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Computer Vision Systems
Henrik I. Christensen,1

James L. Crowley2

1 Introduction
Computer vision has been an active area of research for more than three
decades. A quick review of the field reveals that image processing and
pattern recognition has been tremendously successful in terms of de-
livering operational systems. Everyday barcode scanners are used in
supermarkets, and pattern recognition techniques are used for such pur-
poses as identification, bill recognition, and address recognition. This
progress has been driven by significant increases in computer power and
the widespread use of multimedia technology. The use of imaging tech-
nology for everyday tasks and the wide use of images as part of the
Web has resulted in a tremendous reduction in price and delivery of im-
ages to virtually every desktop. In terms of full-scale computer vision
applications that involve motion estimation, depth recovery, and scene
interpretation, fairly limited progress has been achieved. Few systems
have been deployed for regular use. A few notable exceptions include the
Highway driving system by Prof. Dickmanns, the NAVLAB system from
Carnegie Mellon University, and a few systems for medical diagnostics
and computer-aided surgery. Overall, it has, however, not been possible
to deliver the expected set of applications due to a lack of robustness
and methods for integration of methods into full systems.

At the verge of a new millenium, there is now a number of promising
efforts to construct fully operational systems. The construction of sys-
tems gradually provides the insight to formulate basic methods for the
design, analysis, implementation, and evaluation of operational and ro-
bust systems that have a wide domain of application. Most of the estab-
lished conferences in computer vision such as ICCV, ECCV, CVPR, ACCV,
and ICPR focus on component methods for computer vision with little
emphasis on integration. To provide a forum for discussion of system
issues, the first International Conference on Computer Vision Systems
(ICVS) was held January, 1999, at the beautiful island of Gran Canaria,
Spain. The program included more than sixty papers and three invited
lectures by Prof. Dickmanns (automated highway driving), Prof. Kanade
(autonomous helicopter flying), and Prof. Brady (image-based medical
diagnostics). A total of ninety people attended the conference. A set of
outstanding papers from the program were selected for a VIDERE spe-
cial issue. A total of four papers are presented in this issue. All of the
papers have been extended, revised, and subjected to the normal review
process.

2 Scanning the Issue
The first paper “Active Knowledge-Based Scene Analysis” by Paulus et al.
describes a methodology for the design of knowledge-based interpreta-
tion of scenes. Many earlier systems have relied on extensive (passive)
knowledge bases that have been coupled to standard reasoning engines.
In contrast, the presented approach combined declarative knowledge
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and associated reasoning methods into active knowledge-based units.
The system uses a modern object-oriented design approach that enables
the design of a toolkit for the easy integration of components into op-
erational systems. To illustrate the potential of the developed toolkit,
two different applications are presented. One application is used for in-
dexing and recognition of a set of objects in a traditional office setting.
The second application is a system for landmark-based navigation in an
indoor environment. The paper nicely illustrates how modern software
engineering techniques, when combined with standard methods for sig-
nal analysis and pattern recognition, can be used to design a scalable
toolkit for recognizing objects in the presence of significant clutter.

Automatic recognition in an indoor environment for robot naviga-
tion has a significant potential for a range of applications. The second
paper, “Integrating Vision-Based Behaviors with an Autonomous Robot”
by Schlegel et al., presents a hybrid deliberative architecture for the inte-
gration of visual behaviors for robot navigation. Through tight coupling
of perception and action in combination with the use of dedicated mod-
els, it is possible to achieve real-time performance. This paper presents
the overall architecture and a range of visual behaviors for recognition of
landmarks and objects and the simple tracking of people. Through inte-
gration of such visual behaviors, it is possible to provide basic navigation
functionalities and methods for intelligent interaction with humans in
the environment. The presented architecture and visual methods have
been implemented on a B21 robot that can perform navigation in an
office environment.

The integration of multiple sensory modalities allow the construc-
tion of efficient interfaces for intelligent systems. The third paper (by
Wachsmuth et al.) entitled “Integration of Vision and Speech Under-
standing using Bayesian Networks,” presents a methodology for multi-
model integration. Many earlier approaches to scene interpretation have
ignored uncertainty. In this paper, an integrated approach is presented.
A spoken dialogue is used to generate a partial model for interpreta-
tion. The partial model provides a context for interpretation of visual
input. To enable the handling of ambiguity and the flexible handling of
the inherent uncertainty in processing visual data, the processing is con-
trolled by a Bayesian Network. The network is generated dynamically in
response to spoken input. Through adaptation of a dynamic approach, it
is possible to generate computationally efficient strategies for interpre-
tation. The presented approach is evaluated in the context of a system
that allows automatic assembly of a toy-like object based on spoken com-
mands. The paper illustrates how uncertainty and dynamic modeling
can be used for efficient scene interpretation.

A notorious problem in computer vision is object recognition. Typi-
cally, recognition strategies are engineered to handle specific objects or
classes of objects. Such an approach is typically labor intensive and itera-
tive. Our fourth paper, “ADORE: Adaptive Object Recognition” by Draper
et al., presents a methodology for the design of recognition strategies
using learning techniques. Based on training using a wide range of fea-
ture detection and extraction methods, it is possible to automatically
generate recognition strategies that can be deployed for the recognition
of complex objects. To illustrate the potential of learning for genera-
tion of recognition strategies, the method is evaluated in the context
of remote imaging. A set of houses are recognized in serial images. This
task is typically carried out manually, and it is thus possible to compare
performance of the automatic strategy to “ground truth.” Performance
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characterization is gradually becoming mainstream, and this is an ex-
cellent illustration of this trend. In addition, the paper illustrates how
machine learning can be used with success in computer vision.

This issue of VIDERE also includes a review of the book “An Intro-
duction to Natural Computation,” by Dana H. Ballard. This book brings
together a wide range of disciplines to demonstrate how different dis-
ciplines contribute to competent systems. The book is thus an excellent
illustration of how an interdisciplinary approach must be adopted to en-
able the design, analysis, and deployment of full systems.

3 The Future
Based on the success of the first ICVS, follow-up activities are being
discussed. Although it is not yet obvious how and when a second con-
ference will be organized, it is felt that a follow-up is needed as systems
gradually are becoming available. It is considered essential that the basic
methodology for integration of systems is defined in a formal framework
to enable more widespread use.
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