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Preface

Around the year 2008, I realized that much of what we had published as
knowledge-based methods for image analysis was actually perceptual grouping.
Moreover, these perceptual grouping rules were those that turned out to be more
robust than the actual automatic knowledge utilization part. Moreover, the same
constructions were needed over and over again, through many modalities of sensing
and tasks to be fulfilled. One main source of malfunction of rule-based systems was
the threshold parameters: Should two straight lines be parallel if their orientation
deviation is less than ten degrees? Or rather five degrees? It became evident that
such hard thresholds should be replaced by using soft assessment functions.

At the International Conference on Pattern Recognition 2012 in Tsukuba, I
discussed the issue with Vera Yashina of the algebraic branch of the pattern
recognition community of the Russian Academy of Sciences. We agreed that such
approach is not really a syntactic approach anymore, it is an algebraic formulation:
The Gestalt algebra. 2012 happened to be the year of a major upheaval in pattern
recognition and machine vision. It was realized that deep learning utilizing con-
volutional neural networks yields superior performance on object recognition from
imagery. Almost nobody in the community seemed to like those machines with
their vast number of parameters, but the facts could not be ignored. In the few years
that have passed since 2012, this neural network approach has been adapted to
almost any task in machine perception and artificial intelligence with remarkable
success. So isn’t perceptual grouping utilizing Gestalt laws, and knowledge-based
machine inference an outdated topic?

Neural network approaches existed before 2012. Their superior performance
nowadays results from the training data amounts which are at hand now and from
the advances in computing machinery. Still, anything that must not be learned,
because it is already known, helps in concentrating these precious resources on
learning the unknown things. The laws of seeing are known for more than one
hundred years. Seeing must not be learned, it can be coded by implementing these
laws in computing machinery. There has been enough knowledge about this topic
published in numerous papers, and also in several very recommendable textbooks.
Why then yet another book on Gestalt laws?
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Because the aspect of hierarchical grouping has been hardly treated in the
existing literature, e.g., a window sash may be made of a lattice of 12 small
sub-windows, and two such sashes make a reflection symmetric window aggregate,
and several of these are repeated as a frieze on a facade, and the building on which
the facade is seen, is repeated along a road. It is much more likely that we, or our
machines, encounter images containing such deep hierarchies through the scales,
than that the images contain only random noise and clutter. The Gestalt algebra has
been deliberately designed for such hierarchical patterns.

When asked to write a textbook on this topic, I realized that expertise in
probability calculus, least squares estimation, and projective geometry would be
needed, and I asked Jochen Meidow to join in. Together we revised the operations
of Gestalt algebra and present them in the volume at hand. For each such Gestalt
operation, there is a separate chapter, containing the definition, as well as examples
of application, and some brief review of the corresponding literature. The most
important chapter is the algebraic closure chapter, where all operations can par-
ticipate in the construction of hierarchies of such aggregates. But the book would
not be complete without a chapter connecting the method to the data—i.e., a chapter
on the extraction of primitives from pictures, a chapter on the cooperation with
machine-readable knowledge, and a chapter on cooperation with machine learning.

The book is intended for students, researchers, and engineers active in machine
vision. We hope that the field may benefit from our methods and that some of our
proposals may help to develop and improve future seeing machines. We thank the
management of the Fraunhofer Institute of Optronics, System Technologies and
Image Exploitation IOSB in Ettlingen, Germany, for facilitating the work on it as an
ancillary activity, while being committed to the day-to-day business.

Ettlingen, Germany Eckart Michaelsen
September 2018
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