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Abstract: The structure of blood vessels interior within the eye may be a significant source of indicator for several diseases
if exist in a human body. The extraction of vasculature network of blood vessels which plays a vital role in the study and
diagnosis of many eye related diseases like diabetic retinopathy, glaucoma, and many cardiovascular diseases is a challenging
task. In this paper, a new method to derive tree-shaped vasculature from retinal fundus RGB images is proposed. This proposed
algorithm is performed in two stages: Pre-processing stage involves PCA which is then contrast enhanced with CLAHE. Postprocessing stage is carried out working on the contrast enhanced gray image for attaining better accuracy of retinal blood
vessel segmentation by using Thresholding as well as morphological operator. The performance measures of proposed method
are evaluated on STARE database and obtained best results with an average accuracy of 96.44% and proven to be an
outstanding method compared to other existing retina vessel segmentation algorithms.
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1. INTRODUCTION
The diabetic retinopathy is the most well-known cause for impairment of vision it causes
loss of blood supply inside the retina by the broadly spread diabetes which leads to diabetic retinopathy.
The division of veins in the pictures of retina is a significant feature in diagnosis and treatment of
diabetic retinopathy. There are numerous different illnesses that are frequently analyzed dependent on
their progressions. Retinal veins division is additionally the center stage in robotized enlistment of two
retinal veins pictures of a specific patient to pursue and analyze his malady advance at various occasions
The classification issue of retinal veins division of each pixel in the field of retina is classified as vessellike or non-vessel. The division of retinal vein is an extended monotonous assignment, in which the
retinal veins division is a great deal of research in the satisfying picture handling territory since it is the
basic segment of circulatory vein investigation systems. The variation in the segmentation process of
blood vessels and the quantitative measurement of retinal blood vessel plays a crucial role in many
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research efforts that are associated with vascular structures. Many clinical researchers proved that
retinal blood vessels are significant structures of retinal images. in some cases, retinal blood vessel must
be omitted for easy recognition of pathological lesions (exudates or micro aneurysms).
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Figure-1: Block Diagram of Retinal Vessel segmentation
The process of retinal blood vessel extraction practices few complications : "(i) The retinal blood
vessels have a wide scope of widths from (15 pixels) to (3 pixels) and different tortuosity. (ii) Various
structures show up in retinal picture, as well as the optic plate, fovea, exudates and shade epithelium
variations, which extremely disturb the programmed vessel extraction. (iii) The thin vessels with unlike
surroundings may seem to be lengthened and disconnect spots, which are generally lost. (iv) The vessel
power differentiate is feasible and variant, the tiny vessel is particularly overpowered. The figure-1 the
diabetic retinopathy is identified by the clots of blood vessels in retina it causes when diabetic detects
the tiny blood vessels inside the retina. Figure-1 gives an idea of the process of segmentation. The
remaining paper is arranged as follows: The section 2 illustrates literature review i.e., the work done by
different authors by using different optimization techniques. Section 3 gives proposed work followed
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experimental results and discussions in Section 4. Section 5 concludes the work followed by list of
references.

2. LITERATURE REVIEW
Sumathi[1] stated that extraction of retinal vessels is done as it is most important task in the field of
medical image processing to diagnose various retinal and non-retinal diseases. This paper presents an
automated method for segmentation of retinal vasculature using morphological process and the random
forest classifier. Random forest classifiers utilizing 21-D feature vector is used to extract the major
vessels. Thin vessels are extracted using morphological process. The final segmented image is obtained
by combining both the major vessels and thin vessels. The performance of this method was evaluated
and tested using the retinal images in the available retinal Databases namely DRIVE, STARE and
CHASE-DBI.
Yun Jiang [2] stated that most of the methods of retinal vessel segmentation still have problems such
as poor accuracy and low generalization ability. This is because of the symmetrical and asymmetrical
patterns between blood vessels are complicated and the contrast between the vessel and the background
is relatively low due to illumination and pathology.It is an end-to-end frame work that automatically
and efficiently performs retinal vessel segmentation.
FI scores: 0.8321, 0.8531, 0.8243

DRIVE, STARE, CHASE-DBI
Accuracy: 0.9706, 0.9777, 0.9773
Negar Hassan pour [3] shows that in this we can locate the blood vasculature in images. This is done
using DRIVE-database. Accuracy is 93.96%.It is sample but accuracy is comparable to that reported by
the most accurate to that reported by the most accurate methods.
Shuang ling wang [4] it is the combination of convolution Neural Networks and Random forest. In this
method CNN performs as a trainable hierarchical feature extractor and ensemble RF’s work as a
trainable classifier.The proposed method is able to automatically learn features from the raw images
and predict the pattern. Uses DRIVE & STARE database.
Priya C[5] proposed Image segmentation model based on hierarchical pixel is preferred to obtain blood
vessels from fundus images of the eye.
T.S. Sasikala[6] presented a unimodal biometric system which relies on the retina of the human eye. In
this DRIVE & VARIA datasets were used.
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Lan-Yan Xue[7] stated that we use color and texture as the saliency features for vessel extraction
combined with region optimization. Optimization can be obtained through the gray histogram
thresholding method to segment the vessel. Accuracy was 94%.
Zhun Fan[8] states it is based on integral channel features and random forest.
Accuracy: 0.9614, 0.9588
Sensitivity: 0.7191, 0.6996

DRIVE, STARE

Specificity: 0.9849, 0.9787
C.Gunaselvi [9] stated ten different features based on shape, color, contrast & brightness are extracted.
Based on the values of these feature vector each patient is categorized as mild, moderate and severe
using Random forest classifier. Area under receiver operating curve was 0.87.Average computational
time was 6.38sec.

3. RELATED WORK
STAR

Read Retina Fundus
images
Threshold by ISO DATA
Resize the image
Remove small pixels
Convert RGB to Gray using
PCA

Contrast enhancement using
CLAHE

Masking using
OVERLAY
Final segmented
images

Background Exclusion by Average
STOP
Figure2: Flowchart of Tyler Coye Algorithm
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Tyler Coye Algorithm: Fig. 2 shows the flow chart of the Tyler Coye algorithm
for vessel segmentation in retinal images. The principle component analysis (PCA) of weighted
Lab color model is employed for converting the image into grayscale. The contrast enhancement is
completed by adaptive histogram equalization. Following the contrast enhancement step, it
excludes the background by subtracting the average filtered image. Isodata is employed for
extracting a good intensity for the binarization process and eventually, the smaller components
are removed by considering the dimensions of every connected components.
Algorithm:
Step1: Read the Image using ‘imread’.
Step2: Resize the Image for easier computation using ‘imresize’.
Step3: Read the resized Image.
Step4: Now convert this RGB image into GRAY image via PCA(empty matrix).
Step5: Enhancing the contrast of gray image using CLAHE(Contrast Limited Adaptive Histogram
Equilisation).
Step6: Now apply average filter.
Step7: Now take the difference between gray image and average filter.
Step8: Now thresholding of the image is done using ISODATA method.
Thresholding: It is the portion of the image into foreground and background.
By knowing the thresholding level we can convert the gray image to a binary image.
This method was developed by Ridler and Calvard.
Thresholding level is a normalized value lies between 0&1.
Initially histogram image in step5 is divided into 2 parts.
Now a new threshold value is computed with the average of these two sample means.
The process is repeated until the threshold value does not change any more.
Step9: Now remove all the small pixels.
Step10: Now do the overlay.
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Overlay creates a mask-based image overlay. It takes input image and a binary mask and it
produces an output image whose masked pixels are replaced by a specified color.

4. RESULT ANALYSIS
The outputs of the proposed work and their ground truth measures are the typical manual
annotations that are mentioned by different ophthalmologists. These are specific for a particular
database that evaluates the segmentation performances of the automated retinal image investigation
values by means of sensitivity, specificity, precision accuracy and the f1- score which are based on
the following aspects. 1. true positive (TP gives pixels which are correctly identified), 2. false
positive (FP gives pixels which are incorrectly identified), 3. true negative (TN gives pixels which
are correctly rejected), and 4. false negative (FN gives pixels which are incorrectly rejected)
where one can derive the following measures:
Sensitivity = TP/(TP+FN)
Specificity = TP/(TP+FP)
Precision = (TP+TN)/(TP+FP+TN+FN)
Accuracy = 2TP/(2TP+FP+FN)
The results disclosed in this section which are arranged in three columns for three images show the
process of the method leading to effective segmentation. Also, Table 2 describes the performance
measures which are calculated to make evident that the proposed method is quite near reachable to
the ground truth segmentation and is outstanding with: i. an average sensitivity of
69.03%(sensitivity is inversely proportional to better segmentation of blood vessels) ii. an average
specificity of 98.10% (the more value of sensitivity, the higher segmentation of blood vessels) iii.
an average accuracy of 97.96% (the more value of accuracy, the better segmentation of blood
vessels)

(a) Input test image(left eye)
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(c) Background excluded image

(d) Final segmented image
Fig-3: (a), (b), (c), (d) images during simulation

5. CONCLUSION
The effectiveness of using Tyler Coye Algorithm is witnessed in this paper which gave an
outstanding accuracy of the segmentation process. Also the CLAHE method served a better purpose in
increasing the contrast of the gray retinal images. The result analysis being done proves that this
approach which used STARE database gives better segmentation accuracy of 95%. The results of both
qualitative and quantitative chemical analysis showed the prevalence of CLAHE in enhancing the
retinal images for vessel segmentation, hence we will conclude that CLAHE is not only suitable for this
application but also out performs all other enhancement techniques which are used in the comparison.
Further works can be directed to tune up the parameters detect the other possible components in retinal
images such as fovea, optical disc and retinal lesions.
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