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Practical Algorithms for Image Analysis
Second Edition

In classic “cookbook style,” this book offers guided access for researchers and practitioners
to techniques for the digital manipulation and analysis of images, ranging from the simplest
steps to advanced functions. Drawing on their long experience as users and developers of
image analysis algorithms and software, the authors present a description and implementa-
tion of the most suitable procedures in easy-to-use form. Each self-contained section treats
a single operation, describing typical situations requiring that operation and discussing the
algorithm and implementation. Sections start with a “before” and “after” pictorial example
and a ready-reference listing typical applications, keywords, and related procedures.

This new edition has additional sections on Gabor filtering and on threshholding by connec-
tivity, plus an expanded program listing and suggested projects for classroom use. And now
the accompanying CD-ROM contains C programs not only as source code for carrying out
the book’s procedures but also as executables with a graphical user interface for Windows
and Linux.

Lawrence O’Gorman is a Research Scientist at Avaya Labs in Basking Ridge, New Jersey.
He was formerly a Distinguished Member of Technical Staff at Bell Laboratories, Murray
Hill, New Jersey, where he performed research in pattern recognition and image processing.
Dr. O’Gorman is a Fellow of the IEEE and a Fellow of the International Association for
Pattern Recognition.

Michael J. Sammon is a Research Scientist at Avaya Labs in Basking Ridge, New Jersey.
Mr. Sammon started his career at Bell Laboratories in Murray Hill, New Jersey, where he
developed image analysis software to investigate pattern formation in organic thin films.

Michael Seul is President of BioArray Solutions, a high-tech venture he founded to develop
miniaturized systems for on-chip chemical analysis and biomedical diagnostics. Previously,
during a decade-long tenure at AT&T Bell Laboratories, Dr. Seul established an inter-
nationally recognized research program with a focus on the physical chemistry of mem-
branes, interfaces, and colloidal systems as well as pattern formation in thin organic and
magnetic films.
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Introduction

1.1 Introduction

In this book, we offer guided access to a collection of algorithms for the digital manipu-
lation of images. Our goal is to facilitate the solution of practical problems, addressing
users whose interest is in an informed how-to approach, whether in a technical or in
a casual setting. Rather than attempting to be exhaustive, we address salient practical
considerations, guiding the selection of a particular approach to commonly encountered
image processing and analysis tasks, and we present an implementation of our choice of
the most suitable procedures. This selection of “Practical Algorithms” reflects our own
experience as long-time users and developers of algorithms and software implemen-
tations to process and analyze images in areas as diverse as magnetic domain pattern
formation and document analysis.

HOW TO USE THIS BOOK

Organization of Chapters and Sections

This book contains nine chapters and an appendix. Following this introduction, in
Section 1.2, an annotated section overview is presented, and, in Section 1.3, a guide
to the use of the book the accompanying collection of algorithms are given. Chapters
2 through 7 present the material of the book in self-contained sections of identical
format. Chapters 8 and 9, added in this new edition, respectively provide: synposes
of all programs, and suggested class or term projects which draw on the material
presented in the book. The appendix serves as a review of fundamental concepts to
which we refer throughout the text and provides reference material to the technical
literature.

Each section contains a header that illustrates the nature of the topic of interest by
describing typical applications, identifying key words, and providing cross-references
to related topics treated in other sections. Next, the topic of interest is introduced by
a description of typical situations requiring a particular processing step or analytical
operation; the effect of the operation is illustrated by a pictorial example that comprises a
pair of before and after images. Possible strategies of implementation are then discussed,
and a particular approach is selected for implementation. Annotated references provide
an introduction to further technical literature. Appended to each section is a display of
program usage for the code introduced in the section.
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Single-Step Procedures

Each section treats a single primary operation (histogram evaluation, low-pass fil-
tering, edge detection, region detection, etc.) and introduces requisite algorithms. Each
of the algorithms performs a single transformation on a given input image (“inimg”) to
produce a modified output image (“‘outimg”) and, in some cases, output data. Sections
are self-contained to enable and encourage random access to the most suitable single-
step procedure that solves the particular task of interest. Thus, a reader interested in
an exposition of simple edge detection techniques would open the book to Section 3.4,
while a reader interested in the methodology of Fourier filtering would proceed directly
to Section 7.2.

Multistep Procedures

The analysis of images usually requires the successive application of multiple trans-
formations. These may include simple preprocessing steps (noise removal, flat fielding,
and feature detection), followed by more complex analytical steps (object shape analy-
sis, line pattern analysis, and point pattern analysis). Multiple individual transformations
must be concatenated into multi-step procedures.

To facilitate the flexible design of multi-step procedures, sections are grouped into
chapters that bundle common types of analyses (global, local, and frequency domain)
and common types of operations according to the images (gray scale and binary) or
classes of patterns within images (lines and points) to which they are applied. Each
section provides extensive cross references to enable a reader to construct a logical
flow of related operations.

Chapters reflect the order in which procedures are ordinarily applied to any given
image. For example, histogram analysis will precede binarization: filtering and/or flat
fielding will precede object shape analysis, line coding will precede line pattern analysis,
and Voronoi analysis will precede statistical analysis of point patterns. Spatial frequency
analysis combines several operations in an alternative approach to the analysis of images
in the spatial domain, and we choose to present it last. Within chapters, the order of
sections reflects increasing levels of task complexity. This organization suggests an
overall progression from simple and general to complex and specific tasks.

Code

The book is accompanied by a collection of C programs implementing the algo-
rithms we discuss. All programs operate on existing images; the acquisition of images
is not discussed here. Versions for two platforms are supplied, as shown below.

Code Platforms

PLATFORM C COMPILER
Win32 Microsoft Visual C++, v. 6.0

LINUX kernel v. 2.6.18 | GNU gcc, v. 4.1.1

Code Organization
Source code is organized in a directory structure such that modules required for
building a particular program reside in a subdirectory corresponding to the book section
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in which the program is first invoked. For example, xconv would be stored in a sub-
directory referring to Section 3.1.

Corresponding LINUX Makefiles and Visual C++ Workspaces are provided to gen-
erate executables. Details relating to program compilation and installation are described
in a README.TXT file contained on the code distribution disk. In some chapters, ad-
ditional utilities are provided in a separate subdirectory to generate test images or to
analyze output data files.

In addition, we provide three libraries:

e LIBTIFF, containing functions to handle input and output of image files in an
uncompressed Tagged Image File (TIF) format; LIBTIFF 3.4, written by Sam Leffler
and made available by Silicon Graphics, Inc., was modified to remove support for
LZW compression;

e LIBIMAGE, containing getopt(), acommand line parser, as well as a collection
of higher-level graphics functions to handle drawing, filling, and character gen-
eration; portions of LIBIMAGE invoke gd 1.2, written by Tom Boutell and made
available by Quest Protein Database Center, Cold Spring Harbor Labs;

e LIBIP, containing image analysis functions such as poly moments() and
find area_hist() to handle common analytical tasks invoked by multiple
programs.

Program Execution

Command Line Interface All programs can be executed from the command line
from which a variety of arguments and options can be supplied to adjust and opti-
mize program performance. Some programs prompt for additional input during run
time. When executed without arguments, each program displays the command with
arguments and options defining program usage. This usage header also is reproduced
at the end of each section for programs introduced in that section. In some programs
a— I option was added as a command line parameter to invert the input image before
processing.

Graphical User Interface In this new edition, programs can be executed using a
graphical user interface (GUI), as illustrated in the “Guided Tour” of Section 1.3. The
GUI accommodates command line arguments in a separate field and displays program
output, in the form of an image and/or text written to standard output, within separate
windows. Output image files also are created within a specified directory while output
data can be saved to text files by standard “cutting and pasting” from the corresponding
display window. The GUI also provides a listing of all programs, either arranged by
book chapters and sections or in alphabetical order. Details regarding the operation of
the GUI are provided in a “ReadMe” file on the CD accompanying this book. Executing
the GUI requires JAVA 1.5 or later (a Java Runtime Environment (JRE) is not included
in the code distribution but may be obtained, for example, from SUN Microsystems).
By default, programs, as provided on the accompanying CD, operate from within the
GUI; for some programs, operation from the command line will require recompilation in
accordance with instructions provided in the corresponding README.TXT files. When
programs executed from within the GUI produce standard output, this is automatically
displayed within a separate GUI window.
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Notices

This source code is distributed under a limited-use license that one may view by
invoking an appropriate option on the command line of each program. Unless otherwise
indicated in the source code, copyright is jointly held by the authors, as indicated by a
copyright notice such as Copyright (C) 1997, 1998, 1999, M. Seul, L. O’Gorman, and
M. J. Sammon. In some instances, we use a third-party code in versions available from
public sources. In those instances the original authors, as identified in the source code,
retain copyright.

Except when otherwise stated in writing, the copyright holders and/or other parties
provide each program as is without any warranty of any kind, either expressed or
implied, including, but not limited to, the implied warranties of merchantability and
fitness for particular purpose. The entire risk as to the quality and performance of the
programs is with the user. Should the program prove defective, the user assumes the
cost of all necessary servicing, repair, or correction.

In no event shall any copyright holder be liable for damages including any direct,
indirect, general, special, incidental, or consequential damages arising from the use or
inability to use the programs (including, but not limited to, loss of use or data, data
being rendered inaccurate, losses sustained by the user or third parties, or a failure
of the programs to operate with any other programs), however caused, and under any
theory of liability, whether in contract, strict liability, or tort.
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