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Abstract Segmentation from colored retina images plays a vital role in stable feature
extraction for image registration and detection in many ocular diseases. In this study,
the authors will look at the segmentation of the blood vessels from fundus images
which will further help in preparation of digital template. Here, images are passed
through the preprocessing stages and then some of the morphological operators for
thresholding are applied on the images for segmentation. Finally, noise removal and
binary conversion complete the segmentation method. Then, a number count on
blood vessels around the optic disk is done as a feature for further processing. The
authors will ensure whether the segmentation accuracy, based on comparison with a
ground truth, can serve as a reliable platform for image registration and ocular disease
detection. Experiments are done on the images of DRIVE and VARIA databases
with an average accuracy of 97.20 and 96.45%, respectively, for segmentation, and
a comparative study has also been shown with the existing works.
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1 Introduction

Automated analysis and segmentation from colored retinal images is a challenging
task. It has a potential research impact in various areas like diagnosing of many dis-
eases, person identification and security purposes due to significant advances in the
field of digital image processing. Extraction of stable features from retina like bifur-
cation points, bifurcation angle, location of optic disk, width of the blood vessels,
etc., needs special care. Thus, proper segmentation from colored retinal images is
an essential task to accomplish the same. Manual segmentation of blood vessels is a
cumbersome and time-consuming process. In a research setting, with proper techni-
cal support, automatic segmentation from retinal images provides better and faster
solution. It also plays an important role in diagnosing many ocular diseases affect-
ing retina [1, 2]. Blood vessels are indicative to many pathological changes caused
due to hypertension, diabetes, arteriosclerosis, cardiovascular diseases. So obser-
vation on the vascular changes sometimes improves the disease diagnosis process.
Apart from the medical diagnostics, the segmentation method has another potential
application in person identification. The microvascular structure of human retina
is unique for each individual and usually remains same during any one’s lifetime
except surgical issues. With some existing distinct features on retinal vascular struc-
ture, it could be used as a secure template for identification. Many algorithms are
there in literature to segment the blood vessel from colored retinal images. In this
paper, a best suited segmentation approach has been proposed using some of the mor-
phological operators which will further help in macula detection in the future. The
proposed segmentation algorithm is subdivided into three categories, preprocessing,
thresholding and blood vessel segmentation and post-processing. Preprocessing, like
channel conversion, enhancement and noise removal techniques, helps in improving
the quality of the image as most of them suffer from poor local contrast compared to
background. Thresholding and binarization help in actual segmentation, and finally,
noise present on the images is removed by applying 2-D median filtering in a 3 x 3
scanning window. Later, a count on blood vessels around optic disk [3] is done from
the segmented images by looking at the number of transitions on binary images. The
approach proves sensitivity and specificity as 0.9632 and 0.9470, respectively, and
accuracy as 97%. Due to the inadequacy of available resources, the experiments are
done only on all the images of DRIVE [4] and VARIA [5] databases. A precise view
of the segmentation method is described in Fig. 1.

2 Background

Segmentation of a blood vessel from the retinal images using tracking-based ap-
proach is proposed in [6]. In this approach, fuzzy model of a one-dimensional vessel
profile drives the segmentation process. One drawback of these approaches is that
this method of segmentation depends upon the methods for identifying the seed pixel
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which is either the optic disk or the branch points which are detected subsequently.
Gabor filter-based image processing methods were proposed for retinal vessel extrac-
tion in [7-10]. For segmentation of the blood vessels in the retinal images, optimized
Gabor filters with local entropy thresholding had been used in those approaches.
The drawback of those segmentation methodologies is that optimized Gabor filter
methods fail to detect vessel of different widths and may sometimes detect blood
vessels falsely. Also, detection process fails in case of defected retinal image caused
by various retinal diseases. An automated texture-based blood vessel segmentation
has been proposed in the paper [11]. In this paper, they have used Fuzzy c-Means
(FCM) clustering algorithm for the classification between vessels and non-vessels
depending on texture properties. This algorithm is having 84.37% sensitivity and
99.19% specificity.

3 Proposed Method

The existing algorithms suffer from problem of non-uniform illumination of the
background in the retinal fundus image. The proposed method shows a way to over-
come the limitations and to improve the effectiveness, accuracy and computational
time.

Broadly, there are three principal stages of the segmentation method, preprocess-
ing, blood vessel extraction and post-processing. Preprocessing technique has been
applied, to increase the accuracy in recognizing and extracting the blood vessels.
Green channel conversion of RGB images initiates the process as the green channel
provides the highest vessel background contrast. Next, the boundary of the green
channeled images is removed and contrast-limited adaptive histogram equalization
(CLAHE) is applied over it to make a uniform illumination distribution. To this,
morphological bottom hat operation with disk-shaped structuring element is applied
to enhance the retinal blood vessels. Finally, to correct the illumination variation in
the background of retinal image obtained from the previous stage, estimation of the
background illumination and the contrast distribution is applied over it.

Image binarization and segmentation of the blood vessels are two essential tasks
to be performed here with an empirically generated threshold value.

The primary task in post-processing stage is 2-D median filtering and morpho-
logical noise removal operations. This would remove the disconnected blood vessel
and noise from the binary image and assist to accomplish the desired goal.

3.1 Image Preprocessing and Segmentation

The retinal images show non-uniform illumination of the background due to the
presence of vitreous humor, which is a transparent gel that fills the interior of the
eye. The blood vessels show variety in their thickness and contrast. So the darker
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vessels are clearly seen and easily detected. But it is difficult to extract the thin
vessels having low contrast. It is easy to segment if the blood vessels appear as dark
structure in the brighter background. So, difference in the contrast between the retinal
blood vessels and the background is desirable. Hence, preprocessing is applied to
the original retinal image to eliminate these anomalies and to prepare the image for
the next steps of segmentation.

Channel conversion Itis necessary to convert color (RGB) images into green channel
as the green channel provides the best contrast between blood vessels and background
of the RGB representation. As the red channel has low contrast and the blue channel
has poor dynamic range, we are focusing only on green channel, refer Fig. 2b.
Boundary removal In this step, the outer border of the green component of the
image is removed by suppressing the structures that have lower contrast than the
surroundings and that are connected to the image border.

Uniform image illumination using AHE Fundus images suffer from background
intensity variation due to non-uniform illumination which further deteriorate the
segmentation result. Due to this issue, background pixels sometimes have higher
gray-level values than the vessel pixels. Because of the difference in gray-level in-
tensity and false vessel’s appearance, the global thresholding techniques cannot be
applied in this phase. Contrast-limited adaptive histogram equalization (CLAHE) is
applied here to enhance the contrast of the green channel retinal image, as shown in
Fig.2c. It redistributes the light value of the image within small regions of the image
instead of the entire one. The process thus enhances the contrast of every smaller
region of the image. This step also helps to reduce few false detection of blood ves-
sels that would otherwise decrease the performance of blood vessel segmentation
method.

Morphological transformation Sometimes, retinal blood vessels falsely appear as
background due to poor intensity variation between the blood vessels and the image
background. So to brighten the darker blood vessels in lighter background with
an empirically tested disk-shaped structuring element of size 8 x 8, morphological
bottom hat operation is applied here. Bottom hat filtering subtracts the input image
from the result to perform a morphological closing operation on the image which
is dilation followed by erosion. Dilation is an operation that grows or thickens the
object in binary image. Erosion operation shrinks the object by eroding away the
boundaries of regions of foreground pixels. After applying bottom hat, the changes
in the result are shown in Fig. 2d.

Smoothing Illumination The image produced after the bottom hat operation has poor
distribution of lightness value. To improve the distribution of intensity, again CLAHE
is applied, so that the image is well prepared for thresholding and segmentation stages;
see Fig. 2e.
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Fig. 2 Flow diagram of the segmentation method

3.2 Blood Vessel Segmentation

Preprocessing has enhanced the contrast of the original images. Now the images
are being thresholded using Otsu’s algorithm by keeping the information below the
threshold value and assigning rest of the image the same value as the threshold. Thus,
cluster-based algorithm is used to perform clustering-based image thresholding and
the preprocessed grayscale images are now reduced into the binary images (Fig. 2f).

3.3 Noise Removal

The clarity of the images obtained by the previous stages is not very good because of
the presence of salt-and-pepper noise in it. Hence, a 2-D median filtering with 3 x 3
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neighborhood size is applied to reduce the noise from the segmented image. Next, the
small connected components, having lesser than 35 white pixels around it within the
8-connectivity window, are removed from the previously processed image. Desired
image is shown in Fig. 2h.

3.4 Counting Vessels Around Optic Disk

Common parameters, like accuracy, specificity and sensitivity, are used to measure
the strength of an algorithm and to compare the results with other segmentation
algorithms. To compare the result of the proposed approach with gold standard
images, count on the number of vessels is essential. Also, counting the number
of blood vessels around optic disk helps in diagnosis of severe ocular disease called
proliferative diabetic retinopathy (PDR). Abrupt changes in count on vessels are
alarming for some unusual scenario on regular monitoring. Algorithm 1 explains the
method of counting blood vessels in segmented images. Table 1 shows the number of
blood vessels detected by the proposed algorithm on the images of DRIVE database.

Algorithm 1 Count on blood vessels around OD

1: count < number of blood vessels around O D

2: for within a 50 x 50 window around the optic disk do
3:  repeat

4 for for each pixel along the window border do
5 if a white pixel is found then

6: repeat
‘7.
8

move along the border of the window by one pixel
until white to black transitions occur

9: count < count + 1

10: else

11: move along the border of the window by one pixel
12: end if

13: end for

14:  until all the pixels along the four border of the specified window is traversed
15: end for

Table 1 Count on number of blood vessels around OD

Image Count Image Count Image Count
Image 1 14 Image 6 12 Image 11 10
Image 2 12 Image 7 16 Image 12 12
Image 3 16 Image 8 16 Image 13 14
Image 4 13 Image 9 14 Image 14 13
Image 5 10 Image 10 13 Image 15 12
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4 Results and Performance Evaluation

A complete segmentation method, along with the intermediate steps, is shown in
Fig.2. To show the proficiency of the proposed algorithm, gold standard images
which are manual segmented images from DRIVE [4] database have been used.
Specificity, sensitivity and accuracy are calculated as measuring parameters to com-
pare the results of the proposed algorithm with the other existing algorithms.

. TP

Sensitivity = ——— (D

(TP + FN)
Specificit L )

ecificity = ———

P Y= TN+ FP)

TP + TN
Accuracy = (IP + TN) 3)
(TP + TN + FP + FN)

where TP is correctly detected positive values; TN is correctly detected negative
values; FP is feature is negative, but detected as positive; and FN is feature is positive,
but cannot detect (Figs. 3 and 4).

Please refer Table 2 for the performance measurement of the proposed algorithm.
Table 3 compares the performance of the proposed algorithm with others.

Fig. 3 Results on VARIA (a)
database a original images,
b result of the proposed
algorithm
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Fig.4 Comparison with gold standard images from DRIVE a original image, b hand-driven ground
truth images from DRIVE, c result of the proposed algorithm

Table 2 Performance measurement on DRIVE and VARIA databases
Database Specificity Sensitivity Accuracy (%)
DRIVE 0.9470 0.9632 97.20
VARIA 0.9561 0.9812 98.34
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Table 3 Comparison of the proposed algorithm with others

Methods Database Sensitivity Specificity Accuracy
Hand driven [4] DRIVE 0.7763 0.9723 94.70
Mendonca et al. [12] DRIVE 0.7344 0.9764 94.63
You et al. [13] DRIVE 0.7410 0.9751 94.34
Marin et al. [14] DRIVE 0.7067 0.9801 94.52
Villalobos-Castaldi et al. [15] DRIVE 0.9648 0.9480 97.59
Proposed method DRIVE 0.9632 0.9470 97.20

5 Conclusion

In this paper, we have presented an automated approach for blood vessel segmentation
from retinal fundus images. Proposed algorithm has been tested on two publicly
available databases, DRIVE [4] and VARIA [5]. We have executed the proposed
algorithm on 32-bit MATLAB R2013a version on 32-bit Windows 7 running on Intel
Core 2 dual processor with 2 GB RAM. We have used various contrast enhancement
techniques and the morphological operators which aim to provide better segmentation
results including both minor and major vessels. This segmentation algorithm works
efficiently for low-contrast images with less space and time. This algorithm can speed
up the ocular disease diagnosis process for ophthalmologists and can be helpful in
designing biometric templates.
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