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ABSTRACT 
A comple te  s o f t w a r e  system f o r  automat ic  

d r a f t i n g  encoding i s  desc r i bed .  T h i s  system de- 
composes t h e  o r i g i n a l  d r a f t  i n t o  a  g raph i c  p r i -  
m i t i ve -based  d e s c r i p t i o n , s u i t a b l e  f o r  subsequent 
CAD process ing.  Problems r e l a t i v e  t o  t h e  b ina -  
r i z a t i o n  phase and t h e  symbol r e c o g n i t i o n  s t e p  
a r e  a l s o  covered and a  h y b r i d  approach i s  p ro -  
posed. 

INTRODUCTION 

Computer A ided Design and D r a f t i n g  procedu- 
r e s  a r e  spread ing o u t ,  m a i n l y  due t o  t h e  compact, 
non-redundant and easy t o  m o d i f y  r e p r e s e n t a t i -  
on, t h a t  can be ob ta ined  th rough  these t e c h n i -  
ques. 

Techn i ca l  d r a f t i n g  i s  n o t  o n l y  an i m p o r t a n t  
b u t  a l s o  a  power fu l  communicat ion and p l a n n i n g  
t o o l  i n  many d i s c i p l i n e s ;  t h i s  i s  why a  v a s t  
number o f  drawings e x i s t s  r a n g i n g  f rom c i v i l  and 
e l e c t r o n i c  a p p l i c a t i o n s  t o  c a r t o g r a p h i c  and bu- 
s i ness  g raph i cs .  A l l  these documents have two 
main common f e a t u r e s :  t h e  h i g h  r a t e  o f  m o d i f i c a -  
t i o n  t h e y  undergo and t h e i r  l o n g  l i f e t i m e  (gene- 
r a l l y  o f  t e n s  o f  y e a r s ) .  

Moreover t h e r e  are ,  a t  p resent ,  many w e l l - e s -  
t a b l i s h e d  m a n i p u l a t i o n  techn iques,  based on com- 
p u t e r  systems, t h a t  a l l o w  drawing p r 0 c e s s i n g . B ~  
u s i n g  such techn iques i t  i s  now p o s s i b l e  t o  i n -  
t r oduce  t h e  concept  o f  "work r e u s a b i l i t y "  i n  t h e  
drawing domain. Through CAD methodo log ies ,  i t  i s  
p o s s i b l e  t o  b u i l d  an e f f i c i e n t  d a t a  base o f t e c h -  
n i c a l  drawings, i n  o r d e r  t o  recover ,  modifyand 
adapt  p rev ious  j obs  t o  new s i t u a t i o n s  and p ro -  
j e c t s .  

T h i s  i s  a  v e r y  a t t r a c t i v e  approach s i n c e  p re -  
v i ous  p r o j e c t s  can be recovered and s u i t a b l y  
adapted t o  new p r o j e c t s  w i t h  a  s u b s t a n t i a l  t i m e  
sav ing .  

One o f  t h e  most i m p o r t a n t  b o t t l e n e c k s  i s  t h e  
f a c t  t h a t  t h e  ma jo r  p a r t  o f  t o d a y ' s  documenta- 
t i o n  i s  n o t  i n  a  fo rm s u i t a b l e  f o r  CAD proces- 
s i ng .  I n  t h e  pas t ,  a  l o t  o f  s tanda rd  g r a p h i c  de- 
v i c e s  such as l i g h t  pens, t a b l e t s ,  mice, j o y s t i -  
cks,  e t c  ... were adopted t o  c o n v e r t  t r a d i t i o n a l  
d rawings i n t o  a  CAD compa t i b l e  f o rma t .  Many se- 
m iau toma t i c  so f tware  packages were des igned t o  

h e l p  t h e  o p e r a t o r  i n  p o i n t  p o s i t i o n i n g  and c u r -  
ve t r a c k i n g  t a s k s .  Never the less ,  t h i s  k i n d  o f  
s o f t w a r e  f o r  d a t a  i n p u t  produced time-consuminq 
expensive,  t ed ious  and e r r o r - p r o n e  procedures,  
e s p e c i a l l y  when l a r g e  drawings were i n v o l v e d .  

I n  t h i s  paper an e f f i c i e n t  method t o  e x t r a c t  
a  g raph i c  p r i m i t i v e - b a s e d  d e s c r i p t i o n  f r om a 
d i g i t a l i z e d  drawing i s  desc r i bed .  Such a  des- 
c r i p t i o n  i s  s u i t a b l e  f o r  use w i t h  a  CAD system, 
s i n c e  t h e  whole drawing i s  decomposed i n t o  a rcs  
and segments, w h i l e  t h e  embedded t e x t  i s  p ro -  
cessed sepa ra te l y .  

THE PROCESSING CHAIN 

Conve r t i ng  a  d r a f t  i n t o  a  CAD compa t i b l e  
f o rma t  i s  a  m u l t i s t e p  procedure  t h a t  i n v o l v e s :  
d i g i t a l i z a t i o n ,  sensor response c o r r e c t i o n ,  
t h r e s h o l d i n g ,  symbols i d e n t i f i c a t i o n  andcod ing ,  
drawing l i n e  encoding. 

F i r s t ,  t h e  o r i g i n a l  d rawing must be d i g i t a -  
l i z e d  by  u s i n g  a  system capab le  o f  a  0.004" r e -  
s o l u t i o n  r e f e r r i n g  t o  a  34x44" document; t h i s  
r e s o l u t i o n  a l l o w s  t h e  g rabb ing  o f  a l l  t h e  s i -  
g n i f i c a t i v e  l i n e s  and symbols be long ing  t o  t h e  
document i t s e l f .  There a r e  systems u s i n g  f l y i n g  
s p o t  scanners o r  f r i c t i o n  drums o r  movable beds 
under f i x e d  CCD a r r a y s  o r  movable CCD a r r a y s  on 
f i x e d  bed t h a t  can be s u c c e s s f u l l y  employed i n  
t h i s  i n i t i a l  convers ion;  i n  o u r  exper iments ,  a  
CCD based scanner was used w i t h  a  moving head 
and a  f i x e d  document bed capab le  t o  a c q u i r e  
d r a f t s  up t o  A0 fo rma t .  

I n  o r d e r  t o  o b t a i n  good r e s u l t s  f rom t h e  d i -  
g i t a l i z a t i o n  s tep ,  an a r r a y  response e q u a l i z a -  
t i o n  i s  per formed by  u s i n g  some predetermined 
f a c t o r s  ob ta ined  d u r i n g  an i n i t i a l  l e a r n i n g  
s tep .  I n  t h i s  phase, a  c e r t a i n  number o f  w h i t e  
l i n e s  co r respond ing  t o  t h e  t y p i c a l  document 
background i s  a c q u i r e d  and f o r  each e lementary  
sensor  t h e  f o l l o w i n g  va lue  i s  computed: 

where N i s  t h e  number o f  background l i n e s  ac- 
qu i red ,  w h i l e  R iL  i s  t h e  i - t h  e lementary  sensor 
response on t h e  L - t h  l i n e  and MX i s  t h e  maximum 
g rey  l e v e l  (255 f o r  an 8 b i t  A/D c o n v e r t e r ) .  
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During the  normal image a c q u i s i t i o n ,  the -- 
i - t h  sensor response i s  m u l t i p l i e d  by A i ; th i s  
preprocessing counteracts the  6% response d r i f t  
from e lementstyp ica l  o f  CCD arrays and c o n t r i -  
butes t o  the  background homogeneity. A f t e r  the 
d i g i t a l i z a t i o n  step, a  noise f i l t e r i n g  i s  ap- 
p l i e d  by us ing a  5x5 mask and eva lua t ing  f i v e  
3x3 subwindows as shown i n  F ig .  1. a  1 

- 

Fig.  1  - 5x5 f i l t e r i n g  mask and the r e l a t i v e  
f i v e  3 x 3  subwindows. 

The mean o f  t h a t  subwindow having minimum 
variance i s  subs t i tu ted  t o  the  c e n t r a l  p i x e l  
value.0ther methods, such as hal f -ne ighbour ing 
[I] , were a l s o  t r i e d  w i t h  s i m i l a r  r e s u l t s .  A f t e r  
the noise f i l t e r i n g  step, a  threshold ing i s  ap- 
p l ied ;  some usual a lgor i thms were tes ted  l i k e :  
the deepest v a l l e y  between peaks [2] , [3 ] ,  the 
maximum entropy b i p a r t i t i o n  l e v e l  [ 4 ]  o r  o ther  
methods l i k e  Fuk inuk i ' s  [ 5 ] ,  [6]. The l i n e a r  
b i d i r e c t i o n a l  i n t e r p o l a t i o n  o f  l o c a l  threshold 
suggested by Rosenfeld [7] was a l s o  tested, b u t  
the r e s u l t s  were n o t  very good i n  t h i s  appl ica-  
t i o n ,  t a k i n g  i n t o  account the computational 
burden. 

Two o ther  new approaches performed w e l l .  The 
f i r s t  one i s  based on two scans o f  the whole 
image, one h o r i z o n t a l  and one v e r t i c a l ;  du r ing  
each scan a  moving average window i s  d isp laced 
along each l i n e  and the mean values are computed 
a t  var ious pos i t i ons  which convey in fo rmat ion  
about the  l o c a l  luminance d r i f t .  

Those p i x e l s ,  which have a  value less  than 
the  window mean value a t  t h e i r  p o s i t i o n s  by more 
than a  f i x e d  threshold i n  both v e r t i c a l  and ho- 
r i z o n t a l  scans a t  the same time, a r e  marked as 
background po in ts ,  and the others as drawing 
po in ts .  I n  t h i s  way i t  i s  poss ib le  t o  adapt the  
threshold va lue t o  the  l o c a l  i l l u m i n a t i o n  i m p l i -  
c i t y ,  and t o  ob ta in  a  shadow c o r r e c t i o n  e f f e c t  
(F ig .  2 ) .  

F ig .2 - a)  B inar ized image. b)  Row grey l e v e l s  
w i t h  superimposed moving window-average 
values . 

The second method subtracts  from the whole 
image a  background est imat ion;  t o  t h i s  end i n -  
stead o f  us ing p e r c e n t i l e  f i l t e r i n g  [ 8 ] ,  a  new 
approach i s  proposed which i s  based on the sub- 
t r a c t i o n  o f  the o r i g i n a l  image from a  copy sh i f -  
t e d  by a  c e r t a i n  amount i n  the  f o u r  main d i rec -  
t i o n s .  The p r i n c i p l e  i s  t h a t  the drawing l i n e s ,  
i f  s u i t a b l y  displaced, w i l l  be superimposed t o  
wh i te  p i x e l s  belonging t o  the  l o c a l  surrounding 
background. I n  t h i s  way a l l  the  l i n e s  can be 
f i l l e d  w i t h  background p i x e l s  i n  the  immediate 
neighbourhood and a  whi te  image w i thou t  l i n e s  
i s  obtained, t a k i n g  i n t o  account l o c a l  i l l u m i -  
na t ion  va r ia t ions .  Drawing l i n e s  can now be 
ex t rac ted  by sub t rac t ing  from the o r i g i n a l  f r a -  
me the  previous background est imat ion.  

The whole a lgor i thm operates as fo l l ow:  
1)  f o u r  d i f f e r e n c e  images a re  generated by 

s h i f t i n g  the o r i g i n a l  image i n  the f o u r  d i r e c -  
t i o n s :  l e f t ,  r i g h t ,  up and down, and by subtrac- 
t i n g  the o r i g i n a l  from i t s  d isp laced versions; 
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2 )  f o r  each p i x e l ,  t h e  cor respond ing p i x e l s  
i n  t h e  d i f f e r e n c e  images a r e  ana lysed and t h e  
va lues o f  t h e  s h i f t e d  image f o r  those exceeding 
a  c e r t a i n  t h r e s h o l d  a r e  accumulated. Then, t h e  
mean o f  these va lues  i s  s u b s t i t u t e d  i n s t e a d  o f  
t h e  o r i g i n a l  p i x e l  va lue;  

3 )  i f  t h e r e  a r e  no p i x e l s  exceeding such a  
t h r e s h o l d  i n  t h e  d i f f e r e n c e  images, t h e  p i x e l  
under a n a l y s i s  i s  l e f t  unchanged. 

I n  t h e  a c t u a l  imp lemen ta t i on  t h e  f o u r  d i s -  
p l aced  images need n o t  t o  be generated because 
s u i t a b l e  t e s t s  on t h e  o r i g i n a l  p i x e l  va lues  can 
be used i n  t h e i r  p l ace .  

T h i s  a l g o r i t h m  works v e r y  w e l l  a l s o  i n  t h e  
case o f  r e l e v a n t  l o c a l  i l l u m i n a t i o n  d r i f t s .  

A f t e r  comput ing t h e  b i n a r y  image, t h e  n e x t  
s t e p  i s  t h e  s k e l e t o n  e x t r a c t i o n .  Many t h i n n i n g  
techn iques a r e  w e l l - s u i t e d  f o r  t h i s  k i n d  o f  
p rocess ing  [ 9 ] ,  [ 101 ; i n  o u r  case t h e  A r c e l l i ' s  
t h i n n i n g  a l g o r i t h m  [ 111 based on t h e  D is tance  
Transform was used. The t h i n n e d  image i s  o b t a i -  
ned by  means o f  a l a b e l i n g  procedure  t h a t  p re -  
serves t h i c k n e s s  data ,  s i n c e  t h e  o r i g i n a l  p i x e l s  
a r e  o n l y  s u i t a b l y  marked and n o t  d iscarded;  a  
f u r t h e r  d a t a  recove ry  can then be performed 
( F i g . 3 ) .  

F i g .  3 - A zoorned p a r t  i. ihicti shows t he  t h i n n e d  
image and t h e  marked p i x e l .  

I n  o r d e r  t o  o b t a i n  a  b e t t e r  r e g u l a r i t y  o f  
t h e  l i n e  con tou rs  and a v o i d  sma l l  ho les  and im- 
p e r f e c t i o n s ,  a  p r e l i m i n a r y  n o n - l i n e a r  f i l t e r i n g  
i s  a p p l i e d  t o  t h e  b i n a r y  image. 

The a l g o r i t h m  scans t h e  whole drawing and 
those w h i t e  p i x e l s  (background) hav ing  f i v e  o r  
more b l a c k  (d raw ing )  neighbourhood p i x e l s  a r e  
s e t  t o  b lack .  

Morpho log i ca l  f i l t e r i n g  l i k e  S u z u k i ' s  f u s i o n  
[ 1 2 ]  i s  a l s o  w e l l  s u i t e d  f o r  t h i s  k i n d  o f  regu-  
l a r i z a t i o n  s tep,  b u t  a t  t h e  expense o f  a  grea-  
t e r  computa t iona l  burden. 

No tw i ths tand ing  t h i s  l i n e  r e g u l a r i z a t i o n .  
A r c e l l i ' s  method produces a  c e r t a i n  number o f  

l i t t l e  spu r i ous  branches, due t o  r e s i d u a l  l i n e  
i m p e r f e c t i o n s  and t o  no ise ;  thus ,  a  post -pro-  
cess ing  s t e p  (p run ing )  must be a p p l i e d  t o  remo- 
ve them. A t  t h e  same t ime ,  t h i s  pos t -p rocess ing  
produces o t h e r  u s e f u l  e f f e c t s  on l i n e  s t r a i g h t -  
ness, by add ing a  p i x e l  t o  t hose  c o n f i g u r a t i o n s  
s a t i s f y i n g  t h e  f o l l o w i n g  two c o n d i t i o n s :  

1 )  t h e  p i x e l  i s  t h e  s t a r t i n g  p i x e l  o f  a  
"good branch" ( t h a t  i s  t o  say o f  a  branch t h a t  
must n o t  be removed); 

2 )  t h e  p i x e l  matches t h e  f o l l o w i n g  c o n f i g u -  
r a t i o n  mask o r  one o f  t hose  ob ta ined  by  90" r o -  
t a t i o n s  ( F i g .  4 ) .  

F i g .  4  - Example o f  a  T  j u n c t i o n  r e g u l a r i z a t i o n  

The p r u n i n g  a l g o r i t h m  f o l l o w s  each branch 
f rom i t s  end ing p o i n t  t o  t h e  n e a r e s t  b ranch ing  
o r  end ing p o i n t  and removes t h e  whole branch i f  
i t s  l e n g t h  i s  below a  c e r t a i n  t h r e s h o l d .  I f  t h e  
branch can be preserved, t h e  f i n a l  p o i n t  c o n f i -  
g u r a t i o n  i s  i n s p e c t e d  t o  see i f  i t  matches one 
o f  t h e  masks, and then t h e  c o n f i g u r a t i o n  i s  
completed as shown i n  F i g .  4. 

Next, ano the r  p rocess ing  s t e p  i s  used t o  
f i l l  r e s i d u a l  l i t t l e  gaps i n  t h e  ske le ton .  Such 
a  p rocess ing  i s  a  two-phase method: d u r i n g  t h e  
f i r s t  phase s p e c i a l  p o i n t s  i n  t h e  s k e l e t o n  a r e  
i d e n t i f i e d  (b ranch ing  p o i n t s ,  end ing p o i n t s ,  
h i g h  c u r v a t u r e  p o i n t s ) ;  then, a  search i s  pe r -  
formed s t a r t i n g  f r om t h e  end ing p o i n t s  ( t h o s e  
w i t h  o n l y  one ne ighbou r i ng  p i x e l ) .  

The search aims a t  i d e n t i f y i n g  a  near  spe- 
c i a l  p o i n t  hav ing  a  l e a d i n g  segment c o l l i n e a r  
enough t o  t h a t  o f  t h e  end ing p o i n t  under i n v e s -  
t i g a t i o n .  

I n  p r a c t i c e , t h e  a l g o r i t h m  works i n  t h e  f o l -  
1  owing way: 

1) a  c e r t a i n  number o f  p i x e l s  be long ing  t o  
t h e  segments l e a d i n g  t o  t h e  a c t u a l  end ing p o i n t  
i s  cons idered.  A b e s t  f i t  segment i s  eva lua ted  
by f o r c i n g  i t  t o  pass th rough  t h e  end ing p o i n t ;  

2 )  then,  t h e  search proceeds i n  a  c i r c u l a r  
s e c t o r  s y m m e t r i c a l l y  cen te red  around t h e  d i r e c -  
t i o n  o f  t h e  b e s t  f i t  segment. The s e c t o r  r a d i u s  
i s  a  predetermined cons tan t ;  

3)  f o r  a l l  t h e  s p e c i a l  p o i n t s  i n s i d e  t h i s  
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sector  a  s i m i l a r  best  f i t  segment i s  evaluated 
and t h a t  showing the most s i m i l a r  d i r e c t i o n ,  
w i t h  respect  t o  the  search d i r e c t i o n ,  i s  selec- 
ted; 

4)  the ending p o i n t  and the  se lected spe- 
c i a l  p o i n t  a re  j o i n e d  w i t h  a segment. 

The second processing phase i s  i d e n t i c a l  t o  
the  f i r s t  one except f o r  the parameter values; 
i n  f a c t ,  the  f i r s t  phase uses a l i t t l e  sector  
rad ius  and a r e l a t i v e l y  l a r g e  sector  angle, 
w h i l e  the  second phase uses a r e l a t i v e l y  l a r -  
ge sector  rad ius  and a r e l a t i v e l y  small sector  
angle . 

This  corresponds t o  the f a c t  t h a t  the l i t- 
t l e  gaps a re  f i l l e d  by g i v i n g  less  relevance t o  
d i r e c t i o n a l  in format ion;  when a l l  these gaps 
have been f i l l e d  a second phase i s  t r i e d  i n  o r -  
der t o  f i l l  l a r g e r  gaps but,  i n  t h i s  case, a  
g rea te r  importance i s  g iven t o  the  l i n e  d i r e c -  
t i o n s  t o  prevent erroneous connections. I n  t h i s  
way, i t  i s  poss ib le  t o  reconnect l i n e a r  charac- 
t e r i s t i c s  broken i n t o  w e l l  a l i gned  b u t  h i g h l y  
fragmented regions (F ig .  5 ) .  

se generated gaps. b )  Post-processed 
image w i t h  f i l l e d  gaps. 

At  the end o f  t h i s  processing chain, a  
thinned image i s  obtained whose l i n e s  represent 
the skeletons o f  the o r i g i n a l  drawing l i n e s ;  
thus, i t  i s  poss ib le  t o  s t a r t  the drawing de- 
composition i n t o  arcs and segments. 

SKELETON INTERPRETATION 

Instead o f  us ing the usual techniques t h a t  
s t a r t  w i t h  a segment and t r y  t o  b u i l d  a polygo- 
na l  approximation by merging a l l  those segments 
w i t h  the same d i r e c t i o n  (according t o  a c e r t a i n  
to lerance range) [ 131, 1 141 a d i f f e r e n t  approach 
based on the ana lys is  o f  the  g lobal  s t r u c t u r e  
o f  t h e  skeleton was used. 

Psychological s tud ies demonstrate t h a t  the  
major in fo rmat ion  contents o f  a  diagram i s  re -  
coverable by analys ing t h e  way i n  which specia l  
po in ts  l i k e  branching points ,  ending po in ts  and 
h igh  curvature po in ts  a re  interconnected ( i  .e. 
t h e i r  topology) .  For t h i s  reason, the  skeleton 
was i n t e r p r e t e d  as a graph whose nodes represent 
the specia l  p o i n t  pos i t i ons  and whose branches 
c a r r y  in fo rmat ion  about drawing topology and 
l i n e  o r  a rc  shapes. Then, the whole drawing can 
be analysed and described by us ing a lower num- 
ber o f  p r i m i t i v e  elements because we assume 
t h a t  two l i n k e d  specia l  po in ts  con ta in  a s i n g l e  
p r i m i t i v e  element. 

We a l s o  have a s t ronger  conf idence dur ing  
p r i m i t i v e  type se lec t ion  since, instead o f  ha- 
v ing  t o  decide where a p r i m i t i v e  s t a r t s  and 
where i t  ends by b u i l d i n g  up t h i s  in fo rmat ion  
from l o c a l i z e d  analys is ;  we a l ready have such 
an in fo rmat ion  and we can use a l l  the  p i x e l s  
between two specia l  po in ts  t o  i d e n t i f y  what k i n d  
o f  p r i m i t i v e  we a re  deal ing w i th .  

Once a1 1 the  p r i m i t i v e  elements i n  the dra- 
wing have been selected, th ickness data are re -  
covered by tak ing  i n t o  account the  number o f  
p i x e l s  belonging t o  drawing l i n e s  (markedduring 
the  t h i n n i n g  phase) and counted i n  a perpendicu- 
l a r  d i r e c t i o n  w i t h  respect  t o  the  p r i m i t i v e  un- 
der examination. 

The mean thickness i s  evaluated by going 
from the  s t a r t i n g  t o  the end p o i n t  and the r e -  
s u l t i n g  value i s  compared w i t h  a t a b l e  o f  pre- 
determined standard values which r e f e r  t o  r e a l  
l i n e  thickness. The nearest value i s  se lected 
and stored along w i t h  the corresponding p r i m i t i -  
ve type and p o s i t i o n  in fo rmat ion  (F ig .  6 ) .  

The specia l  po in ts  considered are m u l t i p l e  
po in ts ,  terminal  po in ts  and h igh  curvature 
po in ts .  

Terminal po in ts  are those having a s i n g l e  
neighbouring p i x e l ,  m u l t i p l e  po in ts  have more 
than two neighbouring p i x e l s  and h igh curvature 
po in ts  correspond t o  h igh 1 i n e  bending. 

A l l  these po in ts  are s u i t a b l y  marked by 
scannning the  graph skeleton s t r u c t u r e  and are 
used as a s t a r t i n g  p o i n t  f o r  drawing i n t e r p r e -  
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t a t i o n .  

F ig .  6 - R e c o n s t r u c t e d  i i l iage coded  w i t h  seg- 
ments and arcs. Text i s  n o t  shown s ince 
i t  i s  processed separately. No post-prc- 
cessing has been app l ied  f o r  c i r c l e  cor- 
r e c t i o n .  

Due t o  noise and o ther  shape i r r e g u l a r i t i e ~ ~ s o -  
me specia l  po in ts  may appear near each other .  
Those p o i n t s  which a re  c loser  one another than 
a  predetermined threshold are c lus te red  and de- 
cimated, so t h a t  on ly  one surv ives i n  a  c e r t a i n  
region. 

A  h ie ra rchy  i s  used dur ing  the decimation 
step, by s t a t i n g  t h a t  the s u r v i v o r  must be the  
h igher  mu1 t i p 1  i c i  t y  po in t .  However h igh  curva- 
t u r e  po in ts  a re  never squeezed. 

Then symbol i d e n t i f i c a t i o n  i s  performed.The 
basic  concept i n  l o c a t i n g  symbols r e s t s  on the 
f a c t  t h a t  they genera l l y  enclosed l i t t l e  back- 
ground regions; so background region areas can 
be used t o  i d e n t i f y  p o t e n t i a l  symbols. 

The whole skeleton creates a  p a r t i t i o n  o f  
the image background i n  a  se t  o f  reg ions t h a t  
are those comprised i n  each closed chain o f  ske- 
l e t o n  branches. 

Background reg ion  s izes are computed and 
t h e i r  values a re  c lus te red  i n t o  two classes: 
large-s ized regions and small regions. 

A chain o f  ske leton branches touching a  
l i t t l e  background reg ion  i s  considered as per- 
t a i n i n g  t o  a  p o t e n t i a l  symbol. 

I n  order  t o  ob ta in  a  f a s t  and r e l i a b l e  cia* 
s i f i c a t i o n , a  new method i s  proposed which i s  
based both on topo log ica l  i n fo rmat ion  r e l a t i v e  
t o  symbol l i n e s  and i n v a r i a n t  features concer- 
n ing  the background regions enclosed by thesym- 
bol  l i n e s  and considered as elementary ob jec ts .  

I n  p a r t i c u l a r ,  segments, arcs, number o f  
corners, l i n k i n g  branches, angles between e le -  
mentary graphic  p r i m i t i v e s ,  e tc .  are used t o  
e x t r a c t  topo log ica l  in format ion,  w h i l e  Fu 's  
i n v a r i a n t s ,  compactness, normalized diameter, 

e tc .  are employed t o  ob ta in  a  p re l im inary  des- 
c r i p t i o n  o f  the  background regions enclosed i n  
the chain o f  p r i m i t i v e s  r e l a t i v e  t o  the  poten- 
t i a l  symbol. 

I n  t h i s  way, an i n i t i a l  search i s  p e r f o r -  
med i n  the symbol l i b r a r y  by look ing  f o r  sym- 
bo ls  having s i m i l a r  background components and 
then topo log ica l  data a re  used t o  take the  f i -  
na l  dec is ion.  

This  h y b r i d  approach uses a t  the same ti- 
me graph-matching and invar iant -matching tech- 
niques and a l lows a  good symbol de tec t ion  and 
c l a s s i f i c a t i o n .  A f t e r  a  symbol has been recogni- 
zed, the  corresponding skeleton branches a re  
removed from the image and the  whole symbol i s  
represented by us ing  a  predetermined code s to -  
red  i n  a  symbol l i b r a r y .  

I f  symbols a re  removed before t r y i n g  a  
p r i m i t i v e  decomposition, a  s i m p l i f i c a t i o n  i s  
achieved, s ince small d e t a i l s  a re  u s u a l l y  d i f -  
f i c u l t  t o  deal w i th .  

I n  order  t o  i d e n t i f y  the bes t  graphic p r i -  
m i t i v e  t o  be used i n  d r a f t  encoding, a l l  skele- 
t a l  p o i n t s  comprised between a  p a i r  o f  specia l  
po in ts  are then checked and the  graphic  p r i m i t i -  
ve (a rc  o r  segment)giving the best  match i s  
used. 

At  l a s t ,  a  drawing decomposition i n t o  
graphic p r i m i t i v e s  i s  obtained and l i n e  t h i c k -  
ness data are s tore.  

TEXT PROCESSING 

During the  symbol de tec t ion  step, charac- 
t e r  s t r i n g s  a re  a l s o  i d e n t i f i e d  because they 
a re  r e l a t i v e l y  small and i s o l a t e d  regions do 
n o t  touch drawing l i n e s .  Each character  i s  i s o -  
l a t e d  by us ing a  s u i t a b l e  box and then recogni -  
zed through a  character  recogn i t i on  a lgor i thm 
such as Ledeen's a lgor i thm [15 ] .  This  a lgor i thm 
works i n  the  f o l l o w i n g  way: a  s u i t a b l e  box i s  
f i t t e d  around character  strokes and some featu-  
r e s  a re  ext racted.  To t h i s  end, the  whole rec-  
tangular  box i s  d i v i d e d  i n t o  n ine  regions equal- 
l y  s ized by us ing f o u r  l i n e s ;  then the  reg ion  
i n  which the  s t roke  begins, the  number o f  times 
i t  crossed each d i v i d i n g  l i n e  and the  s t roke  
p o s i t i o n  r e l a t i v e  t o  other  s t rokes making up 
the character  are ext racted.  

I n  order  t o  code r e l a t i v e  p o s i t i o n  data, 
each s t roke  making up the character  i s  analysed 
on the  bas is  o f  the  n ine  prev ious regions;then 
a  pseudo s t roke  i s  generated by j o i n i n g  the  
centers o f  a l l  the regions surrounding the  com- 
ponent s t rokes and then i s  coded according t o  
a  predetermined t a b l e  (F ig.  7 ) .  

St roke r e l a t i v e  p o s i t i o n s  along w i t h  pre-  
v i o u s l y  evaluated features are compared w i t h  a  
s u i t a b l y  organized d i c t i o n a r y  prepared i n  an 
i n i t i a l  l e a r n i n g  phase and so each character  
can be recognized. 
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pseudo 
s t roke  
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Fig.7 - An F character  comprising th ree  s t rokes 
and the  r e l a t i v e  pseudo st roke 

I n  such a way t e x t  and numbers can be s tored 
i n  ASCII code along w i t h  p o s i t i o n a l  i n f o r m a t i -  
ons, ob ta in ing  so a g rea t  compression r a t i o .  

CONCLUSIONS 

A system f o r  d r a f t  encoding us ing hybr id  pro- 
cedures, based both on graph and p a t t e r n  reco- 
g n i t i o n  techniques t o  i d e n t i f y  and match spe- 
c i a l  symbols, has been implemented. Thus i t  has 
been obta ined a g rea t  data compression r a t i o  
dur ing  drawing enconding. The whole system has 
been coded us ing C language on a MC68020 based 
system running under UNIX V AT&T operat ing sys- 
tem. A l i n e a r  CCD ar ray  mounted on a movable 
head and ab le  t o  scan up t o  A0 format was adop- 
t e d  d u r i n g  the  d i g i t a l i z a t i o n  phase. 
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