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Robust and Efficient Detection
of Salient Convex Groups

David W. Jacobs

Abstract—This paper describes an algorithm that robustly locates salient convex collections of line segments in an image. The
algorithm is guaranteed to find all convex sets of line segments in which the length of the gaps between segments is smaller than
some fixed proportion of the total length of the lines. This enables the algorithm to find convex groups whose contours are partially
occluded or missing due to noise. We give an expected case analysis of the algorithm’s performance. This demonstrates that salient
convexity is unlikely to occur at random, and hence is a strong clue that grouped line segments reflect underlying structure in the
scene. We also show that our algorithm’s run time is O(n’log() + nm), when we wish to find the m most salient groups in an image
with z line segments. We support this analysis with experiments on real data, and demonstrate the grouping system as part of a

complete recognition system.

Index Terms—Grouping, perceptual organization, convexity, proximity, nonaccidental properties, robust, efficiency, recognition.

1 INTRODUCTION

N this paper, we consider grouping (or perceptual organiza-

tion) as a bottom-up process that clusters image features
into higher level organizations, each likely to come from a
single object. Two significant questions arise in grouping.
First, which features should we cluster together? Second,
how can we locate these clusters efficiently? We approach
the first problem by looking for nonaccidental properties. In
this approach, we group together features that have some
property that is frequently shared by features originating in
a single object, but that is unlikely to arise at random. In
particular, we consider convexity, which is a common char-
acteristic of object parts and object faces. We show that con-
vex sets of line segments with relatively small gaps rarely
occur at random. We then show that this contributes to a
solution to the second problem; the very fact that these
groups are rare enables us to find them efficiently.

It has long been recognized that grouping is a difficult
problem, which perhaps explains its relative neglect. Marr
[41] said: '

The figure-ground “problem” may not be a single problem, be-
ing instead a mixture of several subproblems which combine to
achieve figural separation, just as the different molecular inter-
actions combine to cause a protein to fold. There is in fact no
reason why a solution to the figure-ground problem should be
derivable from a single underlying theory.

Marr recommended focusing on problems that have a
“clean underlying theory,” instead. These more manageable
problems included shape-from-shading, edge detection,
and object representation. More recently, Huang [23] has
stated:
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Everyone in computer vision knows that segmentation is of the
utmost importance. We do not see many results published not be-
cause we do not work on it but because it is such a difficult prob-
lem that it is hard to get any good results worthy of publication.

While grouping has proven a difficult problem, it de-
serves attention because even partial progress can be quite
valuable. For example, a grouping system can focus and
improve a search for an object by a recognition system by
collecting together features that are more likely to come
from a single object than are a random collection of fea-
tures. Many recognition systems now exploit simple
grouping techniques. By extending our understanding of
grouping, we extend the domain in which recognition is
feasible. Also, groups of features are more distinctive than
individual features, and are more readily matched between
images. Hence, grouping can help in solving the correspon-
dence problem in stereo or motion.

One approach to perceptual organization is to identify
common properties of image groups that originate in a sin-
gle object or process, and that occur relatively infrequently
in groups generated by a random process. We describe the
past work that has developed this approach in Section 2. In
this paper we combine proximity and convexity as group-
ing clues, forming what we call salient, convex groups. We
present an algorithm that finds all collections of convex line
segments where the length of the line segments accounts
for at least some fixed proportion of the length of their con-
vex hull. The salience of a group is therefore measured by
the percentage of the convex boundary that is identified as
a brightness discontinuity. By taking account of the gap
between the end of the group and its beginning, this sali-
ence measures also has the effect of enforcing a closure con-
straint on the groups that it finds. We show that a random
process is unlikely to produce such groups. At the same
time, salient convex groups can be very useful in domains
in which objects frequently have convex faces or parts. And
in such domains, salient convexity will be a strong clue that
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