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Lectures in Biomedical Engineering will be comprised of 75- to 150-page publications on advanced
and state-of-the-art topics that spans the field of biomedical engineering, from the atom and molecule
to large diagnostic equipment. Each lecture covers, for that topic, the fundamental principles in a
unified manner, develops underlying concepts needed for sequential material, and progresses to more
advanced topics. Computer software and multimedia, when appropriate and available, is included for
simulation, computation, visualization and design. The authors selected to write the lectures are leading
experts on the subject who have extensive background in theory, application and design.
The series is designed to meet the demands of the 21st century technology and the rapid advancements
in the all-encompassing field of biomedical engineering that includes biochemical, biomaterials,
biomechanics, bioinstrumentation, physiological modeling, biosignal processing, bioinformatics,
biocomplexity, medical and molecular imaging, rehabilitation engineering, biomimetic
nano-electrokinetics, biosensors, biotechnology, clinical engineering, biomedical devices, drug discovery
and delivery systems, tissue engineering, proteomics, functional genomics, molecular and cellular
engineering.
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ABSTRACT
Fundus images of the retina are color images of the eye taken by specially designed digital cameras.
Ophthalmologists rely on fundus images to diagnose various diseases that affect the eye, such as
diabetic retinopathy and retinopathy of prematurity.

A crucial preliminary step in the analysis of retinal images is the identification and localization
of important anatomical structures, such as the optic nerve head (ONH), the macula, and the
major vascular arcades. Identification of the ONH is an important initial step in the detection and
analysis of the anatomical structures and pathological features in the retina. Different types of retinal
pathology may be detected and analyzed via the application of appropriately designed techniques
of digital image processing and pattern recognition. Computer-aided analysis of retinal images has
the potential to facilitate quantitative and objective analysis of retinal lesions and abnormalities.
Accurate identification and localization of retinal features and lesions could contribute to improved
diagnosis, treatment, and management of retinopathy.

This book presents an introduction to diagnostic imaging of the retina and an overview of
image processing techniques for ophthalmology. In particular, digital image processing algorithms
and pattern analysis techniques for the detection of the ONH are described. In fundus images, the
ONH usually appears as a bright region, white or yellow in color, and is indicated as the convergent
area of the network of blood vessels. Use of the geometrical and intensity characteristics of the ONH,
as well as the property that the ONH represents the location of entrance of the blood vessels and
the optic nerve into the retina, is demonstrated in developing the methods.

The image processing techniques described in the book include morphological filters for
preprocessing fundus images, filters for edge detection, the Hough transform for the detection of
lines and circles, Gabor filters to detect the blood vessels, and phase portrait analysis for the detection
of convergent or node-like patterns. Illustrations of application of the methods to fundus images
from two publicly available databases are presented, in terms of locating the center and the boundary
of the ONH. Methods for quantitative evaluation of the results of detection of the ONH using
measures of overlap and free-response receiver operating characteristics are also described.

KEYWORDS
digital image processing, detection of blood vessels, detection of circles, edge detection,
Gabor filter, Hough transform, morphological filters, node maps, optic disc, optic nerve
head, pattern recognition, phase portraits, retinal fundus images
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Preface
Large numbers of fundus images of the retina are being analyzed by ophthalmologists around

the world. Digital imaging techniques and computing resources have been improving at rapid rates
and finding more and more pratical applications. Over the past 20 years, researchers have been
applying digital image processing techniques to ophthalmology with the aim of improved diagnosis.

This is an introductory book on digital image processing for application in ophthalmology. In
particular, methods for automated detection of landmark features in retinal fundus images, such as
the optic nerve head, fovea, and blood vessels are described in detail. The digital image processing
techniques described include morphological filters, edge detectors, Gabor filters, the Hough trans-
form, and phase portrait analysis. Methods for quantitative evaluation of the results of detection,
such as distance measures and free-response receiver operating characteristics are also described.The
image processing and quantitative evaluation techniques are not limited to medical applications.

The methods described in this book are mathematical in nature. It is assumed that the reader
is proficient in advanced mathematics and familiar with basic notions of data, signal, and image
processing. The methods of image modeling and analysis are suitable for inclusion in courses for
students in the final year of bachelor’s programs in electrical engineering, computer engineering,
mathematics,physics, computer science,biomedical engineering, and bioinformatics.The techniques
should also be useful to researchers in various areas of image modeling and analysis, and could
be included in graduate courses on digital image processing, medical imaging, and related topics.
The book is copiously illustrated with images and examples of application to facilitate efficient
comprehension of the notions and methods presented.

We wish our readers success in their studies and research.

Xiaolu Zhu
Rangaraj M. Rangayyan
Anna L. Ells

Calgary, Alberta, Canada
January, 2011.
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