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Abstract— Retinal vessel segmentation algorithms play an important role for the detection of numerous diseases, such as diabetic
retinopathy, glaucoma and many others. The aim of this paper is report an automated method for segmentation of retinal blood vessels
using the crest lines and morphological operations. Initially, each image is preprocessed and the green channel is obtained. Then, we
extract the vessels crest lines using a parallel thinning algorithm for grayscale images, simultaneously we perform the sum of top-hats
transforms using a linear structuring element in eight directions. Both of these two techniques are performed in the green channel of the
input image. The final steps consist in intersecting the two resulting images, smoothing the borders and removing spurious objects
remaining. The proposed method is simple and presented robustness and high performance on the DRIVE retinal database.

Index Terms— Medical imaging, Mathematical Morphology, Fundus images, Retinal blood vessels, Thinning algorithm, Retinal vessel

segmentation.

1 INTRODUCTION

ETINAL blood vessels analysis allows earlier detection of
many eye diseases, such as diabetic retinopathy, glauco-
ma, retinopathy of prematurity, arteriosclerosis and cho-
roidal neovascularization [1]. It allows the patients to treat
themselves before the disease can advance and avoid more
serious complications, like tunnel vision or even total blind-
ness, in case of diabetic retinopathy, for example [2]. Further-
more, the retinal vascular tree can be used for biometric identi-
fication [3]. The blood vessels originate from the center of op-
tic disk, spread over the region of the retina, and are responsi-
ble for supplying the blood throughout the entire region.
Various methods are found in the literature and they can be
divided in two categories: supervised methods and unsuper-
vised methods [4]. The supervised methods exploit some prior
labeling information to decide wheter a pixel belongs to a ves-
sel or not, and their performance is usually better than the
supervised ones. Various approaches can be found in this cat-
egory and use artificial neural networks (ANNSs) and back-
propagation algorithms, support vector machines (SVMs),
principal component analysis (PCA) and Gaussian mixture
model (GMM). The unsupervised methods work without prior
knowledge of labels. They can utilize many techniques, such
as matched filtering, multi-scale techniques, mathematical
morphology, fuzzy c-means clustering and vessel trac-
ing/tracking. Our proposed method is categorized in unsu-
pervisioned ones, i.e. do not utilize any information from
manual labeling and it comprises five main steps.

This paper is organized as follows: Section 2 briefly reviews
the researched works in recent years. Section 3 discuss about
the proposed method. Section 4 exhibits the results and com-
parison with other methods. Finally, the conclusions and fu-
ture works are presented in Section 5.

2 SEGMENTATION METHODS

The manual segmentation of retinal blood vessels is a long and
hard task, mainly when the databases contain a large number
of fundus images, and requires a specialist. Several methods
for detecting retinal blood vessels are reported in the litera-
ture; so far, retinal blood vessels segmentation has remained
an intricate problem. The authors often classify these
tecnhiques in supervised and unsupervised methods [4]. This
section presents a briefly review, categorization and analysis
of retinal blood vessels segmentation techniques.

2.1 Supervised Methods

The segmentation of the blood vessels in retinal fundus imag-
es has been heavily researched in recent years. A detailed sur-
vey of retinal blood vessels segmentation techniques can be
found in [5]. The computerized understanding of the ocular
fundus dates back to 1982 and the first paper on retinal vessel
segmentation appears in 1989 by Chaudhuri et al. [6].

Marin et al. [7] presented a supervised methodology based
on neural network for the segmentation of retinal vessels. The
methodology uses a 7-D feature vector composed of moment
invariant-based and gray level features. A multilayer feed
forward neural network is utilized for training and classifica-
tion. The first layer consists of seven neurons, the three hidden
layers consist of fifteen neurons each and output layer consists
of one single neuron.

A semi-supervised methodology based on the radial pro-
jection is proposed by You et al. [8]. The radial projection is
used to detect the low-contrast and narrow vessels. It is devel-
oped to locate vessel centerlines. When the vessels are very
thin, the centerlines are the thin vessels themselves, because
the width of these vessels is small. So the vessel centerlines
contain the thin vessels and the centerlines of the major ves-
sels, which are used as guidelines for the subsequent union of
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vessels. Further, a modified steerable complex wavelet is ap-
plied to adaptively enhance the retinal image, and vector fea-
ture is constructed to train a classifier, yielding the segmenta-
tion of major structures of vessels. The union of the vessel cen-
terlines and the major structures of vessels obtain the final
segmentation.

The methodology proposed by Ricci and Perfetti [9] is
based on line operators as feature vector and a SVM classifier
is responsible for pixel classification. The green channel of an
RGB image is extracted and a line detector, which is based on
the evaluation of the average gray level along lines of fixed
length passing through the target pixel at different orienta-
tions, is applied on it. The response is thresholded to obtain
the pixel classification.

2.2 Unsupervised Methods

Sindhu and Jeeva [10] proposed a method that uses morpho-
logical operations and threshold. The green channel is extract-
ed from RGB fundus image, because it provides the maximum
contrast between the vessels and the background. The retinal
vessel segmentation is done using morphological close opera-
tion. The output image is the retinal blood vessel extracted
from the background. After applying a threshold, the back-
ground is eliminated and the properly segmented binary im-
age of the retinal vessel is obtained.

Aramesh and Faez [11] introduced a new methodology for
the detection of retinal blood vessels in fundus images. A pre-
processing technique is applied to reduce the noise and then,
the image is divided into 16 smaller blocks. Afterward, a
threshold is obtained for each block using maximum and min-
imum points of image histogram. Line detector filters and
mathematical morphology were applied to the image and the
best results were obtained.

Mendonga and Campilho [12] proposed vessel segmenta-
tion algorithm using vessel centerlines followed by the vessel
filtering process. Multiscale morphological enhancement tech-
nique is used to improve the contrast of the blood vessels. The
outputs of four directional differential operators are processed
in order to select connected sets of candidate points to be fur-
ther classified as centerline pixels using vessel derived fea-
tures. The final segmentation is obtained using an iterative
region growing method that integrates the contents of several
binary images resulting from vessel width dependent mor-
phological filters.

3 THE PROPOSED METHOD

Our method comprises five main steps. Firstly, the green
channel of RGB image is extracted, in order to get maximum
contrast between vessels and background. Then, we perform
simultaneously the sum of top-hats transform with a linear
structuring element varying in several angles, in order to get
the initial structure of the vessels, and crest lines extraction, to
get a skeleton that will provide a preliminary tree made by
vessels, which is dilated. Finally, these two images are super-
imposed and the intersection of them is obtained, resulting in
an image wich the borders are smoothed and spurious objects
remaining from previous stages are removed.
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The Fig. 1 presents a schematic overview of the proposed
method.
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Fig. 1. Schematic overview of proposed method

3.1 Conversion to green channel

The preprocessing consists of separating red, green and blue
channels from the input fundus image. In order to get maxi-
mum contrast between the vessels and background, we use
only the green channel [10], [11]. Afterward, the fundus mask
for each image is used to remove background noise by multi-
plying it by the original image and the image complement is
obtained. The mask is a binary image with the same fundus
image resolution where positive pixels correspond to the fore-
ground area. It is important to separate the fundus from its
background so that the further processing is only performed
for the fundus and does not affect the background. In a fundus
mask, pixels belonging to the fundus are marked with ones
and the background of the fundus with zeros [13].

3.2 Top-hat transform

In this step, we use the mathematical morphology to initially
identify the retinal blood vessels. Using a top-hat transform,
given by equation (1), the blood vessels can be extracted. It
occurs because the erosion followed by dilation (opening op-
eration) using a linear structuring element Se” will remove
the vessels in the direction §. Then, the top-hat transform
given by the difference between the original image Im and
the opening operation, denoted by (Ime Se”),

T(Im)] =Im— (ImoSe”}, (1)

produce the images composed by vessel segments in the direc-
tion @, denoted by T(Im];. We sum the images, obtained by
top-hat application, using linear structuring elements with
length of 21 pixels and rotated at every 22.5 degrees:
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SumT(Im)= ) T(Im); (2)

The result of this sum is represented by SumT(Im). This
technique was inspired from Fraz et al. [14]. The sum of top-
hats with differents angles highlight the vessels, including
small and tortuous ones, since a vessel is a bright pattern on
the dark background, and is piecewise connected and locally
linear. After this, the image is binarized using a threshold val-
ue of 16. At the end, the binary image will present the approx-
imated blood vessel shapes.

3.3 Crest Lines extraction

Several methods that use the vessel skeletons can be found
at literature at [5], [11] and [12]. The thinning method
apresented at [15] is an alternative to traditional skeletoniza-
tion following a binarization. It allows reducing the blood ves-
sels to thin lines in gray level space. This is important because
retinal images are noisy, what makes finding a global thresh-
olding for binarization a difficult task. In this approach the
gray levels of pixels are lowered, keeping those in the bright-
est crest lines. The mask patterns used to lower the gray level
values ensure topological robustness, keeping the connection
of the brightest image objects that, in fact, are the blood ves-
sels. After this thinning process, the thin crests are extracted,
resulting in a binary skeleton. It is important to note that there
is no binarization by thresholding involved. The skeleton pix-
els are determined based on topological connectivity features
in the gray level thinned image. A further contrast criterion is
used to eliminate some spurious skeleton branches. At the
end, the crest image is dilated with a disc shaped structuring
element of radius 3.

3.4 Segmentation

With the aim of getting the blood vessels segmentation, the
dilated image composed by the crest lines of the vessels and
the image obtained by the sum of top-hats are superimposed.
The resulting intersection of these two images compounds our
preliminary vessel tree. This operation is responsible to re-
moving part of noise, given by (3).

Int(Im) = SumT (Im) ~CDilated(Im), (3)

where CDilated(Im) represents the crest image dilated and
Int(Im) represents the result of intersection. The top-hat pro-
cess will provide the objects with linear forms that attend a
size criterion. Althought the image is oversegmented because
of the binarization by a low threshold value, some noise that
appears in this image will not appears in the crest image dilat-
ed. Futhermore, the thinning algorithm preserves the topolo-
gy. Both of these procedures are robust to uneven illumination
and the intersection will modelate the real appearance of the
vessel tree, eliminanting the noise that appears in a process
that does not appears in the other one, and vice versa.

3.5 Smoothing and objects removal

The final step of our method consists of smoothing the vessel
borders and eliminating spurious artifacts. For smoothing, we
use a morphological opening operation with disc shaped
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structuring element of radius 1. Finally, we eliminate small
components using an area opening operation [16]. The Fig. 2
shows the resulting image of each step.

Fig. 2. Green channel of
input image

Fig. 3. Vessel skeleton formed
by crest lines

Fig. 6. Result of intersection

Fig. 7. Borders smoothing and
objects removal

4 RESULTS AND DISCUSSIONS

Our method was evaluated on 40 images from DRIVE [17]
database. This database is divided in test set and training set,
each one with 20 images. The Table 1 shows the measure-
ments of the supervised techniques found at literature. The
Table 2 shows the measurements of the proposed methodolo-
gy in comparison with some unsupervised methods. The
manually segmented images by 2nd. human observer are used
as ground truth and their segmentations are tested against the
segmentations of 1st. human observer, serving as a human
reference for performance comparison truth [5], [11].
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TABLE 1
RESuULTS FOR THE DRIVE DATABASE FOR SUPERVISED
METHODS

Method Accuracy Sensitivity  Specificity
2nd. human observer 0.9473 0.7761 0.9725
Marin et al. [7] 0.9452 0.7067 0.9801
You et al. [8] 0.9434 0.7410 0.9751
Ricci and Perfetti [9] 0.9563 - -
TABLE 2

REsuLTS FOR THE DRIVE DATABASE FOR
UNSUPERVISED METHODS

Method Accuracy Sensitivity  Specificity

2nd. human observer 0.9473 0.7761 0.9725
Sindhu and Jeeva [10] 0.93 0.96 0.89
Aramesh and Faez [11] 0.9480 0.7840 0.9826
Mendonga and Campilho [12] 0.9452 0.7344 -
Proposed method 0.9523 0.7107 0.9757

The method proposed in this paper has proved to be a valu-
able tool for the segmentation of the vessel tree in retinal fun-
dus images. We used three different measurements. They are
the accuracy, sensitivity and specificity. The accuracy is de-
fined as the number of true positive vessel pixels plus the
number of true positive background pixels divided by the to-
tal number of pixels in the FOV. Sensitivity reflects the ability
of the algorithm to detect vessels pixels and it also can be re-
ferred as true positive rate. Specificity reflects the ability of the
algorithm to detect non-vessels pixels and it also can be re-
ferred as true negative rate. These measurements are given by:

Accuracy = (TP) / (Total number of pixels) (4)
Sensitivity = (ITP)/ (TP + EN) (5)
Specificity (TN) / (TN + FP), (6)

where TP (True Positive) refers the number of vessel pixels
detected correctly, TN (True Negative) refers the number of
non-vessel pixels detected correctly and FP (False Positive) the
number of vessel pixels detected incorrectly.

The proposed method achieves high accuracy on DRIVE data-
base when compared to others methods and provide better
results than 2nd. human observer, Marin et. al., You et. al,,
Sindhu and Jeeva, Aramesh and Faez, and Mendonga and
Campilho (0.0050, 0.0071, 0.0089, 0.0223, 0.0043, 0.0071, respec-
tively). Ricci and Perfetti achieved the best accuracy rate, but
the sensitivity and specificity measurements are not showed.
Sindhu and Jeeva applied their method on a subset of 30 im-
ages of the DRIVE database, while Mendonga and Campilho
used only 20 images of test set.

5 CONCLUSIONS AND FUTURE WORKS

The experimental results presented the effectiveness and ro-
bustness of our methodology. An overview of the segmenta-
tion results on DRIVE images shows that our method achieves
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better accuracy than the most of the other methods. Moreover,
the ease of adjust the parameters also makes the proposed
method viable to any databases. Although Ricci and Perfetti’s
approach shows higher accuracy, the accuracy significantly
worsens when the method is trained and tested on a different
database, achieving 0.9266 when trained on STARE and tested
on DRIVE and achieving 0.9452 when trained on DRIVE and
tested on STARE [9]. A drawback of our approach is the diffi-
culty to segment thin vessels. In future works, we intend to
develop new techniques to overcome this fact and improve the
method, also we intend to make experiments on databases to
better evaluate its effectiveness.
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