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ABSTRACT:- Some ideas are presented, d e r i v e d  from work on t h e  WPEYE v i s i o n  
p r o j e c t ,  concerning t h e  n a t u r e  and use o f  d i f f e r e n t  k i n d s  o f  i n t e r m e d i a t e  
p i c t u r e  d e s c r i p t i o n s .  I t  i s  suggested t h a t  t h e r e  a r e  " n a t u r a l  elements" i n  
terms of which s t o r e d  models should be d e f i n e d  and t h a t  i t  i s  o f  p r ime 
importance t o  search f o r  those i n t e r m e d i a t e  p i c t u r e  d e s c r i p t i o n s  which a re  
most c h a r a c t e r i s t i c  o f  t h e  express ion  o f  such elements. 

INTRODUCTION 

The POPEYE p r o j e c t  i s  concerned w i t h  the  i n t e r p r e t a t i o n  i n  t h e  domain of 
l e t t e r s  and words o f  p i c t u r e s  o f  t h e  k i n d  shown i n  Fig.1 One of t h e  preoccu- 
p a t i o n s  o f  the  p r o j e c t  has been t h e  i d e n t i f i c a t i o n  o f  those i n t e r m e d i a t e  
d e s c r i p t i o n s  o f  the  p i c t u r e  data which best  f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  of  
t h e  scene from u h i c h  t h e  da ta  has been der ived.  An i n t e r m e d i a t e  d e s c r i p t i o n  
corresponds t o  the i d e n t i f i c a t i o n  o f  a  p i c t u r e  o b j e c t .  For example i n  t h e  
POPEYE program cont iguous c o l l i n e a r  sequences o f  d o t s  a re  e x p l i c i t l y  
represented 3s " l i n e "  da ta -s t ruc tu res ,  and p a i r s  o f  c o l l i n e a r  and over lap -  
p i n g  Lines a re  e x p l i c i t l y  represented as " p i c t u r e  bar "  da ta  s t r u c t u r e s .  
There are many such o b j e c t s  which be i d e n t i f i e d  i n  t h e  p i c t u r e ,  
corresponding t o  the  r e p r e s e n t a t i o n  o f  m'zbjects" and r e l a t i o n s  between 
o b j e c t s  i n  the d i f f e r e n t  domains invo lved .  (The d i f f e r e n t  domains have been 
d iscussed i n  Sloman e t  a l .  1978). 
What f o l l o w s  i s  a  d iscuss ion  o f  some emerging ideas  concerning t h e  s i g n i f i -  
cance o f  d i f f e r e n t  k i n d s  o f  p i c t u r e  o b j e c t  and t h e i r  r e l a t i o n  t o  l e t t e r  
models. An at tempt i s  a l s o  made t o  r e l a t e  these ideas t o  t h e  a n a l y s i s  o f  
3-D p o l y h e d r a l  scenes. 

A  PARTICULAR VIEW OF LETTERS 

A  l e t t e r  i s  taken t o  be an a b s t r a c t  o b j e c t  
d e f i n e d  by a  se t  o f  r e l a t i o n s h i p s  between a  
number o f  strokes, themselves a b s t r a c t  
objects,  and f o r  t h e  cu r ren t  purpose i t  i s  
o n l y  necessary t o  consider  those l e t t e r s  
which comprise s t r a i g h t  s t rokes.  The impor- 
t a n t  d i s t i n c t i o n  between t h i s  k i n d  o f  , 
d e s c r i p t i o n  o f  a  L e t t e r  and a  d e s c r i p t i o n  i n  1 
some "expressive domain" was made by Clowes 
(1971). I t  i s  a l s o  important  t o  d i s t i n g u i s h  
between those c h a r a c t e r i s t i c s  o f  the  
r e p r e s e n t a t i o n  i n  the  express ive  domain which 
express impor tan t  p r o p e r t i e s  of the  a b s t r a c t  
desc r ip t ion ,  and those u h i c h  are a r t e f a c t s  o f  
t h e  medium o f  expression.  

Fig. 1  

A  2-D r e p r e s e n t a t i o n  o f  a  l e t t e r  may be regarded as r e p r e s e n t i n g  two k i n d s  
o f  en t i t y ,  namely s t rokes  and r e l a t i o n s  between s t rokes .  Fur ther ,  i t  i s  par-  
t i c u l a r  p r o p e r t i e s  o f  s t rokes  which a re  o f  s i g n i f i c a n c e  and the  r e l a t i o n s h i p  
between two s t rokes  may be descr ibed  i n  terms o f  t h e  values o f  some s imple 
f u n c t i o n s  (E.9. d i f f e r e n c e )  de f ined  over the  s t r o k e  p r o p e r t i e s .  A  l e t t e r  



p r e s c r i b e s  f o r  a  f i x e d  number o f  s t rokes  t h e  r e l a t i v e  values o f  t h e  s t r o k e  
p r o p e r t i e s  by spec ' fy ing the values o f  t h e  se t  o f  f u n c t i o n s  d e f i n e d  over  
them. I n  such a  view o f  l e t t e r s ,  a  s t r o k e  may be regarded as f o r  exanple an 
n - t u g l e  o f  p r o p e r t y  va lues i n c l u d i n g  o r i e n t a t  ion, Length, and p o s i t i o n  o f  
endpoints.  
The s i g n i f i c a n c e  o f  u s i n g  t h i s  k i n d  o f  a b s t r a c t  r e p r e s e n t a t i o n  of  a  l e t t e r  
i s  t h a t  i t  i s  independent o f  the  way t h e  values o f  t h e  n - t u p l e  and any con- 
sequent r e l a t i o n s h i p  w i t h  o t h e r  n - tup le  values a re  represented. Secondly t h e  
f u n c t i o n s  which descr ibe  t h e  r e l a t i o n s  may be continuous, so t h a t  i n  any 
r e p r e s e n t a t i o n  o f  a  r e l a t i o n s h i p  between strokes, t h e  accuracy w i t h  u h i c h  i t  
accords w i t h  t h a t  o resc r ibed  i n  a  L e t t e r  d e f i n i t i o n  may be measured. 

L e t t e r  Depict ions:-  
What i s  r e q u i r e d  o f  t h e  d e p i c t i o n  o f  a  s t r o k e  i s  t h a t  i t  should express a  
p a r t i c u l a r  n - t u p l e  o f  p r o p e r t i e s  so t h a t  a  c o l l e c t i o n  o f  s t r o k e  d e p i c t i o n s  
expresses r e l a t i v e  values f o r  t h e  p r o p e r t i e s  u h i c h  may accord w i t h  t h e  
d e f i n i t i o n  o f  a  l e t t e r .  Any p i c t u r e  o b j e c t  f r o n  which an approximate major  
a x i s  can be found w i l l  f u l f i  1  t h i s  requirement and soqe examples a re  g i v e n  
i n  Fig.2, o f  the  d i f f e r e n t  nays i n  u h i c h  an a x i s  may be def ined.  

Fig.  2 

The r e l a t i v e  values o f  t h e  p r o g e r t i e s  expressed b y  a  c o l l e c t i o n  o f  s t r o k e  
d e p i c t i o n s  need not  conform a c c u r a t e l y  t o  those p r e s c r i b e d  by a  l e t t e r  
d e f i n i t i o n ,  f o r  t h e  l e t t e r  t o  be recogn isab le  and Fiq.2 i n c l u d e s  some exam- 
p l e s  i n  Phich the  r e l a t i v e  values o f  o r i e n t a t i o n ,  l e n g t h  and endpoint  pos i -  
t i o n s  va ry  cons iderab ly  f r o n  those o f  t h e  " idea l "  L e t t e r  they  dep ic t .  I n  
some o f  the  examples a  r e l a t i o n s h i p  i s  not  a c c u r a t e l y  expressed because t h e  
corresponding o r o p e r t i e s  are o n l y  approx imate ly  express ld  by t h e  s t r o k e  
d e p i c t i o n s .  

A PARTICULAR VIEW OF LETTER RECOGNITION ....................................... 
I t  may be argued t h a t  the  u n d e r l y i n g  t h e o r e t i c a l  framework o f  a  mechanism 
u h i c h  i s  t o  i n t e r p r e t  a  p i c t u r e  i n  terms o f  L e t t e r  d e p i c t i o n s  has two par ts .  
The f i r s t  i s  the  r e c o g n i t i o n  o f  i ns tances  o f  t h e  express ion  o f  s t rokes;  t h e  
second i s  a  search among those ins tances  f o r  s e t s  o f  s t rokes  f o r  which t h e  
r e l a t i v e  values o f  the  p r o p e r t i e s  o f  the  set  members conform t o  w i t h i n  
acceptable to le rances  t o  those p r e s c r i b e d  by a  l e t t e r  d e f i n i t i o n .  

I t  i s  the  i d e n t i f i c a t i o n  o f  the two types o f  task  i n  the  u n d e r l y i n g  theore t -  
i c a l  framework which i s  s i g n i f i c a n t  f o r  the choice o f  i n t e r m e d i a t e  descr ip -  
t i ons .  They separate the two areas i n  uh ich  t h ?  express ion  o f  two d i f f e r e n t  
types o f  e n t i t y  have the  p o t e n t i a l  f o r  g rea t  v a r i a t i o n ,  g i v i i g  r i s e  t o  t h e  
v a r i e t y  o f  ways i n  u h i c h  l e t t e r s  n3y be recogn isab ly  represen ted  (Fig.2.). 
The f i r s t  e n t i t y  i s  the  n - tup le  o f  p r o p e r t i e s  u h i c h  c h a r a c t e r i s e  a  st roke,  
and the second the c o n s t r a i n t s  between se ts  o f  s t rokes  corresponding t o  a  
p a r t i c u l a r  l e t t e r .  



One o f  the  i m p l i c a t i o n s  o f  adop t ing  such a  model i s  f o r  t h e  r e l a t i v e  impor- 
tance  o f  d i f f e r e n t  k i n d s  o f  p i c t u r e  o b j e c t  u h i c h  may be found i n  the  p i c -  
t u r e .  Of p r i m e  impor tance are those  u h i c h  cap tu re  i n s t a n c e s  o f  t h e  expres- 
s i o n  o f  a  s t r o k e  which i n  t h e  case o f  the  POPEYE domain i s  P i c t u r e  Bars, 
p a r a l l e l  and o v e r l a p p i n g  p a i r s  o f  l i n e s .  From them va lues  f o r  a l l  t h e  p ro -  
p e r t i e s  o f  a  s t r o k e  may be obtained, and t h e  r e l a t i v e  va lues  f o r  d i f f e r e n t  
s t r o k e s  may then  be used t o  address l e t t e r  models. 

The o t h e r  p i c t u r e  o b j e c t s  which a re  a v a i l a b l e  i n  POPEYE, f o r  example L ine-  
j unc t ions ,  a re  a  m a n i f e s t a t i o n  o f  the  express ion  o f  a  p r e c i s e  r e l a t i o n s h i p  
between between two such st rokes.  As such they  a re  vu lne rab le ;  s m a l l  changes 
i n  t h e  r e l a t i o n s h i p  they  express w i l l  cause them t o  d i sappear  , w i t h o u t  a  
s i m i l a r l y  Large e f f e c t  on the r e c o g n i s a b i l i t y  o f  t h e  t o t a l  l e t t e r ( S e e  a l s o  
Brady 1978). The i r  r o l e  then, shou ld  be as h e u r i s t i c s  f o r  L i m i t i n g  t h e  
search f o r  which i m p l i c i t l y  expressed r e l a t i o n s h i p s  between s t r o k e s  a r e  o f  
s i g n i f i c a n c e .  
I n  some sense s t r o k e s  have a  "s tand a lone"  meaning, a  j u n c t i o n  i s  t h e  p re -  
c i s e  express ion  o f  a  compound meaning. 

I n  the  POPEYE program t h i s  approach has been 
e x p l o i t e d  t o  some ex ten t .  I n i t i a l  a t tempts  
were s t r o n g l y  i n f l u e n c e d  by the " L i n g u i s t i c  
analogy", w i t h  L ine j u n c t i o n s  taken as t h e  
language p r i m i t i v e s ,  and so ideas r e v o l v e d  I 
around grammars over the  k i n d  o f  o b j e c t s  

L I 
shown i n  Fig.3. However, the d i s c o v e r y  of 
P i c t u r e  Bars i s  now o f  fundamental impor- 
tance, and the evidence i n  the form o f  L ine  I 
j u n c t i o n s  i s  used more i n  a  segmentat ion 
r o l e .  The L e t t e r  models however are s t i l l  

T- 
based on a  n o t i o n  o f  a  l e t t e r  be ing composed 
o f  ) u n c t i o n s  between st rokes,  expressed i n  
t h e  form o f  l i n e  j u n c t i o n s .  An a l t e r n a t i v e  
model system, based on the above ideas, i s  ~ i ~ .  3 
b e i n g  developed. /'--I 
POLYHEDRAL SCENES ----------------- 
A s i m i l a r  argument a p p l i e d  t o  3-D p o l y h e d r a l  scene a n a l y s i s  would suggest 
t h a t  p r o p e r t i e s  c h a r a c t e r i s i n g  a  s u r f a c e  would be t h e  c o u n t e r p a r t  o f  
s t rokes ,  and t h a t  d i s c o v e r i n g  ins tances  o f  t h e i r  e x p r e s s i o n  i s  o f  p r ime  
impor tance r a t h e r  than the n a n i f e s t a t i o n s  o f  t h e  e x p r e s s i o n  o f  a  p r e c i s e  
r e l a t i o n s h i p  between them; (E.g. Fork o r  Arrow j u n c t i o n s ) .  

R e t u r n i n g  t o  the  " L i n g u i s t i c  analogy" and c o n s i d e r i n g  what Becker(1975)  had 
t o  say g i v e s  t h i s  vague n o t i o n  a  L i t t l e  more m o t i v a t i o n .  B r i e f l y ,  he argues 
t h a t  speech i s  generated by a  process o f  " s t i t c h i n g  t o g e t h e r "  a p p r o p r i a t e  
elements from a  p h r a s a l  l e x i c o n  accord ing  t o  g rammat i ca l  r u l e s .  However, 
t h e  f l a v o u r  o f  Becker ' s  paper i s  an a t t a c k  on l i n g u i s t s  as " f r u s t r a t e d  phy- 
c i s i s t s "  f o r  a t t e m p t i n g  t o  e s t a b l i s h  and use grammars o n l y  over  t h e  p r i m i -  
t i v e s  o f  t h e  language, i n  an attempt t o  cap tu re  t h e  n a t u r e  o f  Legal  sen- 
tences i n  t h a t  Language. The " p r i n c i p l e "  u h i c h  qay be e x t r a c t e d  from 
exper ience  w i t h  WPEYE, and would appear t o  have some re levance  t o  3-D scene 
ana lys i s ,  amounts t o  g e n e r a l i s i n g  t h a t  c r i t i c i s m  o f  L i n g u i s t i c s  i n t o  t h e  
L i n g u i s t i c  metaphor i n  v i s ion ,  and i n  p a r t i c u l a r  making a  p r o p o s a l  as t o  t h e  
n a t u r e  of the v i s i o n  equ iva len t  3 f  the phrases o f  B e c k e r ' s  Lexicon. 

Some examples o f  phrases uh icn  3e:ker g i v e s  a re  as f o l l o w s :  



THIS I S  NOT TO SAY THAT 

WHAT DOES THIS IMPLY FOR 

WE MUST CONCLUDE THAT 

Each invokes a  meaning i n  i t s  own r i g h t  a l l  be i t  incomplete. Only a  f e u  
such phrases a re  requ i red  t o  generate a  mean ing fu l  sentence, compared u i t h  
t h e  number o f  Language p r i m i t i v e s  i n  t h e  sentence, and t h i s  i s  an impor tan t  
p a r t  o f  t h e  m o t i v a t i o n  g iven  by Becker f o r  h i s  ideas. The i m p l i c a t i o n  i s  
t h a t  i t  i s  unnecessar i l y  d i f f i c u l t  t o  generate sentences from p r i m i t i v e s  o f  
t h e  Language a l l  t h e  time, t h a t  t h e  a r t  u h i c h  i s  language a c q u i s i t i o n  i s  
about l e a r n i n g  neu phrases and hou t o  " s t i t c h  them toge ther "  t o  convey t h e  
d e s i r e d  meaning, and t h a t  t h e  r e s u l t i n g  u t t e r a n c e  may be understood i n  t h e  
same uay. 

The problem u i t h  drauing ana log ies  i n  v i s i o n  
i s  t h a t  i t  i s  no t  obvious uhat  t h e  p r i m i t i v e s  
of  t h e  language a re  (edge fea tu res?  l i n e s ?  
L ine- junc t ions?)  and consequent ly  uhat  con- 
s t i t u t e s  a  meaningfu l  phrase i s  e q u a l l y  
unc lear .  I n  the  uork o f  Huffman(l971) and 
CLoues(l971) i n  some sense l i n e s  a r e  taken  as 
t h e  p r i m i t i v e s  and L ine- junc t ions  seem i n t u i -  
t i v e l y  t h e  most obvious candidates t o  choose 

concre te  uay - they  a c t u a l l y  touch. Comparing 
them w i t h  3ecker ' s  phrases, do they  mean any- 

Y as phrases u h i c h  i n c l u d e  severa l  i ns tances .  1 
The i n t u i t i o n  a r i s e s  p a r t l y  because t h e  1 
a f f i n i t y  betueen Lines i s  man i fes t  i n  a  most 

Fig. 4 

t h i n g  i n  t h e i r  oun r i g h t ?  

For example consider  the  FORK j u n c t i o n  i n  Fig. 4 C l e a r l y  i n  t h e  p o l y h e d r a l  
domain t h i s  can be taken t o  "mean" the  corner  o f  a  cube. Houever compare 
t h i s  w i t h  the  f o l l o u i n g  sentence:- 

THIS IS  NOT TO SAY THAT / ALL MEN HAVE / HAPPY LIVES 

u h i c h  can be taken as compr is ing t h r e e  phrases. 

Nou cons ider  the  f o l l o u i n g  t h r e e  words:- 

NOT - MEN - HAPPY 

Together they  capture more o f  t h e  meaning o f  t h e  sentence than  any one o f  
t h e  phrases a lone because the s t r u c t u r e  compr is ing the  t h r e e  words i n  o rder  
cap tu res  some mimimal p a r t  o f  the  meaning o f  each o f  t h e  t h r e e  phrases. The 
s t r u c t u r e  i s  no t  o f  much genera l  use i n  c o n s t r u c t i n g  o r  ana lys ing  sentences 
s i n c e  i t  i s  a  c h a r a c t e r i s a t i o n  a p p l i c a b l e  t o  o n l y  a  f e u  sentences. More 
impor tan t l y ,  u n l i k e  each o f  t h e  t h r e e  phrases i t  i s  ungrammatical.  
The suggest ion here i s  t h a t  the  l i n e - j u r i c t i o n  o f  F ig.  4 i s  more c l o s e l y  
i d e n t i f i a b l e  u i t h  the  th ree  word s t r u c t u r e  than  u i t h  a  l e x i c a l  phrase, s ince  
t o g e t h e r  the  l i n e s  capture some p a r t  o f  the n a t u r e  o f  t h e  t h r e e  sur faces and 
hou they re la te ,  and t h a t  t h e  su r faces  are b e t t e r  candidates f o r  be ing  t h e  
p a r a l l e l s  o f  Becker 's  phrases. 

To con t inue  the  comparison, i n  the same uay t h a t  o n l y  a  f e u  phrases a re  
needed t o  generate a  meaningfu l  sentence, o n l y  3 faces o f  a  cube a re  v i s i b l e  



compared w i t h  7 l i n e j u n c t i o n s .  F i n a l l y ,  Becker suggests t h a t  speech i s  gen- 
e r a t e d  b y  " s t i t c h i n g  toge ther "  a p p r o p r i a t e  phrases, and i t  i s  i n t e r e s t i n g  t o  
no te  t h a t  most people when asked t o  draw a cube, complete su r faces  r a t h e r  
than ver t~ces, i .e .  t y p i c a l l y  a sequence l i k e  (a) r a t h e r  than  (b) i n  Fig.5. 

(a) 

F ig.  5 

To r e t u r n  t o  t h e  comparison w i t h  t h e  l e t t e r  
domain, t h e  argument i s  t h a t  su r faces  have a 
"s tand a lone" meaning and t h e i r  j u x t a p o s i t i o n  
expresses a compound meaning as an o b j e c t .  
Some j u n c t i o n s  a r e  p a r t i c u l a r  m a n i f e s t a t i o n s  
o f  t h e  p r e c i s e  express ion  o f  a r e l a t i o n s h i p  
between two sur faces  and as such may o r  may 
n o t  cap tu re  the  compound meaning (E.g. Fig. 
6 )  and a re  no t  s u i t a b l e  p r i m t i v e s  from which 
t o  c o n s t r u c t  an o b j e c t  model. 

F ig.  6 
CONCLUSION 

Regarding a l l  v i s i o n  as i n v o l v i n g  the  addressing o f  s t o r e d  models, i t  i s  
suggested t h a t  models should be d e f i n e d  i n  terms o f  r e l a t i o n s h i p s  between 
" n a t u r a l  elements" uh ich  have meaning i n  t h e i r  own r i g h t ,  r a t h e r  than  i n  
t e r n s  o f  o b j e c t s  d e r i v e d  from t h e  m a n i f e s t a t i o n  i n  t h e  p i c t u r e  o f  r e l a t i o n -  
sh ips  between such elements. Th is  i m p l i e s  t h a t  i t  i s  o f  p r i m e  inpor tance  t o  
search f o r  those  p i c t u r e  o b j e c t s  u h i c h  a r e  most c h a r a c t e r i s t i c  o f  t h e  
express ion  o f  such " n a t u r a l  elements". I t  does n o t  i m p l y  t h a t  o t h e r  p i c t u r e  
o b j e c t s  cannot be exp lo i ted ,  bu t  r a t h e r  t h a t  t h e i r  u s e f u l n e s s  l i e s  i n  what 
they  i m p l y  f o r  the  r e l a t i o n s  between the  " n a t u r a l  elements". 
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