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B. 2D Representation 

H A C C E S S I B I L I T Y 

Accessibi l i ty deals wi th the problem of gaining access to a 
propel set of 3D object representations based upon in format ion 
extracted I rom a 2D image It involves the representation of 3D 
shape in fo rmat ion , the representation of 2D shape in fo rmat ion , 
and the indexing paths available in the data base 

A Structure ol Visual Knowledge 

In the V I S I O N S system | 3 | visual knowledge is collected in a 
layered network data base called long term memory ( L T M ) Fach 
level of the network contains a single type of ent i ty The ent i ty 
types used for this work are schema, object, surface patch, .3D 
curve, region. 2D curve, vertex Fach level is current ly part i t ioned 
into four spaces where a space is merely a col lect ion of entit ies 
The four spaces arc the "c lass " space, the "class feature" space, 
the " i n s t a n c e " space, and the " instance l ea tu re " space An 
example of a class ent i ty at the object level is. say. " t a b l e " This 
ent i ty is a pro to type f rom which many instances may be 
const ructed The instances may di f fer in a variety of ways 
Consequent ly , separate leature spaces are maintained for classes 
and instances Figure 5 is an example of a por t ion of the network 
structure of L T M The advantage of this network structure is that 
it provides a s t ra ight forward, logical view of the current structure 
of stored visual knowledge and the semantics of access to 
part icular knowledge is easily described in terms of path 
l ravcrsals |6 | 

In the wor ld of 2D scene analysis it is necessary to extract 
representat ions of 2D ent i t ies f rom dig i t ized images Our 
approach is to attempt to keep the 2D representation as close to 
the 3D representat ion as possible Thus, the 2D dig i ta l curves 
which result f rom the segmentat ion of a d ig i t ized image are 
conver ted to cubic B-splinc representat ion A B-spline curve is 
f i l l ed to an image curve by analyzing the K curva tu re |2 | of the 

image curve and placing knots along the dig i ta l curve at 
appropriate points. Special algori thms have been developed lor 
knot placement and knot coalescing (the creat ion ol mul t ip le 
knots) The f i t t ing procedure is i terative First knots are placed .it 
points of high K-curvature, then knots are moved or coalesced 
according to a set of special heuristics, the cubic B-spline through 
the knots is computed, and a measure of error of l i t is computed. 
II the error is above some threshold, we iterate from the knot 
mot ion/coa lesc ing step When the error is below threshold, the 
knot vector is converted to the corresponding vertex polygon and 
2D shape features are computed. The special heuristics are based 
upon smoothness cri ter ia such as the detect ion of corners or peaks 
(slope d iscont inu i t ies) and the detect ion of "s ta i r case" straight 
lines l o r more details see |9| 

The algor i thms for knot placement, knot mo t ion , knot 
coalescing, B-spl ine compu la t i on , and error compu la t ion have 
been implemented Current ly the f i t t ing procedure is interact ively 
cont ro l led w i th the user ind icat ing the locations in the curve 
where a given special heurist ic should be appl ied We would 
eventual ly l ike to develop a mechanism which has good 
performance wi thout user intervent ion 

C Indexing 

A small L T M has been constructed conta in ing IK 
single patch objects The graph representing this L T M contains 
approximately 150 nodes and 3000 edges An indexing mechanism 
has been implemented in the ( i R A S P L R | 5 | graph processing 
language The mechanism provides lor execut ion of re lat ional 
searches in the network An example of a relational search might 
be the query " F i n d all curves which are closed and have angular 
var iabi l i ty = I.28" The current mechanism merely executes raw 
pr imi t ive queries on the 3D levels ol ETM A N D i n g and ORing 
ol the result sets is done interact ively when all ol the pr imit ive 
results are available 

We have not . as yet. implemented "s tandard views''[7] 
Corre la t ion ol certain 2D shape features (such as A V , , , ) lor 
standard views wi th the corresponding 3D features ( A V 1 0 ) . wi l l 
provide index ing paths f rom the 2D levels to the 3D levels 
Figures (> and 7 demonstrate the importance ol standard views 
and the change in 2D shape features wi th change in view four 
project ions ol a cubic B-splinc approximat ion to a 3D circle and 
its associated vertex polygon are shown The circle is def ined in 
3-space even though it lies in a plane The plane ol the circle 
stal ls out or thogonal to the line of sight and is rotated away from 
the viewer by the angular amounts indicated As the the circle is 
ro tated, it projects as an ellipse of greater and greater eccentr ici ty 
unt i l f inal ly it projects as a straight line. Figure X shows certain 
2D leature-values for rotat ions f rom 00 ' to 900 In the case ol 
the circle some of the 2D feature-values lor ()" arc equivalent to 
the 3D feature-values for the 3D circle I r o m such a table we 
can begin to correlate change in feature values wi th change in 
v iewpoint Ul t imately we would like to develop correlat ions for 
more complex shapes 
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111 CONCLUSION 

Matching is a difficult problem involving exponential search 
It becomes more tractable when the number of candidates against 
which a description must be matched is reduced We feel that our 
representation, the structure of LT'M, the use of standard views 
and multiple structural decompositionsI4 |. and a powerful 
indexing mechanism will contribute greatly to this reduction 

REFERENCES 

[1] Coons, S A. "Surfaces for computer-aided design ol space 
forms. Department of Computer Science", M.I.T 
Cambridge. Massachusetts. NTIS AD-663 504. 1967 

|2] Davis. I S and Rosenfeld, A "Applications ol relaxation 
labelling.2 spring-loaded template matching". Technical 
report 440. Computer Science Center, University of 
Maryland, College Park, Maryland, 1976 

|3| Hanson. A and Riseman, E "VISIONS a computer system 
for interpreting scenes" In Computer Vision Systems A 
Hanson and E Riseman (eds ) p 303-334 Academic 
Press New York l978 

|4 | Hinton. G l979 "Some demonstrations of the effects of 
structural descriptions in mental imagery " Cognitive 
Science 3 3 ( 1979) 23I-2M) 

[5| Lowrance, J. D "Grasper 1.0 Reference Manual". COINS 
technical report 78-20. Dept of Computer and Information 
Sciences. University of Massachusetts. Amherst. Ma 1978. 

[6] Marr, D and Nishihara, H "Representation and recognition 
of the spatial organization of three dimensional shapes". 
Al-Mcmo 377. MIT Artificial Intelligence Laboratory, MIT. 
Cambridge. Ma August l976 

650 



|7 | Minsky, M "A framework for representing knowledge" In 
The Psychology of Computer Vision. Ed P H Winston, 
McGraw-Hill. New York, 1975 

|8 | York. B W.. Hanson, A. R . and Riseman. I M "A Surface 
Representation for Computer Vision." In Proc. of lEEE 
Workshop on Picture Data Description Management 
Asilomar. Ca . AugusT 1980, 124- 129 

[9] York, B W Shape Representation in Computer Vision. Ph.D 
Dissertation. University of Massachusetts. Amherst. Ma., 
May 1981I 

6 5 1 


