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Abstract

A key problem in learning representations of multiple objects from unlabeled images is that
it is a priori impossible to tell which part of the image corresponds to each individual object,
and which part is irrelevant clutter. Distinguishing individual objects in a scene would allow
unsupervised learning of multiple objects from unlabeled images. There is psychophysical
and neurophysiological evidence that the brain employs visual attention to select relevant
parts of the image and to serialize the perception of individual objects. We propose a method
for the selection of salient regions likely to contain objects, based on bottom-up visual atten-
tion. By comparing the performance of David Lowe�s recognition algorithm with and without
attention, we demonstrate in our experiments that the proposed approach can enable one-shot
learning of multiple objects from complex scenes, and that it can strongly improve learning
and recognition performance in the presence of large amounts of clutter.
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1. Introduction

Object recognition with computer algorithms has seen tremendous progress over
the past years, both for specific domains such as face recognition [1–5] and for more
general object domains [6–11]. Most of these approaches require segmented and la-
beled objects for training, or at least that the training object is the dominant part of
the training images. None of these algorithms can be trained on unlabeled images
that contain large amounts of clutter or multiple objects.

But what is an object? A precise definition of ‘‘object,’’ without taking into ac-
count the purpose and context, is of course impossible. However, it is clear that
we wish to capture the appearance of those lumps of matter to which people tend
to assign a name. Examples of distinguishing properties of objects are physical con-
tinuity (i.e., an object may be moved around in one piece), having a common cause
or origin, having well defined physical limits with respect to the surrounding environ-
ment, being made of a well-defined substance. In principle, a single image taken in an
unconstrained environment is not sufficient to allow a computer algorithm, or a hu-
man being, to decide where an object starts and another object ends. However, a
number of cues which are based on the statistics of our everyday�s visual world
are useful to guide this decision. The fact that objects are mostly opaque and often
homogeneous in appearance makes it likely that areas of high contrast (in disparity,
texture, color, and brightness) will be associated to their boundaries. Objects that are
built by humans are often designed to be easily seen and discriminated from their
environment.

Imagine a situation in which you are shown a scene, e.g., a shelf with groceries,
and later you are asked to identify which of these items you recognize in a different
scene, e.g., in your grocery cart. While this is a common situation in everyday life
and easily accomplished by humans, none of the conventional object recognition
methods is capable of coping with this situation. How is it that humans can deal with
these issues with such apparent ease?

The human visual system is able to reduce the amount of incoming visual data to
a small but relevant amount of information for higher-level cognitive processing.
Two complementary mechanisms for the selection of individual objects have been
proposed, bottom-up selective attention and grouping based on segmentation. While
saliency-based attention concentrates on feature contrasts [12], grouping and seg-
mentation attempt to find regions that are homogeneous in certain features [13,14].
Grouping has been applied successfully to object recognition [15,16]. In this paper,
we explore bottom-up attention. In particular, we postulate that a bottom-up atten-
tional mechanism that is designed to respond to areas of high contrast, will fre-
quently select image regions that correspond to objects. Our experiments are
designed to test this hypothesis.

Attention is the process of selecting and gating visual information based on sal-
iency in the image itself (bottom-up), and on prior knowledge about scenes, objects
and their interrelations (top-down) [17,18]. Upon closer inspection, the ‘‘grocery cart
problem’’ (also known as the ‘‘bin of parts problem’’ in the robotics community)
poses two complementary challenges—serializing the perception and learning of
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