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ABSTRACT 

Among the sources of information that can be 
used to guide the processing of v isual sensory data 
are the constra ints implied by the geometry of the 
objects being viewed. Experiments have been 
performed using representations of t h i s type of 
knowledge to contro l image processing. They show 
how such geometric knowledge can be used to aid in 
the i d e n t i f i c a t i o n of object project ions in images 
of natural outdoor scenes. 

Introduct ion 

The general goal of processes operating on 
v isual data in the VISIONS system is the 
construct ion of a symbolic representation of the 
ob jects , and of the re la t ions among those ob jects , 
from images of a given natural outdoor scene. 
Recent experiments have been designed to determine 
the effect iveness of the use of world knowledge in 
the in te rp re ta t ion task and to explore 
representations of t h i s knowledge [ 9 ] . A por t ion 
of the knowledge used in the system consists of 
descr ipt ions of speci f ic objects ( e . g . house, 
t r e e , grass, e tc . ) and the representation of 
three-dimensional spat ia l re la t ionsh ips among those 
objects [ 3 ] . This paper discusses one way in which 
such geometric knowledge can be used to contro l 
image processing. The use of geometric knowledge 
to guide image processing has been used wi th some 
success by [ 1 ] , [ 2 ] , and [ 5 ] . 

In the experiments described here, a 
three-dimensional scene model which represents the 
re l a t i ve locat ion and size of objects is projected 
to the two-dimensional Image to form a p lan. This 
plan can be used to r e s t r i c t image analysis to 
cer ta in port ions of the image and to t r igger the 
appl icat ion of procedures for the recogni t ion of 
speci f ic objects during image i n t e r p r e t a t i o n . The 
resu l ts w i l l be i l l u s t r a t e d using the house scene 
shown in Figure 1. 

A Spatial Plan from a Geometric Scene Model 

Knowledge about approximate object locat ion 
and size was used to invest igate the e f fec t of 
geometric constraints on a region- label ing process. 
The goal of the experiment was to p a r t i t i o n a 
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region segmentation in to non-dis jo int subsets of 
regions, each containing the project ion of an 
object from the scene. The data used is an i n i t i a l 
segmentation of the image into regions of s imi lar 
color and texture [ 7 ] . An image region does not 
necessari ly correspond to a single ob ject , nor is 
i t the case that a given object w i l l un fa i l i ng l y 
project to a single region. Scene knowledge can be 
used to p a r t i a l l y overcome these d i f f i c u l t i e s 
through the formation of a plan which predicts the 
locat ion of the image project ion of actual scene 
objects . The subimage produced by a matching 
process which uses th i s plan can then be further 
processed to better extract the image locat ion of 
the ob ject . One poss i b i l i t y is resegmentation, 
which can be performed with greater accuracy using 
the local image context [ 7 ] . Specific knowledge of 
the surface features of the object can also be used 
to constrain the subimage even fu r ther . 

If a l l the objects in a scene were of known 
s ize , shape, and at a known locat ion and 
o r i en ta t i on , and if the scene were viewed with a 
known camera from a known camera posi t ion and 
o r i e n t a t i o n , then the scene model would be easi ly 
projected to the image using the standard 
techniques of computer graphics: r i g i d object 
t ransformat ion, perspective p ro jec t ion , and hidden 
surface removal [ 8 ] . In general , however, the 
scene model must capture uncerta int ies as to object 
locat ion and permit project ion methods that are 
to lerant to errors in expectations of camera 
posi t ion and o r i en ta t i on . Consequently, several 
less constraining assumptions were made. 

Figure 1. House scene used in experiments. 
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Scene and Ob jec t Model 

The t h r e e - d i m e n s i o n a l geometry o f an o b j e c t in 
a scene can be c h a r a c t e r i z e d b y : l o c a t i o n , 
o r i e n t a t i o n , s c a l e ( s i z e ) , and shape. O f t h e s e , 
shape is o b v i o u s l y t h e most complex. Easing the 
c o n s t r a i n t on shape by g e n e r a l i z a t i o n to a sphere 
p e r m i t s a rough d e s c r i p t i o n o f l o c a t i o n , l o c a t i o n 
u n c e r t a i n t y , and s i z e . The l o c a t i o n o f an o b j e c t , 
expressed in t h e c o o r d i n a t e system o f t he scene 
m o d e l , i s approx imated by t h e cen te r o f a " l o c a t i o n 
s p h e r e . " The r a d i u s o f t h i s sphere expresses 
u n c e r t a i n t y a s t o l o c a t i o n o f the o b j e c t c e n t e r . 
The o b j e c t s i z e is a l s o rep resen ted by a s p h e r e , 
cen te red a t the o b j e c t l o c a t i o n . The r a d i u s o f 
t h i s " s i z e sphere" i s r e l a t e d t o the s i z e o f the 
o b j e c t . Because these spheres are embedded in a 
scene c o o r d i n a t e sys tem, t h e a d d i t i o n of a camera 
model p e r m i t s the t r a n s f o r m a t i o n o f the scene model 
(by t r a n s l a t i o n and r o t a t i o n ) to a s p e c i f i c 
v i e w p o i n t and the p r o j e c t i o n o f t h a t model to the 
image. 

P r o j e c t i o n of Scene Model to Image 

There are two problems in the p r o j e c t i o n o f 
t h i s t h r e e - d i m e n s i o n a l model t o the image: t h e 
p r o j e c t i o n o f the l o c a t i o n sphere and the 
p r o j e c t i o n o f t he s i z e sphe re . The p r o j e c t i o n o f 
the l o c a t i o n sphere i s s t r a i g h t f o r w a r d . Using a 
p e r s p e c t i v e t r a n s f o r m a t i o n ( f r o m a camera model) 
t he c e n t e r and r a d i u s o f the sphere are p r o j e c t e d 
to the image as a c i r c l e . F i g u r e 2 i l l u s t r a t e s the 
way i n which t h i s t h r e e - d i m e n s i o n a l o b j e c t model 
can be p r o j e c t e d onto any image ( u s i n g a camera 
model) to form an i m a g e - s p e c i f i c p lan f o r t h a t 
o b j e c t . 

The p r o j e c t i o n o f the s i z e sphere i s hand led 
in a s l i g h t l y d i f f e r e n t manner. Due to u n c e r t a i n t y 
o f t he exac t l o c a t i o n , Jus t the r a d i u s o f the s i z e 
model i s p r o j e c t e d to the image. The p r o j e c t e d 
r a d i u s i s added to the p lan as a " s i z e f i l t e r ; " no 
r e g i o n g r e a t e r than t h a t s i z e is expected as a 
p r o j e c t i o n o f t h a t o b j e c t . I n t he expe r imen ts 
shown here t h i s s i z e r a d i u s was added to the 
l o c a t i o n r a d i u s to form a compos i te p l a n , shown as 
the o u t e r c i r c l e i n F i g u r e 3 . The o the r two 
c i r c l e s shown a r e : t h e p r o j e c t i o n o f the l o c a t i o n 
sphere ( t h e sma l l e r o f the two i nne r c i r c l e s ) and 
the p r o j e c t i o n o f the s i z e sphere ( t h e n e x t l a r g e r 
c i r c l e ) a r b i t r a r i l y p o s i t i o n e d a t the c e n t e r o f the 
p r o j e c t i o n o f the l o c a t i o n sphere . Note t h a t , 
a l t h o u g h these i l l u s t r a t i o n s show t i g h t l y 
c o n s t r a i n e d l o c a t i o n s ( s m a l l l o c a t i o n s p h e r e s ) , i t 
i s p o s s i b l e t o r ep resen t sma l l o b j e c t s and /o r 
l a r g e r u n c e r t a i n t i e s i n l o c a t i o n . 

Once the model has been p r o j e c t e d to the 
image, the r e s u l t i n g p lan can be used in a match ing 
p rocess . Regions in the image can be matched 
a g a i n s t the p r o j e c t i o n c i r c l e s to form a subimage. 
A l l r e g i o n s t h a t are con ta ined w i t h i n the composi te 
c i r c l e are taken t o b e cand ida tes f o r i n c l u s i o n i n 
the subimage. F u r t h e r , a l l r e g i o n s f o r wh ich the 
r a t i o o f r e g i o n area w i t h i n the c i r c l e t o the t o t a l 
r e g i o n area is above an o b j e c t - m o d e l - s p e c i f i c 
t h r e s h o l d are accepted as cand ida tes f o r i n c l u s i o n . 
These c and i da tes are then f i l t e r e d by s i z e , and any 
r e g i o n which I s t o o l a r g e i s r e j e c t e d . (Such 
r e j e c t e d cand ida tes cou ld be s p l i t by 
r e s e g m e n t a t i o n ; t h i s was no t done h e r e . ) The un ion 
o f the rema in ing cand ida tes forms the sub image. 

The two s p h e r i c a l r e p r e s e n t a t i o n s whose 
p r o j e c t i o n s are shown in F i g u r e 3 a re f o r 
" t r e e - c r o w n " and "house -body . " F i gu re 4 shows the 
r e g i o n s s e l e c t e d when those p r o j e c t i o n s are used . 
F i g u r e 5 shows the way in which geomet r ic match ing 
can be used to l i m i t o t he r r e c o g n i t i o n p rocedu res . 
A f e a t u r e match ing process f o r house-body, based on 
a c o l o r and t e x t u r e p r o t o t y p e from the o b j e c t 
m o d e l , was run on an image segmenta t ion to s e l e c t 
the se t o f r e g i o n s shown in F i gu re 5 a . The same 
s e g m e n t a t i o n , t o g e t h e r w i t h the p lan from the 
p r o j e c t i o n o f the house-body s p h e r i c a l mode l , 
produced the sub image shown in F i g u r e 4 c . Using 
the g e o m e t r i c a l l y based subimage to r e s t r i c t the 
f e a t u r e match ing Improves the r e s u l t s . Compare the 
r e g i o n s from f e a t u r e match ing a lone ( F i g u r e 5a) 
w i t h those s e l e c t e d when the f e a t u r e match ing was 
c o n s t r a i n e d by t h e geomet r ic p lan ( F i g u r e 5 b ) . The 
match ing us ing the p l an i s Improved by t h e 
e l i m i n a t i o n o f those r e g i o n s which a re i n c o n s i s t e n t 
w i t h s i z e and l o c a t i o n i n f o r m a t i o n . 



Future Work References 

I n a d d i t i o n t o c o n t r o l l i n g r e g i o n g roup ing 
p rocedures , knowledge o f the geomet r i c c o n s t r a i n t s 
i m p l i e d by o b j e c t subpar t r e l a t i o n s can be used to 
gu ide the e x t r a c t i o n o f image f e a t u r e s [ 1 0 ] . The 
t h r e e - d i m e n s i o n a l o b j e c t geomet ry , when combined 
w i t h i n f o r m a t i o n about the l o c a t i o n o f o b j e c t 
f e a t u r e s in the image, can be used to b u i l d a 
t h r e e - d i m e n s i o n a l model o f the o b j e c t s in the image 
[ 4 ] . Th is mode l , i n t u r n , can b e p r o j e c t e d t o the 
image to p r o v i d e more s p e c i f i c i n f o r m a t i o n about 
the l o c a t i o n o f o b j e c t p r o j e c t i o n s i n the image. 
Such s p e c i f i c i n f o r m a t i o n w i l l e v e n t u a l l y be used 
t o c o n t r o l the i n v o c a t i o n o f bo th f e a t u r e 
e x t r a c t i o n procedures and procedures f o r the 
r e c o g n i t i o n o f o b j e c t s from two -d imens iona l image 
c h a r a c t e r i s t i c s [ 6 ] . Work i s c u r r e n t l y underway t o 
examine how such c o n t r o l can bes t be imp lemented . 
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