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ABSTRACT 
A systertl h i ~ s e d  toti a  new a p p r o a c h  f o r  

r e c o q t i i t i o t i  #of p a r t i a l l y  o b s c u r e d  randoriily 
p o s i t  i n n e d  p l a n a r  $ r ~ b . j e c t s  i n  a  m c t l t i - o b j e c t  
s c e n e  is p r e s e n t e d  i t 1  t h i s  p a p e r .  The a p p r o a c h  
is b a s e d  on a b d u c t i v e  r e a s o n i n g .  I n t e r p r e t a t  iot i  
,of t h e  image i s  q e t i e r a t e d  frorii t h e  o b s e r v e d  
s p a t i a l  r e l a t  i o n s  be tween  i n s t a n t i a t e d  
p r i m i t i v e s .  The scheme i s  g e n e r a l  and  r o b u s t  
enough t o  accornodate u n c e r t a i n t i e s  i n  f e a t u r e  
and  r e l a t i o n  d e t e c t i o n .  The a l g o r i t h n i  is 
$ c a p a b l e  o f  recorqt i ls i t iq  o b j e c t s  w i t h  riiitiiri~um o f  
s u p p o r t  i v e  e v i d e n c e .  

I n t r o d u c t i o n  
R e ~ o q t 7 l t l o t i  of  o c c l u d e d  o b j e c t s  is o f  

p r i m e  i t i t e r e s t  f o r  i t i d u s t r  i a l  a u t o m a t i o n  arid 
m i l i t a r y  applications. S e v e r a l  a p p r ~ : ~ a c h e s  
trsitiq l o c a l  atid r e l a t i o n a l  f e a t u r e s  o r  
~ c o t i s t r a i n t s r l , 2 , , 3 1  h a v e  been  prcnpoc,ed. In  t h i s  
p a p e r ,  we p r e s e n t  a  new t e c h n i q u e  flor t t i e  
rrrnootii t iot i  problern which is o e t i e r a l  etit:~ugIi t o  
accornodate a n y  k i n d  nc~f f e a t u r e  and  r e l a t i o n  
d e t e c t o r s .  

P rob lem f o r m u l a t i o n  
An o b j e c t  is c h a r a c t e r i s e d  by t h e  set ctf 

p r i m i t i v e  f e a t u r e s  p r e s e n t  i n  i t  and  s p a t i a l  
r e l a t i o n s  arilotiq them. With t h e  a s s u m p t i o n  t h a t  
t h e  # o b j e c t s  a r e  p l a n a r  and  l i e s  uti a  p l a n e  
p e r p e n d i c u l a r  t o  t h e  c a m e r a  a x i s , i r n a a e  #of a  
m u l t i - o b j e c t  s c e n e  c ~ o t i t a i t i s  i d e n t i f i a b l e  l o c a l  
p r i m i t i v e  i r raqe  s t r u c t u r e s  h a v i n q  at ie  t o  o n e  
nrorrespot idet ice w i t h  t h e  v i s i b l e  s u b p a r t s  o f  
t h e  n b j e c t s  i n v o l v e d .  From t h e  p r i r i ~ i t i v e  irnape 
s t r u c t u r e s , s p a t i a l  r e l a t i o n s  amntiq them and  
knowledge nf t h e  o b j e c t  mode ls  which c a n  c a u s e  
t h e i r  p r e s e n c e .  i  ti f e r e t i c e s  a r e  drawn a b o u t  
t h e  o b j e c t s  p r e s e n t  117 a  s c e n e .  T h i s  i s  
e s s e n t i a l l y  an i n f e r e n c e  o f  t h e  form 
G i v w  a  f a c t  'R' a n d  a n  a s s o c i a t i o n  'A 
c a u s e s  R' , i n f e r  ' p l a u s i b l e  A ' .  

S i  t ice  p r  i r i~ i  t i v e  irilaqe s t r i t c  t i r r e s  a n d  
t h e i r  s p a t i a l  r e l a t i o n s  a r e  i n v a r i a n t  u n d e r  
r o t a t i o n  and  t r a n s l a t i o t i , i t  f o r m s  t h e  b a s l s  o f  
,our r e p r e s e t i t a t  i o t i a l  scheme.  For  a n a l y s i s  o f  
i m a p e s  o f  o c c l u d e d  o b j e c t s  where  o n l y  p a r t i a l  
i n f o r m a t i o n  a b o u t  r e l a t i v e  c ~ : ~ t i f i q u r a t i o t i  ~nf  
t h e  p r i m i t i v e s  may b e  a v a i l a b l e , t h e  set o f  
o b s e r v e d  s p a t i a l  c o t i s t r a i  tits among t h e  
p r i m i t i v e s  is u s e d  t n  form i n t e r p r e t a t i o n s .  
I n t e r p r e t a t i o n s  a r e  o r q a t i i s e d  a s  g e n e r a t o r  
s e t s t 4 1  and  a t  a n y  t ~ m e  i t  . f u l l y  e x p l a i n s  t h e  
p a r t i a l  e v i d e n c e  a v a i  l a b l e  a t  t h a t  i n s t a n t .  
A s u i t a b l e  u p d a t  i o n  p r o c e d u r e  h a s  b e e n  

d e v e l o p e d  t c ,  u p d a t e  t h e  i t i t e r p r e t a t  i o n s  f o r  
new e v i d e n c e s .  

I n t e r p r e t a t i o n  
L e t  R+ b e  t h e  s e t  cef a l l  i n s t a n t i a t e d  

r e l a t i o n s  and  0' b e  t h e  set o f  i n s t a n t i a t e d  
o b j e c t s  s u c h  t h a t  

m  
0' = U 0,- 

i = l  
0** = .( 0*1 , 1 01 B c a ~ s e ~ C R + ~  3  1 

where,  m is t h e  number o f  i n s t a n t i a t e d  
r e l a t i o n s ,  c a u ~ e ~ ( R + ~ )  is t h e  s e t  o f  o b j e c t s  
p o s s e s i n g  t h e  r e l a t i o n  R1 a n d  0+,, is t h e  j t h  
i n s t a n c e  o f  t h e  l t h  o b j e c t  s u c h  t h a t  O+lJ is a  
4 - t u p l e  (Ol,x,,y,,H,f. Ix ,  y ,  0 )  is t h e  
t r a n s f o r m a t i o n  v e c t o r  c a l c u l a t e d  f o r  t h e  
o b j e c t  01 from t h e  s p a t i a l  c o n s t r a i n t s .  

An i n t e r p r e t a t i o n  o f  a n  image  is d e f i n e d  
a s  t h e  set o f  o b j e c t  i n s t a n c e s  0 ,  s u c h  t h a t  
i f  0 1  0' 
i i )  R* G manR(OIf where  manR 101f is t t i e  set 
o f  r e l a t i o n s  a s s o c i a t e d  w i t h  a n y  o f  t h e  , o b j e c t  
i n  01 
i i i f  f o r  a l l  0 '1  C 01, R+ r ~ a n ~ ( O ' ~ f .  
With t h e s e  t h r e e  c o n d i t i o n s  a n  i n t e r p r e t a t i n  
becomes an i r r e d u n d a n t  set o f  o b j e c t  i n s t a n c e s  
which e x p l a i n s  t h e  p r e s e n c e  o f  a l l  t h e  
i n s t a n t i a t e d  r e l a t i o n s  i n  t h e  image.  

E v a l u a t i o n  o f  i n t e r p r e t a t i o n :  
Many i n t e r p r e t a t i o n s  a r e  g e n e r a t e d  

a t  e v e r y  s t a g e  b u t  t h e  e v i d e n t i a l  s u p p o r t  f o r  
e a c h  o n e  03f them is d i f f e r e n t .  I t  is t i e c e s s a -  
r y  t o  r a n k  t h e  i n t e r p r e t a t i o n s  i n  o r d e r  o f  
t h e i r  e v i d e n t i a l  s u p p o r t  b e c a u s e  t h e  c o n t r o l  
a l g o r i t h m  works  i n  a  g e n e r a t e  and  test manner 
arid a t  e a c h  s t a g e  i t  p i c k s  up t h e  s t r o n g e s t  
i n t e r p r e t a t i o n  f o r  v e r i f i c a t i o n .  A ,  s u i t a b l e  
e v a l u a t i o n  fu t i c t  iot i  h a s  b e e n  d e v e l o p e d  which 
c o r r e c t l y  r a n k s  t h e  d i f f e r e n t  i n t e r p r e t a t i o n s  
b a s e d  on t h e i r  e v i d e n t i a l  s u p p o r t .  

G e n e r a t i o n  o f  i n t e r p r e t a t i o n :  
I n t e r p r e t a t i o n s  a r e  o r g a n i s e d  i n  t h e  

form o f  g e n e r a t o r  s e t , a s  p r o p o s e d  by Reggia  e t  
a l .  C43 L e t  sl, sz, ssp.. . , 5, (11 >= 1) b e  
p a i r w i s e  d i s j o i n t  notiempty s u b s e t s  o f  0' , 
t h e n  s1 = 51, sz ,..., s, ) is a  g e n e r a t o r  
o f  a l t e r n a t i v e  i n t e r p r e t a t i o n s .  The 
i n t e r p r e t a t i o n s  g e n e r a t e d  by sr is d e f i n e d  a s  
I  = c 0 o , . ,  0 : 0 & s* 1. 
Each s1 c o r r e s p o n d s  t o  a  d i s j u n c t i o n  and  51 a s  
a  whole  c o r r e s p o n d s  t o  c o n j u n c t i o t i  o f  
d i s j u n c t i o n s .  A g e n e r a t o r  set is s i m p l y  a  set 
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of generators. 

Updation of interpretation 
Let sx = { s,, s,, . . . , 5,) be a 

generator of interpretatins. A new relation 
R,' is instantiated in the image then s, 
should be updated by the set causeR(R'r) (call 
it set D). The updation operation gives a set 
of generators. 

sl/D = {Srk is a generator! k = 1 to n+l) 
and each szk = (ski, s k ~ ,  . . . , sh,) where m=n 
for k<=n and m = n + 1 for k = n + 1. The 
individual sk, are formed as given below. 
For k = 1 t o n  

For i = 1 t o n  
s h r = s r - D  i f  i < k  

= s , n  D i f i = k  
= si i f i > k  

and for k = n + 1 
s k i = s r - D i f i  < n 

n 
= D -  U sjif j = n + l  

j=1 
This operation , as it i s ,  does not always 
ensure irredundant interpretations. This 
problem is taken care of in the interpretation 
algorithm. 

Object model 1 ing 
Aprlori koowledge of the system consist 

of explicit description of the models in terms 
of its primitives and spatial relations. The 
knowledge base should also model the causal 
association between objects and spatial 
relations to facilitate working of the 
interpretation algorithm. Collection of these 
relations enables organisation of these 
informations in a standard relational 
database. The basic entity sets involved are 
object labels, primitive image structures and 
spatial rela tions. However,as the definition 
of spatial relations is based on certain 
rules, the info rmations in the entity set of 
spatial rela tions is not needed and so it is 
not actually stored. 

It is evident from the previous section 
that the following relations between entity 
sets are needed for proper functioning of the 
interpretation algorithm : (i )causeR(Ri 1,  
ie,set of objects associated with the relation 
RI, and (ii)manr(O,),ie, all primitives, with 
their control points, associated with the 
object 0,. We also need the information about 
total number of relations of type R, 
associated with an object Oj and total number 
of relation instances associated with object 
01 for calculation of strength of the 
interpretations. This information is static in 
nature and it can be precomputed and stored as 
attribute of entity set or relation to speed 
up the interpretation algorithm 

The relational database has been 
implemented through multiple ISAN file system 
written in C and implemented under HP-UX 
environment. 

Interpretation algorithm 
The above definitions assumed 

that no false spatial relation can be 
instantiated and if a spatial relation is 
instantiated then the object actually giving 

rise to'it will always be instantiated. In 
reality, this assumption is not always valid 
because of noisy data and errors in the 
feature detection process. The updation of 
generator with this false set of objects may 
eliminate the correct object instance from the 
generator and/or increase cardinality of the 
interpretations, thereby producing an 
inconsistant generator set. Here, a strategy 
is presented to reduce these possibilities and 
a scheme for circumstantial evidence analysis 
is incorporated in the updation operation to 
prevent a generator from becoming inconsistant 
in case of false alarms. 

Interpretation generation is initiated 
only after a seed set of instantiated 
primitives have been formed. The seed set 
discovery is purely a data analysis procedure 
activated according to some pre-defined 
heuristic strategies. I f  the features can be 
obtained by local computation in image, one 
strategy calls for identification of all 
primitives of a particular type !say only 
corners of any angle) in the entire image. 
Another strategy does the same but over 
selected windows. It is assumed that with the 
seed set of primitives, all the objects likely 
to be present in the image will be 
hypothesized so that it can be passed on to 
the verification stage to find out the 
objects actually present in the image. 

The problem of updating the generator 
set with a set of objects not including the 
correct one is tackled by introducing the 
concept of n-ary relations (where n is 
variable). A feature belonging to a 
particular object should satisfy spatial 
relations with all other features belonging to 
that object. Therefore, the object set used 
for updation of generator set is formed by 
considering the relation of one feature with 
all other instantiated features in the image. 
For a feature P,, its relation with all other 
instantiated features is considered and for 
each instantiated spatial relation, an 
accumulator associated with the corresponding 
object instance is incremented. The object 
instance having highest number of voting for 
the entire set of instantiated primitives 
satisfies largest set of spatial constraints 
corresponding to Pi. However, considering that 
few relations belonging to the currect object 
instance may be missed and few spurious 
relations may be instantiated , all the object 
instances with voting close to the maximum 
value, are considered for updation of 
generator set. Interpretations produced by 
this process , therefore ,explains spatial 
constraints of nearly identical arity 
corresponding to individual features. 

In case a primitive feature p, belongs 
to two different objects actually present in 
the image, it may result in either both of 
them or only one of them being included in 
C,,. The generator set formed after updation 
operation may not include the correct inter- 
pretation, even though it is correct with 
respect to the partial infornation available 
at this point. This fact will not detrimenta- 
lly affect correctness of the final interprea- 
tion, i f at least one non-overlapped features 
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p c  of  b o t h  t h e  o b j e c t s  a r e  v i s i b l e .  The set 
C,, formed f a r  t h e  p r i m i t i v e  pc w i l l  c o n t a i n  
t t i i s  o b j e c t  and  het ice  ene era tors w i l l  b e  up- 
d a t e d  a p p r o p r i a t e l y  p r o d u c i n g  c o r r e c t  i n t e r -  
p r e t a t i o n s .  

A scheme f o r  c i r c u m s t a n t i a l  e v i d e n c e  
a n a l y s i s  is i t i c lo rpara ted  i n  t t i e  updatinoti 
o p e r a t i o n .  I t  is u s e d  f o r  (i:] e s t a b l i s h i n g  
a p p r o x i m a t e  e q u i v a l e n c e  be tween  nab j e c t  
i n s t a n c e s  d e p e n d i n g  on  ttie set of  s p a t i a l  
r e l a t  i o n s  s u p p o r t i n g  t h e s e  ob . jec t  i n s t a n c e s ,  
( i i )  d e t e r m i n a t i o n  of  r e l i a b l e  c r i t e r i o n  f o r  
i t icremeti t i t ig  c a r d i n a l i t y  o f  i n t e r p r e t a t i o n ,  
and  ( i i i ?  d i f f e r i n g  d e c i s i o n s  i n  c a s e  o f  
c o n f u s i t i g  s i t u a t i o n s .  

Duri t ia  u p d a t i o t i ,  o b j e c t s  h a v i n g  
identical l a b e l s  and t r a n s f o r m a t i o n  v e c t o r s  
w i t h i n  p r e d e f i n e d  c l u s t e r  r a d i u s  a r e  c l u b b e d  
t o g e t h e r  t a  fnrm a  s i n g l e  i n s t a n c e .  A 
c r i t e r i o n  of  a p p r o x i m a t e  e q u i v a l e n c e  between 
d i f f e r e n t  i n s t a n c e s  is e v o l v e d  t o  t a k e  c a r e  of 
f a l s e  r e l a t i o n s .  O b j e c t  i n s t a n c e s  h a v i n g  most 
of  t h e  s p a t i a l  r e l a t l o t i s  i n  common a r e  
c a t i s i d e r e d  e q u i v a l e n t  and a r e  c o l l e c t e d  i n  t h e  
same s e t .  I f  number o f  r e l a t i o n s  n o t  i n  
common is more t h a n  some p e r c e n t a g e  of  ttie 
number o f  cBommoti r e l a t i o n s ,  t h e n  t h e y  a r e  
c o n s i d e r e d  d i  f  f e r e n t  . However, i f  t h e y  c a n  
n o t  b e  p u t  i n  a n y  of  t h e  c a t e g o r i e s  t h e n  t h e  
s i t u a t i o n  is c a t i s i d e r e d  c o n f u s i t i g .  

Dur itig updatinon o p e r a t i o n  o b j e c t  
i n s t a n c e s  b e l o n g i n g  t o  o b j e c t  sets of  t h e  
g e n e r a t o r  a r e  removed/no t  removed e i t h e r  by 

o r  - o p e r a t i o n  i f  t h e y  h a v e  been found 
e q u i v a l e n t  tcr some o b j e c t  o f  Cum. I f  a n  
e l e m o i t  #of Cup is e q u i v a l e n t  t o  a l l  t h e  
e l e m e n t s  o f  a n  o b j e c t  set t h e n  t h a t  e lement  o f  
C,, is p u t  i n  i t .  S i t u a t i o n  becomes s l i g h t l y  
more complex when ' c o n f u s i n g f  c o n d i t i o n  is 
e n c o u n t e r e d .  I n  t h e s e  s i t u a t i o n s  o b j e c t s  a r e  
s i m u l t a n e i o u s l y  c o n s i d e r e d  e q u i v a l e n t  a s  w e l l  
a s  d i f f e r e n t  and  ub . jec t  s e t s  a r e  fax-med t o  
t a k e  i t i t c ~  a c c o u n t  b o t h  t h e  c ~ o t i d i t i o t i s .  

Cot i s idera t i lon  o f  a p p r o x i m a t e  e q u i v a l e n c e ,  
e s s e n t i a l l y  c i r c u m v e n t s  t h e  p rob lem o f  
e l i m i n a t  i n g  a  v a l i d  o b j e c t  i n s t a n c e  from 
ob . jec t  set of  g e n e r a t o r s .  A v a l i d  o b , j e c t  may 
b e  edged  o u t  o f  C,, b e c a u s e  of  v e r y  s m a l l  
number o f  s t r a y  r e l a t i o n s  b u t  c o n s i d e r a t  i o n s  
of a p p r o x i m a t e  e q u i v a l e n c e ,  u s i n g  t h e  b i t  
a r r a y  which r e c o r d s  a 1  1  s u p p n r t i n a  e v i d e n c e ,  
ttie s i t u a t i o n  i s  a t i a l y s e d  i n  a  q l o b a l  
p e r s p e c t i v e  and  d e c i s i o n s  a r e  made. R e l a x i n g  
t h e  c r i t e r i o n  f o r  e n t r y  o f  o b j e c t  i n s t a n c e s  i n  
C,, would n o t  h a v e  e l i m i n a t e d  t h e  problem. 

S i m i l a r  a n a l y s i s  is done  f o r  d e t e r m i n i n g  
t h e  c r i t e r i o n  f o r  i n c r e a s i n g  t h e  c a r d i n a l i t y  
o f  a g e n e r a t o r .  L e t  b e t h e  set o f  
s p a t i a l  r e l a t i t o t i s  e x p l a i n e d  by a  g e n e r a t o r ,  
formed by  t a k i n g  u n i o n  of  t h e  i n s t a n t i a t e d  
s p a t i a l  r e l a t i o n s  o f  a l l  t h e  # o b j e c t s  i n  t h e  
g e n e r a t o r .  An ob  j e c t  is s a i d  t o  b e  subsumed i n  
t h e  g e n e r a t o r  i f  t h e  s e t  o f  s p a t i a l  r e l a t i o n s  
o f  t h e  o b , j e c t  is a  s u b s e t  o f  R , X ~ .  When t h e  
e x a c t  s u b s e t  r _ r i t e r i o t i  is v i o l a t e d  b u t  t h e  
d i f f e r e n c e  is s m a l 1 , t h e  ob . jec t  is s a i d  t o  b e  
a p p r o x i m a t e 1  y  subsumed i ti  t h e  g e t i e r a t o r .  I f  ati 
o b j e c t  b e l o n g i n g  t o  C,, is subsumed by  t h e  
g e n e r a t o r ,  i t  is s i m p l y  removed from Cup. I f  
t h e  o b j e c t  is n o t  subsumed by t h e  g e n e r a t o r ,  
i t  p r o c e e d s  a s  u s u a l .  Rut i f  i t  is a  c n n f u -  

s i n g  s i t u a t i o n  t h e n  b o t h  t h e  c a s e s  a r e  t a k e n  
i n t o  a c c o u n t .  Normal d i v i s i o n  of  t h e  g e n e r a -  
t o r  p r o c e e d s  a s  u s u a l .  Rut ,  a l o n g  w i t h  t h i s ,  
t h e  e f f e c t  o f  removing t h e  o b j e c t  from Cup is 
a l s o  c o t i s i d e r e d .  I f  t h i s  r e s u l t s  i n  a n  empty 
Cup, t h e  o r i g i n a l  g e n e r a t o r  is r e t a i n e d ,  
o t h e r w i s e  n o t h i n g  is done.  

T h e r e  c a n  b e  a . r e c i p r o c a 1  s i t u a t i o n  when 
g e n e r a t o r  is subsumed i n  t h e  o b j e c t .  I n  e i t h e r  
c a s e ,  i f  i t  i s t h e o n l y  g e n e r a t o r  i n  t h e  
g e n e r a t o r  set, a l l  s u c h  o b j e c t s  i n  C,, a r e  
c o l l e c t e d  t o g e t h e r  i n  a  s i n g l e  o b j e c t  set t o  
form a  new g e n e r a t o r  o f  u n i t  c a r d i n a l i t y ,  
o t h e r w i s e  n o  a c t i o n  is t a k e n .  The o b j e c t  
subsuming a  g e n e r a t o r  is a l w a y s  removed from 
C,,. The s u b s u m p t i o n  o p e r a t i o t i  is a l s o  u s e f u l  
f o r  d e t e c . t  i n g  and e l i m i n a t i n g  r e d u n d a n c i e s  i n  
t h e  i n t e r p r e t a t i o n  sets. 

Once o p e r a t i o n s  on t t i e  s e e d  set of 
f e a t u r e s  a r e  a v e r  and  a  number o f  p o s s i b l e  
i n t e r p r e t a t i o n s  o f  t h e  image a r e  fo rmed,  i n  
t h e  n e x t  p h a s e  t h e  a l g o r i t h m  p r e d i c t s  
u n i n s t a n t i a t e d  image f e a t u r e s  from models  o f  
t h e  o b j e c t s ,  s e a r c h e s  f o r  t h e s e  f e a t u r e s  and  
m o d i f i e s  t h e  i n t e r p r e t a t i o n s  d e p e n d i n g  on 
outcome ,of t h e  s e a r c h .  

The g e n e r a t o r  set is o r g a t i i s e d  i n  t h e  
form of  m-ary t r e e .  C h i l d r e n  o f  r o o t  node  
c o r r e s p o n d  t o  g r o u p s  of g e n e r a t o r s  a l l  h a v i n g  
t h e  same c a r d i n a l i t y .  Nodes a t  t t i i s  l e v e l  
c o n t a i n  maximum o f  t h e  c o n f i d e t i c e  o f  
co t i s t  i t u e n t  g e n e r a t o r s .  The r o o t  tiode s t o r e s  
t h e  c o n f i d e n c e  of  g e n e r a t o r  which e x p l a i n s  
maximum number o f  s p a t i a l  r e l a t i o n s .  Whenever 
u p d a t i o n  is p e r f o r m e d ,  c o n f i d e n c e  v a l u e s  a r e  
p r o p a g a t e d  up.  The a r c  a l o n g  which v a l u e s  a r e  
p r o p a g a t e d  a r e  marked. When t h e  v a l u e  
p r o p a g a t e d  t o  t h e  r o o t  n o d e  e x c e e d s  a  
t h r e s h o l d  o r  t h e  image h a s  been  s u b s t a t i t  i a l l  y  
s c a n n e d  f o r  f e a t u r e s ,  t t i e  a l g o r i t h m  
t e r m i n a t e s .  

F o l l o w i n g  t h e  marked a r c ,  o b j e c t s  a r e  
choosen  and p u t  i n t o  'ACTION set ' .  Now j o b  
queue  is formed w i t h  u n i n s t a n t i a t e d  f e a t u r e s  
o f  t h e  o b j e c t s  i n  t h e  a c t i o n  s e t .  The 
p r e d i c t e d  f e a t u r e  l o c a t i o n  is mapped i n t o  a  
p r e d e f i n e d  image window. The a s s o c i a t e d  d a t a  
s t r u c t u r e  o f  t h e  window i n d i c a t e s  whether  t h e  
f e a t u r e  h a s  a l r e a d y  been s e a r c h e d  i n  t h a t .  
window o r  n o t .  J o b  is c r e a t e d  o n l y  when t h e  
f e a t u r e  h a s  n o t  been  s e a r c h e d  e a r l i e r .  
P r i o r i t y  is a s s i g n e d  t o  e a c h  j o b  and  t h e  j o b  
u i t l i  maximum p r i o r i t y  is chooset i  f o r  
e x e c u t i o n .  I f  f e a t u r e  is n o t  i n s t a n t i a t e d  and  
g r a y  l e v e l  i n  t h e  p r e d i c t e d  l o c a t i o n  
c o r r e s p o n d  t o  o b j e c t  a r e a  t h e n  t h e  f e a t u r e  is 
l i k e l y  t o  b e  o b s c u r e d .  O t h e r w i s e  t h i s  is a  
n e g a t i v e  e v i d e n c e  f o r  t h e  o b j e c t  a n d  a  c o u n t e r  
o f  n e g a t i v e  e v i d e n c e  is i n c r e m e n t e d .  I f  t h e  
n e g a t i v e  e v i d e n c e  is h i q h  enough t h e n  t h e  
o b j e c t  is a  s t r a y  i n s t a n c e  and  s h o u l d  b e  
e l i m i n a t e d  from t h e  o b j e c t  set i n  which i t  
b e l o n g s  t o .  I f ,  as a  r e s u l t ,  t h e  o b j e c t  s e t  
becomes empty t h e n  t h e  g e n e r a t o r  is n o t  
e l i m i n t e d  b u t  i ts  c a r d i n a l i t y  is d e c r e a s e d  and  
a c c o r d i n g l y  i t  i s r e g r o u p e d .  Moreover,  ~ f  
t h e  f e a t u r e  is i n s t a n t i a t e d  t h e n  i ts r e l a t i o n  
w i t h  a l l  o t h e r  f e a t u r e s  is  c o n s i d e r e d  a n d  t h e  
g e n e r a t o r  set is a c c o r d i n g 1  y  u p d a t e d .  The 
a l g o r i t h m  f o r  ttiis s t a g e  is n e a r l y  i d e n t i c a l  
t o  t h e  a l g o r i t h m  f o r  c r e a t i n g  t h e  i n i t i a l  
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interpretation set from the seed set of 
features. But there is one important 
difference that no more new object instances 
are considered. 

Feature and relation detectors 
In this system, only two types of 

features have been considered, namely corners 
and holes. Both the corner and hole 
detectors are based on Hough transform 
technique and have been designed to work in a 
given window of the image. 

The number of constraints on a relation 
between two features fl(xl, y,, 0) and fz(xz, 
yz , On) depends on whether the features are 
vector feartures (feature with inherent 
orientation) or simple features (with no 
preferred direction). Therefore, a relation 
may have one, two or all the three 
constraints, namely, distance, relative 
orientation and orientation difference. 

A relation type may be considered as a 
region in the relation space where the 
relation space is either 1-D, 2-D or 3-D, 
depending on the type of relation. Different 
points within a region are basically different 
instances of the same relation. Therefore, an 
instance of a relation with given attribute 
values is classified to be belonging to a 
relation type based on the region in which it 
falls. Since the relation space is divided 
into finite number of smaller regions based on 
some fixed rule (in the simplest case it may 
be divided into uniform regions), determining 
the region in which a point (an instance of a 
relation) belongs to, is simple enough. 

As a more appropriate stratagy 
classification rules for features and 
relations are sunthesized by using notions of 
unsupervised 1 earning and some heuristic 
criterion. With actual attributes of features 
of the training models histograms are 
constructed with bins of fixed size. For 
relations 3-d or 2-d data values are mapped on 
to a suquence using MODESP algorithmC51. Then 
classification definitions are extracted from 
heuristic analysis of the local structure of 
the histogram or the sequenct. 

Results and discussion 
The entire system is implemented in C on 

HP-9000 system.Experimentations are performed 
with multiobject scenes and correct results 
are obtained. Here two such examples are illu- 
strated. In scene 1,since only few relations 
for triangle are found,single object interpre- 
tation of hinge was also under consideration. 
But there is no negative evidence for triangle 
and the corresponding interpretation consis- 
ting of hinge and triangle explained largest 
set of instantiated relations. Hence the given 
interpretation is correctly chooseti. In scene 
2, identical objects(hinge) with different 
transformations are identified correctly along 
with the square object (sandwitched between 
them). 

Although Hough transform based feature 
detectors are used,the methodology is general 
enough to work with other kind of features and 
feature extractors. Extentior, of the approach 
for 3-d objects is under active consideration. 

SCENE 1 

H i n g e ( 3 1 ,  0 , 5 6 ) , T r i a n g I e ( 9 3 , 7 6 , 3 0 5 )  

( 8 5 , 9 5 1  

SCENE 2 - 
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