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A b s t r a c t  

T h i s  paper d iscusses t h e  des ign  of a  program t h a t  t a c k l e s  t h e  
ambigui ty  r e s u l t i n g  from t h e  i n t e r p r e t a t i o n  o f  l i ne -d raw ings  b y  
means o f  geometr ic  c o n s t r a i n t s  alone. I t  does t h i s  by supplementing 
i t s  b a s i c  geometr ic  reasoning b y  means o f  a  se t  o f  models o f  v a r i o u s  
s izes.  E a r l i e r  programs a re  analysed i n  terms o f  models, and t h r e e  
d i f f e r e n t  f u n c t i o n s  f o r  models a r e  d i s t i n g u i s h e d .  F i n a l l y ,  p r i n c i -  
p l e s  f o r  s e l e c t i n g  models f o r  t h e  present  purpose a re  r e l a t e d  t o  t h e  
concept o f  a  "mapping event"  between t h e  p i c t u r e  and scenedomains. 

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

The l i n e - l a b e l l i n g  scheme proposed b y  Huffman (1971) and Cloues (1971) i n  
e f f e c t  posed t h e  problem o f  p roduc ing  a l l  t h e  i n t e r p r e t a t i o n s  i n  terms o f  Line- 
l a b e l s  o f  a  l i ne -d raw ing  t h a t  can be made on t h e  assumption t h a t  i t  i s  a  p r o j e c -  
t i o n  o f  a  scene composed o f  po lyhedra  w i t h  t r i h e d r a l  ve r t i ces ,  p lane  surfaces, 
and s t r a i g h t  edges, and a l s o  t h a t  t h e  v iewpo in t  does no t  g i v e  r i s e  t o  any 
a c c i d e n t a l  a l ignments o f  v e r t i c e s  o r  edges (i.e. any "acc iden ta ls " ) .  The l i n e - ~  
L a b e l l i n g  scheme o f f e r e d  o n l y  a  p a r t i a l  so lut ion,  and l e f t  two major chal lenges 
f o r  f u t u r e  program designs: t o  r e l a x  t h e  non-accidenta l  and t r i h e d r a l  r e s t r i c -  
t i o n s  (i.e.to a l l o w  a c c i d e n t a l  a l ignments and v e r t i c e s  w i t h  more o r  fewer than  
t h r e e  surfaces), and t o  generate o n l y  those l a b e l l i n g s  t h a t  a r e  g e o m e t r i c a l l y  
cons is ten t  w i t h  t h e  assumptions - Huffman h i m s e l f  showed t h a t  t h e  l i n e - L a b e l l i n g  
scheme was inadequate i n  t h i s  respect .  Wal tz '  (1972) program d i d  n o t h i n g  
towards t h e  l a t t e r  goal, and made o n l y  ad hoc a t tempts  a t  t h e  former by i n c l u d -  
i n g  a  few hand-picked a c c i d e n t a l  and m u l t i h e d r a l  j u n c t i o n  L a b e l l i n g s  ( h i s  r e a l  
c o n t r i b u t i o n  was t o  t h e  express ion  o f  knowledge about shadows). Mackworth's 
program P o l y  (Mackworth 1973) achieved t h e  f i r s t  and p a r t l y  achieved t h e  second 
goal, and work by t h e  author  on sidedness reasoning i n c l u d i n g  a  design f o r  a  
program c a l l e d  ELLsid (Draper 1978, for thcoming)  has completed t h i s  goal. I t  
t u r n s  out, however, t h a t  t h e  p u r e l y  geometr ic  c o n s t r a i n t s  thus  f u l l y  captured 
a l l o w  an enormous number o f  i n t e r p r e t a t i o n s  (many hundreds even f o r  s imp le  draw- 
i n g s  o f  a  cube o r  a  te t rahedron)  even though people see o n l y  one o r  two. 
C l e a r l y  t h e  next  t a s k  i s  t o  a t tempt  t o  model t h e  choice o f  i n t e r p r e t a t i o n  made 
by us from among those g e o m e t r i c a l l y  poss ib le .  

Much o f  t h i s  amb igu i t y  comes from a l l o w i n g  a c c i d e n t a l s  i n d i s c r i m i n a t e l y  - 
i n  e f f e c t  t h i s  t r e a t s  each p i c t u r e  r e g i o n  as t h e  p r o j e c t i o n  o f  ( p a r t  o f )  an 
opaque p l a t e  w i t h  no necessary p o i n t  o f  con tac t  w i t h  any other, and many o f  t h e  
i n t e r p r e t a t i o n s  represen t  such weird, d isconnected scenes where t h e  edges o f  
f l o a t i n g  p l a t e s  a r e  l i n e d  up i n  v a r i o u s  u n l i k e l y  ways. T h i s  does n o t  however 
account f o r  a l l  t h e  ambigui ty  s i n c e  even exc lud ing  a c c i d e n t a l s  s t i l l  a l l o u s  
numerous odd i n t e r p r e t a t i o n s .  I t  i s  now c l e a r  t h a t  t h e  t r i h e d r a l  and a c c i d e n t a l  
r e s t r i c t i o n s  i n  t h e  Huffman-Clowes scheme were r e s p o n s i b l e  f o r  keeping t h e  
i n t e r p r e t a t i o n s  produced i n  f a i r l y  c l o s e  correspondence t o  human i n t e r p r e t a -  
t ions,  even though t h e i r  r i g i d  a p p l i c a t i o n  prevented t h e  i n t e r p r e t a t i o n  o f  some 
s imple p i c t u r e s .  Kanade (1978) shows how even a  s l i g h t  r e l a x a t i o n  o f  t h e  res- 
t r i c t i o n s  ( r e d e f i n i n g  t h e  t r i h e d r a l  r e s t r i c t i o n  t o  a l l o u  = % t h r e e  sur faces  a t  
a  vertex, which can be e i t h e r  laminae o r  faces bounding a  s o l i d  volume) g r e a t l y  
m u l t i p l i e s  t h e  p o s s i b l e  i n t e r p r e t a t i o n s  o f  s imp le  p i c t u r e s  and t h a t  e x t r a  scene 
c o n s t r a i n t s  must then  be mobi l ised.  Houever h i s  proposed scheme, a l though  an 



i n t e r e s t i n g  compromise between amb igu i t y  and geometr ic  competence, n e i t h e r  
reduces t h e  ambigui ty  t o  t h e  p o i n t  o f  corresponding t o  human percept ion,  no r  
f u l l y  enforces t h e  a p p l i c a b l e  geometr ic  c o n s t r a i n t s .  An obvious suggest ion then  
i s  t o  look  f o r  a way t o  s e l e c t  t h e  i n t e r p r e t a t i o n  which conforms o r  most n e a r l y  
conforms t o  t h e  Huffman-Cloues r e s t r i c t i o n s  w h i l e  r e t a i n i n g  t h e  more genera l  
geometr ic  powers o f  sidedness reasoning f o r  use as and when necessary. 

T h i s  paper o u t l i n e s  an approach which uses models o f  f a m i l i a r  o b j e c t s  and 
fragments o f  o b j e c t s  t o  implement, and h o p e f u l l y  t o  improve on, t h i s  suggestion. 
The program w i l l  be based on t h e  sidedness reasoner from E l l s i d ,  which i s  essen- 
t i a l l y  rule-based, bu t  w i l l  be augmented by t h e  models whose r o l e  i s  t o  guide 
t h e  i n t e r p r e t a t i o n  - i n  e f f e c t  r e s o l v i n g  t h e  amb igu i t y  found by E l l s i d  alone. 
I t  i s  argued t h a t  t h i s  o f f e r s  a method o f  c a p t u r i n g  t h e  good aspects o f  p a s t  
programs ( i n c l u d i n g  t h e  Huffman-Cloues scheme) p a r t i c u l a r l y  t h e i r  a b i l i t i e s  t o  
choose t h e  same i n t e r p r e t a t i o n s  as people, w h i l e  overcoming t h e i r  inadequate 
grasp o f  geometr ic  c o n s t r a i n t s  and i n a b i l i t y  t o  cope w i t h  a c c i d e n t a l s  when t h i s  
i s  necessary. I n  a d d i t i o n  i t  o f f e r s  a way o f  mode l l i ng  t h e  e f f e c t  o f  common o r  
f a m i l i a r  o b j e c t s  o r  c o n f i g u r a t i o n s  on t h e  p e r c e p t i o n  o f  drawings. 

Mode 1-based v i s i o n  programs ---- 
Most, perhaps a l l ,  programs can be seen as model-based i n  some sense 

d e s p i t e  the  f a c t  t h a t  t h e i r  genera l  " f e e l "  may be t h a t  o f  a bottom-up genera l  
purpose method. For ins tance  Woodham's (1977) program f o r  g e t t i n g  shape from 
shading by a l o c a l  computation uses models o f  f ragments o f  su r face  shape. I n  
t h e  domain o f  l i ne -d raw ing  i n t e r p r e t a t i o n ,  t h e  succession o f  programs can be 
seen as having been based on success ive ly  sma l le r  models. Roberts  (1965) used 
complete, simple, convex po lyhedra  such as b r i c k s  and wedges as models. L ine -  
l a b e l l i n g  schemes a r e  based on models o f  p o s s i b l e  v e r t i c e s  and t h e i r  appear- 
ances. Mackworth's P o l y  and t h e  au thor ' s  E l l s i d  b o t h  use p lanes as t h e i r  b a s i c  
element o r  model: they reason about how these may be f i t t e d  t o g e t h e r  t o  make up 
scenes. 

Here i t  i s  u s e f u l  t o  d i s t i n g u i s h  t h r e e  d i f f e r e n t  aspects of t h e  use o f  
models. 
1. They can Largely determine t h e  way i n  which t h e  scene (i.e. t h e  i n t e r p r e t a -  

t i o n )  i s  described. Th is  i s  most o b v i o u s l y  t r u e  when models a re  used t o  
achieve r e c o g n i t i o n  o f  known o b j e c t s  - t h e  i n t e r p r e t a t i o n  may then  c o n s i s t  
almost e n t i r e l y  o f  t h e  names o f  those ob jec ts .  L i kew ise  when models c a r r y  
i n f o r m a t i o n  which cou ld  no t  o therw ise  be deduced from t h e  p i c t u r e  - such as 
Lengths i n  F a l k ' s  (1972) program and h idden sur faces  i n  Rober ts '  program - 
they have a Large e f f e c t  on the  content  o f  the  scene d e s c r i p t i o n .  Apart  
from t h i s  e f f e c t  on i t s  content, models may a f f e c t  i t s  s t r u c t u r e  by de te r -  
min ing t h e  elements o f  which i t  i s  made up: Roberts '  program sees an L-beam 
as two b r i c k s  welded toge ther  whereas P o l y  sees i t  as p lanes meet ing a long - 
edges w i t h  no s u b - d i v i s i o n  i n t o  convex b locks.  

2. Models can be used as hypotheses - s e t s  o f  conc lus ions  about t h e  scene t h a t  
a re  jumped t o  on t h e  b a s i s  o f  s l i g h t  evidence, though some checking may f o l -  
low. Roberts '  program has t h i s  f l avour ;  l i n e - l a b e l l i n g  does not  s ince  i t  
considers a l l  p o s s i b i l i t i e s  and a l lows  a l l  c o n s i s t e n t  i n t e r p r e t a t i o n s  t h a t  
s u r v i v e  a l l  t h e  checks i t  knows how t o  make. As ue s h a l l  see, i t  i s  t h i s  
aspect o f  models t h a t  i s  needed i n  t h e  present  a p p l i c a t i o n  s i n c e  they  a r e  t o  
be t h e  b a s i s  f o r  going beyond t h e  geometr ic  c o n s t r a i n t s .  

3. Models a re  o f t e n  t h e  b a s i s  f o r  o r g a n i z i n g  t h e  way knowledge i s  b u i l t  i n t o  
t h e  program - p r i m a r i l y  c o n s t r u c t s  t o  h e l p  t h e  programmer o rgan ize  t h e  code, 
n u c l e i  f o r  s t r u c t u r i n g  the  program. I t  i s  i n  t h i s  sense t h a t  a l l  t h e  pro-  
grams mentioned are model-based - they  a re  a l l  o rgan ized  around some b a s i c  
scene concepts. Loosely speaking, frames (Minsky 1975) a r e  models i n  t h i s  
sense s ince  a frame b r i n g s  toge ther  procedures 6s w e l l  as d e c l a r a t i v e  i n f o r -  
mation, and t h e  idea  i s  t o  o rgan ize  t h e  program round frames whether o r  n o t  



i t  has a hypothesise-and-test f lavour  and however i t s  scene descr ip t ions  are 
organized. i n  v i s i o n  t h i s  i s  taken fu r thes t  by Freuder (1976) who organizes 
a l l  knowledge around models but these appear i n  uhat are e f f e c t i v e l y  four  
d i f f e r e n t  netuorks o f  dec la ra t i ve  in format ion  and have a t  Least tuo  sets o f  
procedures associated u i t h  them ( f o r  use uhen ac t iva ted i n  top-doun and 
bottom-up inodes respect ively) .  

A program design using models t o  se lec t  i n te rp re ta t i ons  - 
We are now on a be t te r  p o s i t i o n  t o  speci fy c l e a r l y  what r o l e  the models are 

t o  play i n  the  proposed program design. We do not want them fo r  de f i n i ng  the 
scene desc r i p t i on  language - that  i s  s t i l l  t o  be done p r i m a r i l y  by the underly- 
i ng  sidedness reasoning program using t ine- labels and i t s  representat ion o f  
planes and t h e i r  re lat ionships;  ne i t he r  are the models t o  be cen t ra l  u n i t s  o f  
the program organizat ion.  They are instead required t o  provide L ike ly  
hypotheses about pa r t s  o f  the scene. 

The basic sidedness reasoner i s  retained f i r s t l y  t o  ensure t ha t  the f i n a l  
i n t e r p r e t a t i o n  i s  geometr ica l ly  consistent - and so i t  i s  used t o  check tha t  the 
hypothesised fragments o f  scene descr ip t ion  are mutual ly compatible. Each 
hypothesis must there fore  be expressed i n  terms that  the reasoner can deal u i t h  
d i r e c t l y  - as sidedness assert ions about planes. Note t ha t  i n  terms of the 
under ly ing plane-based approach the models do not correspond t o  na tu ra l  frag- 
ments of scene objects: f o r  instance the all-convex l a b e l l i n g  of a Y-junction, 
uhich i n  the Huffman-Cloues scheme i s  a complete model o f  a vertex, t e l l s  a 
plane-based system something about one corner of each o f  th ree surfaces and the 
way they meet each other there. I n  t h i s  respect these models are more l i k e  the 
M.1.F.s and N.U.F.s developed by Frank B i r ch  (1978) i n  a l e t t e r  recogn i t ion  sys- 
tem than they are Like Roberts' models. M.U.F.s (minimal unambiguous fragments) 
are combinations o f  strokes tha t  have no meaning by themselves as l e t t e r s  but 
are valuable t o  a program as a combination that  can belong t o  on ly  one l e t t e r  
and can hence i n i t i a t e  some spec ia l  processing. M.1.F.s (minimal impossible 
fragments) are s t roke combinations tha t  cannot be pa r t  o f  any s ing le  l e t t e r  and 
hence s igna l  t ha t  some stroke junc t ions  must be undone. Both are models 
selected not f o r  t h e i r  s ign i f i cance i n  the resu l t i ng  i n t e r p r e t a t i o n  but f o r  
t h e i r  usefulness t o  the process const ruc t ing  the i n te rp re ta t i on .  

The second funct ion  o f  the sidedness reasoner i s  t o  f i l l  i n  the gaps i n  the 
i n t e r p r e t a t i o n  uhen there are pa r t s  o f  the p i c t u r e  not covered by hypotheses o f  
f a m i l i a r  conf igura t ions  - e.g. a t  accidentals. Hou many such "gaps" occur - 
that  is, how much of the i n t e r p r e t a t i o n  u i l l  not be covered by the models - 
depends p a r t l y  on how extensive the set o f  models is, and p a r t l y  on whether the 
cont ro l  s t ra tegy i s  t o  search f o r  the i n te rp re ta t i on  tha t  has the maximum pro- 
po r t i on  suppl ied by models, or t o  grow an i n t e r p r e t a t i o n  outuards from an i n i -  
t i a l  model match, using other models i f  possible but on ly  backtracking i f  forced 
t o  by a geometric inconsistency. The Lat ter  s t ra tegy w i l l  not aluays give the 
"best" i n t e r p r e t a t i o n  and i n  general u i l l  depend on the order i n  uhich pa r t s  of 
the p i c tu re  are tackled. Probably both should be explored t o  see uhich can be 
made t o  f i t  human performance best. 

A second major design dec is ion  i s  t o  t r i g g e r  the  models by matching cues i n  
the p i c t u r e  domain. I t  i s  poss ib le  t o  have a system uhere scene descr ip t ions  
are generated by some means and then models of 3-0 conf igura t ions  are matched t o  
them. This i s  s u f f i c i e n t  f o r  recogn i t ion  systems, uhere the purpose o f  the 
models i s  t o  i d e n t i f y  knoun objects, and i t could be used here by p re fe r r i ng  
i n te rp re ta t i ons  containing f a m i l i a r  3-D conf igurat ions.  Houever i t  seems 
u n l i k e l y  t o  prov ide a good model of human preferences f o r  several reasons. 
F i r s t l y ,  such a system uould behave l i k e  a paranoid: i t  uould have strong ideas 
about uhat the  i n t e r p r e t a t i o n  "should" be and very s l i g h t  evidence uould be 
enough t o  "confirm" t h i s  - i t  uould take no account o f  uhat those appearances 



probab ly  o r  u s u a l l y  i n d i c a t e .  What we r e a l l y  want i s  a  system t h a t  ass igns 
appearances a  p l a u s i b l e  i n t e r p r e t a t i o n  and does n o t  invoke  u n l i k e l y  L inks  
between appearances and i n t e r p r e t a t i o n s  un less  i t  has to.  T h i s  i s  achieved by 
hav ing  a  s t o r e d  se t  o f  p i c t u r e  c o n f i g u r a t i o n s  c a l l e d  "keys" o r  "cues" each o f  
which t r i g g e r s  a  p a r t i c u l a r  fragment o f  3-D i n t e r p r e t a t i o n  c a l l e d  a  model. I t  

i s  these p a i r s  o f  keys and models t h a t  a re  stored, and have been l o o s e l y  
r e f e r r e d  t o  up t o  now s imp ly  as "models". 

T h i s  d e c i s i o n  f i t s  u e l l  w i t h  p r e v i o u s  programs, and w i t h  t h e  aim o f  t r y i n g  
t o  recap tu re  t h e  i n s i g h t s  conta ined i n  p a s t  uork. L i n e - L a b e l l i n g  i s  based on an 
i n s i g h t  f i r s t  e x p l o i t e d  by Guzman (1969) t h a t  p i c t u r e  j u n c t i o n s  are good e v i -  
dence about t h e  scene (see Hochberg 1968 f o r  evidence o f  t h e  p s y c h o l o g i c a l  r e a l -  
i t y  o f  t h i s ) :  what ue want t o  cap tu re  here i s  t h e  i d e a  t h a t  Y-junctions, say, 
n o r m a l l y  have one o f  t h e  t h r e e  i n t e r p r e t a t i o n s  a l l o u e d  by t h e  Huffman-Cloues 
scheme a l though  a  Lot more a re  poss ib le .  S i m i l a r l y  i n  Rober ts '  program models 
have keys assoc ia ted  w i t h  them t h a t  a re  good candidates f o r  i n c o r p o r a t i o n  i n  t h e  
present  program, as a re  t h e  " l i n e  fea tu res"  used by Grape (1973). 

P r i n c i p l e s  f o r  choosing model-key p a i r s  f o r  i n c o r p o r a t i o n  

Depending on t h e  mot ives f o r  c o n s t r u c t i n g  a  v e r s i o n  o f  t h e  proposed pro-  
gram, va r ious  p r i n c i p l e s  might be used i n  s e l e c t i n g  t h e  model-key p a i r s  t o  be 
used. I n t e r e s t i n g  exper iments cou ld  be made t o  see how w e l l  t h e  ideas i n  p r e v i -  
ous programs w i l l  work uhen augmented by sidedness reasoning - f o r  i n s t a n c e  by 
u s i n g  as models j u s t  t h e  Huffman-Clowes s e t  o f  j u n c t i o n  l a b e l l i n g s  one cou ld  
f i n d  out i f  i t  cou ld  nou cope w i t h  m u l t i h e d r a l  v e r t i c e s  and a c c i d e n t a l s  w h i l e  
avo id ing  g e o m e t r i c a l l y  imposs ib le  i n t e r p r e t a t i o n s  and s t i l l  g e n e r a l l y  p roduc ing  
o n l y  those i n t e r p r e t a t i o n s  which people see. 

Another idea  would be a  Learning program which had some method of ana lys ing  
each p i c t u r e - p l u s - d i c t a t e d - i n t e r p r e t a t i o n  i n  a  t r a i n i n g  sequence and compi l i ng  a  
se t  o f  p i c t u r e  fragments p l u s  i n t e r p r e t a t i o n s  t o  use as models, s e l e c t e d  perhaps 
on the  bas is  o f  f requency o f  occurrence. A l t e r n a t i v e l y  a  set  cou ld  be compiled 
by hand, the  aim be ing  t o  model t h e  i n t e r p r e t a t i o n s  people s e l e c t  over as Large 
a  set  o f  p i c t u r e s  as poss ib le .  

The above program designs might  p o s s i b l y  achieve a  good approx imat ion  t o  
human percep tua l  behaviour  ( w i t h i n  t h e  1;n;ts o f  t h e  power o f  L ine - labe ls  t o  
express 3-D i n t e r p r e t a t i o n s )  bu t  they  cou ld  never o f f e r  a  t h e o r e t i c a l  explana- 
t i o n  o f  why they  worked. What than should the  p r i n c i p l e s  f o r  s e l e c t i n g  models 
be? A p o s s i b l e  answer comes by ex tend ing  Huffman's General Viewpoint  i dea  
(Huffman 1971 p.298): we want p ic tu re - to -scene  hypotheses t h a t  a re  probable. To 
exp lo re  t h i s  we need t o  develop t h e  p i c t u r e l s c e n e  d i s t i n c t i o n  emphasized by 
C Loues (1971 ) . 

The keys a re  d e f i n e d  i n  t h e  p i c t u r e  domain - e:g. a  Y- junc t ion  i s  de f ined  
b y  p i c t u r e  angles etc.  independent o f  t h e  l a b e l l i n g  ( i n t e r p r e t a t i o n )  t h a t  may 
l a t e r  be assigned t o  i t .  The models a re  d e f i n e d  i n  t h e  scene domain - t h a t  i s  
they  s p e c i f y  aspects o f  t h e  3-D scene i n  a  uay t h a t  i n  p r i n c i p l e  i s  independent 
o f  the  p i c t u r e  ( t h i s  i s  complete ly  t r u e  of Roberts '  program, o n l y  p a r t l y  t r u e  
when the i n t e r p r e t a t i o n  i s  s p e c i f i e d  by l i n e - l a b e l s ) .  I n  o rder  t o  i d e n t i f y  
p robab le  key-model p a i r s  we must consider  the  r e l a t i o n s h i p  between p a r t s  o f  t h e  
scene and t h e  appearances they generate - I s h a l l  c a l l  these p a i r i n g s  "mapping 
events". A good example o f  a  mapping event i s  a  T - j u n c t i o n  generated by an edge 
be ing  occluded. Not a l l  T - junc t ions  s i g n a l  o c c l u s i o n  and no t  a l l  occ luded edges 
generate T - junc t ions .  When t r y i n g  t o  i n t e r p r e t  a  T - j u n c t i o n  t h e  ques t ion  i s :  
was o c c l u s i o n  the  mapping event t h a t  generated i t ?  I f  t h a t  i s  t h e  hypo thes is  
you adopt, i t  d i c t a t e s  c e r t a i n  fea tu res  of t h e  p u t a t i v e  scene - a  r e l a t i v e  depth 
r e l a t i o n s h i p  f o r  instance; i n  genera l  severa l  someuhat unconnected scene r e l a -  
t i o n s h i p s  a re  s p e c i f i e d  by t h e  hypo thes is  o f  a  g i v e n  mapping event. Occ lus ion  



i s  not a scene property - i t  i s  not pa r t  o f  a scene but a consequence o f  the 
associat ion o f  a scene and a vieupoint, p a i r i n g  a p a r t i c u l a r  appearance (i.e. a 
p i c tu re )  u i t h  the  scene. 

I n  order t o  pursue the idea o f  choosing key-model p a i r s  t ha t  represent 
probable hypotheses, then, models should not be chosen by se lec t ing  convenient 
scene fragments nor keys by se lec t i ng  convenient p i c t u r e  fragments. Rather we 
uant t o  i d e n t i f y  keys tha t  have a good chance o f  leading t o  a cor rec t  p iece o f  
i n te rp re ta t i on .  I t  i s  mapping events Like occlusion and accidentals t ha t  are 
more or less probable, and so i t  i s  these p r o b a b i l i t i e s  t h a t  should be taken 
i n t o  account i n  formulat ing hypotheses and i n  designing the model set t ha t  
determines the hypothesis-making of a program. Key-and-mode! p a i r s  correspond 
t o  mapping events and should there fore  be selected f o r  maximum. p r o b a b i l i t y  o f  
the  correspondence. Some mapping events have a r e l a t i v e l y  high p r o b a b i l i t y  and 
are worth being stored e x p l i c i t l y  as models, u h i l e  others do not have e high 
enough r e l a t i v e  frequency t o  uarrant t h i s .  I d e a l l y  ue would l i k e  t o  i d e n t i f y  
keys f o r  which a subset o f  t h e i r  possible i n te rp re ta t i ons  account f o r  the large 
major i ty  of t h e i r  p re fer red i n te rp re ta t i ons  i n  prac t ice .  The non-accidental 
i n te rp re ta t i ons  of a junc t ion  are an example o f  t h i s .  The se lec t i on  should a lso  
be inf luenced by the e f f e c t  o f  other const ra in ts  operat ing on a hypothesised 
i n te rp re ta t i on  - one can a f f o rd  t o  consider f a i r l y  u n l i k e l y  i n te rp re ta t i ons  i f  
they are (near ly)  always ru led out by other const ra in ts  uhen they are i nco r rec t  
(not preferred).  A considerable f u r t he r  amount o f  t h e o r e t i c a l  uork needs t o  be 
done on the behaviour of such systems, but p r a c t i c a l  experience wi th  var ious 
sets o f  models i n  the proposed system may suggest important leads i n  th is .  

Conclusion 

The proposed program u i l l  have a competent geometric f a c i l i t y  as i t s  basis 
(the sidedness reasoner) t o  check the o v e r a l l  i n t e r p r e t a t i o n  produced and t o  act  
as a medium f o r  combining the cont r ibu t ions  o f  other parts.  This u i l l  be sup- 
plemented by a system of  stored models o f  a range o f  sizes. These models are 
not included t o  provide the program's basic a b i l i t y  at  i n t e r p r e t a t i o n  but t o  
generate good hypotheses f o r  the  reasoner t o  uork on. They can be seen as par- 
t i a l  r esu l t s  stored ready-made because they are f requent ly  encountered, and as 
such they may save coinputation. However tha t  i s  not t h e i r  primary function. 
L i ke  M.1.F.s and M.U.F.s, they are items use fu l  t o  the  program f o r  c o n t r o l l i n g  
the computation rather than f o r  making up Large po r t i ons  o f  the output. They 
are hypotheses i n  the sense intended by R.L. Gregory (e.g. 1974) uhen he charac- 
t e r i sed  v i s i o n  as a process of forming and checking hypotheses: they are used t o  
resolve the ambiguity inherent i n  the p ic ture .  They cause the program t o  jump 
t o  a conclusion tha t  goes beyond the evidence i n  the  sense that, although i t  
u i l l  check that  no const ra in t  re fu tes  the hypothesis, the i n t e r p r e t a t i o n  i s  
p a r t l y  determined by ignor ing  the possible a l te rnat ives .  

Acknouledgements. The ideas put foruard i n  t h i s  paper most ly o r i g i na ted  i n  some 
form u i t h  my colleagues. Max Clones shoued me tha t  most v i s i o n  programs can be 
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the simultaneous use o f  models o f  d i f f e r e n t  sizes: an idea analogous t o  t h a t  put 
foruard f o r  na tu ra l  language by Becker i n  "The phrasal  Lexicon". But most 
immediately important was t a l k i n g  t o  Dave Ouen u h i l e  he struggled t o  f i n d  p r i n -  
c i p l es  f o r  apply ing t h i s  idea i n  the Popeye program: i t  uas he uho made me rea l -  
i s e  tha t  models may not form na tu ra l  subdiv is ions i n  the scene domain. 
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