Detection of Interest Points Using Symmetry
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In order to reduce the amount of information involved
in visual processing we seek a low level operator, which
can be used to direct the computational resources toward
“interesting™ points of an image. We are introducing an
operator based on the intuitive notion of symmetry, which
effectively locates interest points in real time, and can be
incorporated also in active visual systems. The results
of its operation agree with some psychophysical evidence
concerning symmetry as well as evidence concerning fix-
ation points. The operator can be applied successfully
without a priori knowledge of the world. Combining the
operator with some preconceptions about the image iz
a powerful tool for feature detection in intricate natural
scenes. We demonstrate the localization of faces and fa-
cial features in real time on detailed and noisy pictures.

1 Introduction

Biological and machine vision tasks involve the process-
ing of an enormous amount of information. In order to
analyze it under plausible time and space constraints,
this amount of information has to be reduced. A solu-
tion suggested by primate vision, is based on foveated
vision: the field of view is selectively processed, and
computational resources are directed toward “interest-
ing” areas or points. These points are natural atienfion
points, and provide a basis for a more thorough investi-
gation by higher processes. When a primate focuses his
attention on a location, events oceurring at that location
are responded to more rapidly, give rise to enhanced elec-
trical activity, and can be reported at a lower threshold
[17]. Interest points can serve as a guide for shifting the
eyes to new firalion poinis — points that are projected
on the fovea. In this paper we suggest an operator based
on the intuitive notion of symmetry, which effectively lo-
cates interest point of a picture in real time, and can
be incorporated in passive, as well as active, visual sys-
tems. The results of its operation are consistent with
psychophysical evidence concerning symmetry as well as
evidence concerning fixation points. The operator can
be applied successfully without a priori knowledge of the
world. Combining the operator with some preconcep-
tions can provide a powerful tool for finding features in
intricate natural scenes. We demonstrate, in this article,
the localization of faces and facial features in real time
on detailed and noisy pictures.
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Yehezkel Yeshurun?

Natural objects often give rise to the human sensation
of symmetry. Our sense of symmetiry is so strong that
meost man-made objects are symmetric, and the Gestalt
school considered symmetry as a fundamental principle
of perception [24]. This sensation is more general than
the strict mathematical notion. For instance, a picture
of a human face is considered highly symmetric by the
layman, although it is not symmetric in the mathemat-
ical sense. The presented operator is inspired by the
intuitive notion of symmetry, and assigns a “symmetry
value” to every point in a picture at a very low level vi-
sion stage. In this respect, points with high symmetry
value are natural interest points.

Interest points are regarded by many as points of high
curvature (e.g. [2, 11, 26]). Others suggest to measure
busyness — the smoothed absclute value of the Laplacian
of the data [16], or rapid changes in the gray levels [21].
We argue that symmetry is a more general and pow-
erful concept, since it more closely fits psychophysical
evidence, and it is more useful in detecting interesting
features in complex scenes.

Symmetry is being widely used in computer vision
[1, 3, 5, 4, 8, 9, 14, 15, 13, 25, 27] (additional compre-
hensive bibliography can be found in [25, 27]). How-
ever, it is used as a mean of convenient representation,
characierization, shape simplification, or approximation
of objects, whose existence is already assumed. A typ-
ical vision task consists of edge detection, followed by
segmentation, followed by recognition. A symmetry op-
erator is usually applied after the segmentation stage.
Our symmetry operator can be applied immediately af-
ter the stage of edge detection, where there is absolutely
no knowledge regarding the objects in the scene. More-
over, the output of the symmetry operator can be used
effectively to direct higher level processes, such as seg-
mentation and recognition, and can serve as a guide for
locating the interesting objects. We shall demonstrate
these ideas on complex natural scenes.

More detailed description can be found in [18].

2 Defining the Operator

In the usual mathematical notion, an object is regarded
as symmetric if the application of certain transforma-
tions, called symmetry operations, leaves it unchanged
while permuting its parts. In order to use these symme-
try operations it is necessary to know the shape of an
object before we can predicate whether it is symmetric
or not. However, the process of finding interest points
must precede complex processes of detecting the objecis
in the scene. Ewen if the objects’ shapes are known,






