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Abstract

This paper presents an improved version of our spe-
cific methodology to detect the vessel tree in retinal an-
giographies. The automatic analysis of retinal vessel
tree facilitates the computation of the arteriovenous in-
dex, which is essential for the diagnosis several eye dis-
eases. The developed system is inspired in the classi-
cal snake but incorporating domain specific knowledge,
such as blood vessels topological properties. It prof-
its from the automatic localization of the optic disc, the
vessel creases extraction and, as a recent innovation,
the morphological vessel segmentation, all developed
in our research group. After researching and testing
our system, the parameter configuration has been en-
hanced. Significantly better results in the detection of
arteriovenous structures are obtained, keeping a high
efficiency, as shown by the systems performance evalu-
ation on the publicly available DRIVE database.

1. Introduction

The automatic analysis of blood vessels is becoming
more and more important in many scientific researches
related to vascular features. The early diagnosis of sev-
eral pathologies, such as hypertension, arteriosclerosis
or diabetic retinophaty could be achieved analysing the
vascular structures. The Digital Colour Fundus Pho-
tographs here used are a non invasive and innocuous
technique to obtain the retinal vascular tree. The retina
arteriovenous index (AV index), which indicates the re-
lation between retinal arteries and veins calibers, is cru-
cial to diagnose these illnesses and evaluate their con-
sequences.

The eye fundus photographs are 2-D medical images
which present inadequate contrast, lighting variations
and remarkable noise influence. Another drawback is
the anatomic variability, affecting both the retinal back-

ground texture and the blood vessels structure. Blood
vessels particular features make them complex struc-
tures to detect as the color of vascular structures is not
constant even along the same vessel. Their complex
tree-like geometry includes bifurcations and overlaps
that may mix up the detection system. Nevertheless,
the linearity or the tubular shape could make the con-
tour detection easier. As blood vessels segmentation be-
comes essential for several medical diagnostic systems,
numerous research efforts have been done in this field
[7]. The vascular detection has been tackled from dif-
ferent approaches and techniques including pixel-based
approaches [6] or classification methods [9]. The de-
formable contour models are widely followed in vessel
tracking, even combined with other techniques [11].

This work presents an innovative methodology,
which incorporates domain specific knowledge into the
generic contour deformable model. The snake model
is specialised with the blood vessels topological prop-
erties, which determine the detection system behaviour.
We have taken a great advantage of the automatic lo-
calization of the optic disc [1], the vessel creases ex-
traction [2] and enhancement [8] previously developed
in our research group. In this new version, our model
also profits from a morphological segmentation recently
introduced [3]. After researching and testing our sys-
tem, we found a parameter configuration that signifi-
cantly improves our systems performance. More accu-
rate results in the detection of arteriovenous structures
are achieved, especially in terms of sensitivity, as it will
be shown in the results section. After these improve-
ments, the execution time costs keep being low, which
is very important for the arteriovenous index calculus,
where accurate and fast measures of vessel diameters
are needed. Next we will explain briefly our vessel
tree detection system, focusing on the new included fea-
tures.
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Figure 1. : Vessel creases extraction.

2. Vessel Tree Detection System

The developed model for the detection of the vessel
tree is based on a deformable contour guided by vessel
creases. This section will begin with a brief introduc-
tion of the creases extraction process, it will continue
with the vessel morphological segmentation presenta-
tion and then the classical deformable contour model
will be summarized. Once the theoretical fundamentals
have been presented, our snake model will be described,
mainly analysing the innovations and its resulting be-
haviour.

2.1. Creases Extraction

A crease is a continuous area of points on the image,
shaping a highest or a lowest level in its environment.
In this way, blood vessels can be considered as regions
which form an extreme and tubular level on their neigh-
bourhood. This fact allows us to locate the vessels by
using the creases position. Thus, the creases extrac-
tion [2] is a crucial step in the snake evolution. We
have enhanced the creases image such that the feature
points (ridge endings and bifurcations) are adequately
connected to get rid of discontinuities along the center-
line [8].

In subsection 2.3 we will explain how the creases
extraction determines the initial snake, acts as external
energy guiding the contour expansion and contributes
to the the edge image enhancement .

2.2. Morphological Vessel Segmentation

The segmentation obtained by the morphological
technique is completely automatic and quite accurate
[3]. Even so, the precision achieved is not enough for
the final application, so it will be used as an auxiliary
segmentation to improve our model performance. This

Figure 2. : Morphological vessel segmen-
tation.

segmentation is obtained using an algorithm based on
the proposal by Condurache and Aach [3], which is
adapted to the specific domain of the retinal vessel seg-
mentation. The developed algorithm exploits the con-
nectivity property of the retinal vascular tree and it con-
sists on two phases: the vascular network enhancement
and the vessel tree extraction. In the first phase, the im-
age is preprocessed in order to increase the contrast dif-
ference between vessels and background and to reduce
background noise and vascular reflex. After that, the
vascular structures are enhanced considering its mor-
phological features by a vessel membership probabil-
ity function. In the second phase, the vessels pixels are
selected by an hysteresis-based thresholding technique
according to the probability previously assigned. Fi-
nally, the groups of connected pixels initially selected
as vessels that do not reach a minimum size threshold,
are removed as they are supposed to correspond with
lesions or noise.

We profit from this auxiliary segmentation to in-
cite the snake expansion inside the vascular structures
segmented by these techniques but not detected in the
creases extraction. We also calculate this auxiliary seg-



mentation edge image and add it to the original edge
image in order to enhance it by closing some disconti-
nuities.

2.3. Deformable Contour Model

Our approach is based on the deformable contour
model, also called snake model proposed to segment
objects in 2-D images [5]. Our snake model will not
consider the internal energy as the vessel shape may
be very tortuous. Thus, the external energy affecting
the snake will be defined as a set of five energies and
weighting factors [4]:

εext = γεedge + δεcres + νεdir + σεmark + ωεdi f (1)

The first term εedge corresponds to the edge distance
energy that helps the snake advance of nodes close to
vessel boundaries but it also stops them when they reach
a minimum, that is, when they reach an edge point. The
edges of the auxiliary segmentation result are added to
the original edge image to close some discontinuities
that often appear near small vessels bifurcations. In ad-
dition, the edge pixels crossed by a crease are removed
since it usually correspond to bifurcations, overlaps or
noise effects.

The second term εcres corresponds to the creases dis-
tance energy that drives the snake along the arteriove-
nous structure and blocks it if a maximum distance
threshold is reached. Now this block only takes place
when in addition to reach the creases distance thresh-
old, the area is considered as background by the auxil-
iary segmentation. Therefore, the snake is able to seg-
ment vessels detected by the auxiliary segmentation,
even when no creases were extracted for this vascu-
lar structure. The distance threshold is more restrictive
since auxiliary segmentation information is available.
The lower threshold value decreases the time costs of
the creases distance energy calculation.

The inflate pressure εdir is the strongest expansion
force of the snake and determines the movement direc-
tion assigned to each node. The fourth term εmark is
the marker energy that constraints the snake dilation as
nodes are moving to avoid self overlapping or turning
back. The difference energy εdi f reinforces the preci-
sion of the snake expansion as it hints the nodes to oc-
cupy positions different from its neighbours situations.

Based on the external energy described in equation
(1), different node states are defined. The crease nodes
are located in the vessel crease and make the snake ad-
vance longitudinally. The edge nodes are placed close
to vessel boundaries and tend to become stable when
reaching the vessel edge. The normal nodes contribute
to the snake expansion in an intermediate direction.

Accu- Sensi- Speci- Time
racy tivity fity (s)

Improved Snake 0.9352 0.7436 0.9615 38.4
Espona et al. [4] 0.9316 0.6634 0.9682 32.1
Staal et al. [10] 0.9441 0.7190 0.9770 900.0
Mendoça [6] 0.9463 0.7315 0.9781 150.0
Soares et al. [9] 0.9466 —– —– 180.0
2ndObserver 0.9473 0.7760 0.9725 7200.0

Table 1. : Results for the presented
method (Improved Snake), different seg-
mentation methods and an independent
observer (2ndObserver), with the same hu-
man segmentation as ground truth.

The snake initialisation consists on tracing a circum-
ference surrounding the optical nerve by an automatic
localization system [1]. The intersections of this cir-
cumference with creases will be the seed nodes of the
snake. After this initialisation, the snake evolves fol-
lowing a deterministic and iterative algorithm to min-
imise these energy functions locally until the stability
is reached. Each active node tries to move towards a
lower energy position until it becomes irreversibly in-
active when arriving to an edge or due to the control
operations performed to avoid problems derived from
edge discontinuities [4].

3. Results

In this section we report the results of vessel seg-
mentation obtained by our snake model on medical im-
ages from the publicly available DRIVE database [10].
The test set here used contains 20 JPEG compressed im-
ages acquired using a Canon CR5 non-mydriatic 3CCD
camera with a 45 degree field of view (FOV). The man-
ual segmentation results and the FOV mask images for
computing the performance measures were provided
together with the DRIVE database. The model has
been implemented in C++ and executed on a PC with a
T2400 Core Duo processor (1.83 GHz) and 2GB mem-
ory. Our snake-based system performance measures
(Table 1) consider only the FOV region without the op-
tic disc.

After analysing in detail the DRIVE public image
database, we adapted the creases extraction configura-
tion to the test images set. These new parameter val-
ues together with the other modifications we developed,
represent a large improvement in our system perfor-
mance (Table 1). For each image, the average time
needed for the whole vessel detection process is 38.4
seconds, 4.0 correspond to auxiliary segmentation.



Figure 3. : Segmentation results. New de-
tected vessels filled in white

4. Conclusions and Discussion

In conclusion, we improved our snake-based
methodology to segment the vessel tree on retinal dig-
ital images as the high precision achieved show (Table
1). The system reaches an average accuracy of 0.9352
in less than 40 seconds. The precise and efficient seg-
mentation obtained is suitable for a wide range of util-
ities related to retinal or vascular pathologies, even for
large screening and real-time applications. To set an
example, removing the vessel tree detected could make
the location of retinal background lesions easier. A
extreme efficiency in terms of execution time cost has
been achieved compared with the tedious and long man-
ual detection (about two hours each image). Other state-
of-the-art segmentation methods have much higher time
costs, although they obtain similar accuracy values (Ta-
ble 1). The performance results are not equally com-
puted, as we ignore the small area of the optic disc be-
cause it is not important for the applications being anal-
ysed. Nevertheless, including these vessels will only
make results even better.

The segmentation accuracy is similar to human per-
formance, although it is not able to segment some very
thin vessels. Actually, very thin vessels are not essential
for the AV index calculation, since the ophthalmologists
are only interested on main vessels leading to repro-
ducible results. Our researching efforts are now mainly
focused on automatically tuning the parameters depend-

ing on the image and on enhancing and optimising the
energy minimisation.
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F. Gómez-Ulla, and F. González. Automatic extraction
of the retina av index. Proc. Int. Conf. in Image Analysis
and Recognition, 2:132–140, 2004.

[3] A. P. Condurache and T. Aach. Vessel segmentation in
angiograms using hysteresis thresholding. Proceedings
of the ninth IAPR Conference on Machine Vision Appli-
cations, pages 269–272, 2005.

[4] L. Espona, M. J. Carreira, M. Ortega, and M. G.
Penedo. A snake for retinal vessel segmentation. LNCS,
4478:178–185, 2007.

[5] M. Kass, A. Witkin, and D. Terzopoulos. Active contour
models. Int. Journal of Computer Vision, 1(2):321–331,
1988.

[6] A. M. Mendoça and A. Campilho. Segmentation of reti-
nal blood vessels by combining the detection of center-
lines and morphological reconstruction. IEEE Trans. on
Medical Imaging, 25(9):1200–1213, 2006.

[7] M. Niemeijer, J. Staal, B. van Ginneken, M. Loog, and
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