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Abstract

Computer vision sysiems are becoming more and
more anthropemoerphic. In addition to taking an ac-
tive vision approach, researchers are now investigaling
robot heads with biologically motivated space-variant
sensors. We have designed such an ezploring eye
system for robol gaze conirol when observing an ar-
bitrary scene. Our approach uwses “retinal” images
consirucled from overlapping receplive fields thal are
mapped to form log-polar "cortical” itmages. We have
implemented this system on a parallel SIMD machine
using an efficient parallelization algorithm. In order io
demonstrate our approach, we have formulated various
types of attentional operalors thal are used to select
interest poinls fo drive the gaze contrel mechanism.
We show that our system efficiently integrates images
from space-varianl snapshots in an arbilrary natural
environment.

Introduction

Biological vision is foveated, highly goal-oriented
and task-dependent. This observation, which is rather
clear if we contemplate the behavior of practically ev-
ery vertebrate, is now being seriously considered by
the computer vision community, mainly in recent re-
search on active vision. A foveated retina offers several
important advantages, such as data reduction, as well
as object size and rotation invariance.

We use the term foveated image for the combina-
tion of periphery and fovea. The periphery possesses
an irregular pixel geometry and is postulated to de-
tect movement and points of interest in the scene.
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The fovea is a small uniformly sampled disk with high
resolution, thereby permitting a detailed analysis of
objects lying at the center of the visual field.

The use of such sensors requires efficient mech-
anisms for gaze control, that in turn, are directed
by specific attentional processes. In psychophysical
terms, these algorithms are either overt, analyzing in
detail the central foveated area, or coverl, analyzing
various regions within the field-of-view that are not
necessarily in the central foveated area.

In this work, we illustrate the performance of
gaze control, based on a parallel implementation of
a foveated retina, to explore and construct a compre-
hensive image of an unknown environment. We use a
winner-take-all algorithm to integrate the individual
space-variant snapshots into a unified high resolution
image mapped onto a geodesic dome.,

1 The FOVIA system
1.1 Receptive Field Distribution

Conventional video cameras perform image sam-
pling using a regular rectangular grid. However, in
the primate retina, sampling is achieved by receptive
fields (RF’s) which take their inputs from a contigu-
ous cluster of cones. Thus they combine information
from all photoreceptors within a "circular” area using
a particular weighting function. With such a strue-
ture, it becomes possible to everlap neighboring RF’s
as in the human visual system.

Wilson[6] has proposed a model to compute a
foveated retina with overlapping RF's. We have ex-
tended this model (see [7] for details) to yield n con-
centric rings containing overlapping RF’s in the pe-
riphery, which surrounds a uniform fovea. The radii
of these rings and the RF’s vary logarithmically and
linearly, respectively, with eccentricity.

For each RF in the periphery we use a Gaussian
weighting function :

fili,§) =) ) Gauss(i,j) I(i,5) (1)

L
where Gauss is a 2D Gaussian function centered on
the RF.






