectionis t  fashion . 

The syste m learn s spatia l  concept s b y combin -
in g evidenc e fro m thes e tw o form s o f  representation , 
orientation-base d an d bitmap-based .  Th e detaile d ar -
chitectur e wil l  b e presente d below . 

The Mixtec Spatial System 

As mentione d above ,  par t  o f  th e goa l  o f  th e L q projec t 
i s t o buil d a  syste m tha t  wil l  b e abl e t o lear n th e spatia l 
syste m o f  an y natura l  language .  Fo r  thi s reason ,  thi s 
pape r  focuse s o n th e learnin g o f  spatia l  concept s fro m 
th e Mixte c language ,  a  syste m radicall y differen t  fro m 
tha t  o f  English .  Bot h Mixte c an d Englis h concept s ar e 
learne d b y th e system . 

The Mexica n India n languag e Mixte c ha s a  spa -
tia l  syste m base d o n a n extensiv e body-par t  metapho r 
(Brugma n 1983) ,  featurin g a  numbe r  o f  object-relativ e 
terms .  I n general ,  i n Mixte c on e woul d sa y "Th e [TR ] 
i s locate d (near/at )  th e [LM]' s [body-part-name]",eve n 
i f  th e L M wer e no t  a n animat e object .  Thus ,  th e regio n 
abov e a  tre e woul d b e describe d a s "(near/at )  th e tree' s 
head" .  On e intriguin g aspec t  o f  Mixte c i s tha t  i t  use s 
human body-par t  term s t o describ e relation s relativ e t o 
L Ms whic h ar e verticall y extended ,  an d anima l  body -
par t  term s fo r  horizontall y extende d L M object s (sinc e 
animal s suc h a s dog s an d horse s ar e generall y see n o n al l 
fours ,  horizontall y  extended) .  Ther e i s a  Mixte c ter m 
whic h i s use d fo r  bot h human s an d animals ,  however , 
and therefore ,  fo r  bot h verticall y an d horizontall y ex -
tende d objects .  Thi s i s th e ter m cii ,  o r  "belly" ,  whic h 
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Figur e 3 :  Some Trainin g Dat a an d Result s 
fo r  Mixte c "ctj "  (se e text ) 

indicate s th e are a i n fron t  o f  a  verticall y extende d ob -
jec t  (wher e huma n bellie s are) ,  an d th e regio n belo w a 
horizontall y extende d objec t  (wher e anima l  bellie s are , 
most  o f  th e time) .  Thus ,  thi s ter m i s object-relativ e i n 
th e cas e o f  a  verticall y extende d LM ,  an d no t  object -
relativ e i n th e horizontall y extende d case .  I.e .  th e rel -
evan t  referenc e orientation s ar e supplie d b y th e L M i n 
th e verticall y extende d case ,  an d b y th e (learned )  up -
righ t  coordinat e syste m otherwise . 

Training and Results 

The T R i s restricte d t o b e a  singl e poin t  fo r  th e tim e 
being ;  curren t  wor k i s directe d towar d th e mor e genera l 
case o f  a n arbitrarily-shape d TR . 

Figur e 3  present s trainin g dat a an d result s fo r  Mixte c 
c» ("belly") . 

Figur e 3  (a )  contain s som e o f  th e trainin g dat a fo r 
Mixte c ci i  ("belly") .  I t  show s a n oriente d uprigh t  L M 
(th e larg e "-I- "  ' s  o n th e L M mar k th e positiv e direction s 
of  th e majo r  an d mino r  axes) ,  an d a  numbe r  o f  poin t 
TRs:  th e circle s indicat e positiv e example s o f  e n wit h 
respec t  t o thi s L M ,  an d th e smal l  x-mark s indicat e neg -
atives .  Not e tha t  th e positiv e example s ar e al l  locate d 
i n th e positiv e directio n o f  th e mino r  axis ,  o r  "i n fron t 
o f  th e LM . 

Figur e 3  (b )  als o hold s trainin g dat a fo r  cii .  I t  show s 
an unoriente d horizontall y extende d L M (n o en d o f  ei -
the r  axi s i s marke d a s positive) ,  agai n wit h a  numbe r 

of  poin t  TR s indicatin g positiv e an d negativ e exam -
ples .  Recal l  tha t  i n th e cas e o f  horizontall y extende d 
LMs,  di i  (o r  "belly" )  i s  associate d wit h tha t  regio n o f 
spac e whic h i s foun d wher e anima l  bellie s usuall y are , 
vi z th e are a belo w th e LM .  Thus ,  fo r  horizontall y ex -
tende d LMs ,  i t  doe s no t  matte r  whethe r  th e axe s o f  th e 
objec t  ar e marke d fo r  directio n o r  not . 

Ther e i s trainin g dat a relativ e t o othe r  L M s a s wel l 
(uprigh t  L M s pointin g t o th e right ,  horizonta l  L M s wit h 
directe d axes ,  suc h tha t  th e mino r  axi s point s down -
ward ,  etc.) ,  bu t  consideration s o f  spac e preclud e pre -
sentatio n o f  al l  o f  these . 

Figur e 3  (c )  illustrate s th e result s o f  th e learning . 
The siz e o f  th e blac k circle s indicate s th e appropriate -
ness ,  a s judge d b y th e traine d system ,  o f  usin g th e ter m 
Hi  t o describ e th e relatio n betwee n a  poin t  T R a t  tha t 
location ,  an d th e L M shown .  Not e tha t  th e L M point s 
t o th e righ t  here ,  an d tha t  i t  i s th e regio n t o th e righ t 
tha t  i s  considere d t o b e ci i  th e LM .  I n th e cas e o f  a n 
uprigh t  L M pointin g t o th e lef t  (lik e th e L M presente d 
wit h th e trainin g dat a i n (a)) ,  point s t o th e lef t  o f  th e 
L M woul d b e considere d e n th e LM . 

Figur e 3  (d )  illustrate s th e result s o f  th e learnin g rel -
ativ e t o a n unoriente d horizontall y extende d landmark . 
As desired ,  point s unde r  th e L M ar e considere d t o b e 
ci i  th e LM .  Again ,  spac e consideration s rul e ou t  pre -
sentatio n o f  th e result s fo r  al l  possibl e LMs ,  bu t  th e 
concep t  i s successfull y learned . 

The syste m ha s learne d th e Englis h concept s i n fron t 
of ,  i n bac k of ,  above ,  below ,  left ,  right ,  in ,  out ,  off ,  an d 
on.  I t  ha s als o learne d th e followin g concept s fro m 
Chalcatong o Mixtec :  in i  ("spleen ,  gut" ,  meanin g in -
side) ,  sin i  ("huma n head" ,  abov e a n uprigh t  L M ) ,  ci i 
("belly" ,  alread y discussed) ,  ha? a ("foot" ,  a t  th e bas e 
of  a n uprigh t  L M ) ,  sik i  ("anima l  back" ,  abov e a  hor -
izontall y extende d L M ) ,  an d yat a ("huma n back" ,  i n 
fron t  o f  a n uprigh t  L M ) .  Clearly ,  severa l  o f  thes e ar e 
object-relativ e terms . 

System Design 

One o f  th e centra l  mechanism s use d i n th e syste m i s 
one tha t  determine s t o wha t  exten t  a  give n orientatio n 
matche s a  referenc e orientation .  A  nod e mechanis m 
i s presente d her e whic h allow s thi s sor t  o f  orientatio n 
comparison ,  an d allow s th e nod e t o lear n t o tun e itsel f 
t o embod y a n appropriat e referenc e orientatio n an d tol -
erance . 

Once thi s nod e mechanis m ha s bee n presented ,  th e 
networ k a s a  whol e wil l  b e presente d an d discussed . 

0-Nodes 

Al l  orientation s i n th e syste m ar e represente d i n 
(sin,cos )  pairs .  ̂  Th e structur e o f  a  singl e 0-node ,  whic h 
learn s t o tun e itsel f  t o a  preferre d orientatio n an d toler -
anc e usin g thi s representation ,  i s presente d i n Figur e 4 . 
Not e tha t  sing,case ,  an d a e ar e variable s interna l  t o 

'Thi s representatio n ca n b e viewe d a s a  minimalis t  ver -
sio n o f  coarse-coding . 
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Figur e 4 :  Interna l  Structur e o f  a  Singl e 9-nod e 

th e 0-node ,  definin g it s preferre d orientatio n an d tol -
erance .  Thes e interna l  value s m a y b e learne d togethe r 
wit h weight s i n th e networ k a s a  whole ,  o r  m a y b e im -
pose d fro m th e outsid e t o orde r  t o "tune "  th e node . 

T h e functio n o f  a  6-nod e i s simpl y a  Gaussia n (se e 
( M o o d y &  Darke n 1988 )  fo r  earlie r  wor k usin g Gaus -
sia n node s i n a  s o m e w h a t  differen t  w a y i n connectionis t 
networks) : 

... . , (sine - sinty + (cose - cosi)^ 
fe{sini,cosi )  =  ex p [  '-— j  ^ J 

The partial derivatives of fe with respect to each of 
th e interna l  variable s are : 

df e 

dsin g 

dfe 

dcos g 

—2{sin g — siui ) 

exp 

exp 

—2{cos g — cosi ) 

[ ^ stn t  — sin . -T T ^ ] . 

df e _  2(isin g -  sirii) ^  +  {cos g — cosi)"̂ ) 

9o 7 ~  exp[^^""*""'"- '̂'̂ /""""^^](T g 

(2 ) 

(3 ) 

(4 ) 

Fro m these ,  w e ca n easil y find  ̂ ,  ^ ,  an d | ^ , 

whic h enable s u s t o us e back-propagatio n t o trai n th e 
interna l  variable s o f  a  give n 6-node ,  togethe r  wit h th e 
weight s o f  th e networ k i n whic h the y ar e embedded . 

Ever y 0-nod e wil l  lear n it s <Tg ,  an d several ,  thoug h 
not  all ,  wil l  lear n thei r  orientation s a s wel l  (sing,cose) . 

Network Architecture 

Figur e 5  illustrate s th e architectur e o f  th e networ k 
used here .  Not e tha t  al l  weight s belo w th e dotte d lin e 
ar e froze n a t  1.0 ,  s o learnin g occur s onl y abov e thi s line . 

Recal l  tha t  th e syste m use s bot h orientation-base d 
and bitmap-base d primitives .  W e examin e th e halve s 
of  th e networ k handlin g eac h o f  thes e i n turn . 

We first  conside r  orientation-base d processing .  Thi s 
i s don e b y th e left-han d hal f  o f  th e network ,  whic h re -

ceive s inpu t  fro m th e T R orientatio n an d th e majo r  an d 
mino r  axi s orientation s o f  th e L M (her e labele d "MAO " 
and "mAO" ,  respectively) .  I f  th e L M majo r  axi s ha s 
no inheren t  direction ,  the n th e tw o possibilitie s fo r  tha t 
orientatio n ar e loade d int o th e MAO( l )  an d MA0(2 ) 
input s (e.g .  i f  i t  i s  a  tal l  objec t  wit h neithe r  th e to p 
nor  th e botto m marke d a s th e positiv e direction ,  th e 
input s ar e loade d wit h th e (sin,co8 )  representation s o f 
90 degree s an d 27 0 degrees) .  If ,  o n th e othe r  hand , 
th e L M ha s a n inheren t  directio n fo r  it s majo r  axis , 
bot h MAO( l )  an d MA0(2 )  ar e loade d wit h th e repre -
sentatio n fo r  tha t  direction .  Th e mino r  axi s orientatio n 
input s (mAO(l )  an d mA0(2) )  ar e handle d analogously . 

Al l  hidde n node s marke d 0  ar e 0-node s o f  th e sor t 
describe d above ,  an d al l  receiv e thei r  {8ini,coSi )  in -
put s (recal l  Figur e 4 )  fro m th e T R orientatio n input . 
Of  thes e nodes ,  th e middl e thre e lear n thei r  sing,cosg , 
and <Tg ,  whil e th e other s lear n onl y ag ,  an d hav e thei r 
{sing,cosg )  interna l  variable s se t  b y th e line s leadin g 
t o the m fro m th e M A O an d m A O inputs .  Thus ,  th e 
middl e thre e node s lear n t o tun e themselve s (generall y 
t o th e uprigh t  vertica l  an d t o lef t  an d right) ,  whil e th e 
tw o o n th e lef t  ar e alway s tune d t o whateve r  th e majo r 
axi s orientatio n is ,  an d th e tw o o n th e righ t  t o whateve r 
th e mino r  axi s orientatio n is ,  wit h ambiguousl y oriente d 
L Ms handle d a s describe d above . 

Conside r  nod e H ,  abov e th e 0-nod e layer .  It ,  lik e th e 
othe r  node s no t  explicitl y  marke d wit h a  0 ,  compute s 
th e usua l  sigmoi d o f  it s weighte d an d summed input . 
Notic e tha t  th e tw o 0-node s associate d wit h th e ma -
jo r  cLxi s projec t  t o H ,  o n link s whic h ar e constraine d t o 
be o f  th e sam e weight ,  denote d "r "  (se e (LeCu n 1989 ) 
fo r  detail s o n thi s techniqu e o f  weight-sharing) .  Th e 
tw o link s fro m th e M A O 0-node s t o nod e J  wil l  als o 
be constraine d t o b e th e same ,  thoug h no t  necessaril y 
th e sam e a s "r" .  Weight s fro m th e m A O 0-node s ar e 
similarl y constrained . 

Notic e tha t  unde r  thes e constraints ,  nod e H  wil l  trea t 
bot h M A O 0-node s identically ,  s o tha t  i t  ca n lear n t o 
respon d t o ambiguousl y directe d L M s withou t  worryin g 
abou t  whic h o f  th e tw o possibl e orientation s i s repre -
sente d b y whic h o f  th e tw o 0-nodes .  Not e als o tha t  i f 
th e L M doe s hav e inheren t  orientation ,  the n H  ca n re -
ceiv e greate r  inpu t  fro m thes e node s tha n i t  woul d i n th e 
cas e o f  a n ambiguousl y oriente d L M ,  sinc e i n th e am-
biguou s case ,  a t  mos t  on e o f  th e tw o Gaussia n 0-node s 
wil l  b e respondin g strongly ,  whil e i n a n unambiguousl y 
directe d case ,  bot h ma y be . 

Thi s playe d a  rol e i n th e learnin g o f  Mixte c cii :  i f 
ther e wa s a n inheren t  mino r  axi s orientation ,  tha t  di -
rectio n wa s th e correc t  on e fo r  ci t  a s learne d b y th e 
system .  I f  ther e wa s no t  an y inheren t  directionalit y t o 
th e mino r  axi s however ,  th e syste m responde d t o th e 
coincidenc e wit h downwar d vertica l  o f  on e o f  th e tw o 
possibilitie s fo r  th e mino r  axis .  Sinc e a  nod e suc h a s 
H wil l  receiv e greate r  inpu t  i n th e cas e o f  a n unam -
bigousl y oriente d L M wit h a  T R i n tha t  direction ,  bu t 

194 



Outpu t 

- a 

o o o o 

mAO(l )  mA0(2 ) TR 
orientatio n 

0 0 o o 

MAO(l )  MA0(2 ) 

Al l  orientation s ar e i n (sin,cos )  pairs . 

Al l  weight s belo w th e dotte d lin e ar e 
frozen at 1.0. 

< 5 - < ^ - -

Interio r 

XTR 

Figur e 5 :  Networ k Architectur e 

195 



wil l  stil l  respon d somewha t  i n th e cas e o f  a n ambiguou s 
L M wit h a  T R i n on e o f  th e tw o possibl e directions ,  thi s 
concep t  wa s learnable . 

We no w conside r  th e processin g o f  th e bitmap-base d 
L M representation ,  performe d b y th e right-han d par t  o f 
th e network ,  whic h receive s inpu t  fro m th e L M interio r 
map.  Eac h o f  th e thre e node s i n th e cluste r  labele d "I " 
(fo r  interior )  ha s a  receptiv e field  o f  five  pixels . 

W h en a  T R locatio n i s specified ,  th e value s o f  th e five 
neighborin g location s show n i n th e L M interio r  map , 
centere d o n th e curren t  T R location ,  ar e copie d u p t o 
th e five  inpu t  nodes .  Th e weight s o n th e link s betwee n 
thes e five  node s an d th e thre e node s labele d "I "  i n th e 
laye r  abov e defin e th e receptiv e fields  learned .  Whe n 
th e T R positio n changes ,  five  ne w L M interio r  ma p pix -
el s wil l  b e "viewed "  b y th e receptiv e fields  formed .  Thi s 
allow s th e syste m t o detec t  th e L M interio r  (o r  a  borde r 
betwee n interio r  an d exterior )  a t  a  give n poin t  an d t o 
brin g tha t  t o beao '  i f  tha t  i s  a  relevan t  semanti c featur e 
fo r  th e se t  o f  spatia l  term s bein g learned . 

Not e tha t  th e fou r  oute r  link s i n thi s smal l  receptiv e 
field  ar e tie d t o th e sam e value ,  s o tha t  thi s receptiv e 
field  i s radiall y symmetric .  Thus ,  thi s hal f  o f  th e net -
wor k handle s strictl y loca l  feature s suc h a s contac t  an d 
inclusion ,  whil e th e res t  o f  th e networ k handle s direc -
tiona l  features . 

The orientation-base d an d bitmap-base d representa -
tion s ar e combine d a t  th e outpu t  leve l  o f  th e network , 
so tha t  th e learne d semantic s fo r  a  give n spatia l  ter m 
may involv e a  mixtur e o f  evidenc e fro m th e tw o repre -
sentatio n types . 

Conclusions 

A connectionis t  syste m ha s bee n presente d whic h 
learn s perceptuall y grounde d semantic s fo r  bot h object -
relativ e an d non-object-relativ e spatia l  terms ,  fro m En -
glis h an d Mixtec .  Th e syste m relie s o n th e us e o f  a 
particula r  visua l  primitive ,  th e orientatio n o f  th e imagi -
nar y ra y connectin g th e tw o relevan t  object s wher e the y 
ar e neares t  t o eac h other .  Thi s orientatio n i s compare d 
t o variou s referenc e orientations ,  b y Gaussia n G-node s 
tune d fo r  a  particula r  orientatio n an d tolerance .  Thes e 
0-node s lear n thei r  as ,  an d som e lear n thei r  referenc e 
orientation s a s well . 

Immediat e futur e wor k i s directe d towar d extendin g 
th e syste m t o handl e trajector s whic h ar e no t  simpl y 
a singl e point .  I n addition ,  movin g trajectors ,  an d a 
means fo r  handlin g th e resultin g polysemy ,  ar e o n th e 
agenda . 
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