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Abstract 

A procedure is described for obtaining the 
description of sol id bodies from a set of pictures 
taken from dif ferent vantage points. The bodies 
are assumed to be bounded by faces which are 
planar or quadric, and to have vertices formed by 
exactly three faces. The l ine and junction i n -
formation provided to the program by the prepro
cessor is assumed to contain defects such as miss
ing lines or wrongly c lassi f ied junction types. 
The procedure is able to build a description of 
the bodies in spite of a moderate number of such 
imperfections. Use is made of a set o.f new 
grammar rules for line-drawing projections of 
curved and planar bodies. 

1. Introduction 

In computer scene analysis a picture of a 
three-dimensional scene is converted into an array 
of p ixels, with each assigned a number correspond
ing to the average grey value in that local area 
of the picture. A common scheme for preprocess
ing the array for scene interpretation is to ex
t ract l ines that are believed to correspond to 
the bodies' edges. To interpret a perfect l ine 
description of a scene, a picture grammar must be 
supplied that is based on the common general prop
ert ies of the scene's bodies. When the l ine des
cr ipt ion contains errors (as a result of prepro
cessor l im i ta t ions) , i t s parsing and interpreta
t ion becomes d i f f i c u l t if not impossible. In 
such a case, understanding of the scene can be 
gained by using a set of l ine structures (each 
possibly defect ive), extracted from pictures 
describing the scene from di f ferent vantage 
points, a scheme which is also useful for obtain
ing three-dimensional information about the 
bodies. 

The scene'interpretation given in terms of 
edges (grouped f i r s t according to faces and then 
according to bodies), is most suitable for poly-
hedra, but can also be applied to curved bodies. 
This paper is restr icted to the analysis of 
bodies with planar or quadric faces. The tech
nique, however, could easily be modified to 
handle also bodies whose curved faces are close to 
quadric surfaces, and this includes a large sub
set of man-made bodies. 

Many papers were published in recent years 
dealing with polyhedral scene analysis, of which 
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the papers by Roberts [ 7 ] , Guzman [ 5 ] , Falk [ 3 ] , 
Huffman [ 6 ] , Clowes [ 2 ] , Waltz [11] and 
Ganapathy [4 ] are representative of the l ine of 
research that has been pursued. Some researchers 
contributed to the understanding of the process 
of perception by analyzing perfect (but unfeas
ible) l ine drawings. Others used real data 
(s l ight ly edited) with i t s imperfections, but re
str icted themselves to a set of known bodies. 
Nearly a l l l imited themselves to a single picture 
of the scene. (A rest r ic t ion that led to many 
unnecessary d i f f i c u l t i e s ) . The work by Underwood 
and Coates [1.0] does u t i l i z e mult iple pictures in 
the analysis of scenes of a single convex poly
hedron - not to overcome data and analysis prob
lems but merely to "have a look" at a l l sides of 
the body. 

Attempting to extend the work from polyhedra 
to even a restr icted family of curved bodies 
increases the d i f f i cu l t i e s to an extent which may 
not be apparent at f i r s t glance. Such an ef for t 
has been described by Chien and Chang [1 ] . They 
analyzed perfect l ine drawings representing 
bodies with planar, conic, or cyl indr ic faces, 
where no intersection of two curved faces was 
allowed. 

In this paper we shall show how a program 
can be made to "understand" a set of bodies with 
planar or quadric faces, u t i l i z i ng defective data 
extracted from a set of multiple photographs. No 
pre-knowledge of the bodies is assumed, but cer
tain general properties of the scene - such as 
the existence of precisely three faces in every 
vertex - are st ipulated. 

2. Basic Assumptions 

The terminology used has been adapted from 
that employed by Woon and Freeman [12] and 
Clowes [ 2 ] . 

We impose the following rest r ic t ions: 
1) Every vertex in the scene is formed by exactly 
three surfaces and belongs to exactly three 
edges; 2) Smooth t ransi t ion between two di f ferent 
faces is not allowed ( i . e . , the derivative must 
be discontinuous across the edge); 3) The camera 
position is assumed to be "general". (For exam
ple, the projections of di f ferent vertices may not 
coincide in any p icture) ; 4) No limb passes 
through a vertex. 

In accordance with the foregoing, junctions 
can have no more than three l ines. They can be 
classi f ied into the types W, Y, V, T, A, and S. 
An example of each type is given in Fig. 1(a). 
Types Y and W must be the projections of vertices. 
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Type T resu l t s from the covering of part of an 
edge or a l imb by a face. Types S and A are the 
pro ject ions o f v i r t u a l ver t i ces ( i n te rsec t i ons o f 
edges and l imbs) . In a per fec t l i n e descr ip t ion 
V is also a p ro jec t ion of a ver tex . 

The scene data is assumed to be extracted 
v i s u a l l y from a set of real photographs. The data 
includes l i n e in format ion (as a set of po in ts) and 
junc t ion in format ion cons is t ing of coordinates and 
types. The data is expected to be ( i n add i t i on 
to the geometric inaccuracies) de fec t ive in the 
sense tha t (1) v i s i b l e l i nes or parts of v i s i b l e 
l ines may be miss ing , (2) v i s i b l e j unc t ions may 
be miss ing , (3) j unc t ions may be reported incor 
r e c t l y (V instead of Y, W, T or S j u n c t i o n s ) . 

We c a l l a j unc t i on v a l i d when it is a pro
j e c t i o n of a ve r tex . Thus all Y and W junc t ions 
are v a l i d , a l l A, S, and T j unc t i ons are not 
v a l i d , and the nature of the V j unc t i ons cannot 
be decided u n t i l more evidence is co l l ec ted (as 
w i l l be explained l a t e r ) . In those cases in which 
a preprocessor has d i f f i c u l t y in d i s t i n g u i s h i n g 
between a T j u n c t i o n and a f l a t Y or W j u n c t i o n , 
they can be included in the group of the undecided 
j u n c t i o n s . 

3. Cyc l ic Order Property 

As already s t a t e d , every vertex belongs to 
exact ly three edges. We def ine f o r these edges a 
c y c l i c order in the ver tex [ 8 , 9 ] , as the order i n 
duced by "walking around" the vertex in a c lock 
wise manner, and numbering the edges in the order 
1<2<3<1. If we t race out the edges of a boundary, 
we cons i s ten t l y change edges at the v e r t i c e s , 
e i t he r always in a decreasing c y c l i c order or 
always in an increasing c y c l i c order . Let us 
always choose to t race edges in an increasing 
order. Then we sha l l t raverse every edge in two 
d i f f e r e n t d i r e c t i o n s as we walk around the two 
faces t ha t share i t , as i l l u s t r a t e d in F ig . 1 (b ) . 
When a ve r t ex ' s p ro jec t i on has three l i n e s , t h e i r 
c yc l i c order is determined by the arrangement of 
the l i nes in the p i c t u r e . (The clockwise sense of 
the c y c l i c order is preserved in a p ro jec t i on when 
the three edges are v i s i b l e ) . However, when one 
l i n e i s i n v i s i b l e o r m iss ing , the c y c l i c order i s 
not known. Let us def ine the no ta t ion AB<AC to 
mean tha t in j u n c t i o n A the l i n e AC fo l lows the 
l i n e AB immediately in the c y c l i c order . Then i f 
A is a two - l i ne v a l i d j u n c t i o n , we have e i t h e r the 
r e l a t i o n AB<AC or the r e l a t i o n AC<AB. 

Knowledge of the c y c l i c order at a j u n c t i o n 
is c ruc i a l to the assembly of the l i nes belonging 
to a s ing le reg ion . Therefore i t i s important to 
have means f o r determining the c y c l i c order in a 
j u n c t i o n when the order is not given n a t u r a l l y . 

We def ine a l i n e assembly (LA) as the d i r e c 
ted path fo l lowed in t r ac i ng out the l i nes co r re 
sponding to a s ing le boundary - or any continuous 
par t of i t - in increasing c y c l i c order . We de
note an LA in p i c t u re i by the ordered set of 
j unc t i ons A. i , 1 , A j . n v i s i t e d in the course of 
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For example in F ig . 2(b) we have the two d i s t i n c t 
LA 's : E,F,C,B and B,A,G,E. They are d i s t i n c t 
because of the c y c l i c order already estab l ished 
in j u n c t i o n B by Rule 1. Now by Rule 2 the r e l a 
t i o n EF<EG must hold in E. (This in tu rn estab
l i shes the LA M,F,E,G,N,0). 

A more complicated s t ra tegy may be adopted 
to force the cor rec t order at a j u n c t i o n when 
these two ru les cannot be appl ied d i r e c t l y . One 
assumes a c y c l i c order in the j u n c t i o n and t r i e s 
to reach a c o n t r a d i c t i o n by a sequence of induc
t i v e s teps. I f a con t rad i c t i on is reached, the 
c y c l i c order opposi te to the one selected is 
forced on the j u n c t i o n . For example, in 
F ig . 2(c) we assume an order in j u n c t i o n R such 
tha t RQ<RN. Then we can es tab l i sh the LA's 
P,Q,R,N,G,A,D and D,C,F,M,P. They are d i s t i n c t 
because of the e x i s t i n g natura l order in D, and 
hence by Rule 2 force in P the r e l a t i o n PQ<PM. 
At the same time we have the two LA's R,Q,0 and 
0,N,R which are d i s t i n c t due to the assumed order 
in R. By Rule 2 the r e l a t i o n 0N<0Q is forced in 
0. This in tu rn es tab l ishes the LA M,F,E,G,N,0, 
Q,P,M. Now by Rule 1 we must have in M the 

For example in F ig . 2(a) we have the LA B,C,D,A, 
B. (The LA is shown as an arrowed l i n e ) . The 
l i nes in B are thus forced to have the r e l a t i o n 

BA<BC 



r e l a t i o n MP<MF, which con t rad ic t s the natura l 
order in M. This sequence of deductions was based 
on the assumption tha t the r e l a t i o n RQ<RN ex i s t s 
in R. The con t rad i c t i on reached l e t s us conclude 
tha t the opposi te r e l a t i o n , namely RN<RQ, must 
e x i s t in R. This estab l ishes the LA 0,N,R,Q,0 
and, by Rule 1, the r e l a t i o n 0Q<0N in 0. We have 
thus been able to f i n d the c y c l i c order in 4 of 
the o r i g i n a l 5 unordered j u n c t i o n s . Junct ion P 
remains unordered. The f i n a l order ing of the 
j unc t i ons is given in F ig . 2 (d ) . 

A by-product of the foregoing is a new class 
of impossible ob jec t s , in add i t i on to those des
c r ibed by Huffman [ 6 ] . The objects can be i d e n t i 
f i e d as being impossible i f t h e i r s t ruc tu re i s 
such as to lead to con t rad ic to ry c y c l i c order at 
t h e i r j unc t i ons [ 8 , 9 ] . 

4. Junct ion Matching 

To u t i l i z e the data from a l l p i c t u r e s , we 
must know the parameters t ha t r e l a t e each p i c t u r e ' s 
coordinates to those of the other p ic tu res and 
a lso to the un iversa l coord inate system in which 
the f i n a l desc r i p t i on should be g iven . These 
parameters are d i f f i c u l t to measure. Some of them 
are measured i n d i r e c t l y and some are ca lcu la ted by 
min imiz ing the sum-of-squares d i f fe rences between 
the measured and ca lcu la ted p ro jec t i ons of a set 
of predetermined p o i n t s . A de ta i l ed desc r ip t i on 
o f the parameter determinat ion is given in [ 8 ] . 

In order to a r r i v e at a t rue desc r ip t i on of 
the 3D scene in sp i t e of the data imper fec t ions , 
we compare the l i n e s t ruc tu res from the given p i c 
tu res ( three in our case) against each other and 
use the in format ion found in one p i c tu re to v e r i f y 
the in format ion found in another. 

Let us s t a r t w i th j unc t i ons . We have two 
goals . One is to determine those V junc t ions fo r 
which there is enough evidence to assume tha t they 
are v a l i d j unc t i ons . The second is to group, from 
the d i f f e r e n t p i c t u r e s , junc t ions tha t are the 
p ro jec t ions of the same ver tex . From here on in 
t h i s s e c t i o n , whenever we use the term " j u n c t i o n " , 
we sha l l mean a V, Y, or W j u n c t i o n . 

I f two junc t ions in two d i f f e r e n t p ic tures 
are pro jec t ions of the same ver tex , they must obey 
ce r ta in geometric r u l e s . Let P., Cj, and A. , be 

the p ic tu re p lane, the center of p r o j e c t i o n , and 
the p ro jec t ion o f vertex J , respec t i ve l y , f o r 
p ic tu re i . Then f o r two p i c t u r e s , i and j , C j , 
C j ' j , A i , J ' a n d Aj,J are copTanar, and the l ines 
C C J , C ^ A ^ j , and C.A. j i n te rsec t any plane P 
in three co l inear po in t s : C. , J . and J . , 

i j q l q j q ' 
respect ive ly (F ig . 3 ) . We sha l l c a l l the l i n e 
formed by these points a match l i n e . Thus if we 
re -p ro jec t i n to the plane Pq junvyion A. j from C, 
j unc t i on A ^ j from C. , and C1 from C, we can 
check whether t h i s cond i t ion is s a t i s f i e d . Two 
junct ions from d i f f e r e n t p ic tu res that s a t i s f y 

t h i s cond i t i on are said to be matchable. 

Obviously, i f a vertex I is in the plane of 
C . , C , and J, then A. T and A. , are matchable, 

i J i »* J »w 
and so are A. , and A. T. To resolve such 
amb igu i t i es , we r e f e r to the t h i r d p i c t u r e , p i c 
tu re k. We requ i re tha t C i, C j, Ck be not co-

l i n e a r . Then if A i . j , A. ,, and A, , are the 

three p ro jec t ions o f vertex J , the three d i f f e r 
ent match l i n e s on plane Pq form a t r i a n g l e whose 
ver t i ces are J. , J , , and J. (F i g . 4 ) . We c a l l 

the set o f three j u n c t i o n s , from d i f f e r e n t p i c 
t u r e s , tha t are matchable in p a i r s , a t r i p l e . 
By forming t r i p l e s we can e l im ina te many pa i rs 
tha t are matchable but are not p ro jec t i ons of the 
same ve r tex . However, even in the pure geometric 
case we may have three p ro jec t ions of three d i f 
fe ren t ve r t i ces t h a t form a t r i p l e [ 8 ] . 

We are deal ing here w i th data ex t rac ted 
from actual photographs; thus we must accept A. , 

and A. , as matchable even if J. is d i s t a n t from 

the match l i n e C i jq J jq. by an amount less than 

some th resho ld . Relaxing the c o l i n e a r i t y r e q u i r e 
ment on the match l i nes increases the ambigui ty 
of matching. The l a rge r the th resho ld d i s tance , 
the greater the number of ambiguous cases. 

Two matchable junc t ions tha t are the projec
t i ons of the same vertex are said to match each 
o ther . A t r i p l e in which the junc t ions match each 
other is ca l l ed a match t r i p l e . To es tab l i sh 
matches, we f i n d f o r every j u n c t i o n a l l matchable 
junc t ions in the two other p i c t u r e s . Then we 
form a l l the t r i p l e s . To f i n d the match t r i p l e s 
in the set of a l l t r i p l e s , we must use some p i c 
tu re contex t . The kind of context we sha l l use 
is l i n e connections between j unc t i ons . I f we 
have three l i n e s - each in a d i f f e r e n t p i c tu re -
whose ends form two t r i p l e s , the two t r i p l e s are 
each considered to be a match t r i p l e . (The chance 
of naming a wrong t r i p l e as a match t r i p l e s t i l l 
ex is ts but is now g rea t l y reduced). 

Since i t is possible tha t a ve r tex ' s pro
j e c t i o n w i l l be missing in one or more p i c t u r e s , 
i t is des i rab le to es tab l i sh matches between 
matchable p a i r s . Na tu ra l l y , more context must be 
used to es tab l i sh a match on the basis of only a 
two-p ic ture comparison. The pa i r match is done 
in two passes and only a f t e r the t r i p l e match 
phase is completed. ( I t reduces the number of 
f ree candidates and, t he re fo re , the chance of 
e r r o r ) . We se lect a set of three junc t ions f o r 
which one of them - c a l l it the middle - is con
nected by l i nes to the other two tha t are match-
able to a set of three junc t ions connected ( i n the 
same way) in another p i c t u r e . In the f i r s t pass 
we requi re tha t the middle j unc t i on be of type Y 
or W and tha t the two l ines have the same c y c l i c 
precedence in the two j unc t i ons . The three junc
t i ons are then assumed to match the three junc 
t ions in the other p i c t u r e . In the second pass 
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we a l low one or both of the middle j unc t i ons to 
be of type V and do not check the c y c l i c preced
ence ( i t may be unknown f o r the V j u n c t i o n ) . The 
second pass is a l i t t l e more hazardous since we 
are unable to use c y c l i c precedence, but since i t 
is ca r r i ed out a f t e r most j unc t i ons are already 
matched, there is only a small chance of making 
an e r r o r . I f one j u n c t i o n in a t r i p l e is matched 
to the other two by two app l i ca t i ons of a p a i r -
wise match, we consider the t r i p l e to be a match 
t r i p l e ; tha t i s , we consider the remaining two 
as matching a l so . 

Every V j u n c t i o n tha t is matched to a junc 
t i o n in another p i c t u re is marked as v a l i d . The 
match suppl ies add i t i ona l evidence tha t the junc 
t i o n is a p ro j ec t i on of a ve r tex . The va l i da ted 
V j unc t i ons are assigned a c y c l i c o rder , when 
poss ib le , by apply ing the c y c l i c order r u l e s . 

5 . L i n e Match ing 

The matching of l i n e s in d i f f e r e n t p i c tu res 
poses d i f f i c u l t i e s because of data imper fect ions 
and because the number of l i nes between two j unc 
t i ons can vary from zero to t h ree . Matching is 
done f o r two p i c tu res at a t ime f o r the l i n e s 
te rm ina t ing at matched j u n c t i o n s . There are three 
cases to be cons idered: (1) The two matched 
j unc t i ons are both 3 - l i n e j u n c t i o n s , (2) one is a 
3 - l i n e and the other a 2 - l i n e j u n c t i o n , and 
(3) both j unc t i ons are 2 - l i n e j u n c t i o n s . For a 
de ta i l ed d iscussion o f t h i s the reader is re fe r red 
to reference [ 8 ] . 

When two junc t ions around which a match of 
l i nes is attempted are both c y c l i c a l l y ordered, 
a match of one pa i r of l i nes y i e l d s in tu rn the 
corresponding match of the successors in the 
c y c l i c order. Also two l i nes in two p ic tu res 
found to match to the same l i n e in a t h i r d p i c 
ture are declared to match each o ther . 

When two l i nes of a c y c l i c a l l y ordered 
j unc t i on are matched to two l i nes of an unordered 
j u n c t i o n , the second j unc t i on can be ordered 
because i t s c y c l i c order must agree w i th tha t of 
the j unc t i on to which i t is matched. 

The l i n e matching procedure makes it 
possible to detect missing connections between 
j unc t i ons . The l i nes around the junc t ions are 
assigned indices tha t agree w i th the c y c l i c order 
in ordered j u n c t i o n s , or re-assigned to agree i f 
the c y c l i c order is determined at a l a t e r stage. 

6. Object Formation 

The c o l l e c t i o n of l i nes from a l l p ic tures 
tha t correspond to the boundaries of a s ing le face 
w i l l be re fe r red to as a face group. C lea r l y , 
every l i n e tha t is not a l imb belongs to two face 
groups. We bu i l d a face group by se lec t ing a 
l i n e , in any p i c t u r e , tha t does not yet belong to 
two face groups. We then fo l l ow the LA in a 
d i r e c t i o n not prev ious ly f o l l owed , adding to the 
group every l i n e traced and i t s matches in the 
other p i c tu res . I f the t race returns us back to 

the l i n e from which we s t a r t e d , the t race is 
terminated - and t h i s face-group generat ion is 
complete, assuming tha t the face has only one 
boundary. Otherwise when we reach a l i n e f o r 
which no next l i n e in the LA is a v a i l a b l e , we 
check whether an LA t race can be continued from 
the l i n e ' s match in another p i c t u r e . The face-
group generat ion may thus proceed by "jumping" 
from one p i c tu re to another. I f the process is 
blocked in a l l p i c t u r e s , we re tu rn to the s t a r t 
ing po in t and t r y to f o l l o w the LA in the oppo
s i t e d i r e c t i o n , again " jumping" from one p ic tu re 
to another, i f necessary, u n t i l the process i s 
blocked again in a l l p i c t u r e s . A l l S and A 
junc t ions encountered in the t race are remembered. 
When the process te rmina tes , the l imbs at these 
j unc t i ons are checked and if a l imb ' s other end 
j u n c t i o n belongs to a l i n e not yet in the face-
group ( imply ing t h a t another boundary of the same 
face has been de tec ted ) , the t race resumes the re . 
The l imb l i n e s are a lso added to the face group. 

When a l l l i n e s have been t raced t w i c e , 
f u r t h e r data recovery ac t i on i s c a l l e d f o r . This 
second-level data recovery can be c a r r i e d out f o r 
the f o l l o w i n g three c o n f i g u r a t i o n s , i l l u s t r a t e d 
in F ig . 5. 

1. Two l i nes I and k in the same p i c t u r e , 
w i th a v a l i d j u n c t i o n in on ly one end 
of each, have been assembled i n t o two 
face-groups M and N, k, I e M and k, 
I z N 

A c t i o n : Combine I and k i n to one line. 

2. A l i n e I with one valid end junction 
has been assembled into two face-groups 
M and N, and there is in the same pic
ture a 2-l ine valid junction J with 
l i nes m and n, m e M and n e N. 

Ac t i on : Extend the l i n e l to j unc t i on 
J . 

3. There are two 2 - l i n e v a l i d junc t ions I 
and J in the same p ic tu re w i th l ines 
k, I and h, g, respec t i ve l y , where k 
and h have been assembled i n to face-
group M, and I and g have been assem
bled in to face-group N. 

Ac t i on : Create an "empty" l i n e between 
the two junc t ions I and J. 
(An "empty" l i n e is a l i n e 
whose only known points are i t s 
end junc t ions and whose form 
has not yet been determined.) 

The data recovery act ions u t i l i z e the prop
e r t y tha t two components assembled simultaneously 
i n to two face-groups must correspond to the i n t e r 
sect ion of the associated faces. There i s , of 
course, the p o s s i b i l i t y tha t the i n t e r sec t i on is 
sectioned i n t o several separate edges and tha t the 
two l i nes correspond to two d i f f e r e n t sec t ions ; 
but at t h i s stage of the recogn i t ion phase, w i th 
no evidence to the con t ra ry , we assume tha t they 
belong to the same sec t ion . 
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Each face group corresponds to a face of 
one of the bodies in the scene. After the face-
group assembly and second-level data recovery is 
completed, we are ready for the description of 
the objects. Each object is a set of face-groups, 
with no common elements between two sets. Eyery 
face group must belong to some set. A new object 
is formed by taking a face group that is as yet 
unassigned and recursively adding to it eyery 
unassigned face group that has a l ine in common 
with any of the face groups already in the set. 

We also wish to determine those face groups 
that correspond to curved faces. Clearly, every 
curved face must manifest i t s e l f somehow, or we 
have no way for recogniziing it as curved. We 
know that whenever two face groups share, in at 
least one picture, a curved l i ne , at least one of 
them must correspond to a curved face. It is also 
obvious that eyery face group that contains a 
limb must correspond to a curved face. Thus to 
determine the curved face, we bu i ld , by means of 
a tree search, a minimal set of faces containing 
i n i t i a l l y a l l those faces whose face groups have 
a limb, such that at least one partner (actually 
i t s corresponding face), from each pair sharing a 
curved l i ne , is present in i t . A procedure for 
extracting information about the nature of the 
faces and for getting the faces' equations is 
described in [ 8 ] . 

7. Experimental Results 

A scene that is typical of the kind con
sidered for analysis is shown in Fig. 6. Three 
views are shown, each from a di f ferent vantage 
point. Schematic descriptions of the three pic
tures are given in Fig. 7. In the input data, 
the two non-limb lines of an S junct ion, which 
are actually parts of the same l i ne , have dis
t inc t labels; however, later on one of these can 
be deleted. 

The procedure was able to validate 28 of 
the 34 V junctions in the junction-matching phase. 
After the line-matching process, a l l the junctions 
shown circ led in Fig. 7 had been cyc l ica l ly 
ordered. Data recovery action caused the "empty" 
lines (shown dashed in Fig. 7) to be generated, 
as well as the l ine extensions marked by arrows. 

The f ina l scene description reported by the 
program was given in the form of face groups 
(consisting of sets of t r ip les of matched lines) 
for each of the 5 bodies in the scene. Detailed 
results, as well as other scenes processed, are 
described in [ 8 ] . 

8. Conclusion 

The objective of the research described 
here was to investigate techniques for the com
puter understanding of pictures of scenes. Three 
principles guided the research: (a) No complete 
preknowledge of the scene's bodies should be 
assumed since that would l im i t the repertoire of 
bodies, (b) The number of bodies should be un
restricted and merely some properties of the 
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bodies should be prespecified which are s u f f i 
c ient ly general to permit inclusion of a l l bodies 
l i ke ly to be encountered, (c) Since the input is 
to be gotten from photographs, the presence of a 
l imited amount of data imperfections such as 
missing l ines, wrong junctions, and geometric 
inaccuracies should be permitted. 

To achieve the objective, a set of multiple 
pictures of the scene was assumed to serve as the 
input data. New grammar rules needed for the 
analysis of these pictures were formalized. A 
procedure for establishing matches between fea
tures in the di f ferent pictures and for verifying 
doubtful features were devised, as well as pro
cedures for eliminating wrong data and for re
covering missing data. Finally a procedure for 
assembling the analyzed data into sets, each des
cribing a single body of the scene, was construc
ted, including the determination of the bodies' 
faces and thei r nature. A computer program based 
on th is approach was wr i t ten. The program was 
able, given real input data, to "understand" the 
photographed scene, and to y ield a plausible 
description. 
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