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I . INTRODUCTION 

E a r l y v i s u a l p rocess ing i s con jec tu red t o be 
almost e n t i r e l y domain- independent and d a t a - d r i v e n ; 
however, h i g h - l e v e l v i s i o n must e x p l o i t domain and 
o b j e c t s p e c i f i c c o n s t r a i n t s and methods, 
i n t e r m i n g l i n g d a t a - d r i v e n and mode l -d r i ven 
r e c o g n i t i o n . We are concerned w i t h knowledge 
r e p r e s e n t a t i o n and i t s use f o r h i g h - l e v e l v i s i o n . 
Th i s communication is a b r i e f r e p o r t on the theory 
u n d e r l y i n g Mapsee2, a second program fo r 
i n t e r p r e t i n g ske tch maps. 

I T . WHAT'S WRONG WITH MAPSEE1? 

Th is paper is best read as a sequel to an 
e a r l i e r v i s i o n paradigm embodied in the program 
Mapseel [3] . That program i n t e r p r e t s sketch maps 
rep resen t i ng scenes c o n t a i n i n g roads , r i v e r s , 
b r i d g e s , towns, mounta ins, i s l a n d s , ma in land , lakes 
and oceans. The paradigm suggests e x t r a c t i n g cues 
from a lower l e v e l segmentat ion which are used to 
i nvoke , ambiguously, se ts o f o b j e c t models. These 
models are then made to s a t i s f y i n t e r n a l and 
e x t e r n a l cons is tency c o n s t r a i n t s us ing a 
g e n e r a l i z e d network cons is tency c o n s t r a i n t 
s a t i s f a c t i o n a l g o r i t h m . Here we s h a l l be concerned 
not w i t h p r a i s i n g Mapseel bu t w i t h bu ry ing i t . I n 
our v i ew , Mapseel d i ed o f r e p r e s e n t a t i o n a l 
inadequacy. I t e x h i b i t s seven symptoms o f t h a t 
d i sease : 

1 . I t s cue/model s t r u c t u r e has but a s i n g l e 
l e v e l . 

2. Each model 's domain of i n t e r p r e t a t i o n is a 
f i n i t e l i s t o f l a b e l s w i t h n o s t r u c t u r e w i t h i n o r 
between the i n t e r p r e t a t i o n s . 

3. Many of the r e a l wor ld scene domain 
c o n s t r a i n t s are represented p o o r l y i f a t a l l . 
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4 . I t s r e c o g n i t i o n process i s e s s e n t i a l l y 
d a t a - d r i v e n desp i t e the g r a f t i n g on o f the " c y c l e 
o f p e r c e p t i o n " and i n t e r p r e t a t i o n - d r i v e n 
re -segmenta t ion . 

5. The network of models is comple te ly 
cons t ruc ted be fo re any model c o n s t r a i n s ano ther . 

6. The model language is impover ished. In 
p a r t i c u l a r , l o c a l c o n t r o l o f r e c o g n i t i o n i s not 
p o s s i b l e . 

7 . A l t e r n a t i v e scene i n t e r p r e t a t i o n s are not 
e x p l i c i t l y a v a i l a b l e t o guide the program. 

The f i r s t t h ree symptoms can be asc r ibed to 
d e s c r i p t i v e inadequacy w h i l e the l a s t four are 
symptomatic o f p rocedura l inadequacy. 

I I I . THE KNOWLEDGE REPRESENTATION 

In order to r e c t i f y these inadequacies we have 
a schema-based knowledge r e p r e s e n t a t i o n . To have a 
base l i ne to eva lua te the success o r f a i l u r e o f the 
p r o j e c t and to b u i l d on the advances of Mapseel , we 
have used the same scene domain. 

A t a t h e o r e t i c a l l e v e l , Mapseel 's 
c o n t r i b u t i o n s were to demonstrate the use o f 
network cons is tency c o n s t r a i n t s a t i s f a c t i o n and the 
e x p l o i t a t i o n o f d a t a - d r i v e n , conse rva t i ve 
segmentat ion techn iques . In Mapsee2, we have 
concent ra ted on the i n t e r a c t i o n o f decomposi t ion 
and s p e c i a l i z a t i o n in schema r e p r e s e n t a t i o n s , 
e x p l o i t i n g gene ra l i zed network cons is tency 
techniques and the homogeneous use of d a t a - d r i v e n 
and mode l -d r i ven i n t e r p r e t a t i o n s t r a t e g i e s . 

Our scene domain can be s t r u c t u r e d almost 
h i e r a r c h i c a l l y , based on the compos i t ion or p a r t - o f 
r e l a t i o n as shown in F igure 1. A downward p o i n t i n q 
arc i n d i c a t e s t h a t an ins tance o f the o b j e c t above 
is composed of zero or more ins tances of the o b j e c t 
below. The decomposi t ion is not a s t r i c t t r e e in 
t h a t the same Town ( i n s t a n c e ) , f o r example, may be 
p a r t of bo th a Road-system and a Geo-system. 
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IV. SPECIALIZATION LABELLING 

When an object is hypothesized to ex is t in the 
scene, an und i f fe rent ia ted instance of i t s generic 
schema is created. As new components are 
recognized as par t of the instance, i t s descr ip t ion 
becomes progressively spec ia l ized. At the same 
t ime, i t s possible semantic re la t ionsh ips w i th 
other schemata become fur ther constrained. 

I n i t i a l l y each incomplete schema instance must 
represent a l l possible f i n a l in te rp re ta t ions for 
that ob jec t . The schema is ambiguously l abe l l ed . 
In cont ras t , Mapseel employed e x p l i c i t exhaustive 
label sets associated w i th each ob jec t . 
Unfortunately these labels must be low- leve l 
in te rpre ta t ions of the p r i m i t i v e l i nes and regions 
which appear in the scene. Attempting to encode 
h igh- leve l abstract re la t ionsh ips in these e x p l i c i t 
label sets leads to an unavoidable combinator ial 
explosion o f possible f i n a l i n te rp re ta t i ons . 

In order to avoid t h i s problem, we have 
developed an in tens ional l abe l l i ng method for 
schemata representations ca l led Specia l izat ion 
Labe l l ing . The set of possible f i n a l 
in te rp re ta t ions (labels) • for a schema are 
represented as a t r ee . Each node of the tree 
represents an i m p l i c i t number of f i n a l 
i n te rp re ta t i ons . Each descendant node represents a 
fur ther spec ia l i za t ion o f the possible f i n a l labels 
implied by i t s parent. The root node of the tree 
is the und i f fe rent ia ted schema instance. At any 
time in the recogni t ion of the schema instance, the 
set o f a l l possible f i n a l in te rp re ta t ions for the 
schema is represented by the union of a l l the 
labels implied by the current f r inge of the t ree . 

Figure 2 shows the complete spec ia l i za t ion 
tree for the Geo-system schema. I n i t i a l l y a 
Geo-system i s f u l l y und i f fe ren t ia ted , i t s l abe l l i ng 
represented only by the schema instance i t s e l f . 
The recognit ion of the Geo-system involves 
construct ing t h i s tree as new components are added 
to i t s descr ip t ion (generally increases ambiguity 
of labe l l ing) and pruning the t ree as const ra in ts 
are applied amonq related schemata (decreases 
ambiguity of l a b e l l i n g ) . 

Specia l izat ion labe l l i ng avoids the problem of 
representing exponential ly large numbers of labels 
for abstract h igh- leve l ob jects . As w e l l , i t 
provides a representation for manipulating 
semantical ly re lated labels as a s ing le group. 

V. THE RECOGNITION PROCESS 

The recogni t ion process is a search of the 
composition hierarchy for a complete and mutual ly 
consistent set of schemata instances. The search 
is guided by the procedural methods embedded in 
each schema. As each schema instance s a t i s f i e s i t s 
own i n te rna l c r i t e r i a for completed recogni t ion, i t 
is used as a cue for the hypothesis of higher 

schemata in the composition hierarchv. For 
example, when a Town instance has been found it in 
used as a cue for invoking the procedural methods 
of both the Road-System and Geo-System schemata 
above i t in the hierarchy. In t h i s way, 
appropriate h igh- leve l schemata can be hypothesized 
by the discovery of appropriate h igh- leve l cues,  
thus rea l i z ing a recursive cue/mode1 hierarchy. 

The invoked higher schemata must f i nd or make 
instances of themselves that can incorporate the 
lower instance or return f a i l u r e if none can. 
Spat ia l adjacency is the usual const ra in t used to 
f i nd an ex is t ing instance. Mutual consistency is 
then enforced between the higher and lower 
instances. Model-consistency modif ies the 
descr ip t ion of the higher instance1 to conform to 
the lower. The modi f icat ion includes possible 
fur ther d i f f e r e n t i a t i o n of the schema instance down 
i t s spec ia l i za t ion tree or f a i l u r e . (Model 
consistency is a general izat ion of Wal tz - l i ke 
pruning of the corner label l i s t s . ) 
Object-consistency modif ies the lower instance to 
conform to the upper. (This is a genera l izat ion of 
Mapseel-l ike pruning of the component object chain 
and region label l i s t s ) . This consistency process 
may then be propagated to other schema instances 
re lated to these under the cont ro l of the relevant 
schema methods. 

For example, suppose a Shoreline SI has been 
recognized as an in te rp re ta t i on of a chain closinq 
on i t s e l f . SI requires two Geo-system instances tc 
be part o f , G-Sl, the inside one, and G-S2, the 
outside one. Suppose G-Sl already ex is ts and is 
already known to be a Landmass, because it contains 
a Road-system. Model consistency of G-Sl w i th 
respect to SI requires that G-Sl be fur ther 
special ized to Is land . Object consistency of SI 
w . r . t . G-Sl special izes SI to be Island-shore (as 
opposed to Lakeshore). Suppose the outside 
Geo-system for S I , G-S2, has to be created as a new 
und i f fe rent ia ted Geo-system. Model-consistency of 
G-S2 w . r . t . the Island-shore SI special izes G-S2 to 
be a Waterbody. Object consistency of SI w . r . t . 
G-S2 succeeds. A l l of these spec ia l i za t ion 
constra ints may propagate to other re lated schema 
instances which may in turn continue to propagate 
them. 

V I . CONCLUSION 

This model of perception is embodied in the 
program Mapsee 2. Mapsee2 is w r i t t en in MAYA, a 
multiprocess LISP d ia lec t supporting schemata data 
and cont ro l s t ructures [ l , 2 ] . Our experience w i th 
it so far has been l im i ted so th i s communication 
should be viewed merely as a b r i e f progress report 
w i th ten ta t ive summary conclusions. In the 
meantime it should be clear that each of the 
inadequacies in Mapseel has been r e c t i f i e d in 
Mapsee 2. Our model is intended to provide a 
coherent framework for the desiqn and 
implementation of h i gh - l eve l , schema-based 
perceptual systems. 
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