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Abstract 

The semantic I n t e r p r e t a t i o n system of VISIONS 
receives a segmentation conta in ing symbol ica l ly 
encoded reg ions , boundaries and endpoints. The 
model -bu i lder cons is ts of four major components: 
1) m u l t i p l e l eve l s of representa t ion fo r both the 
image-speci f ic model and long-term general know
ledge, 2) a set of modular knowledge sources, 
3) a h i e r a r c h i c a l modular s t ra tegy to con t ro l 
a p p l i c a t i o n of the knowledge sources, and 4) a 
t ree represent ing the cur rent s ta te of search 
through the space of poss ib le models. 

M u l t i p l e Levels of Representat ion 

A model can be viewed as a set of shor t - te rm 
i n s t a n t i a t i o n s of long- term general concepts r e l a 
t i v e to the cur rent environment [Wi l l iams and 
Lowrance, 1977]. This suggests tha t v i s u a l know
ledge should be subdivided i n t o a short - term- image-
spec i f i c model and long- term general knowledge 
components. V isua l knowledge also includes i n f o r 
mation at many l eve l s of abs t rac t i on [Erman and 
Lesser, 1975; Hanson and Riseman, 1976]. The 
primary l eve l s of representa t ion inc lude frames 
of s te reo typ i ca l s i t u a t i o n s [Minsky, 1975], the 
ob jec ts in those scenes, the volumes and surfaces 
of those ob jec t s , and the reg ions , boundary seg
ments and endpoints of those sur faces. An example 
of an i n s t a n t i a t e d element (shor t - term) in the 
model would be a node (0BJI) represent ing an 
assoc ia t ion between a region (Rl) and a long-term 
general concept (TRUNK). 

Processes as Modular Sources of Knowledge 

The model -bu i ld ing processes are viewed as 
modular Knowledge Sources [Erman and Lesser, 1975]. 
KS's are responsib le fo r the g e n e r a t i o n / v e r i f i c a 
t i o n of hypotheses. Typ ica l KS's inc lude a t t r i b u t e 
matcher, perspec t i ve , shadow, occ lus ion , shape, 
e tc . KS a p p l i c a t i o n is con t ro l l ed by the model-
b u i l d i n g s t ra tegy in the search fo r a s a t i s f a c t o r y 
model. 

H ie ra r ch i ca l Modular Contro l Strategy 

The complexi ty of the image i n t e r p r e t a t i o n 
task , in genera l , necess i ta tes the in tegra ted 
app l i ca t ion of many d i f f e r e n t processes. A h i e r 
a rch i ca l modular con t ro l s t ruc tu re (Figure 2) 
provides a powerful t o o l fo r exp lo r ing the large 
number of p o t e n t i a l l y i n t e r e s t i n g s t ra teg ies fo r 
using these processes. 

A model -bu i ld ing s t ra tegy is a selected con
f i g u r a t i o n of modules from the model-bui lder 
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l i b r a r y . The s t ra tegy must determine which model 
in the model search space to expand, which 
l e v e l of representa t ion w i t h i n the model is to be 
se lec ted , and which theory ( i . e . , node) at the 
selected l e v e l w i l l be expanded. 

At each l e v e l of t h i s h ierarchy the hypothe
s i s - t e s t paradigm is implemented as a sequence of 
three types of con t ro l modules: 1) FOCUSing on an 
appropr ia te aspect of the task , 2) EXPANDing tha t 
aspect by generat ing new hypotheses, and 
3) VERIFYing those hypotheses. Each con t ro l 
module makes s t r a t e g i c decis ions at i t s l e v e l 
determining which lower l e v e l con t ro l modules and/ 
or KS's to apply. For example, the model search 
space expander c a l l s : 1) a model focusser 
(s t ra tegy to se lec t a p a r t i a l l y developed model 
from the search space), 2) a model expander 
(s t ra tegy to hypothesize an incremental change to 
the p a r t i a l model) , and then 3) a model v e r i f i e r 
(s t ra tegy to determine the correctness of a 
hypothes is ) . 

Model Search Space 

The current s ta te of the search is represent 
ed as a t ree of p a r t i a l l y constructed models, 
where each node contains an incremental change 
from i t s parent node. In a d d i t i o n , a sketch of 
the h i s t o r y of cons t ruc t ion f o r each model w i l l be 
s to red . This h i s t o r y might inc lude an i n d i c a t i o n 
of the KS's and the s t ra tegy modules p r i m a r i l y 
responsib le fo r each hypothesis , as w e l l as any 
por t ions of the model on which the dec is ion was 
dependent. This in fo rmat ion w i l l be used to care
f u l l y analyze and understand the model cons t ruc t ion 
process dur ing system development. Eventual ly i t 
w i l l be used by the s t ra tegy in making i t s 
dec is ions . 

Implementation 

The representa t ion and manipulat ion of both 
in fo rmat ion and processes in the h i g h - l e v e l por
t i ons of VISIONS is supported by a system of data 
and procedural p r i m i t i v e s . This system c u r r e n t l y 
cons is ts of a l i b r a r y of de fau l t con t ro l modules, 
a graph processing language [Lowrance, 1977] , and 
a r e l a t i o n a l data base [Konol ige, 1977]. A l l of 
these are implemented in ALISP [Konol ige, 1975], 
the UMass vers ion of LISP. 
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SHORT-TERM LONG-TERM 
MODEL-SPECIFIC KNOWLEDGE GENERAL VISUAL KNOWLEDGE 

F i g u r e 1 D e c l a r a t i v e Knowledge i s d i v i d e d i n t o : 
1 ) S h o r t - T e r m and Long -Te rm , and 2) l e v e l s o f 
a b s t r a c t i o n . A mode l c o n s i s t s o f a s s o c i a t i o n s 
between Long-Term c o n c e p t s and Image s p e c i f i c 
e n t i t i e s . 

F i g u r e 2 The S t r u c t u r e o f C o n t r o l . A modu la r c o n t r o l s t r a t e g y i s r e s p o n s i b l e f o r t h e i n t e g r a t e d a p p l i 
c a t i o n o f knowledge s o u r c e s . The c o n t r o l modu les a r e o r g a n i z e d a c c o r d i n g t o t y p e (FOCUS, EXPAND, 
VERIFY) and d a t a a c t e d upon (Search Space, M o d e l , Sub -Mode l , and T h e o r y ) . 
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