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ABSTRACT

Introduction: The Major and Minor blood vessel and the optic
disc are the important factors for finding the presence of retinal
disease like diabetic retinopathy.

Aim: To segment the blood vessel using Major vessel extraction
and Minor vessel classification methods.

Materials and Methods: The retinal blood vessels are analysed
from the images, for determining the changes in the blood
vessels depending on the vessel branching pattern, width and
density. High pass filter is used for easily segmenting the major
vessels and also to make the retinal nerves lighter and the eye
background dark to avoid fovea. A morphological operation like
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the top hat is performed for zooming and shrinking the nerves
to adjust the outer structure of the eye. The Minor vessels are
obtained by using the derivative of Gaussian filter without any
crack or without any breaks in the structure of the retinal nerves
which is used to determine the presence of blood clot in the eye.
Gabor Filter is used to strengthening the pixels of the image.

Conclusion: The segmented outputs of the Major vessel and
Minor vessels are together added to get the resultant image of
the eyes. Thus extracted and classified vessels can be sent to an
intelligent artificial neural network for comparison with threshold
values for diagnosing the problems due to high glucose level,
cardiac disorders, etc.
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INTRODUCTION

The blood vessel segmentation system is used to determine the
changes in the blood vessels depending on the factors which are
vessel branching pattern, width and density. Major vessels are easily
segmented using filters and the Minor vessels are studied with the
derivative of Gaussian and Gabor filter [1]. The goal is to facilitate
the early detection of certain pathologies such as ischemia, necrosis
etc., and to avoid specialist intervention. Principal Component
Analysis (PCA) is the mathematical method that is proposed for
optic disc extraction. This PCA is used to reduce the dimensionality
of a dataset comprising of numerous variables correlated with each
other either heavily or lightly. It makes use of different operations
such as a variant of the watershed transformation. PCA is also
used to obtain the input of the segmentation method. The other
purpose of using PCA is to achieve the grey-scale image that better
represents the original Red-Green-Blue (RGB) image.

EXISTING SYSTEM

In this existing model, the threshold is used and connecting the
broken line components is done to obtain the blood vessel images.
This method focuses on vessel extraction from bright images and
it also does not perform very effectively on retinal images with
red lesions. Only Major vessels can be determined. This method
provides an incomplete structure of veins due to blood clots (these
are the disadvantages of the existing system) [2]. The green channel
of the RGB image is chosen for vessel enhancement. The major
blood vessels are obtained by applying Low-Power Field (LPF) and
High-Power Field (HPF) (edge detection). The advantages of the
proposed system are Minor vessels, Major vessels, partial retinal
nerve structure can be obtained and the presence of clots or any
black dots cannot be determined.

Major Vessel Extraction and Sub-image Classification
The most important feature of the proposed segmentation algorithm
is to separate segmentation of Major vessel and fine vessel regions.
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The intersecting regions between threshold versions of two pre-
processed images, i.e., the high-pass filtered image and top-hat
transformed image are identified as Major vessels regions [3]. The
pixel threshold “p” which is used to increase or decrease the number
of pixels identified as Major vessels can be varied across images.
The number of pixels subjected to classification in the vessel sub-
image increases if the number of Major vessel pixels is decreased by
varying the pixel thresholds for the two pre-processed images. This
process will support the automated segmentation of very fine vessel
branches. These vessel branches are necessary for detecting retinal
abnormalities such as Intra-Retinal Micro Vascular Abnormalities
(IRMA) or vessel beading.

The Detection and Quantification of Retinopathy

The present article presented a scheme based on image
segmentation. Although the fields are identified mainly by comparing
the key points cited in the image, the present authors cannot simply
classify the proposed scheme as one key point-based. This can
also be looked like a mixture of existing schemes because both
key points and pixel features are employed in the two stages of the
matching process [4].

Segmentation into Semantically Independent Patches
Our main contribution can be concluded in the following two aspects.
We propose to segment the image into semantically independent
patches by considering that the regions usually have a certain
meaning. By segmenting in that manner, the problem can be solved
by partial matching among these segmented patches. There are
two stages in the matching process between segmented patches.
An accurate estimation of the transform matrix can be obtained
by an EM-based algorithm in the second stage [5]. If using some
efficient methods, we can segment an image in several seconds.
The number of pixels subjected to classification in the vessel sub-
image increases if the number of Major vessel pixels is decreased
by varying the pixel thresholds for the two pre-processed images.
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One may concern the computational complexity of the proposed
scheme. The image segmentation and the transform estimation
refinement are the two more steps that are mainly needed in the
proposed scheme compared with the key point-based schemes.

Proposed System

The green channel of the RGB image is chosen for vessel
enhancement. The major blood vessels are obtained by applying
LPF and HPF (edge detection). Minor vessels are obtained by
using the Gaussian filter and Gabor is used for strengthening.
Both Major and Minor vessels are obtained [6,7]. Complete retinal
nerve structure is obtained. Presence of Blood clots or any black
dots can also be determined. This Gaussian is used for removing
the noise present in between the minor blood vessels. Gabor
filter is used for strengthening the image and obtained from the
Gaussian filter.

Pre-processing

The first pre-processing stage necessitates the green plane of the
fundus image and a fundus mask which is superimposed on image,
this is followed by contrast adjustment and vessel enhancement,
leading to vessel enhanced image. Two different pre-processing
strategies are implemented to extract the dark blood vessel regions
from the image. A smoothened Low-Pass Filtered version of image
{LPF (i.e.,)} is subtracted from enhancement image at first to obtain
a high-pass filtered image. The Input Image can be a colour image
or a gray scale image. The input chosen here is a colour image.
The Major and Minor nerves of this colour image are obtained as
the output. The colour image consists of three planes which are
Red, Green and Blue. These planes are separately called as gray
scale image [8]. The Green plane is chosen to determine the Major
and Minor nerves as the domination of nerves are greater in the
green plane. These are some of the pre-processing process done
to find the nerves.

Maijor Blood Vessel Extraction

From the negative of enhancement image, the Red regions
corresponding to the dark pixels are extracted and use morphological
Top-Hat operations. To fit, the length of pixels for the linear structuring
element is selected to roughly fit the diameter of the biggest vessels
in the images and select the threshold to extract the Major vessels
for the retinal images. The Green plane image is extracted from the
colour image [7,9]. The Green plane is selected as the domination
of the nerves are greater in this plane. This Green plane is a single
gray scale image. These planes are separately called as gray scale
image. These are some of the pre-processing process done to find
the nerves. The Input Image can be a colour image or a gray scale
image. The input chosen here is a colour image. The Major and
Minor nerves of this colour image are obtained as the output. The
contrast of the image is adjusted by making the white pixel more
whiter and darker pixels darker [8,10]. This is done to display the
nerves more brightly and distinctly for the edge of the nerves to be
displayed clearly. This is done to distinguish the difference between
the gray and white shades clearly. Since the contrast is adjusted
the whiter pixel become more whiter and the darker pixels become
more darker.

Sub-Image Extraction Process

This approach enhances the robustness of vessel segmentation on
normal and abnormal retinal images in two stages[9,11]. In the first
stage, the Major vessel regions comprising of 50-70% of the total
blood vessel, pixels are segmented. In the second stage, we are
extracting the sub-image pixel using both Gabor filter and derivative
of Gaussian filter. Top Hat is a combination of erosion and dilation.
Ada-tive Histogram equalisation is used to redistribute the pixels.
This is to redistribute the lighter pixels evenly in all the directions.
Block representation of process flow are shown in [Table/Fig-1].
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[Table/Fig-1]: Block representationof process flow.

The green plane is chosen to determine the major and minor nerves
as the domination of nerves are greater in the green plane. These are
some of the pre-processing process done to find the nerves. The
Input Image can be a colour image or a gray scale image. The input
chosen here is a colour image. The Major and Minor nerves of this
colour image are obtained as the output [10,12]. The contrast of the
image is adjusted by making the white pixel whiter and darker pixels
darker. This is done to display the nerves more brightly and distinctly
for the edge of the nerves to be displayed clearly. This distinguishes
the difference between the gray and white shades clearly. Since the
contrast is adjusted the whiter pixel become whiter and the darker
pixels become darker. This Adaptive Histogram equalisation is the
process of determining the pixel values, calculating the occurrence
of those pixels based on their values and arranging them in order
based on the pixel values. This is the process of adaptive histogram
equalisation which is a morphological process.

The blood vessel segmentation system is used in determining the
changes in the blood vessels depending on the vessel branching
pattern, width and density. The filter is used for easily segmenting
the Major vessels and the Minor vessels are examined by the
derivative of Gaussian and Gabor filter. In this existing model, the
threshold is used and connecting the broken line components
is done to obtain the blood vessel images [11,13]. This method
focuses on vessel extraction from bright images and it also does
not perform very effectively on retinal images with red lesions. Only
Major vessels can be determined, incomplete structure of veins
due to blood clots, these are the two disadvantages of this existing
system [12,14]. The green channel of the RGB image is chosen
for vessel enhancement. The major blood vessels are obtained by
applying LPF and HPF (Edge Detection). Minor vessels are obtained
by using the Gaussian filter and Gabor is used for strengthening.
Both Major and Minor vessels are obtained. Complete retinal
nerve structure is obtained. Presence of Blood clots or any black
dots can also be determined. This method is more useful in finding
and curing vision problems due to diabetes by comparing the
extracted features of blood vessels with the threshold values of
healthy blood vessels using an intelligent ANN back propagation
network [13,15].

Output and Explanation

The structure of major and minor nerves is obtained either
from the colour image or also from the Grey scale image. The
input image that is given is a colour image. The fundus mask is
superimposed on the image. It is followed by contrast adjustment

Journal of Clinical and Diagnostic Research. 2019 Oct, Vol-13(10): NCO1-NC04



www.jcdr.net

and vessel enhancement, resulting in a vessel enhanced image.
Two different pre-processing strategies are implemented to extract
the dark blood vessel regions from the image. A smoothened
low-pass filtered version of image {lpf (i.e.,)} is subtracted from
enhancement image at first to obtain a high-pass filtered image
[14,16]. The colour image consists of three planes they are Red,
Green and Blue. These planes are separately called as gray scale
image. The Green plane is extracted for this purpose of extracting
the nerves. The Green plane is chosen since the domination of
nerves is greater in the Green plane [17]. The Input Image can
be a colour image or a gray scale image. The input chosen here
is a colour image. The Major and Minor nerves of this colour
image are obtained as the output [18]. Pre-processing is done
before the main process [19]. The Pre-processing is the process
of both Enhancement and Masking. Masking is the process of
obtaining the area of interest. This is done by setting a threshold
value considering the area of interest. The value greater than the
threshold is given as one and the value lesser are given as zero
[15,17]. Thus, the area of interest is obtained by this masking.
Enhancement is the process done for redistribution of the lighter
pixels. This is done in order to avoid the lighter pixels in the same
place. The pixel value of all the pixels is noted and their number of
occurrences is also noted. Filters are used in order to determine
the edge of the nerves and also for smoothing the image. Both
High pass filter and Low pass filter are used.

The fundus mask is superimposed on the image. It is followed
by contrast adjustment and vessel enhancement, resulting in a
vessel enhanced image. Two different pre-processing strategies
are implemented to extract the dark blood vessel regions from
the image. This is done by setting a threshold value considering
the area of interest. The green plane image is extracted from the
colour image. The colour image consists of three planes Red,
Green, Blue. The green plane is selected as the domination of the
nerves is greater in this plane. This green plane is a single gray
scale image. The colour image consists of three planes they are
Red, Green and Blue. These planes are separately called as gray
scale image. The green plane is chosen in order to determine the
major and minor nerves as the domination of nerves are greater in
the green plane. These are some of the pre-processing process
done in order to find the nerves [8,18]. The Input Image can be a
colour image or a gray scale image. The input chosen here is a
colour image. The Major and Minor nerves of this colour image
are obtained as the output. The contrast of the image is adjusted
by making the white pixel much whiter and darker pixels much
darker. The Output images of Major vessel and Minor Vessel are
shown in [Table/Fig-2-8].

CONCLUSION

Two threshold binary images are obtained in the first stage. One
image is obtained by high pass filtering and another image is
obtained by top hat reconstruction of the red regions in the green
plane image. A vessel sub-image is created by combining the
remaining pixels in both the binary images which are extracted
as the Major vessels. The pixels in the vessel sub-image are
subjected to a two-class in the second stage using Gabor Filter
and Derivative of Gaussian. In the third post-processing stage, the
classifier classifies all the pixels in the sub-image as vessels which
are combined with the Major vessels to obtain the segmented
vasculature. The segmented vessels are further enhanced to
ensure higher vessel segmentation accuracy depending on the
resolution of the fundus images. More oftenly medical community
uses fundus images method to diagnose the complications due
to cardiovascular disease, stroke, arteriosclerosis, glaucoma,
diabetic retinopathy (DR) and hypertension. Variations in the blood
vessels can be determined by using automated blood vessel
segmentation systems. These are based on the vessel branching
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[Table/Fig-2]: Input image.
[Table/Fig-3]: Green plane image (Images from left to right).

[Table/Fig-4]: Contrast output.
[Table/Fig-5]: Enhanced output (Images from left to right).

[Table/Fig-6]: R Region.
[Table/Fig-7]: High pass filter (Images from left to right).

[Table/Fig-8]: Output image.

patterns, vessel width, tortuosity and vessel density as the
pathology progress. This can be used for retinal health observation
for a diabetic patient and the prediction of any complains related
to vision. When this, retinal diagnosis result is added as one of
the essential observation parameters in dynamic wireless sensor
network-based remote patient monitoring [20], the loss of vision
due to high glucose level, blood pressure, heart problems, etc.,



S Poonguzhali and Rekha Chakravarthi, Segmentation of Major and Minor Blood Vessels in Fundus Images for Diabetes Patients

can be prevented effectively by the assistance of expert physicians
through telemedicine technology.
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