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Abstract We present a fast, efficient, and automatic method for extracting vessels from retinal images. The
proposed method is based on the second local entropy and on the gray-level co-occurrence matrix (GLCM).
The algorithm is designed to have flexibility in the definition of the blood vessel contours. Using infor-
mation from the GLCM, a statistic feature is calculated to act as a threshold value. The performance of the
proposed approach was evaluated in terms of its sensitivity, specificity, and accuracy. The results obtained
for these metrics were 0.9648, 0.9480, and 0.9759, respectively. These results show the high performance
and accuracy that the proposed method offers. Another aspect evaluated in this method is the elapsed time to
carry out the segmentation. The average time required by the proposed method is 3 s for images of size
565 9 584 pixels. To assess the ability and speed of the proposed method, the experimental results are
compared with those obtained using other existing methods.

Keywords Retinal image analysis � Blood vessel network � Image segmentation � Fast automated analysis �
Co-occurrence matrix � Entropy thresholding

1 Introduction

Retinal or fundus images provide information about the blood supply system to the retina. Accurate blood
vessel segmentation is fundamental in the analysis of fundus images since further analysis usually depends
on the accuracy of this segmentation (Chaudhuri et al. 1989). It is therefore desirable to provide ways of
automating the process of the analysis of fundus images, using computerized image analysis, so as to
provide at least preliminary screening information and also as an aid to diagnosis to assist the clinician in the
analysis of difficult cases.
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2 Retinal vessel segmentation

Visually, vessels in the fundus image appear as dark lines on a relatively uniform brighter background.
Various methods are known for segmenting blood vessels in fundus images. The objective of retinal vessel
segmentation is to decide which part of the image belongs to the foreground, which is of our interest for
extracting features for recognition and identification, and which part belongs to the background, which is the
noisy area around the boundary of the image (Chaohong 2007). Reliable vessel extraction is a prerequisite
for subsequent retinal image analysis and processing because vessels are the predominant and most stable
structures appearing in these images (Jung and Hong 2006). Accurate segmentation of retinal images
influences directly the performance of minutiae extraction. If more background areas are included in the
segmented retinal image, more false features are introduced; if some parts of the foreground are excluded,
useful feature points may be missed.

Advances in vascular imaging technology have provided radiologists with non-invasive imaging
modalities that can give accurate vascular information, which helps the physician to define the character and
extent of a vascular disease, aiding diagnosis and prognosis (Kirbas and Quek 2004). As stated previously,
accurate vascular extraction is the primary task in automated ophthalmic image analysis.

3 The proposed method

The proposed method described in this paper uses one of the basic approaches to edge detection: the
enhancement/thresholding method to achieve a fast algorithm for automated detection of blood vessels in
retinal images.

As depicted in Fig. 1, our method consists of five main steps: (1) Green color band selection;
(2) automatic mask generation to avoid processing of the black border and corners present in images;
(3) application of a matched filter to enhance the vessels edges; (4) computation of the co-occurrence
matrix; and (5) automatic vessel network segmentation using the second order entropy.

3.1 Green color band selection

A gray-level image is produced by extracting the green layer of the original RGB image. The green
component of color image gives the blood vessels on a highly contrasted background (dark blood vessels on
a bright background). Hence, the green channel of image is employed in the retinal vasculature detection
(Srivastavas 2005).

3.2 Mask generation

Mask generation aims at labeling pixels belonging to the fundus Region of Interest (ROI) in the entire image
(Siddalingaswamy and Prabhu 2007). Pixels outside that ROI are those belonging to the dark surrounding
region in the image.

3.3 Image enhancement

In order to characterize the retinal features of interest, we need a preprocessing step to detect vessels.
For this, we use a matched filter to detect piecewise linear segments of blood vessels in retinal images

Fig. 1 Block diagram of the proposed method
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(Yang et al. 2000). Twelve different templates were constructed to search for vessel segments along 12
possible directions at 15 degrees each.

f ðx; yÞ ¼ A 1� K exp �dðx; yÞ2

2r2

 !" #
ð1Þ

We have used r = 2, which matched well with a blood vessel of medium caliber for the retinal images
being considered. It may be noticed that, unlike some other edge detection methods or morphological
operators where only the edges are detected, this enhancement method extracts the blood vessel as a whole
(Chaudhuri et al. 1989). This procedure reduces the possibility of false detection of blood vessels in a non-
ideal environment. Also, it suppresses the response due to the significant noise in the background where no
blood vessels are present. The application of this method enhances individual vessels segments in the image.
A proper thresholding scheme must be used to distinguish between enhanced vessel segments and the
background.

3.4 Co-occurrence matrix computation

A co-occurrence matrix of an image is an L 9 L square matrix denoted by W = [tij]L9L whose elements are
specified by the numbers of transitions between all pairs of gray-levels in G = {0, 1,…, L - 1} in a
particular way (Yang et al. 2000; Srivastavas 2005). Consider the four neighboring locations of a pixel
f(m, n) at coordinates (m, n): (m - 1, n), (m ? 1, n), (m, n - 1), (m, n ? 1). Pixels at those locations are
referred to as the 4-neighbors of f(m, n) in Gonzalez and Woods (2008). The co-occurrence matrix
developed by Haralick et al. (1973) is designed to dictate the gray-level changes by comparing its gray-level
f (m, n) to their corresponding gray-levels, f (m - 1, n), f (m ? 1, n), f (m, n - 1), f (m, n ? 1). Each entry
in the matrix tij gives the number of times the pixel gray-level j follows the gray-level i in some pattern.

Let t be a value used to threshold an image. It partitions a co-occurrence matrix into four quadrants,
namely, A, B, C, and D. These four quadrants can be further grouped into two classes, referred to as local
quadrants and joint quadrants. We assume that pixels with gray-levels above the threshold are assigned to
the foreground (corresponding to objects), and those equal to or below the threshold are assigned to the
background. Then quadrants A and C correspond to local transitions within foreground and background,
respectively, whereas quadrants B and D are joint quadrants which represent joint transitions across
boundaries between background and foreground, respectively.

3.5 Second-entropy thresholding segmentation

This thresholding method exploits the entropy of the distribution of the gray levels in the image. The
maximization of the entropy (Eq. 2) of the thresholded image is interpreted as indicative of maximum
information transfer (Pal and Pal 1989; Zhang and Zhang 2006).

tLRE ¼ arg max
t2G¼ 0;1;...;L�1f g

JLREðtÞ
� �

ð2Þ

4 Experimental results

In this paper we used the images included in the well-known DRIVE database to asses the performance of
the proposed method (http://www.isi.uu.nl/Research/Databases). The DRIVE database contains 40 color
retinal images of size 565 9 584 pixels. The images have been divided into two sets, a training set and a test
set. Each one contains 20 color retina images. Each set also contains the corresponding segmented images,
which were graded by two experts, resulting in sets A and B. In this paper, the performance is measured on
the test set using as ground truth the segmentation of the set A. Figure 2 presents the segmentation results
for various images that were analyzed in this work. In order to assess the performance of the proposed
segmentation method, the binary images contained in the first labeled set have been used as the ground truth
(G) to decide whether a vessel is truly present or absent, and the results of the proposed segmentation
method (C) are used to decide whether a vessel has been detected or not (Kriston-Vizi et al. 2006). Based on
this, it is possible to calculate four different values for performing a quantitative analysis of the algorithm’s
results (Zhang and Zhang 2006). These values are
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1. A true positive (TP) value is a pixel marked as vessel in both G and C;
2. a true negative (TN) value is a pixel marked as non vessel in both G and C;
3. a false positive (FP) value is a pixel marked as vessel in C but as a non-vessel in G; and
4. a false negative (FN) value is a pixel marked as non-vessel in C but as a vessel in G.

The frequency of these cases provides data that can be used as an indication of an algorithm’s perfor-
mance. Several additional performance metrics are derived from the TP, TN, FP, and FN metrics. The true
positive rate (TPR) is established by dividing the number of TP by the total number of vessels in G. The
false positive rate (FPR) is computed by dividing the number of FP by the total number of non vessels in G
(Niessen et al. 2000). Based on a total of 329,960 pixels contained in a fundus image of size 565 9 584
pixels, it is possible to obtain the TP, TN, FP, and FN quantities of the segmented image.

4.1 Sensitivity, specificity, and accuracy

Sensitivity, specificity, and accuracy are the most commonly terms associated to a binary classification test
(vessel segmentation algorithms) that measure statistically the performance of the test. In binary classifi-
cation a given data set is divided into two categories on the basis of a set of predefined common properties.
Here, we are interested in classifying pixels either into the vessel or non-vessel class. From these two
categories, in general, sensitivity indicates how well the test predicts one category (vessel pixels) and
specificity measures how well the test predict the another category (non vessel pixels), whereas accuracy is
expected to measure how well the test predicts both categories (vessel and non vessel pixels) (Hu et al.
2001). The accuracy (Acc) is dependent upon the number of FP and FN that occur. By definition, the
sensitivity, specificity, and accuracy can be computed according to the next formulations (Eq. 3):

Sensitivity Specificity Accuracy

¼ TPs
ðTPsþFNsÞ ¼ TNs

ðTNsþFPsÞ ¼ TPsþTNs
ðTPsþTNsþFPsþFNsÞ

ð3Þ

Figure 3 presents the results obtained from several state-of-the-art methods used to compare the
performance of our segmentation method illustrated in the image 01_test.tif from the test set of the DRIVE
image database. These methods are

• Manual method: It consists of the labeling of the vessels present in the image carried out manually by an
observer trained by an ophthalmologist. The segmented images are used as the ground truth in the
performance evaluation of the segmentation methods.

Fig. 2 Segmentation results of several images contained in the test set of the DRIVE database
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• Chaudhuri et al. (1989): The authors address the problem of detecting blood vessels in retinal images
that usually have poor local contrast. The principal goal is to design an operator which is nearly optimal
for the recognition of certain special objects in the image, particularly for the detection of blood vessels
in retinal fundus images. The gray-level profile of the cross section of a blood vessel is approximated by
a Gaussian shaped curve. 12 different templates were constructed to search for vessel segments along all
possible directions.

• Jiang and Mojon (2003): They proposed a general framework of adaptive local thresholding based on a
verification-based multi-threshold probing scheme. This approach is regarded as knowledge-guided
adaptive thresholding. The framework is applied to detect vessels in retinal images. For all the probed
thresholds, the binary objects in the image are extracted. Using a classification scheme to these objects,
only those having vessels features will be classified.

• Martinez-Perez et al. (1999): The authors use a combination of scale space analysis and region growing
to segment the vasculature. The histograms of both features are used in the final region-growing step, in
which the images pixels are divided into two classes, ‘‘vessel’’ and ‘‘non-vessel’’. This is accomplished
by alternating the vessel and background region, growing and lowering the feature thresholds. This
continues until no new pixels are added to either of the two classes. Two features are used to characterize
the blood vessels, the gradient magnitude of the image intensity, and the ridge strength both at different
scales.

• Staal et al. (2004): In this paper is presented a simple vessel segmentation method based on pixel
classification from the extraction of image ridges, which coincide approximately with vessel centerlines.

Fig. 3 Segmentation results from several methods used to compare the performance of the proposed segmentation method
with the image 01_test.tif from the test set of the DRIVE database a original test image, b manual segmentation result,
c Chaudhuri et al. (1989) method, d Jiang and Mojon method (2003), e Martinez-Perez et al. multi-scale method (1999), f Staal
et al. method (2004), g Zana et al. method (1977), h result of the proposed method (2009)
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For each pixel in the image, a feature vector is constructed and a classifier is trained with these feature
vectors. Performance of the kNN-classifier was superior for all experiments, so this classifier was
selected. This resulted in a probability map in which for each pixel in the image is indicated the
probability that it is a vessel pixel. By thresholding the probability map a binary image of the vasculature
can be obtained.

• Zana and Klein (2001): This paper presents an algorithm based on mathematical morphology and linear
processing for vessel recognition in a noisy retinal angiography. In order to separate the vessels from
their environment, a geometrical model of undesirable patterns is defined. First, bright round peaks are
extracted. Next, linear structures are extracted using mathematical morphology, and using a Laplacian
filter several differential properties are computed. Finally, vessels are extracted using curvature
differentiation.

Table 1 reports the comparison of the computed performance metrics for our proposed segmentation
algorithm against the state-of-the-art results obtained by the methods described above (Niemeijer et al.
2004). The experimental results show that the proposed method performs better in extracting vessels,
achieving the highest score amongst all the methods with which it was compared.

The proposed segmentation method was also compared with another state-of-the-art method, which has
some similarities with our method. In the HongQing (2004) approach the author proposed a novel method to
segment blood vessels. This algorithm is composed of two steps: an image enhancement step by using a
matched filter and the entropy-based thresholding stage, which is an automatic technique for thresholding
digital images, based on the gray level-gradient co-occurrence matrix and on the maximum entropy prin-
ciple. This thresholding scheme is different from our proposed segmentation method and from others 2-D
entropies segmentation approaches (Pal and Pal 1989; Yang et al. 2000; Zhang and Zhang 2006; Chan-
wimaluang and Fan 2003) because it uses the information contained in the gray level-gradient co-occurrence
matrix to evaluate the 2-D entropies.

Figure 4 presents the results obtained from this thresholding scheme compared with the corresponding
results of the proposed segmentation method described in this paper. As it can be seen in resulting images,
the difference between both methods is evident. Some differences between both procedures are pointed out
now.

1. In HongQing (2004) the author uses the gray level-gradient co-occurrence matrix obtained from a
normalized gray-level image and of a normalized gradient image. However, we use the co-occurrence
matrix including the information about the relation of the gray levels between adjacent pixels to obtain
structural information of the image.

2. In HongQing (2004) the quadrants A and D of the co-occurrence matrix are used as the object class and
the background class, respectively. On the other hand, we use the quadrants A and C as the
corresponding classes because of the gray level the vessels and the background have in the original
image.

3. Similarly, in HongQing (2004) the quadrants B and C, corresponding to the local transitions between
vessel and background, are used to maximize the total second-order entropy to find a threshold vector.
In our method we use the quadrant A (objects) and the quadrant C (background) to maximize the
second-order local entropy to obtain the threshold value for the object-background segmentation.

It is possible to observe from the segmented images (Fig. 4b, e) that the method proposed by HongQing
(2004) results in broken small vessels and capillaries. His method segments also as blood vessels the border
of the optic disk, the borders of the image itself, and the macula, all resulting in a high false positive rate.
Then, the author proposes a post-processing step in order to eliminate those non-vessel objects whose edges

Table 1 Comparison of our method with other state-of-the-art methods

Fig. 3 Method Se Sp Acc

b Manual 0.7482 0.9757 0.9473
c Chaudhuri et al. (1989) 0.2663 0.9901 0.8773
d Jiang and Mojon (2003) 0.6363 0.9662 0.9212
e Martinez-Perez et al. (1999) 0.7508 0.9582 0.9181
f Staal et al. (2004) 0.7047 0.9796 0.9442
g Zana and Klein (1977) 0.6585 0.978 0.9377
h Our proposal (2009) 0.964855 0.948025 0.975905
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are well matched to the shape of the kernels. In our method, according to the results obtained, we do not
need any post-processing step.

The author in HongQing (2004) does not present some analysis of the performance of the segmentation
method; thus it is not possible to compare the segmentation results based on a performance metric as our
method does.

Finally, we focus the analyses on the time that the proposed algorithm takes out to accomplish the whole
process for blood vessel segmentation. On a Pentium (R) Dual-Core T4200 @ 2 GHz and 4 GB of internal
memory, and with a MATLAB 7.4.0 (R2007a) implementation, it takes as average 3 s to segment out the
vessels. Table 2 shows the elapsed time comparison amongst our method with some state-of-the-art results
obtained from Wang and Bhalerao (2003), Soares et al. (2006), Chanwimaluang and Fan (2003) and
Chaudhuri et al. (1989).

5 Conclusions

In this paper a fast, efficient, and automatic algorithm for segmenting the blood vessels from retinal fundus
images is presented. The proposed segmentation method is based on the second local entropy that acts as a
threshold value and on the gray-level co-occurrence matrix. The algorithm is designed to have flexibility in
the definition of the blood vessel contours. There are several parameters of algorithms that have effects in
the performance of the vessel segmentation methods. The most significant parameter is the thresholding
value. This method gives a powerful tool to obtain an automatic threshold value to segment the vessel
depending only on the information contained in the analyzed image. Because the proposed segmentation
method computes this value automatically for each image, it is not necessary to specify a threshold value.

Choosing a good criterion to measure the performance of vessel segmentation algorithms is not a trivial
task. This is because it depends on some factors such as the low contrast between the vessels and the
background, the variability that exists in the vessel width in the entire vasculature, the optic disk edge can be

Fig. 4 Experimental results of the proposed segmentation method compared with those obtained by a state-of-the-art
thresholding scheme that seems to have some similarities with our 2-D entropy thresholding method, a and d original images,
b and e experimental results of the method presented in HongQing (2004), and c and f results of our proposal

Table 2 Comparison of the execution times

Method Execution time

Manual 2 h
Wang and Bhalerao (2003) 7.0 min
Soares et al. (2006) 3.0 min
Chanwimaluang and Fan (2003) 2.5 min
Chaudhuri et al. (1989) 1.0 min
Our proposal (2009) 3 s
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wrongly interpreted as a blood vessel, and the fact that it is not possible to establish the same algorithm
conditions for all the situations that can be presented in the application of the algorithm. The effectiveness of
the proposed method was measured and resulted in a higher Selectivity, specificity and accuracy than those
obtained by others methods with which they were compared. The results obtained demonstrated that the
proposed algorithm can be considered in medical applications as a medical image analysis method or a
retinal vessel measurement procedure for retina disease diagnosis.
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