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Abstract 
In VISIONS the segmentation a lgor i thms receive 

input from a d i g i t i z e d co lo r image as an array of 
p i x e l va lues , and generate output as a layered 
graph of symbo l i ca l l y named reg ions , boundaries, 
and endpoints — each w i t h t h e i r desc r i p t i ve 
a t t r i b u t e s . This processed sensory data provides 
the i n i t i a l input to the model -bu i ld ing system of 
VISIONS. 

I n t r oduc t i on 

This set of three short papers is a desc r i p 
t i o n of the f i r s t pass at implementing VISIONS, a 
computer system designed to understand d i g i t i z e d 
images of na tu ra l outdoor scenes ( e . g . , Figure 1 ) . 
VISIONS [Hanson and Riseman, 1976] is d iv ided i n t o 
two major subsystems: the l ow - l eve l system is r e s 
ponsib le fo r segmenting the image; the h i g h - l e v e l 
system is responsib le f o r i n t e r p r e t i n g the image. 
This paper discusses segmentation; the second paper 
ou t l i nes the m u l t i - l e v e l representa t ions , the con
t r o l s t r u c t u r e , and the search space fo r model-
b u i l d i n g ; and the t h i r d paper discusses shape and 
the l inkages between reg ions , sur faces, volumes, 
and ob jec t s . 

Two approaches to image segmentation are p re 
sented here: an edge/ l ine segment process [Prager, 
Hanson and Riseman, 1977] and a region ana lys is 
process [Nagin, Hanson and Riseman, 1977]. 

Boundary Analysis 

The l ine/boundary ana lys is process is based on 
an i n t e r p i x e l representa t ion of only ho r i zon ta l and 
v e r t i c a l edges. An advantage of t h i s approach is 
tha t dec is ions concerning o r i e n t a t i o n s of boundary 
segments ( i . e . , groups of connected edges) are 
delayed u n t i l the l o c a l in fo rmat ion has aggregated 
and g loba l i n fo rmat ion from the whole segment is 
a v a i l a b l e . The a lgor i thm involves two preproces
s ing opera t ions , a simple d i f f e r e n t i a t i o n pass 
using a 1x2 edge mask and suppression of non-maxima 
( p a r a l l e l ) edges which have the same d i r e c t i o n 
(s ign) of con t ras t . Next r e l axa t i on processes 
[Rosenfeld, Hummel and Zucker, 1976] are used to 
organize i n f o rma t i on . These processes, based on a 
paradigm of l o c a l cooperat ion and compet i t i on , up
date the s t rength of edges as a f unc t i on of l o c a l 
contex t . They employ a p r o b a b i l i s t i c case ana lys is 
o f l i n e con t i nua t i ons , l i n e endings, and v e r t i c e s ; 
sample r e s u l t s are shown in Figure 2. 

Since, the p rope r t i es of a boundary can be 
expected to remain i n v a r i a n t only f o r segments 
which l i e between at most two reg ions , the goal is 
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to ex t rac t and symbol ica l l y l abe l them. There
f o r e , the next step of the a lgor i thm uses the 
s i m i l a r i t y of p roper t ies to e i t he r side of a pa i r 
of edges to bind them i n t o segments, thus i n t e 
g ra t i ng both edge and region in fo rmat ion at a 
l o c a l l e v e l . In order to form these segments, 
b ind ing must not take place across ve r t i ces where 
more than 2 l i n e segments meet. A f te r e x t r a c t i n g 
boundary segments, p roper t ies such as conf idence, 
s t ra igh tness or cu rva tu re , con t ras t , e t c . are 
computed. E l im ina t i on of low confidence l i n e s can 
take place dur ing a postprocessing stage, i f 
des i red . 

Region Analysis 

We have chosen to develop a reg ion format ion 
process using g loba l in format ion as a complemen
ta ry approach to the l o c a l l y - d i r e c t e d l i n e analy
s i s . Here the p roper t ies of po in ts and small 
areas are analyzed v ia g loba l histograms (one- and 
two-dimensional) to focus on the i n t e r n a l s t r u c 
tu re of regions [Hanson, Riseman and Nagin, 1975; 
Ohlander, 1975; P r i c e , 1976]. The features 
selected to provide the basis f o r the segmentation 
are f i r s t used to form plans [Nagin, Hanson and 
Riseman, 1977; P r i c e , 1976; K e l l y , 1971]. The 
plans d r a s t i c a l l y reduce the data wh i le o rgan iz ing 
a gross decomposit ion of the image i n t o several 
la rge areas. Each of these areas can then be 
f u r t he r re f i ned wi thout i n te r fe rence in the 
histogram ana lys is from other areas in the image. 

Plans are formed us ing two techniques: 
a) quan t i za t ion compression, and b) s p a t i a l com
press ion . Compressing the quan t i za t ion scale of a 
given feature to one or two b i t s produces a plan 
which emphasizes only the strongest d i f fe rences 
in g loba l fea tu re a c t i v i t y . This technique can be 
general ized by i n t e r s e c t i n g the r e s u l t s obtained 
from a small set of features (Figure 3 ) . The 
second stage of p lanning involves reducing the 
s p a t i a l r e s o l u t i o n of the plan data by rep lac ing 
non-over lapping l o c a l windows of p i x e l values w i t h 
scalar features ex t rac ted from the l o c a l window. 
The plans can now be more c a r e f u l l y r e f i ned by 
s p l i t t i n g each overmerged area i n t o regions us ing 
s i m i l a r techniques. The goal of the ref inement 
process is to eventua l l y provide a region segmen
t a t i o n of the image together w i t h associated 
desc r i p t i ve reg ion p rope r t i es . 

Merging Representations 

Techniques f o r merging these two segmenta
t i ons to form more r e l i a b l e output are c u r r e n t l y 
under examinat ion. By conver t ing the reg ion plans 
to boundaries, the l i n e and region in fo rmat ion can 
be in te rsec ted and confidences of regions and 
boundaries can be improved. In Figure 4, the 
boundary segmentation of Figure 2 has been 
improved us ing reg ion p lans. 
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The r e s u l t i n g segmentation is passed to the 
h i g h - l e v e l system v i a the RSE data s t r u c t u r e . The 
RSE is a t h r e e - l e v e l d i rec ted graph of reg ions , 
boundary segments, and endpoints. Each node in 

the graph has a symbolic name and an associated 
l i s t o f p r o p e r t i e s , wh i le arcs encode the r e l a 
t i onsh ip between nodes. 
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