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In  t h i s  paper  we address  t he  problem o f  
r e t r i e v i n g  images f rom l a r g e  image d a t a -  
bases~ g i v i n g  a p a r t i a l  d e s c r i p t i o n  o f  t he  
image c o n t e n t ,  t h i s  approach a l l o w s  a 
l i m i t e d  au toma t i c  a n a l y s i s  f o r  image 
b e l o n g i n g  to  a domain d e s c r i b e d  i n  advance 
to  t he  system us ing  a f o r m a l i s m  based on 
f u z z y  s e t s .  The image query  p r o c e s s i n g  i s  
based on s p e c i a l  access s t r u c t u r e s  gen-  
e r a t e d  f rom the  image a n a l y s i s  p r o c e s s .  

!- I n t r o d u c t i o n :  !~ ~[~!~ g~ ~g~ 
r e t r i e v a l  

There i s  a g rowing  number o f  a p p l i c a t i o n  
a r e a s  where d i g i t a l  image p r o c e s s i n g  i s  a 
p r i m a r y  conce rn .  These a p p l i c a t i o n  a r e a s  
i n c l u d e :  i n t e r a c t i v e  compu te r -a i ded  
d e s i g n ,  geog raph i c  da ta  p r o c e s s i n g ,  remote 
sens ing  - o f  e a r t h  r e s o u r c e s ,  r e g i o n a l  
economic and h e a l t h  da ta  p r o c e s s i n g ,  c a r -  
t o g r a p h i c  and mapping a p p l i c a t i o n s  
[Chan81a] .  In  o r d e r  to  hand le  the  g rowing  
amount o f  e l e c t r o n i c a l l y  s t o r e d  d i g i t a l  
images, p i c t o r i a l  da ta  base systems have 
been p roposed .  A key f u n c t i o n  o f  t hese  
systems i s  image r e t r i e v a l :  s u i t a b l e  query  
languages and access s t r u c t u r e s  f o r  images 
must be implemented [Chan81b] ,  

Most o f  t hese  systems a re  a p p l i c a t i o n  
s p e c i f i c ,  t h a t  i s ,  t he  manner i n  which 
images a re  s t o r e d ,  o r g a n i z e d  and r e t r i v e d  
i s  s p e c i f i c  o f  a c e r t a i n  a p p l i c a t i o n  and 
cannot  be g e n e r a l i z e d  to  d i f f e r e n t  a p p l i -  
c a t i o n s .  In  many systems,  images a r e  
s t o r e d  in  f i l e s  which a re  l i n k e d  to o t h e r  
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image f i l e s  i n t o  s t r u c t u r e s  f o r  image 
r e t r i e v a l  and p r e s e n t a t i o n  a c c o r d i n g  t o  
the  l o g i c  o f  t he  a p p l i c a t i o n  [ H e r o 8 0 ] .  

Other  systems a r e  based on a u n d e r l y i n g  
da tabase  whose schema d e s c r i b e s  the  image 
c o n t e n t  and c o m p o s i t i o n  [Econ83 ] .  These 
systems can e x p l o i t  t he  f l e x i b i l i t y  o f  a 
Data Base Management System (DBMS). In  
p a r t i c u l a r ,  t he  que ry  language and t he  
access s t r u c t u r e s  implemented in  t he  DBMS 
a r e  v e r y  power fu  ! f o r  r e t r i e v a l  o p e r a -  
t i o n s .  But they  a r e  l i m i t e d  by the  f a c t  
t h a t  the  c o n t e n t  o f  t he  images must be 
d e s c r i b e d  us ing  da ta  models which were 
deve loped  f o r  da tabase  systems r a t h e r  than  
image systems,  and so t hey  lack  t he  
e x p r e s s i v e  p o w e r  needed f o r  images. In  
f a c t ,  images a re  i n h e r e n t l y  d i f f e r e n t  f rom 
da tabase  r e c o r d s :  t hese  r e c o r d s  can be 
d i v i d e d  i n  d i f f e r e n t  c l a s s e s  a c c o r d i n g  to  
t h e i r  i n t e r p r e t a t i o n .  The r e c o r d  s t r u c -  
t u r e  ( i . e .  t he  schema) can be d e s c r i b e d  a t  
c l a s s  ( i . e .  t y p e )  l e v e l .  S ince the  r a t i o  
o f  i n s t a n c e s  per t ype  i s  v e r y  h igh  f o r  
da tabase  systems,  the  r e s u l t i n g  s t o r a g e  
s t r u c t u r e s  and access methods a re  v e r y  
e f f i c i e n t .  On the  c o n t r a r y ,  each image 
may have i t s  own p a r t i c u l a r  s t r u c t u r e ,  and 
a whole semant ic  ne twork  [ T s i c 8 2 ]  may be 
necessary  to  c o m p l e t l y  d e s c r i b e  each image 
i n s t a n c e .  

A new a p p l i c a t i o n  a rea  where t he  problem 
o f  image s t o r i n g  and r e t r i e v a l  has been 
addressed i s  o f f i c e  a u t o m a t i o n .  A new 
i n f o r m a t i o n  o b j e c t  i s  d e f i n e d ,  the  mu l -  
t i m e d i a  document, where images a r e  com- 
b ined  w i t h  a t t r i b u t e  d a t a ,  t e x t ,  and v o i c e  
[ T s i c 8 3 ] .  Systems f o r  the  s t o r a g e  and 
r e t r i e v a l  o f  l a r g e  volumes o f  t hese  docu-  
ments a re  under s tudy  [ B e r t 8 5 ] .  One o f  
the  main f u n c t i o n s  o f  t hese  systems i s  t he  
access to  mu l t imed ia  documents based on 
t h e i r  c o n t e n t .  However, w h i l e  t hese  s y s -  
tems i n c o r p o r a t e  e f f i c i e n t  access methods 
f o r  a t t r i b u t e  da ta  and t e x t ,  t hey  can do 
ve ry  l i t t l e  f o r  images, as w e l l  as v o i c e .  
T h e i r  approach i s  o f t e n  to  l i n k  images to  
o t h e r  more s t r u c t u r e d  components o f  t he  
mu l t imed ia  document, and then e x p l o i t  t he  
combined access to them [ T s i c 8 3 ] .  
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~-c,: the retrieval of documents by content, 
~,~Itlmedia document systems can exploit 
v e F y  ~fsicient techniques borrowed from 
DBMS [Ullm82], when formatted data is con- 
cerned, or from Information Retrieval Sys- 
tems ([RS) [Salt83], when text is con- 
cerned. Comparable techniques are not 
available for images. 

The main conceptual problem in dealing 
with images derives from the difficulty to 
exactly define and interpret the content 
of images. Images can be very rich in 
semantics, but are subject to different 
i n t e r p r e t a t i o n s  acco rd ing  to the human 
p e r s p e c t i v e  or  the a p p l i c a t i o n  domain. On 
one hand, i t  i s  d i f f i c u l t  to  r e c o g n i z e  the  
o b j e c t s  (w i t h  the a s s o c i a t e d  i n t e r p r e t a -  
t i o n )  con ta i ned  in  awj image, on the o t h e r  
hand i s  d i f f i c u l t  to  de te rm ine  and 
r e p r e s e n t  the mutual r e l a t i o n s h i p s  among 
these o b j e c t s ,  s i n c e  they  form s t r u c t u r e s  
which va ry  g r e a t l y  f rom image to image. 

One approach cou ld  be to f ace  d i r e c t l y  the 
problem o f  image u n d e r s t a n d i n g .  Th is  

• i m p l i e s  the combined use o f  s o p h i s t i c a t e d  
p a t t e r n  r e c o g n i t i o n  t echn iques  ( u s u a l l y  
expens i ve  in  terms o f  computing power and 
c p ~ ! z !  ~ - d w a r c  r e q u i r e d )  and advanced 

represent ond orgaiTi-~ "'," 
expressed in the images [Hans70]. In this 
case, access structures could be built in 
terms of the image representations in the 
image knowledge base. However, t h i s  c l a s s  
o f  e x p e r t  systems i s  s t i l l  i n  an e x p e r i -  
mental phase, l i m i t e d  to some a p p l i c a t i o n  
s p e c i f i c  p r o t o t y p e s  [ F l e e S 4 ] ,  whose 
r e s u l t s  cannot  be g e n e r a l i z e d .  

Another approach cou ld  be to app l y  DBMS or  
IRS t e c h n i q u e s .  However, w i t h  r e s p e c t  to  
DBMS's, i t  i s  d i f f i c u l t  to  r e c o g n i z e  r e g u -  
l a r  s t r u c t u r e s  o f  o b j e c t s  con ta i ned  in  
images, and then o r g a n i z e  image i n s t a n c e s  
i n t o  a l i m i t e d  number o f  t ypes ,  to  which 
the  i n t e r p r e t a t i o n  i s  a s s o c i a t e d .  Th is  i s  
the  approach r e q u i r e d  by the  s t r i c t l y  
typed da ta  models adopted in  da tabase  s y s -  
tems [ T s i c 8 2 ] .  In IRS, i n s t e a d ,  a f r e e  
f o r m a t t i n g  o f  t e x t  i s  a l l o w e d ,  u s u a l l y  
r e s p e c t i n g  some l oose  h i e r a r c h i c a l  
s t r u c t u r i n g  in  s e c t i o n s ,  s u b - s e c t i o n s ,  
pa ragraphs  and sen tences .  These systems 
do no t  a t tempt  to  undestand the t e x t  
( un less  some e x p e r t  system approach i s  
a d o p t e d ) ,  but  s t i l l  a l l o w  an e f f e c t i v e  
r e t r i e v a l  on t e x t .  In f a c t ,  as opposed to 
image o b j e c t s ,  they  can e x a c t l y  r e c o g n i z e  
words (as ASCII p a t t e r n s ) ,  on which they  
base t h e i r  r e t r i e v a l  c a p a b i l i t i e s ,  w i t h  
the p o s s i b l e  he lp  o f  t h e s a u r i  to  s u p p o r t  
synonyms [ S a l t S 3 ] .  Th is  i s  p o s s i b l e ,  in  
case o f  t e x t ,  because a common semant ic  i s  
a s s o c i a t e d  to the words used in  the 
n a t u r a l  language.  Hence, both DBMS and 
IRS approaches cannot  be d i r e c t l y  a p p l i e d  
to the image r e t r i e v a l .  

In addressing the problem of image 

retrieval on large volumes or ~st, ,. 
images, if we want to think of a system 
doing for images what DBMS and IR~ do for 
formatted data and text, we must accept 
some indeterminateness, characteristic of 
images, and then deal with the inaccuracy 
introduced by this fact. We have recog- 
nized the exigency of adopting a non- 
boolean logic, allowing some form of 
approximate reasoning. Thus, we have 
decided to investigate an approach based 
on fuzzy sets. In fact, fuzzy sets seem 
appropriate for representing different 
degrees of similarity. This would allow 
one to recognize images, and contained 
objects, at a certain degree (i.e. cer- 
tainty factor), and define classes of 
images/objects with unsharp boundaries. 

In this paper, an approach is presented 
for the analysis and retrieval of images 
(we will refer to examples of both graphic 
and bit-map images). With this approach, 
a limited automatic analysis of the images 
is performed before storing the images in 
the database. However it is required that 
the images belong to a specific domain 
which must be described in advance to the 
system using a formalism based on fuzzy 
sets. 

The real goal of this image analysis pro- 
cess is not to attempt any deep image 
understanding, but is to support the image 
r e t r i e v a l  p r o c e s s .  In f a c t ,  the  system 
a l l o w s  the  user  to  query  the  images, 
a l r e a d y  ana lyzed  and s t o r e d ,  g i v i n g  some 
s p e c i f i c a t i o n  o f  t h e i r  c o n t e n t .  The image 
query  p r o c e s s i n g  i s  based on s p e c i a l  
access s t r u c t u r e s  ( i . e .  image i n d i c e s )  
which a re  gene ra ted  when the  image 
a n a l y s i s  i s  pe r fo rmed .  The query  s p e c i f i -  
c a t i o n  can be done us ing  e i t h e r  a l i n e a r  
query  language,  o r  a " b y  example" 
approach,  i n  which the  user  e d i t s  an 
"image query  p r o t o t y p e "  c o n t a i n i n g  the  
e s s e n t i a l  f e a t u r e s  o f  the  images to  be 
r e t r i e v e d .  

In essence,  t h i s  paper  i n v e s t i g a t e s  the 
p o s s i b i l i t y  o f  hav ing  systems do ing  f o r  
images what i s  t o d a y p o s s i b l e  to  do w i t h  
f o r m a t t e d  da ta  in  Database Management Sys-  
tems and with text in Information 
Retrieval Systems. 

In the following, the three fundamental 
phases o f  image a n a l y s i s ,  image 
s t o r i n g / i n d e x i n g ,  and image r e t r i e v a l  w i l l  
be p r e s e n t e d  in  d e t a i l ,  d i s c u s s i n g  the  
main t e c h n i c a l  d i f f i c u l t i e s w h i c h  may 
a r i s e .  

2- The r o l e  o f  f u z z y  s e t s  

Let  X be a c l a s s i c a l  se t  o f  o b j e c t s ,  
c a l l e d  the  u n i v e r s e ,  whose g e n e r i c  e l e -  
ments a re  denoted as x.  Membership in  a 
c l a s s i c a l  subset  A o f  X i s  o f t e n  viewed as 
a c h a r a c t e r i s t i c  f u n c t i o n  f rom X to 
{ 0 , I } ,  such as 
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/0 iff x ~ A 
~,) 

b ifr x 6 A 

{0,~] is called a valuation set. If the 
valuation set is measured on the real 
interval [0,I], A is called a fuzzy set 
[Zade65]. ~A (x) is the grade of membership 
o f  x in  A. 

I n f o r m a l l y ,  a f u z z y  grammar may be viewed 
as a s e t  o f  r u l e s  f o r  g e n e r a t i n g  the  e l e -  
ments o f  a f uzzy  s e t  [ L e e 6 9 ] .  More p r e -  
c i s e l y ,  a f u z z y  grammar i s  a quad rup le  
G=(VT,V N ,P,S) where,  VT i s  a s e t  o f  t e r m i -  
n a l s ,  V N i s  a s e t  o f  n o n - t e r m i n a l s  (VTv ~ 
=~b), P i s  a f i n i t e  s e t  o f  p r o d u c t i o n s ,  $6~ 
is  the  i n i t i a l  symbol .  The e lemen ts  o f  
a re  l a b e l s  o f  c e r t a i n  f u z z y  s e t s  on V T * 
(The symbol " * "  i n d i c a t e s  a f r e e  monoid X* 
over  t he  s e t  X) .  The e lemen ts  o f  P d e f i n e  
f u z z y  s e t s  in  (VTuV . ) *  ( r e f e r r e d  as f uzzy  
p r o d u c t i o n s )  and f o r  t he  case o f  c o n t e x t -  
f r e e  f u z z y  grammars a r e  e x p r e s s i o n s  o f  the  
form: 

A~, A~ , ~(~)* 
where O~-Q~I is the grade of membershipo! 
given A. In case of general grammars, let 

al,a2 ...,ambe strings in (VTtzVN)* and 

°2 • • (~'1~a2' c"2~~" ~'3' '' am-Imam 

(o  =< O~ =<i) 

be productions. The expression 

al-~ a2~a3.-.~ am_, N am 
will be referred to as a derivation chain 
from al toam. A string x of V T * is said 
to be in the fuzzy language L(G) (that is, 
it is a "statement") iff x is derivable 
from S. The grade of membership ~G(x) of 
x in L(G) is given by: 

~G(X) = sup rain (~(S ~-~ al) ,  ~(al~----~ a 2 ) ,  

•.. , ~.(am~m+--~ x ) ), 

where~(a~ ~ilai.~,) is the non-null ~i+,such 

as (a i ~i+.~ ait,)E p, for i=O,l,...,m,lf~ b 
=S and am4,=x. 
The supremum is taken over all derivation 
cha ins  f rom S to  x.  I n  any d e r i v a t i o n  
c h a i n ,  the  minimum ~i i s  t a k e n .  

For the  a p p l i c a t i o n  o f  f u z z y  grammars in  
our env i ronmen t  we have s l i g h t l y  changed 
the d e f i n i t i o n .  S i s  r e p l a c e d  w i t h  the  
set V s , where the elements of V s are 
labels for a syntactic category of the 
type "object description" (that is, they 
are 'object statements"). 

_3. !_m@ge_ a na_!ysis u_siDg fuz_zy a_QQre_ac_h_ 

Two General types of images are con- 
sic~r eo: graphic images and bit-map 

images. As example, two application 
environment can be envisaged for ~uch 
images: 

- CAD systems for complex engineering 
applications (eg. aircraft design). 
Large quantities of technical 
designs, in the form of graphic 
images, are produced with the support 
of a CAD editor. It would be of 
great support to the designer a sys- 
tem which allows him to retrieve 
already produced designs concerning 
parts of the projects related to the 
one under specification. 

- Satellite image processing. In these 
systems huge amounts of bit-map 
images are produced. These images 
are  u s u a l l y  processed by f o r m i n g ,  
framing, enlarging, filtering, 
b r i g h t n e s s  a d j u s t i n g ,  e t c . .  Any 
a v a i l a b l e  system s u p p o r t i n g  an 
automatic image analysis, even if 
limited and prone to errors, would be 
of enormous help. This system could 
then a l l o w  the  r e t r i e v a l  o f  these  
images g i v i n g  some s p e c i f i c a t i o n  o f  
some wanted O b j e c t s  (eg.  a p a r t i c u l a r  
b u i l d i n g  s t r u c t u r e  c o r r e s p o n d i n g  to  
an a i r p o r t ) .  

The methodology we propose f o r  the  image 
a n a l y s i s  cou ld  be expressed in  the  f o l l o w -  
ing s t eps  ( F i g .  I . )  

1) Element E~QgD!~igD 

For both the image types, it is sup- 
posed that the image can be decom- 
posed into known elements. For CAD 
systems these elements can be 
d e s c r i b e d  in  terms o f  the  g r a p h i c  
primitives of the system graphical 
editors. For bit-map image proce~s- 
ing, the relevant elements must be 
suitably described. 

In this step the image space is par- 
titioned i n t o  mean ing fu l  r e g i o n s ,  
c o r r e s p o n d i n g  to  image e lemen ts .  The  
e lements  a re  the  bas i c  components 
which w i l l  c o n s t i t u t e  the  b u i l d i n g  
b l o c k s  o f  the  image s t r u c t u r e .  Th is  

s t e p ,  o f t e n  c a l l e d  s e g m e n t a t i o n  in  
image processing [Gonz77], is made 
e a s i e r  in  our  approach s i n c e  we 
know a p p r o x i m a t e l y  what these  e l e -  
ments should  be l i k e .  I n  f a c t  
admissible basic elements should 
correspond to some terminal symbols 
of the fuzzy grammar. Thus, the sys- 
tem will try to match the tentative 
elements in the image with the pic- 
torial or graphical representation 
(i.e. icons stored in a catalog) of 
the terminal symbols of the grammar 
adopted for the application. In this 
process, different variations as 
changes in size, rotation, transla- 
tion, using discrete Fourier 
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2) 

t r a n s f o r m s ,  can be a t t emp ted .  

The main problem a r i s e s  when p a r t i a l  
e lement  o v e r l a p p i n g  occu rs  i n  the  
image. The system might not  be a b l e  
to e x a c t l y  i d e n t i f y  the  s i n g l e  e l e -  
ments. In t h i s  case,  the  f u z z y  
approach may h e l p :  e lements  p a r t i a l l y  
seen on the image (due to o v e r l a p -  
p i ng )  a re  r e c o g n i z e d  w i t h  d i f f e r e n t  
c e r t a i n t y  f a c t o r s ,  a c c o r d i n g  to the  
degree o f  s i m i l a r i t y  to  the s t o r e d  
r e p r e s e n t a t i o n s  o f  the  bas i c  g r a p h i -  
ca l  e lemen ts .  In terms o f  f u z z y  
grammars, t h i s  means t h a t  t e r m i n a l  
p r o d u c t i o n s  o f  the  form A-~-~a i , where 
a i i s  the  t e r m i n a l  e lement ,  w i l l ~ a v e ~  
d y n a m i c a l l y  computed, case by case,  
d u r i n g  the e lement r e c o g n i t i o n  s t e p .  

The o u t p u t  o f  t h i s  s tep  i s  the  se t  o f  
b a s i c  e lements  r e c o g n i z e d  and t h e i r  
r e l a t i v e  p o s i t i o n s .  A lso the  degree 
o f  r e c o g n i t i o n  f o r  each e lement  i s  
i n t r o d u c e d .  D i f f e r e n t  r e c o g n i t i o n  
p o s s i b i l i t i e s  (grammar t e r m i n a l  sym- 
b o l s  a s s o c i a t e d  w i t h  d i f f e r e n t  c e r -  
t a i n t y  f a c t o r s  to  the  same image e l e -  
ments) w i l l  be reco rded  f o r  the  
f u r t h e r  image a n a l y s i s .  Th is  i s  con -  
s i s t e n t  w i t h  the  f u z z y  grammar 
approach e x p l o i t e d  in  the  f o l l o w i n g  
s teps  o f  image a n a l y s i s .  

Ob jec t  ~ e c o g n i t i o n  

In t h i s  s tep  the system t r i e s ,  w i t h  a 
r e c u r s i v e  p r o c e d u r e ,  to  o r g a n i z e  the  
image e lements  i n t o  mean ing fu l  r e l a -  
t i o n a l  s t r u c t u r e s  c a l l e d  o b j e c t s  
[Gonz??] .  Ob jec t s  w i l l  co r respond  to  
n o n - t e r m i n a l  symbols o f  the  adopted 
f u z z y  grammar. When a p p l y i n g  a gram- 
mar p r o d u c t i o n  f o r  an o b j e c t  the  s y s -  
tem must check i f  t he  b a s i c  e lements  
r e c o g n i z e d  a re  p r e s e n t  in  the  p r o d u c -  
t i o n  and i f  t h e i r  r e l a t i v e  p o s i t i o n s  
a re  c o n s i s t e n t  w i t h  the  c o r r e s p o n d i n g  
p o s i t i o n a l  o p e r a t o r s  i n  the  p r o d u c -  
t i o n .  The v a l u e  ( r a n g i n g  f rom 0 to  
1) a s s o c i a t e d  to the  p r o d u c t i o n  
a p p l i e d  w i l l  be a s s o c i a t e d  to the  
o b j e c t  to  r e p r e s e n t  i t s  degree o f  
r e c o g n i t i o n .  

Th is  p rocedu re  can be a p p l i e d  r e c u r -  
s i v e l y  in  o r d e r  to  o b t a i n  h i g h e r  
l e v e l  o b j e c t s ,  as d e f i n e d  w i t h  f u z z y  
p r o d u c t i o n s  in  the  grammar. For 
eve ry  p r o d u c t i o n  path  f o l l o w e d ,  the  
r e s u l t i n g  degree o f  r e c o g n i t i o n  w i l l  
be the  minimal v a l u e  a s s o c i a t e d  to  
any a p p l i e d  p r o d u c t i o n .  Th is  p rocess  
w i l l  end when no more f u z z y  p r o d u c -  
t i o n s  a re  a p p l i c a b l e  to  d e f i n e  more 
complex o b j e c t s .  I f  an o b j e c t ,  o r  
p a r t  o f  i t ,  c o r r e s p o n d s  to s e v e r a l  
o b j e c t  s t a t emen ts  i n  the  f u z z y  
language w i t h  s e v e r a l  l e v e l s  o f  
membership, we w i l l  choose a se t  o f  
s ta temen ts  w i t h  the  h i g h e s t  

membership v a l u e s .  The s o l u t i o n  o f  
keep ing more o b j e c t  s t a t emen ts  a s s o -  
c i a t e d  to any image o b j e c t ,  a l l o w s  
the  system to keep more o p t i o n s  open 
in  f u r t h e r  s teps  o f  the a n a l y s i s  p r o -  
cess ,  r e a l i z i n g  a l i m i t e d  form o f  
b a c k - t r a c k i n g .  

I t  can a l s o  happen t h a t  an o b j e c t  
cannot  be c o r r e c t l y  r e c o g n i z e d  by the  
system i f  t h e r e  i s  no c o r r e s p o n d i n g  
d e s c r i p t i o n  f o r  i t  i n  the  grammar. 
In  t h i s  case,  e i t h e r  new p r o d u c t i o n s  
a re  i n s e r t e d  in  the  grammar f o r  the  
o b j e c t ,  or  t h i s  o b j e c t  i s  d i s r e -  
garded .  In  f a c t ,  in  t h i s  approach 
the  system must know in  advance the  
f u z z y  d e s c r i p t i o n  o f  the  images to be 
s t o r e d .  The r e s u l t  o f  t h i s  s tep  i s  a 
composed f u z z y  se t  ( s e t  o f  f u z z y  
s e t s )  c o n t a i n i n g  the  n o n - t e r m i n a l s  
f o r  the  r e c o g n i z e d  o b j e c t s  and the  
a s s o c i a t e d  membership v a l u e s  f o r  the  
image. 

3) Added i n f o r m a t i o n  d e f i n i t i o n  

4) 

In  t h i s  s tep  more i n f o r m a t i o n  i s  
added to  the  image, i n  the  form o f  
a t t r i b u t e s  l o g i c a l l y  connec ted .  In  
f a c t  the  user  can d e f i n e  a t t r i b u t e s  
d e s c r i b i n g  p r o p e r t i e s  a s s o c i a t e d  to 
image o b j e c t s ,  i n  the  form o f  a t t r i -  
bu te  name, t ype  and v a l u e  and c e r -  
t a i n t y  f a c t o r .  Th is  f o u r t h  a t t r i b u t e  
component i s  o p t i o n a l ,  but  i s  he re  
a l l owed  due to the  f u z z y  se t  approach 
( i f  no t  o t h e r w i s e  s p e c i f i e d ,  i t  i s  
se t  to  1 ) .  

These a t t r i b u t e  can be e n t e r e d  by a 
user  when a new image i s  compi led  o r  
when an a l r e a d y  e x i s t i n g  image i s  
r e t r i e v e d  and commented. We cou ld  
a l s o  t h i n k  o f  an au toma t i c  p rocess  
do ing  t h i s  work ,  imp lement ing  some 
e x p e r t  system t e c h n i q u e  based on 
r u l e s  s p e c i f i c  o f  t he  a p p l i c a t i o n  
domain. 

Image c l u s t e r i n q  

A u s e f u l  t e c h n i q u e  a p p l i e d  i n  t e x t  
document r e t r i e v a l  i s  the  " c l u s t e r -  
i ng "  [ S a l t 8 3 ] .  Th is  t e c h n i q u e  can be 
a l s o  a p p l i e d  to image, once they  have 
been ana l yzed  a c c o r d i n g  to  the  p r e v i -  
ous s t e p s .  S ince i t  i s  p o s s i b l e  to  
d e f i n e  a d i s t a n c e  measure between 
f u z z y  s e t s  (eg.  a r e l a t i v e  Hamming 
d i s t a n c e  between f u z z y  s e t s  can be 
d e f i n e d  as a d i s t a n c e  measure) i t  i s  
p o s s i b l e  to  d e f i n e  the  d i s t a n c e  
between image o b j e c t s ,  which a r e  
f u z z y  s e t s ,  and the  d i s t a n c e  between 
images, as the  we igh ted  d i s t a n c e  
between the  c o n s t i t u t i n g  o b j e c t s .  
Th is  i m p o r t a n t  consequence a l l o w s  the  
c l u s t e r i n g  o f  images. 

Accord ing  to  the  a p p l i c a t i o n ,  s e v e r a l  
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image c l a s s e s  a re  d e f i n e d  in  o r d e r  to  
n e a r l y  cover  the  a p p l i c a t i o n  domain. 
For each c l a s s ,  an image r e p r e s e n t i n g  
t h a t  c l a s s  i s  d e f i n e d  ( i . e .  a cen -  
t r o i d ) .  The d i s t a n c e  f rom an image 
to the  c e n t r o i d  image r e p r e s e n t s  the  
i n v e r s e  o f  the  degree o f  membership 
o f  t h a t  image to the  c l a s s .  

The image d e s c r i p t i o n  i s  ex tended 
w i t h  degrees  a c c o r d i n g  which t he  
image be longs  to  the  c l a s s e s  o f  
images p r e l i m i n a r y  d e f i n e d  in  the  
system. Th i s  t ask  i s  pe r fo rmed  by 
accoun t i ng  the  d i s t a n c e  between t he  
image d e s c r i p t i o n  and the  d e s c r i p t i o n  
o f  t he  image r e p r e s e n t a t i v e  o f  each 
c l a s s .  Th is  s tep  may reduce s i g n i f i -  
c a n t l y  the  compar isons i n  the  image 
r e t r i e v a l  p r o c e s s .  

2 - ! .  Problems in  the  ~ 1 X ~ ! ~  p rocess  

A few prob lems a r i s e  d u r i n g  t he  image 
a n a l y s i s  p r o c e s s .  F i r s t  o f  a l l ,  i t  i s  
necessa ry  to  r e f e r  to  a s p e c i f i c  a p p l i c a -  
t i o n  domain.  The proposed image a n a l y s i s  
method r e q u i r e s  the  b a s i c  e lements  and 
p o s s i b l e  o b j e c t s  to  be known in  advance by 
the  system. O the rw ise  t he  r e s u l t s  o f  t he  
a n a l y s i s  becomes i n a c c e p t a b l e .  Hence, a 
system s e t - u p  phase i s  necessa ry  to  
d e s c r i b e  the  a p p l i c a t i o n  domain to  the  
system. 

F u r t r e r m o r e ,  i t  i s  n e c e s s i t y  to  implement 
a fo rm o f  a p p r o x i m a t e  r e a s o n i n g ,  i n  p a r -  
t i c u l a r  r e g a r d i n g  the  f o l l o w i n g  p o i n t s :  

I )  ~ g g D i ~ i g D  gE i ~ g ~  e lements  

N e c e s s i t y  o f  a p p r o x i m a t e  r e a s o n i g  i n  
r e c o g n i z i n g  image e lements  occu rs  
ma in l y  i n  b i t  map image p r o c e s s i n g .  
A f t e r  image s e g m e n t a t i o n ,  the  image 
e lements  a re  matched w i t h  the  d e f i n e d  
b a s i c  e lemen ts .  In  t h i s  p r o c e s s ,  
d i f f e r e n c e s  in  s i z e ,  c o l o u r ,  v iew 
a n g l e ,  o v e r l a p p i n g  p a r t s ,  e t c .  can be 
accep ted ,  but  may mod i f y  the  c e r -  
t a i n t y  f a c t o r  a s s o c i a t e d  to  the  t e r -  
mina l  grammar p r o d u c t i o n  o f  t h a t  e l e -  
ment. Th is  f a c t  o f t e n  lead to  i d e n -  
t i f y i n g  an image e lement  as more than 
one b a s i c  e lement  w i t h  d i f f e r e n t  
degree o f  r e c o g n i t i o n .  

In  CAD systems t h e r e  i s  no such p r o b -  
lem. U s u a l l y  the  g r a p h i c  images a re  
c o n s t r u c t e d  by CAD e d i t o r s  which by 
themse lves  use b a s i c  e l emen ts .  So 
the  image e lements  a r e  a l r e a d y  a v a i l -  
a b l e  ( a l t h o u g h  t hey  may appear w i t h  
some changes in  the  image: in  s i z e ,  
in  v iew a n g l e ,  e t c . ) .  

2) 0 b j e c t  d e f i n i t i o n  i ncomo le tness  

Sometimes i ncomp le tness  can occur  in  
o b j e c t  d e f i n i t i o n .  The reasons  cou ld  

be a p a r t i a l  o v e r l a p p i n g  o f  some 
o b j e c t s  ~ th~ lac~ a s u i t a b l e  o S j e c t  
d e s c r i p t i o n .  In  t h i s  l a t t e r  c ~  
new grammar p r o d u c t i o n s  must be 
e n t e r e d  o r  t he  o b j e c t  i s  d i r e g a r d e d .  

3) H i e r a r c h y  o f  ~9~O!~  9 ~  

In many cases t h e r e  can be complex 
o b j e c t s ,  t h a t  i s ,  o b j e c t s  composed o f  
s i m p l e r  o b j e c t s .  H i e r a r c h i e s  o f  more 
than one l e v e l  o f  o b j e c t s  can be 
e s t a b l i s h e d .  In  the  a n a l y s i s  phase,  
t h i s  i m p l i e s  t h a t  t h e r e  can be 
s e v e r a l  r e c o g n i t i o n  pa ths  f o r  the  
complex o b j e c t s ,  w i t h  d i f f e r e n t  c e r -  
t a i n t y  f a c t o r s .  D i f f e r e n t  r e c o g n i -  
t i o n  pa ths  must be p r e s e r v e d ,  i n  
o r d e r  to  a l l o w  some fo rm o f  back -  
t r a c k i n g  when more complex o b j e c t s  
a r e  r e c o g n i z e d .  

~-~-  ~ i ~ g - ~ R  the  a n a l x s ~  p rocess  

B e f o r e  t he  a n a l y s i s  i s  a c t u a l l y  pe r fo rmed  
on the  images to  be e n t e r e d  i n t o  the  s y s -  
tem, i t  i s  necessa ry  to  s e t  up p a r t i c u l a r  
s t r u c u r e s  which d e s c r i b e  to  the  system the  
e lements  and t he  o b j e c t  t o  be r e c o g n i z e d  
in  t he  images. They a r e  o b v i o u s l y  r e l a t e d  
to  the  p a r t i c u l a r  a p p l i c a t i o n  domain o f  
t he  system. The system i n s t a l l a t i o n  phase 
shou ld  p r e p a r e  t h e  f o l l o w i n g  s t e p s  o f  t he  
a n a l y s i s  p r o c e s s :  

1) Element r e c o q n i t i o n  

The se t  o f  b a s i c  e lemen ts  ai , a 2 , . . . , a  n 
i s  to  be c o n s t r u c t e d .  

In  CAD systems the  e lements  a r e  con -  
s t r u c t e d  f rom s e v e r a l  g r a p h i c  p r i m i -  
t i v e s ,  such as i nden ted  l i n e ,  r e c t a n -  
g l e ,  a r c ,  c i r c l e ,  which a r e  s t o r e d  in  
g r a p h i c a l  f o rm .  

In  b i t  map images, the  b a s i c  e lements  
a r e  e n t e r e d  by some a v a i l a b l e  image 
i n p u t  d e v i c e s  and a re  s t o r e d  i n  the  
form o f  a v e c t o r  f o r  e v e r y  r e s o l u t i o n  
p o i n t .  

2) R e c u r s i v e  o b i e c t  r e c o g n i t i o n  

The o b j e c t s  which cou ld  be r e c o g n i z e d  
by the  system a r e  i n t r o d u c e d  by a 
f u z z y  grammar. The f u z z y  grammar 
r e p r e s e n t s  a f u z z y  d e s c r i p t i o n  o f  t he  
o b j e c t s .  Te rm ina l  symbols f o r  the  
grammar a r e :  (1)  the  names o f  the  
b a s i c  e lements  a I ,a 2 , . . . , a  n , con -  
s t r u c t e d  as d e s c r i b e d  i n  the  p r e v i o u s  
s t e p ;  (2) the  symbols used f o r  
d e s c r i b i n g  the  c o n n e c t i o n s  between 
the  e lemen ts .  

An example o f  the  p o s i t i o n a l  symbols 
i s  p r e s e n t e d  in  F i g . e . ,  where 
I ,W,N,S, deno te  the  f o u r  c a r d i n a l  
p o i n t s  and " i n "  and " o u t "  deno te  t h a t  
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3) 

4) 

an o b j e c t  i s  i n s i d e  or  o u t s i d e  
ano the r  o b j e c t .  Other  p o s i t i o n a l  
t e r m i n a l  symbols can be " i n t e r s e c t "  
f o r  i n t e r s e c t i o n ,  " ( . . . ) "  f o r  i n c l o -  
s u r e ,  e t c . .  Non te rm ina l  symbols a re  
the  names o f  the  o b j e c t s  and o b j e c t  
p a r t s  chosen f rom by the  user  and 
c o n s i s t  o f  s e v e r a l  m u t u a l l y  connected 
e lements .  The grammar p r o d u c t i o n s  
d e s c r i b e  the  c o n n e c t i o n  between the  
e lements  o f  the  o b j e c t ,  and between 
d i f f e r e n t  p a r t s  o f  the  o b j e c t .  The 
degree o f  r e c o g n i t i o n  o f  the  t e r m i n a l  
e lements  p a r t i c i p a t i n g  in  the  p r o d u c -  
t i o n  means t h a t  the  p r o d u c t i o n  r u l e  
i s  a p p l i c a b l e  i f f  the  c o r r e s p o n d e n t  
e lement in  the  s t r i n g  has degree o f  
r e c o g n i t i o n  g r e a t e r  o r  equal  to  the  
g i v e n  one. 

Added i n f o r m a t i o n  d e f i n i t i o n  

The purpose o f  a t t r i b u t e s  i s  to  add 
more i n f o r m a t i o n  to the  o b j e c t  
d e s c r i p t i o n s .  Some a t t r i b u t e s  (name 
and t ype )  can be d e f i n e d  f o r  c e r t a i n  
o b j e c t s  o f  the  f u z z y  grammar. Other  
a t t r i b u t e s ,  f o r  i n t e r n a l  use (eg.  
r e l a t i v e  p o s i t i o n ,  c o l o r ,  r e l a t i v e  
s i z e , e t c . ) ,  can be c a l c u l a t e d  d u r i n g  
the  o b j e c t  r e c o g n i t i o n  phase.  
S p e c i f i c  r u l e s  must be g i v e n  d u r i n g  
t h i s  s e t - u p  phase. 

~mage c l u s t e r i n g  

The d e f i n i t i o n  o f  image c l a s s e s  i s  
o f t e n  r e q u i r e d  a l s o  in  s tanda rd  p a t -  
t e r n  r e c o g n i t i o n  approaches [ V e r h 8 0 ] .  
In our  case,  p d i f f e r e n t  images, p a r -  
t i c u l a r l y  mean ing fu l  f o r  the  a p p l ' i c a -  
t i o n  domain, w i l l  be i n i t i a l l y  
d e f i n e d .  They w i l l  c o n s t i t u t e  the  
r e p r e s e n t a t i v e  images, o r  c e n t r o i d s ,  
o f  t he  p image c l a s s e s  Ki , K 2 , . . . , K  p. 

3 . 3 .  E x e c u t i o n  o f  the  ~ D ~ ! Y ~  p rocess  

The a n a l y s i s  p rocess  i s  execu ted  on the  
images to be e n t e r e d  i n t o  the  system. I t  
i s  s t r u c t u r e d  i n t o  these  s t e p s .  

1) Element r e c o g n i t i o n  

In CAD systems the  p i c t u r e  i s  c r e a t e d  
by a CAD e d i t o r  f rom bas i c  e lemen ts ,  
w i t h  the  he lp  o f  o p e r a t i o n s  such as:  
t r a n s l a t i o n ,  s c a l i n g ,  r o t a t i o n ,  
i n v i s a b l e  l i n e  d e l e t i n g ,  e t c .  

In b i t  map images, a f t e r  image seg-  
m e n t a t i o n ,  the  degree o f  s i m i l a r i t y  
between eve ry  o b t a i n e d  element and 
the  b a s i c  e lements  (us ing  some s u i t -  
a b l e  r u l e s ,  f o r  example,  the  p e r c e n -  
tage o f  the  f i g u r e  t h a t  can be 
matched) a re  c a l c u l a t e d ,  no rma l i zed  
and a t t ached  as c e r t a i n t y  f a c t o r s  
( i . e .  degrees o f  r e c o g n i t i o n  o f  t he  
e l e m e n t ) .  

2) R e c u r s i v e  o b i e ~ t  ~ s ~ g D i t i o n  

I t  i s  per fo rmed in  two s t e p s :  

STEP-i :  
Q ~ g a n i z a t i o n  o f  bas i c  e lements  
into meaD~Dg~_y~ relational 
structures called objects 

The point of the step is the 
composition of the elements in 
preliminary defined objects 0 i ,~ 
,...,0~ The step starts by 
o b t a i n i n g  a s t r i n g  f o r  e v e r y  
group o f  e lements  which c o n t a i n  
t e r m i n a l  symbols ,  c o r r e s p o n d i n g  
to  e lements  and t h e i r  p o s i t i o n  
in  the  image. 

D i f f e r e n t  a l g o r i t h m s  cou ld  be 
a p p l i e d  f o r  the  g e n e r a t i o n  o f  
t he  f u z z y  language s t r i n g s .  One 
o f  such a l g o r i t h m s  can be: 
F i r s t ,  a l l  e lemen ts  which a r e  
s i t u a t e d  one under the  o t h e r  a re  
d e s c r i b e d .  Second, the  s t r i n g s  
o b t a i n e d  a r e  connected f rom l e f t  
to  r i g h t .  In  case some e lements  
a re  c o n t a i n e d  in  a n o t h e r  e l e -  
ment, t he  same p rocedu re  i s  
r e c u r s i v e l y  a p p l i e d  and a s t r i n g  
i s  gene ra ted  which i s  i n c l u d e d  
in  the  e x t e r n a l  one by 
p a r e n t h e s i s .  

A top-down a n a l y s i s  i s  then 
a p p l i e d  on the  o b t a i n e d  s t r i n g s ,  
us ing  the  f o l l o w i n g  r u l e s :  

- A p r o d u c t i o n  r u l e  i s  a p p l i -  
c a b l e  i f f  the  c o r r e s p o n d e n t  
e lement  i n  the  s t r i n g  has 
degree o f  r e c o g n i t i o n  
g r e a t e r  o r  equal  to  the  
g i v e n  v a l u e ;  

- A l l  p o s s i b l e  ways to  o b t a i n  
Vs e lements  ( i . e .  o b j e c t s )  
a r e  f o l l o w e d .  Among these  
r e c o g n i t i o n  p a t h s ,  those  
which have the  h i g h e s t  
degree o f  r e c o g n i t i o n  a re  
chosen;  

- In  b u i l d i n g  the  pa rse  t r e e ,  
the  degrees  o f  r e c o g n i t i o n  
o f  a l l  p r o d u c t i o n s  a re  con -  
s i d e r e d .  The r e s u l t i n g  
degree o f  r e c o g n i t i o n  i s  
the  minimum o f  the  degrees  
o f  r e c o g n i t i o n  o f  the  
a p p l i e d  p r o d u c t i o n s ;  

- The a n a l y s i s  i s  a p p l i e d  on 
the  s u b p a r t s  o f  the  
o b t a i n e d  s t r i n g s  (case o f  
o v e r l a p p i n g  or  when more 
than one o b j e c t  c o r r e s p o n d s  
to the  s t r i n g ) ;  

- The a n a l y s i s  i s  pe r fo rmed 
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u n t i l  t he  s t r i n g  i s  decom- 
posed c o m p l e t e l y  i n t o  
o b j e c t  s t r i n g s .  I f  t h i s  i s  
not  p o s s i b l e ,  e i t h e r  the  
system s t o p s  a t  t h i s  p o i n t  
( i . e .  some o b j e c t s  a re  no t  
r e c o g n i z e d )  o r  the  system 
s e t - u p  phase i s  e n t e r e d  
aga in  and p r o d u c t i o n s  f o r  a 
new o b j e c t  o r  new p r o d u c -  
t i o n s  f o r  e x i s t i n g  o b j e c t s  
a re  d e f i n e d .  

In g r a p h i c  images, a c e r t a i n  se t  
o f  e lements  cou ld  be r e c o g n i z e d  
as more than one o b j e c t ,  w i t h  
d i f f e r e n t  c e r t a i n t y  f a c t o r s .  In  
such cases ,  no more than k 
a d m i s s i b l e  d e s c r i p t i o n s  o f  t he  
images a r e  s t o r e d .  These image 
d e s c r i p t i o n  have the  h i g h e r  sum 
o f  the  degrees  o f  r e c o g n i t i o n  o f  
t he  i n c l u d e d  o b j e c t s .  

In  b i t  map images, s e v e r a l  
a c c e p t a b l e  s t r i n g s  may 
co r respond  to  the  same group o f  
e lements  ( i n  a l l  o f  t hese  
s t r i n g s ,  the  e lements  p a r t i c i -  
pa te  w i t h  d i f f e r e n t  degrees  o f  
r e c o g n i t i o n ) .  A f t e r  the  
a n a l y s i s  o f  a l l  s t r i n g s ,  a s e t  
o f  r e c o g n i z e d  o b j e c t s  i s  
o b t a i n e d .  As f o r  g r a p h i c  
images, a t  most k a d m i s s i b l e  
d e s c r i p t i o n s  o f  t he  image a r e  
s t o r e d .  

STEP-2: 
OEgan i za t i on  o f  o b j e c t s  i n t o  
more ~ Q ! ~  o b j e c t s  

A f t e r  Step 1 p r o d u c t i o n s  a re  
a p p l i e d  a g a i n  a iming a t  o b t a i n -  
ing more complex o b j e c t s  i n  V s 
The p rocedu re  i s  r e p e a t e d  r e c u r -  
s i v e l y  as long as p o s s i b l e .  No 
more than k a d m i s s i b l e  d e s c r i p -  
t i o n s  o f  t he  image a r e  s t o r e d .  

A f t e r  Step 1 and Step 2 a t  most k 
sequences as (1) a r e  o b t a i n e d  f o r  the  
image: 

( I )  0 1 [ ~ I I  ] , - - - , 0 1 [ ~  s , l ] , - - - ,  

Oi C~I I ] ' ' ' ' ' 0 1  [~s,l ] 

Th is  e x p r e s s i o n  deno tes  an image w i t h  
l d i s t i n c t  o b j e c t s .  Each o b j e c t  may 
appear s e v e r a l  t imes :  s deno tes  the  
number, o f  i n s t a n c e  thatJ o f  the  o b j e c t  
j i n  the  image, and ~ i j  i s  the  
degree o f  r e c o g n i t i o n  o f  o b j e c t  j i n  
i t s  i - t h  appearance in  the  image. 
Each sequence (1) c o n s t i t u t e s  an 
i n t e r p r e t a t i o n  o f  t he  image, i n  terms 
o f  i t s  c o n s t i t u t i n g  o b j e c t s .  

In  an e x a p l e  r e g a r d i n g  a e r i a l  p i c -  
t u r e s ,  o b j e c t  1 cou ld  be a t a n k e r  

3) 

4) 

s h i p ,  o b j e c t  2 a b a t t l e  s h i p ,  o b j e c t  
3 an a i c r a f t - c a r r i e r ,  o b j e c t  4 a 
dock,  o b j e c t  5 a dockya rd ,  e t c .  I f  
i s  4, i t  means t h a t  f o u r  t a n k e r  s h i p s  
have been r e c o g n i z e d  in  t h i s  
i n t e r p r e t a t i o n  o f  the  image. i f  ~11 
=0 .8 ,  i t  means t h a t  the  f i r s t  
i n s t a n c e  o f  t he  t a n k e r  sh ip  has been 
r e c o g n i z e d  w i t h  a c e r t a i n t y  f a c t o r  o f  
0 . 8 ,  e t c .  

ComQutat ion o f  a t t r i b u t e s  

A v e c t o r  w i t h  a t t r i b u t e s  v a l u e s  and 
t h e i r  c e r t a i n t y  f a c t o r  i s  added to  
e v e r y  o b j e c t  i n  the  image d e s c r i p -  
t i o n ,  so t h a t  t he  k sequences o f  t y p e  
(1)  f o r  the  image become: 

(2) ~ [ ~ 1  1 ' ~ 1 1 ] ' ' ' ' , 0 1  [ ~  '~s,1 ] '  

• --,01 [~11 '~11 ] ' - - ' ' O l [ l ~ / ' s , I  ,as, i ]  

where aij i s  t he  v e c t o r  w i t h  t he  
a t t r i b u t e  v a l u e s  and c e r t a i n t y  f a c t o r  
o f  o b j e c t  j i n  i t s  i - t h  appearance i n  
the  image. A sequence (2)  i s  an 
i n t e r p r e t a t i o n  o f  t he  image, c o n t a i n -  
ing  a l s o  o b j e c t  a t t r i b u t e s .  

R e f e r r i n g  to  the  a e r i a l  p i c t u r e  exam- 
p l e ,  an a t t r i b u t e  ( o f  t he  a t t r i b u t e  
v e c t o r )  a t t a c h e d  to  t he  o b j e c t  1 ( t h e  
t a n k e r  s h i p ) ,  f i r s t  i n s t a n c e ,  cou ld  
be:  s i z e  i s  smal l  w i t h  c e r t a i n t y  f a c -  
t o r  0 . 9 .  For t he  o b j e c t  2 ( t h e  b a t -  
t l e  s h i p ) ,  t h i r d  i n s t a n t e r  cou ld  be:  
s h i p  c l a s s  i s  c r u i s e r  w i t h  c e r t a i n t y  
f a c t o r  0 . 4 .  

Image c l u s t e r i n q  

The c l u s t e r i n g  p rocess  c o n s i s t s  i n  
adding to  the  o b t a i n e d  image d e s c r i p -  
t i o n  i n f o r m a t i o n  the  membership 
degrees  o f  t he  image to  e v e r y  d e f i n e d  
c l a s s .  Th is  i s  made by compar ing a l l  
t he  o b t a i n e d  image i n t e r p r e t a t i o n s  
( i . e .  sequences ( 2 ) )  w i t h  a l l  t he  
g i v e n  c l a s s  d e s c r i p t i o n s  ( i . e .  t he  
c l a s s  c e n t r o i d  images) .  The member- 
sh ip  degree o f  an image to  a c l a s s  i s  
assumed to  be t he  i n v e r s e  o f  t he  
minimum d i s t a n c e  o f  any o f  t he  k 
image i n t e r p r e t a t i o n s  to  the  c l a s s  
r e p r e s e n t a t i v e  image. A f t e r  t h i s  
c o m p u t a t i o n ,  the  c l u s t e r i n g  d e s c r i p -  
t i o n  o f  t he  image i s  exp ressed  as a 
sequence ( 3 ) :  

(3) K1 [~1 ] , K 2 [ ~ 2  ] . . . . .  K p Z ~ p ]  

where ~ i  i s  t he  membership degree 
o f  t he  image to  the  c l a s s  K i . 

R e f e r r i n g  to  the  a e r i a l  p i c t u r e  exam- 
p l e ,  t he  p r e v i o u s  i n t e r p r e t a t i o n  o f  
t he  image has a membership 0 .8  w i t h  
the  c l u s t e r  " m i l i t a r y  h a r b o u r " ,  and a 
membership 0 .2  w i t h  the  c l u s t e r  "com- 
m e r c i a l  h a r b o u r " .  
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4. S to [age  and r e t r i e v a l  p rocess  

In our  approach,  a long  w i t h  the  f i l e  con -  
t a i n i n g  the  image p r e s e n t a t i o n  we must 
a l s o  s t o r e  the added i n f o r m a t i o n  r e s u l t i n g  
f rom image a n a l y s i s .  

The image f i l e  w i l l  c o n t a i n  some s u i t a b l e  
r e p r e s e n t a t i o n  o f  the  immage, acco rd i ng  to 
the p a r t i c u l a r  env i r onmen t .  The main 
d i f f e r e n c e  e x i s t s  between g r a p h i c  and b i t  
map images. In the  fo rmer  case,  the  image 
w i l l  be r e p r e s e n t e d  by the  g r a p h i c  p r i m i -  
t i v e s  used f o r  i t s  c o m p o s i t i o n .  In a s y s -  
tem based on the  GKS g r a p h i c  s t a n d a r d  
[ANSI84] ,  the  image f i l e  w i l l  be c o n s t i -  
t u t e d  by the  GKS m e t a f i l e ,  s t o r e d  as a se t  
o f  segments, each c o n t a i n i n g  g r a p h i c  e l e -  
ments w i t h  the  a s s o c i a t e d  a t t r i b u t e s .  In  
the  l a t t e r  case,  the  b i t  map image can be 
s t o r e d  in  r a s t e r  form ( p o s s i b l y  us ing  some 
type  o f  compress ion ,  such as r u n - l e n g t h  
encod ing)  o r  us ing  s p e c i a l  s t r u c t u r e s  such 
as b i n a r y  t r e e s ,  q u a d - t r e e s ,  py ramids ,  
e t c .  [ B a l l 8 2 ] .  

The complete  image d e s c r i p t i o n ,  r e s u l t i n g  
f rom the  a n a l y s i s  phase,  can be f o r m a l l y  
c o n s i d e r e d  as a complex f u z z y  se t  ( i . e .  a 
f u z z y  se t  f rom f u z z y  s e t s )  [ K a u f 7 5 ] .  How- 
e v e r ,  i t  i s  e s s e n t i a l  to  f i n d  a s u i t a b l e  
s t o r a g e  r e p r e s e n t a t i o n  f o r  t h i s  added 
i n f o r m a t i o n  s i n c e  the  e f f i c i e n c y  o f  t he  
image r e t r i e v a l  p rocess  i s  based on i t .  
For t h i s  purpose ,  i t  i s  u s e f u l  to  d e f i n e  
some type  o f  i n d e x i n g  on f u z z y  s e t s  o r  on 
p a r t  o f  them. 

The image access i n f o r m a t i o n  i s  s t o r e d  in  
an "image h e a d e r " ,  a s s o c i a t e d  to the image 
f i l e .  In  t h i s  header we s t o r e :  

One sequence ( 3 ) ,  c o n t a i n i n g  the  
image c l u s t e r i n g  d e s c r i p t i o n .  Each 
term o f  these  sequence c o n t a i n g  the  
membership degree o f  the  comple te  
image in  one o f  t he  image c l a s s e s  o f  
t he  a p p l i c a t i o n .  Th is  k ind  o f  i n f o r -  
mat ion i s  more s y n t h e t i c a l ,  s i n c e  i t  
r e f e r s  to  the  image as a whole.  

k sequences (2)  ( o r  (1) i f  image 
o b j e c t  a t t r i b u t e s  a r e  no t  suppor ted  
by the  sys tem) ,  each c o n t a i n i n g  an 
image i n t e r p r e t a t i o n .  Only the  k 
most p l a u s i b l e  i n t e r p r e t a t i o n s  a r e  
s t o r e d .  Each i n t e r p r e t a t i o n  i s  an 
image d e s c r i t i o n  i n  terms o f  image 
o b j e c t s .  In  f a c t ,  each term o f  a 
sequence c o r r e s p o n d s  to a p a r t i c u l a r  
o b j e c t  occu r rence  ( i n  t h a t  image 
i n t e r p r e t a t i o n ) ,  w i t h  the  a s s o c i a t e d  
c e r t a i n t y  f a c t o r .  The same o b j e c t  
may appear more t imes in  the  
sequence, one f o r  each appearance o f  
t h a t  o b j e c t  in  the  image i n t e r p r e t a -  
t i o n .  Th is  k ind  o f  i n f o r m a t i o n  i s  
more a n a l y t i c a l ,  s i n c e  i t  r e f e r s  to  

the  c o m p o s i t i o n  o f  the  image. 

Access s t r u c t u r e s ,  t h a t  i s ,  the  image 
i n d i c e s ,  can be b u i l t  f o r  a f a s t  access to 
image heade rs .  Two t ype  o f  i n d i c e s  a re  
c o n s t r u c t e d :  

The o b j e c t  index  

For each o b j e c t  in  V s o f  the f u z z y  
grammar, a l i s t  i s  m a i n t a i n e d .  Each 
e lement  o f  t he  l i s t  i s  c o n s t i t u t e d  by 
a t r i p l e t  ( INT, CF, IMH), where IMH 
i s  a p o i n t e r  to  an image heade r ,  
meaning t h a t  the  o b j e c t  i s  p r e s e n t  i n  
t h a t  image, INT i d e n t i f i e s  one o f  the  
k image i n t e r p r e t a t i o n s  c o n t a i n i n g  
t h a t  o b j e c t ,  CF i s  the  a s s o c i a t e d  
c e r t a i n t y  f a c t o r .  For query  p r o c e s s -  
i ng ,  i t  i s  v e r y  i m p o r t a n t  to  m a i t a i n  
the  l i s t  in  d e c r e a s i n g  o r d e r  o f  CF. 

- The c l u s t e r  index  

For each c l a s s  d e f i n e d  in  the  a p p l i -  
c a t i o n ,  a l i s t  o f  e lements  (MF, IMH) 
i s  m a i n t a i n e d .  IMH i s  a p o i n t e r  to  
an image heade r ,  c o r r e s p o n d i n g  to  an 
image w i t h  a n o n - n u l l  degree o f  
membership to  t h i s  c l u s t e r ,  and MF i s  
the  v a l u e  o f  t he  membership f a c t o r .  
For query  p r o c e s s i n g ,  i t  i s  v e r y  
i m p o r t a n t  to  m a i t a i n  the  l i s t  i n  
d e c r e a s i n g  o r d e r  o f  MF. 

~-~-  ! ~ g ~  r e t r i e v a l  

The user  has the  o p t i o n  between two t ypes  
o f  i n t e r f a c e s  f o r  q u e r y i n g  images: a query  
language i n t e r f a c e  [ U l l 8 2 ]  and a " b y -  
example" i n t e r f a c e  [ Z l o o 7 7 ] .  

a) Using a query  language i n t e r f a c e ,  the  
user  s p e c i f i e s  a query  s ta temen t  o f  
t he  fo rm:  

RETRIEVE IMAGES < c l u s t e r _ c l a u s e >  CON- 
TAINING < o b j e c t _ c l a u s e >  

The < c l u s t e r _ c l a u s e >  i s  a boo lean  
c o m b i n a t i o n  o f  < c l u s t e r  p r e d e c a t e > ' s ,  
each o f  the  fo rm:  

<class_name> <membership_value> 
Th is  p r e d i c a t e  i n d i c a t e s  t h a t  the  
images in  the  da tabase  w i t h  a s i m i -  
l a r i t y  to  the  named c l a s s  h i g h e r  than 
the  <membership_value> shou ld  be 
r e t r i e v e d  (as r e q u e s t e d  in  t he  
boo lean  e x p r e s s i o n ) .  The 
< c l u s t e r  c lause> may be miss ing  i f  
t he  < o b j e c t _ c l a u s e >  i s  p r e s e n t .  

The < o b j e c t _ c l a u s e >  i s  a boo lean  com- 
b i n a t i o n  o f  < o b j e c t _ p r e d i c a t e > ' s .  
Each o f  them i s  a p a r e n t h e s i z e d  
s t r i n g  o f  < p o s i t i o n a l _ o p e r a t o r > ' s  
(eg.  inE,  outW, e t c . )  and 
< o b j e c t _ t e r m > ' s .  Each <ob jec t_ te rm> 
has the  fo rm:  

<object_name> < c e r t a i n t y _ f a c t o r >  
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b~ 

The <object_c lause>must  be e v a l u a t e d ,  
accord ing  to he boolean e x p r e s s i o n  
and the p o s i t i o n a l  o p e r a t o r s ,  t a k i n g  
i n t o  account o n l y  the images in  the 
database c o n t a i n i n g  those o b j e c t ,  
named (as <ob jec tname>)  in  the 
<object_term> (as < o b j e c t n a m e > ) ,  
w i th  a degree o f  r e c o g n i t i o n  h igher  
than the < c e r t a i n t y _ f a c t o r > .  

R e f e r r i n g  to the p r e v i o u s  example o f  
an image database o f  a e r i a l  p i c t u r e s ,  
a p o s s i b l e  query cou ld  be: 

RETRIVE IMAGES 
( ' m i l i t a r y  ha rbou r '  0 .6 )  OR 
( ' commerc ia l  ha rbou r '  0 .4 )  

CONTAINING 
(AT LEAST 10 " t anke r  sh ip "  0 .9  
WITH s i z e : ' l a r g e "  0 .5)  
AND ( ( ' a i r c r a f t  c a r r i e r "  0 .8)  
OR ( ' b a t t l e  s h i p '  0 .7 WITH 
s h i p _ c l a s s : ' h e a v y  c r u i s e r ' ) ) ;  

With t h i s  query ,  we want to  r e t r i e v e  
the images concern ing  m i l i t a r y  and 
commercial ha rbours ,  c o n t a i n i n g :  a t  
l e a s t  ten l a r g e  tanker  sh ips  and 
e i t h e r  an a i r c r a f t  c a r r i e r  or  a b a t -  
t l e  sh ip  o f  t ype  heavy c r u i s e r .  

Using the "by-example"  i n t e r f a c e ,  the 
user que r i es  the image database 
d e s c r i b i n g  to the system a p r o t o t y p e  
o f  the wanted image. In the p r o t o -  
t ype  c r e a t i o n  the user should Pyt  a l l  
h i s  r e c o l l e c t i o n  about the o b j e c t s  
con ta ined  in  the t a r g e t  images. Th is  
process r e f l e c t s  bot tom-up the image 
a n a l y s i s  p rocess .  S t a r t i n g  from the 
bas ic  e lements,  as presented by the 
system us ing icons ( i f  r e q u i r e d ,  they  
can be manual ly  t r a n s l a t e d ,  r o t a t e d ,  
sca led ,  e t c . ) ,  the user w i l l  b u i l d  
i n c r e a s i n g l y  complex o b j e c t s  t h a t  he 
t h i n k s  should be con ta ined  in  the 
image. During t h i s  process the f uzzy  
grammar p r o d u c t i o n s  are f o l l o w e d  and 
the co r respond ing  f u z z y  se ts  are gen- 
e r a t e d ,  l i k e  in  the image a n a l y s i s  
p rocess .  During t h i s  p rocess ,  the 
system may t e l l  the user t h a t  the 
wanted o b j e c t s  cannot be cons t ruc ted  
accord ing  to  the grammar r u l e s .  
Thus, even in  t h i s  e a r l y  phase he can 
be sure t h a t  the wanted image i s  not  
con ta ined  in  the image data  base ( o r ,  
i f  p resen ted ,  i t  was i n t e r p r e t e d  in  a 
d i f f e r e n t  manner and so cannot be 
reached us ing the a v a i l a b l e  access 
s r u c t u r e s ) .  

As p a r t  o f  t h i s  query ,  the user w i l l  
d e f i n e  the degree o f  s i m i l a r i t y  he 
wants between the p r o t o t y p e  image and 
the r e t r i e v e d  images. Th is  accuracy 
parameter w i l l  be t r a n s l a t e d  in  terms 
o f  f uzzy  set  d i s t a n c e .  

The image query p r o t o t y p e  d e f i n i t i o n  
i s  e q u i v a l e n t ,  even i f  more user 

f r i e n d l y ,  to s p e c i f y i n g  an 
<ob jec t_c lause> whose 
< o b j e c t _ p r e d i c a t e > ' s  are in  con junc-  
t i o n .  I f  the query p r o t o t y p e  
corresponds to a complete image, a 
<c lus te r_c lause>  i s  i m p l i c i t e l y  
specified, whose 
< c l u s t e r _ p r e d i c a t e > ' s  are in conjunc- 
tion. A < c l u s t e r _ p r e d i c a t e >  i s  con- 
s t r u c t e d  f o r  any image c l ass  de f i ned  
in  the a p p l i c a t i o n ,  w i th  <operator> 
se t  to " h i g h e r "  and 
<membership value> se t  to the accu- 
racy  parameter o f  the query .  

Since the use o f  f uzzy  se t  techn iques  f o r  
image d e s c r i p t i o n  a l l o w s  one to d e f i n e  a 
d i s t a n c e  between two images, query p r o -  
cess ing can be per formed,  in  p r i n c i p l e ,  
computing the d i s t a n c e  between the fuzzy  
se t  assoc ia ted  to  the query s p e c i f i c a t i o n  
and the f uzzy  se ts  assoc ia ted  to  the 
s to red  images. In p r a c t i c e ,  performances 
are g r e a t l y  enhanced us ing the image 
access s t r u c t u r e s ,  t h a t  i s ,  c l u s t e r  
i n d i c e s  to  process < c l u s t e r _ c l a u s e > ' s  and 
o b j e c t  i n d i c e s  to process 
< o b j e c t _ c l a u s e > ' s .  

A l l  the s to red  images hav ing a d i s t a n c e  
lower than the r e q u i r e d  accuracy w i l l  con- 
s t i t u t e  the query answer s e t .  With t h i s  
approach,  the query answers can be ordered 
by decreas ing  s i m i l a r i t y  to the  query 
s p e c i f i c a t i o n ,  so a user may l i m i t  the 
s i z e  o f  the answer and can r e c e i v e  a 
ranked ou tpu t  o f  the r e t r i e v e d  i m a g e s  
(These advantages are t y p i c a l  o f  the 
i n f o r m a t i o n  r e t r i e v a l  techn iques  
[ S a l t 8 3 ] ) .  

A browsing f a c i l i t y  becomes e s s e n t i a l  i n  
t h i s  approach. That i s ,  the user should 
have the p o s s i b i l i t y  o f  browsing through 
the r e t r i e v e d  images. Since the image 
r e t r i e v a l  i s  not  an exac t  process ( t h e r e  
i s  no exac t  way o f  d e f i n i n g  image s i m i l a r -  
i t y )  and even the user may f o r g e t  essen- 
t i a l  c h a r a c t e r i s t i c s  o f  the sought images, 
seve ra l  non p e r t i n e n t  images can be 
r e t r i e v e d  as a r e s u l t  o f  a query .  More- 
ove r ,  re levance  feed-back and query r e f o r -  
mu la t i on  [ S a l t 8 3 ]  are emphasized, s ince  at  
any moment the user can go back to the 
query f o r m u l a t i o n  s tep ,  i f  d i s s a t i s f i e d  by 
the r e s u l t s  t h a t  he i s  g e t t i n g ,  and change 
some aspects  o f  the query s p e c i f i c a t i o n .  

5. Conc lus ions and f u t u r e  work 

The proposed approach appears p romis ing  in  
d e a l i n g  appears p romis ing  in  d e a l i n g  w i t h  
some c l a s s  o f  images ( f o r  example, s a t e l -  
l i t e  p i c t u r e s ,  CAD drawings)  which are 
s to red  in  l a r g e  image database,  d e a l i n g  
w i th  we l l  s e p i f i e d  a p p l i c a t i o n  domains. 
However, doubts  remain about how a system 
based on the fuzzy  se t  approach can p e r -  
form in  a r e a l  env i ronment .  

In o rder  to demonstrate the proposed 
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approach we have r e a l i z e d  a very  s imple 
exper imenta l  p r o t o t y p e ,  c a l l e d  ISA system 
(Image S t r u c t u r e  Ana lys i s )  suppor t ing  the 
a n a l y s i s ,  s to rage and r e t r i e v a l  o f  g r a p h i -  
ca l  images. ISA has been implemented on a 
IBM PC/AT, equipped by a P ro fess iona l  
c o l o r  v ideo  d i s p l a y  ( r e s o l u t i o n  640*480) 
and Pro fess iona l  Graphic board, w i th  256 
c o l o r s ,  suppor t ing  GKS graphic  p r i m i t i v e s  
( f i rmware  support  f o r  segments, 2d and 3d 
t r a n s f o r m a t i o n s ,  e t c . ) .  The PASCAL p ro -  
gramming language under MS/DOS has been 
used. 

With respect  to the complete approach 
presented in  the paper,  ISA presents  
impor tan t  l i m i t a t i o n s :  

I )  image elements are e x a c t l y  d e t e r -  
mined, so they can be d i r e c t l y  asso- 
c i a t e d  to t e rm ina l  symbols o f  the 
grammar; 

2) 

3) 

4) 

image o b j e c t s  are always s imp le :  no 
h ie rachy  o f  complex o b j e c t s  can be 
def ined in  the grammar; 

o b j e c t s  cannot o v e r l a p ;  

images are not c l u s t e r e d :  
c lasses are not de f i ned .  

image 

An impor tan t  s i m p l i f i c a t i o n  t ha t  d e r i v e s  
from the p rev ious  r e s t r i c t i o n s  i s  t h a t  
on l y  one image i n t e r p r e t a t i o n  r e s u l t s  as 
image d e s c r i p t i o n .  

In ISA the user s to res  and r e t r i e v e s  
images d r i v e n  by a s imple command 
language. As a CAD system we have used 
GRAFFITO [Mane85]. A s imple example o f  an 
a p p l i c a t i o n  in ISA i s  i l l u s t r a t e d  in  
Appendix A. 

A more advanced p r o t o t y p e  i s  under 
development.  I t  w i l l  i nc lude  the more 
advanced f e a t u r e s  o u t l i n e d  in  t h i s  paper.  
This new p r o t o t y p e  w i l l  run on SUN works- 
r a t i o n s ,  w i l l  be w r i t t e n  in  C and w i l l  use 
the SUNCORE graphic  package. 

Moreover, i t  w i l l  not  be requ i red  to w r i t e  
the grammar r u l e s  at  system set -up t ime 
f o r  the s p e c i f i c  a p p l i c a t i o n .  Ins tead ,  
grammar r u l e s  w i l l  be de r i ved  from the 
ob jec t s  i n t e r a c t i v e l y  drawn w i th  the mouse 
on the w o r k s t a t i o n  screen. Moreover, the 
c r e a t i o n  o f  c l u s t e r s  w i l l  be done by the 
system using some  l e a r n i n g  by example 
approach. 
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APPENDIX A 

A) ~!~O~ c r e a t i o n  

With the  he lp  o f  GRAFFITO we c r e a t e :  

squat  e t r i ang I e 

/ o 
romboid t r a p e z o i d  e t c .  

Ob jec t s  > house 

Rules > 
1: house => 1.00 - - >  

s i d e v i e w  outE house | 
2: house => 1,00 - - >  

f acade  ; 
3: door  => 1.00 - - >  

square  ; 
4: window => 0 .80  - - >  

square  ; 
5: window => 1.00 - - >  

square  outE square  ; 
b: chimney => 0 .80  - - >  

t r a p e z o i d  ! 
7: w a l l  => 1.00 - - >  

square  | 
8: w a l l  => 0 .80  - - >  

( window in  square  ) ; 
9: w a l l  => 1,00 - - >  

( window door  i n  square  ) ; 
10: f r o n t  => 1.00 - - >  

t r i a n g l e  ; 
11: f r o n t  => 1.00 - - >  

chimney outS t r i a n g l e  ; 
12: r o o f  => 1.00 - - >  

romboid ; 
13: r o o f  => 1.00 - - >  

chimney outS romboid ; 
14: f acade  => 0 .95  - - >  

f r o n t  outS w a l l  ! 
15: s i d e v i e w  => 1.00 - - >  

r o o f  outS w a l l  ; 
16: chimney => 0 .90  - - >  

square  ; 
17: w a l l  => 0 .95  - - >  

(door  inS square )  ; 

C) A t t r i b u t e  d e f i n i t i o n  

With t he  h e l p  o f  ISA we e n t e r  the  f o l l o w -  
ing se t  o f  a t t r i b u t e s :  

A t t r i b u t e s  > 
o b j e c t  -> house 
1: c o l o r  - enumerated w i t h  v a l u e s :  

w h i t e  red y e l l o w  | 
2: windows - r u l e  done w i t h  sequence:  

5 ; 
3|  b i g _ s i z e  - a t t r i b u t e  d o n e , t r u e  i f :  

(windows > 2O ) and 
( c o l o u r  = y e l l s )  ; 

B) Q b ~  d e f i n i t i o n  

With the  h e l p  o f  ISA we d e f i n e  the  f o l l o w -  
ing grammar: 

Te rm ina l s  > 
i n  inW inN inS inE inNW inSW 
inNE inSE outN outS outE outNE 
outSE i n t e r s e c t  ( ) 
square t r i a n g l e  romboid t r a p e z o i d ;  

N o n t e r m i n a l s  > 
house facade  f r o n t  s i d e v i e w  w a l l  
window door chimney r o o f  ; 

We c r e a t e  w i t h  the  h e l p  o f  GRAFFITO the  
image i n  F i g .  3. The f o l l o w i n g  s t r i n g  
c o r r e s p o n d s  to  t h a t  image: 

square o u t s  romboid 
square  in  square )  
( square  inS s q u a r e ) ;  

outS (square  outE 
outE t r i a n g l e  outS 

A f t e r  p r o c e s s i n g  by the  g i v e n  grammar t he  
o b j e c t  "house"  i s  r e c o g n i z e d  w i t h  c e r -  
t a i n t y  f a c t o r  0 . 8 .  
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STEP 1 
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STEP 4 
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ELEMENT RECOGNITION 

elements 

OBJECT RECOGNITION 

objects 

ADDED INFORMATION 

a t t r i b u t e s  

IMAGE CLUSTERING 

c l u s t e r s  

COMPLETE 
DESCRIPTION 

Fig. 1 

inNW 

inW 

inSW 

outN 

inN 

in  

i ns  

outS 

J 
inWE 

inE 

inSE 

outNE 

outE 

outSE 

F i g .  2 

H 

F i g .  3 
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