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Preface to the Second Edition

It has been almost exactly ten years since the first edition of this book was pub-
lished. Many things that we stated in the preface to the first edition of this book have
remained constant. Increasing automation has continued to provide the machine vi-
sion industry with above-average growth rates. Computers have continued to become
more powerful and have opened up new application areas.

On the other hand, many things have changed in the decade since the first edition
was published. Efforts to standardize camera—computer interfaces have increased
significantly, leading to several new and highly relevant standards. MVTec has par-
ticipated in the development of many of these standards. Furthermore, sensors that
_acquire 3D data have become readily available in the machine vision industry. Con-
sequently, 3D machine vision algorithms play an increasingly important role in ma-
chine vision applications, especially in the field of robotics. Machine learning (clas-
sification) is another technology that has become increasingly important.

The second edition of this book has been extended to reflect these changes. In
Chapter 2, we have added a discussion of the latest camera—computer interface and
image acquisition standards. Furthermore, we have included a discussion of 3D im-
age acquisition devices. Since many of these sensors use Scheimpflug optics, we
have also added a discussion of this important principle. In Chapter 3, we have
extended the description of the algorithms that are used in 3D image acquisition de-
vices to perform the 3D reconstruction. Furthermore, we describe camera models
and calibration algorithms for cameras that use Scheimpflug optics. The growing
importance of 3D processing is reflected by new sections on hand-eye calibration
and 3D object recognition. Furthermore, the section on classification has been ex-
tended by algorithms that have become increasingly important (in particular, novelty
detection and convolutional neural networks). In Chapter 4, we have added two new
application examples that show how the 3D algorithms can be used to solve typical
3D applications. Overall, the book has grown by more than 35%.

The applications we present in this book are based on the machine vision soft-
ware HALCON, developed by MVTec Software GmbH. To make it possible to
also publish an electronic version of this book, we have changed the way by which
HALCON licenses can be obtained. MVTec now provides the HALCON Stu-
dent Edition for selected universities and academic research institutes. Please con-
tact your lecturer or local distributor to find out whether you are entitled to par-

xix
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ticipate in this program. Note that the student version of HALCON 8.0 is no
longer available. To download the applications discussed in Chapter 4, please visit
www.machine-vision-book.com.

The first edition of this book has been used extensively in the lectures “Image un-
derstanding [: Machine vision algorithms™ given by Carsten Steger at the Department
of Informatics of the Technical University of Munich, “Industrial Photogrammetry™
given by Markus Ulrich at the Department of Civil, Geo, and Environmental Engi-
neering of the Technical University of Munich, and “Industrielle Bildverarbeitung
und Machine Vision™ given by Markus Ulrich at the Institute of Photogrammetry
and Remote Sensing of the Karlsruhe Institute of Technology. We have integrated
the feedback we have received from the students into this edition of the book. A
substantial part of the new material is based on the lecture “Image understanding II:
Robot vision™ given by Carsten Steger since 2011 at the Department of Informatics
of the Technical University of Munich.

We would like to express our gratitude to several of our colleagues who have helped
us in the writing of the second edition of this book. Jean-Marc Nivet provided the
images in Figures 3.129-3.131 and proof-read Sections 2.5 and 3.10. Julian Beitzel
supported us by preparing the pick and place example described in Section 4.14.
We are also grateful to the following colleagues for proof-reading various sections
of this book: Thomas Hopfner (Section 2.4), Christoph Zierl (Section 2.4), An-
dreas Hofthauser (Section 3.12.1), Bertram Drost (Section 3.12.3), Tobias Bottger
(Section 3.13), Patrick Follmann (Sections 3.13 and 3.15.3.4), and David Sattlegger
(Section 3.15.3.4). Finally, we would like to thank Martin Preuf} and Stefanie Volk
of Wiley-VCH who were responsible for the production of this edition of the book.

We invite you to send us suggestions on how to improve this book. You can reach
us at authors@machine-vision-book.com.

Miinchen, July 2017 Carsten Steger, Markus Ulrich, Christian Wiedemann



Preface to the First Edition

The machine vision industry has enjoyed a growth rate well above the industry aver-
age for many years. Machine vision systems currently form an integral part of many
machines and production lines. Furthermore, machine vision systems are continu-
ously deployed in new application fields, in part because computers get faster all the
time and thus enable applications to be solved that were out of reach just a few years
ago.

Despite its importance, there are few books that describe in sufficient detail the
technology that is important for machine vision. While there are numerous books
on image processing and computer vision, very few of them describe the hardware
components that are used in machine vision systems to acquire images (illuminations,
lenses, cameras, and camera—computer interfaces). Furthermore, these books often
only describe the theory, but not its use in real-world applications. Machine vision
books, on the other hand, often do not describe the relevant theory in sufficient detail.
Therefore, we feel that a book that provides a thorough theoretical foundation of all
the machine vision components and machine vision algorithms, and that gives non-
trivial practical examples of how they can be used in real applications, is highly
overdue.

The applications we present in this book are based on the machine vision software
HALCON, developed by MVTec Software GmbH. To enable you to get a hands-on
experience with the machine vision algorithms and applications that we discuss. this
book contains a registration code that enables you to download, free of charge, a
student version of HALCON as well as all the applications we discuss. For details,
please visit www.machine-vision-book.com.

While the focus of this book is on machine vision applications. we would like to
emphasize that the principles we will present can also be used in other application
fields. e.g., photogrammetry or medical image processing.

We have tried to make this book accessible to students as well as practitioners
(OEMs, system integrators, and end-users) of machine vision. The text requires only
a small amount of mathematical background. We assume that the reader has a ba-
sic knowledge of linear algebra (in particular, linear transformations between vector
spaces expressed in matrix algebra), calculus (in particular, sums and differentiation
and integration of one- and two-dimensional functions), Boolean algebra, and set
theory.
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This book is based on a lecture and lab course entitled “Machine vision algorithms”
that Carsten Steger has given annually since 2001 at the Department of Informatics
of the Technical University of Munich. Parts of the material have also been used
by Markus Ulrich in a lecture entitled “Close-range photogrammetry” given annu-
ally since 2005 at the Institute of Photogrammetry and Cartography of the Technical
University of Munich. These lectures typically draw an audience from various disci-
plines, e.g.. computer science, photogrammetry, mechanical engineering, mathemat-
ics, and physics, which serves to emphasize the interdisciplinary nature of machine
vision.

We would like to express our gratitude to several of our colleagues who have helped
us in the writing of this book. Wolfgang Eckstein, Juan Pablo de la Cruz Gutiérrez,
and Jens Heyder designed or wrote several of the application examples in Chapter 4.
Many thanks also go to Gerhard Blahusch, Alexa Zierl, and Christoph Zierl for proof-
reading the manuscript. Finally, we would like to express our gratitude to Andreas
ThoB and Ulrike Werner of Wiley-VCH for having the confidence that we would be
able to write this book during the time HALCON 8.0 was completed.

We invite you to send us suggestions on how to improve this book. You can reach
us at authors@machine-vision-book.com.

Miinchen, May 2007 Carsten Steger, Markus Ulrich, Christian Wiedemann
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