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I. BACKGROUND AND MOTIVATION

Diabetic retinopathy is the leading cause of blindness among
adults aged 20-74 years in the United States [1] and is
estimated to affect 28.5% of US adults with diabetes [2]. Ac-
cording to the World Health Organization (WHO), screening
for diabetic retinopathy is essential for diabetic patients and
will reduce the burden of disease [3]. Other diseases affecting
the retina can also be detected by a regular direct visual
examination.

The state of the retina is monitored by fundoscopic exam.
These exams come in two forms: a hand-held fundoscope
used directly by the physician or fundus photography. Fundus
photography is usually performed by a fundus camera (Figure
2) and has the advantage that the digital image of the retina
can be stored and analyzed later by a specialist.

Computer analysis assists the clinician in identifying clinical
markers for the presence, severity, and progression of retinal
diseases such as diabetic retinopathy. Vessel segmentation
highlights pathological features of blood vessels such as ab-
normal branching, tortuosity, entropy and neovascularization
[4]. Automatic blood vessel segmentation in the images can
help speed diagnosis and improve the diagnostic performance
of less specialized physicians. Processing the screening image
could highlight the locations of anomalies and comparing
current images to the ones of previous tests could even point
out the evolutions of the retina automatically.

The segmentation of retinal blood vessels has another po-

Fig. 1: A fundus camera (source: Wikipedia)

Fig. 2: Examples of retinal images and segmentation results
from [9] (source: SpringerImages).

tential application outside of medical diagnostics. Similar to
human fingerprints, the microvascular system of our retina
is unique for each individual and usually does not evolve
over the course of an individual’s lifetime. Using the proper
devices, this retinal “fingerprint” is also easily accessible.
Because of these properties, this could be used as a method
of identification.

II. PROJECT TASKS

For these reasons, algorithms extracting the vessels from the
background are a necessary first step for many applications.
The problem of retinal vessel segmentation has been widely
studied in the literature and we would like to understand
and extend existing work on this subject. Our first goal will
be to review the existing literature, and to implement some
of the state-of-the-art methods for vessel segmentation. We
intend to compare the performance of different methods and
develop a scheme for merging different algorithms to improve
performance. As a second step, we hope to look more into a
particular application of these algorithms; for example, using
segmentation results to diagnose a particular condition, or to
identify anomalies in a database of retinal photographies.

III. RETINAL IMAGE DATA SET

The data available to us for analysis comes from the DRIVE
database of retinal images [5], [6]. This database contains 40



images, 20 for training and 20 for testing. These images were
manually segmented by trained researchers. These images
can be used for training in supervised algorithms, and for
measuring algorithm performance. Additional retinal images
may also be made available to use from Stanford School of
Medicine.

We will not be using an ANDROID device for this
project.
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