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PREFACE

Automatic image analysis has become an important tool in many fields in biology,
medicine, and other sciences. The availability of powerful hardware and the development
of specialized algorithms have dramatically improved the versatility of digital image analysis.
Depending on the application, the techniques can be fully automatic or interactive with a
human operator; they can operate in real time or require long calculation times dictated by
the complexity of the task. The image can be either black and white or color, or a pseudocolor
representation of gray values can be used.

The applications range from the submicroscopic (transmission and scanning electron
microscopy) and even atomic level (scanning tunnel microscopy) to the macroscopic scale.
Simple techniques include counting and quantitating objects such as leaf areas or sizes of
microorganisms. Specific mathematical filters have been developed to enhance the quality
of the original image or to extract specific features of interest. More complex programs
attempt to analyze the form of objects in order to discriminate, e.g., cancer cells from normal
tissue cells. Three-dimensional analysis of proteins, organelles, or macroscopic objects is
even more involved since the number of calculations multiplies with the number of layers
in the third dimension.

Real-time applications include cell and organism tracking used to analyze motility,
velocity, and the direction of movement of motile organisms. Several techniques have been
developed to detect the position of individuals and to follow these objects during a pre-
determined time interval.

As editor I very much appreciate the contributions of the authors to this book. Their
specialized and diverse expertise with the various aspects of hardware, software, and bio-
logical application is reflected in each chapter, all of which meet a high quality standard.

Donat-P. Hader
Erlangen, Germany



THE EDITOR

Donat-P. Hader, Dr.rer.nat., is Professor of Botany, Department of Botany and
Pharmaceutical Biology, at the Friedrich-Alexander University at Erlangen, Germany.

He received his doctoral degree and his habilitation from the University of Marburg,
He has held a research associate position in the Department of Energy, Michigan State
University, East Lansing, Michigan, and was visiting scientist in the Chemistry Department,
Texas Tech University, Lubbock, Texas, CNR Institute of Biophysics, Pisa, Italy, and the
National Research Laboratory, Okazaki, Japan.

Professor Hider has worked on the photomovement of microorganisms and the effect
of solar ultraviolet radiation on phytoplankton and is involved in space biology, studying
the effect of microgravity on motility in flagellates. He is a member of the Committee on
Ecology for the German Ministry for Science and Technology, an expert for an Enquete
Commission of the German Parliament, and a member of a United Nations Environment
Program Commission on the Effects of Ozone Destruction.

One of the tools for his research activities is a real-time image analysis system developed
over the last eight years. He has published over 130 original papers, coauthored 3 books,
and translated 2 others.



CONTRIBUTORS

Shanti J. Aggarwal, Ph.D.
Department of Biomedical Engineering
Biomedical Engineering Program

The University of Texas at Austin
Austin, Texas

Norio Baba, Ph.D.

Department of Electrical Engineering
Kogakuin University

Tokyo, Japan

Egbert J. Boekema, Ph.D.
Biochemistry Laboratory
Rijksuniversiteit Groningen
Groningen, The Netherlands

Alan C. Bovik, Ph.D.

Department of Electrical and Computer
Engineering

Biomedical Engineering Program

The University of Texas at Austin

Austin, Texas

Santos Carvajal-Gonzalez, M.Sc.

Laboratory of Quantitative Microscopy in
Histopathology

INSERM U.263

University of Paris 7

Paris, France

Giuliano Colombetti, Ph.D.
CNR Institute of Biophysics
Pisa, Italy

Primo Coltelli, Ph.D.
CNR, CNUCE Institute
Pisa, Italy

Judith G. Croxdale, Ph.D.
Department of Botany

University of Wisconsin-Madison
Madison, Wisconsin

Kenneth R. Diller, Sc.D.

Department of Mechanical Engineering
Biomedical Engineering Program

The University of Texas at Austin
Austin, Texas

David B. Dusenbery, Ph.D.
School of Biology

Georgia Institute of Technology
Atlanta, Georgia

Giinther Galfe, Dipl.-Ing.
Institut fiir Zoologie

Technische Universitdt Miinchen
Garching, Germany

David Gauthier, M.Eng.

McGill Research Centre for Intelligent
Machines

McGill University

Montreal, Quebec, Canada

Paolo Gualtieri, Ph.D.
CNR Institute of Biophysics
Pisa, Italy

Donat-P. Hider, Dr.rer.nat.

Department of Botany and Pharmaceutical
Biology

Friedrich-Alexander University

Erlangen, Germany

George Harauz, Ph.D.

Department of Molecular Biology and
Genetics

University of Guelph

Guelph, Ontario, Canada

Tsuyoshi Hayakawa
Central Research Laboratory
Hamamatsu Photonics K. K.
Hamakita, Japan

Michael E. J. Holwill, Ph.D.
Physics Department

King’s College

London, England

Nak H. Kim, Ph.D.

Department of Electrical and Computer
Engineering

Biomedical Engineering Program

The University of Texas at Austin

Austin, Texas



Martin D. Levine, Ph.D.

Department of Electrical Engineering and

McGill Research Centre for Intelligent
Machines

McGill University

Montreal, Quebec, Canada

Roberto Marangoni, Ph.D.
Institute of Biophysics
Faculty of Medicine
University of Genova
Genova, Italy

Peter B. Noble, Ph.D.
Departiment of Oral Biology
Faculty of Dentistry

McGill University
Montreal, Quebec, Canada

Kenji Omasa, Ph.D.

Environmental Plant Science Department

The National Institute for Environmental
Studies

Ibaraki, Japan

Michael Radermacher, Dr.rer.nat.

Wadsworth Center for Laboratories and
Research

New York State Department of Health

Albany, New Yor\k

Jean Paul Rigaut, Sc.D., M.D., Ph.D.

Laboratory of Quantitative Microscopy in
Histopathology

INSERM U.263

University of Paris 7

Paris, France

Peter Satir, Ph.D.

Department of Anatomy and Structural
Biology

Albert Einstein College of Medicine

Bronx, New York

Nico A. M. Schellart, Ph.D.

Laboratory of Medical Physics and
Informatics

University of Amsterdam

Amsterdam, The Netherlands

Tetsuo Takahashi, Ph.D.
Suntory Institute for Bioorganic Research
Osaka, Japan

Jany Vassy, Sc.D., Ph.D.

Laboratory of Developmental Biology and
Cell Differentiation

University of Paris 13

Bobigny, France

Kurt Vogel, Dipl.Biol.

Department of Botany and Pharmaceutical
Biology

Friedrich-Alexander University

Erlangen, Germany

Dieter G. Weiss, Dr.rer.nat.
Institut fiir Zoologie

Technische Universitdt Minchen
Garching, Germany



TABLE OF CONTENTS
INTRODUCTION

Chapter 1
| B30 €0 6 L10e 4T3 ¢ WRPAUSPAUUPU ARt N 3
Donat-P. Hider

METHODS OF IMAGE ANALYSIS

Chapter 2
Principles of Object Detection for an Automated Cell Tracking System.................. 9
David Gauthier, Martin D. Levine, and Peter B. Noble

Chapter 3
Quantitative Area Determination by Computer Image Analysis.............covveivinnnis 29
Alan C. Bovik, Shanti J. Aggarwal, Nak H. Kim, and Kenneth R. Diller

Chapter 4
Digital Filters in Image Analysis ....... ... ... .. i 55
Roberto Marangoni, Giuliano Colombetti, and Paolo Gualtieri

Chapter 5
Single Photon Imaging .......... ..ot 75
Tsuyoshi Hayakawa

Chapter 6
Analysis of Two-Dimensional Electrophoresis Gels ...... e 87

Donat-P. Hider

MICROSCOPY AND ULTRAMICROSCOPY

Chapter 7
Confocal Image Cytometry — Quantitative Analysis of
Three-Dimensional Images Obtained by Confocal Scanning Microscopy ............... 109

Jean Paul Rigaut, Santos Carvajal-Gonzalez, and Jany Vassy

Chapter 8
Video-Microscopic Techniques to Study the Living Cytoplasm ........................ 135
Dieter G. Weiss and Giinther Galfe

Chapter 9

Image Processing and Analysis Relating to Structure and Function

in Eukaryotic Cilia and Flagella.......... ... ... . 159
Michael E. J. Holwill and Peter Satir

Chapter 10
Image Analysis of Stomatal Movements and Gas Exchange............................ 171
Kenji Omasa and Judith G. Croxdale



Chapter 11
Processing and Analysis of Electron Images of Biomolecules .......................... 195
George Harauz and Egbert J. Boekema

Chapter 12

Three-Dimensional Reconstruction of Single Particles

in EIECHON MICTOSCOPY .« v v vaee vt eeetaeesia e e e s bt as e e s aa e s 219
Michael Radermacher

Chapter 13

Computer-Aided Three-Dimensional Reconstruction from

Serial Section IMAZES ......ovtuiiuiniiiiian et 251
Norio Baba

Chapter 14

Automatic Grain Counting in Autoradiographs by

Computerized Pattern ReCOgNItion. ...........ooiiiiiimiiiiii s 271
Nico A. M. Schellart

MOVEMENT ANALYSIS

Chapter 15
Real-Time Tracking of MiCTOOTZAMISITIS - . . ... .vvvimnteiiia i 289
Donat-P. Hider and Kurt Vogel

Chapter 16
Automated Measurement of Movement Responses in Halobacteria..................... 315
Tetsuo Takahashi

Chapter 17
Simultaneous Tracking of Multiple Subjects......... ... 329
David B. Dusenbery

Chapter 18
Image Analysis of Motile Flagellates. ..ot 343
Paolo Gualtieri and Primo Coltelli



Introduction




AR, 7 B SE BEPDFIE U5 M) : www. ertongbook. com



Chapter 1

INTRODUCTION

Donat-P. Hider

Vision by man and machine differ in many respects and certainly the human visual
apparatus and brain are still far superior to machine vision.' Both the spatial and gray or
color shade resolutions of the human eye surpass those of high resolution video cameras
and the image processing of the human brain far exceeds the speed and complexity of even
the fastest computers.> However, using image technologies facilitates quantitative analysis
and objective interpretation of selected parameters.

Since its first developmental stages in the 1970s, computerized image analysis has
witnessed a rapid growth and enormous progress. Digitization of analog images lends itself
to image enhancement and to the extraction of specific features of interest such as dimensions,
areas of a distinct color or gray shade,>* or movement of individual elements in a sequence
of images.>*¢

The advent of more powerful hardware and the development of robust and efficient
algorithms”® have laid the ground for highly specialized and automatic image analysis which
has found applications in all fields of biology and medicine.>'' Early in the development
of image analysis, researchers found interest in the digitization of cellular structures.'*!3
Both light microscopy!®'? and electron microscopy'®'® are important fields for image en-
hancement and analysis, and even holograms have been used as image sources.? Especially
in medical samples, it is a declared goal to develop automated image analysis systems which
allow the recognition and identification of specific features® in order to reliably determine
quantitative distributions of, e.g., blood cells or sediments?>** and to identify abnormal cells
such as cancer cells.*?¢ Reliable cell identification requires a high spatial resolution.?” In
addition to morphometric methods,? image analysis and reconstruction are used for three-
dimensional (3-D) reconstruction of biological structures.?-2

This volume is divided into three sections, the first of which describes the methods of
image analysis, including 3-D analysis, quantitation by laser scanning confocal microscopy
and quantitative area determination. This section is intended to give a more general intro-
duction into the techniques, includes a chapter on digital filters, and describes the principles
of object detection in digital images as well as single photon imaging.

The second section focuses on the applications of image analysis in microscopy including
contrast enhancement in video images, automatic detection and recognition of live cells, as
well as image analysis of bending shapes of eukaryotic flagella and cilia. This section is
also devoted to the analysis of subcellular structures in electron micrographs and protein
analysis as well as the reconstruction of crystals and 3-D histological objects from serial
section images.

The final section describes the techniques used for movement analysis of microorgan-
isms, bacteria and animals, which require fast routines to track the organisms in real time
in a sequence of video frames.
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