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ABSTRACT: Recently, there has been a rapidly growing 

interest for the establishment of automatic systems, which 

carry out the screening of a large number of people for 

vision endangering diseases such as Diabetic Retinopathy 

and for providing an automatic detection technique for the 

diseases. Image processing is currently evolving as a very 

practical and a helpful tool for the screening of Diabetic 

Retinopathy. Digital imaging provides a high quality record 

of the fundus images that are permanent, and which can be 

utilized by ophthalmologists for supervising the progression 

or response to the therapy. Digital images have the potential 

to be processed by automatic analysis systems. Fundus 

image analysis is a complex task, due to the variable nature 

of the fundus images based on colour/gray levels, the 

morphology of the anatomic structures of the retina and the 

presence of specific features in various patients that may 

result in a wrong understanding. In the previous works, 

multiple instances of the application of digital imaging 

methodologies, which are used in the detection of Diabetic 

Retinopathy, can be seen. There have been quite a few 

research examinations for the identification of retinal 

elements such as blood vessels, optic disc, fovea and retinal 

lesions, which include microaneurysms, hemorrhages and 

exudates available in the literature.  Inherent characteristics 

of retinal images are responsible for making the blood 

vessel detection process sophisticated. This review work 

focuses on the study of various existing techniques 

available for retinal image analysis. 

INDEX TERMS: blood vessel detection, Diabetic 

Retinopathy, digital imaging methodologies, Digital 

images, and automatic analysis. 

1. INTRODUCTION  

Diabetic Retinopathy has been recognized as one among the 

prominent causes for blindness or vision impairment in 

India (Mabaso and Oduntan, 2014). Although cataract still 

remains the main reason of blindness, the extreme work 

done under the National Programme for Control of 

Blindness (NPCB) along with the aid provided by 

international non-governmental organizations have cut 

down its degree of contribution to blindness by 80% in the 

year 1988 to about 62% in year 2002. At present, there are 

nearly 41 million diabetics in India and each diabetic has a 

possible chance for vision loss because of Diabetic 

Retinopathy (DR). Hence, it is a suitable time now for 

focusing on Diabetic Retinopathy and to get the issue under 

check as it was previously done for the case of cataract 

blindness. Still, there is a need to differentiate the problems 

involved in dealing with impairment of vision that arise due 

to Diabetic Retinopathy as they are not the same as that of 

cataract. While cataract blindness can be cured by a single 

time simple surgery, Diabetic Retinopathy poses a variety 

of problems and its prevention is possible if it is detected at 

the early stage. It is a symptomless situation on the stage 

when it can be treated, but when a person is diagnosed 

along with loss of vision, it becomes very late for treatment. 

The National Eye Institute, Bethesda, USA has provided 

support for various experiments and has proved that laser 

treatment is good for Diabetic Retinopathy.  

Detection at an early stage and dealing with 

the risk factors that are responsible for Diabetic 

Retinopathy could help in postponing the development of 

Diabetic Retinopathy or prevent its advancement 

(Ramachandran et al., 2010). The challenges not only 

include the creation of awareness among the general public, 

but also in the minds of the health professionals that the 

persons suffering from diabetes must go through an 

elaborate eye examination and that it has to be periodically 

conducted as per advice (Quigley and Broman, 2006). A 

planned approach towards health education and production 

of awareness between patients and other health personnel, 

along with suitable screening and treatment mechanisms, 

will have a greater hand in the prevention of blindness 

caused due to Diabetic Retinopathy. 

Retinal images have a crucial role in many 

applications inclusive of the ocular fundus operations and 

human recognition (Dua et al., 2005). They also have huge 

roles to play in detecting diabetes in its early stages, by 

comparison of the states of retinal blood vessels. Detecting 

blood vessels from the retinal images is generally a time 

consuming procedure. Diabetic Retinopathy is one among 

the complications due to diabetes mellitus which affects the 

retina and the choroid (Martinez-Perez et al., 2007). Several 

efforts have been carried out, and different techniques have 

been introduced for the segmentation of retinal images. 

These complications can result in larger problems, if they 

are not dealt with on time. Therefore, an effective method is 

needed for enhancing and preparing the retinal image for 

detecting the vessels in a better manner. This review work 

makes study of effective versions of Wavelet 
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Transformation techniques for the analysis of retinal 

images.  

 

 

2. LITERATURE REVIEW  

This review work focuses on the study of various 

existing techniques available for retinal image analysis. The 

Latency Diagram of the Existing retina image Approaches 

are shown in figure 1. 

 

Figure 1. Latency Diagram of the Existing retina image Approaches 

2.1. PRE-PROCESSING METHODS FOR ANALYSIS 

OF RETINAL IMAGES 

Youssif et al., (2007) introduced three major 

pre-processing methodologies which are Mask Generation, 

Illumination Equalization and Color Normalization, and 

their effect on detecting Retinal Anatomy.  In each 

methodology, a comparative performance measure, based 

on proposed appropriate metrics, is accomplished among 

available methods, using two publicly available fundus 

datasets. Additionally, the comprehensive normalization 

methodology is presented which recorded satisfying results 

on the application for color normalization.  

Rezatofighi et al., (2008) found that a Retinal 

images acquired using a fundus camera often contain low 

grey, low level contrast and are of low dynamic range. 

Here, a fresh new multi-scale technique for retinal image 

contrast improvement using Contourlet Transform is 

presented. The work proposed is an aggregation of the 

feature extraction approach, which makes use of Local 

Binary Pattern (LBP), morphological technique and spatial 

image processing for segmentation of the retinal blood 

vessels in optic fundus images. Moreover, performance of 

Adaptive Neuro-Fuzzy Inference System (ANFIS) and 

Multilayer Perceptron (MLP) is examined in the 

classification section. The results are numerically evaluated 

for various algorithms. 

Miljkovic and Olga (2009) explained that 

image pre-processing is the term used for the processes 

done on images, with an abstraction at the lowest level, and 

whose goal is improving the image data to suppress the 

unnecessary distortions or enhance few of the image 

features significant for future processing. It does not give an 

increase in image information content. Image pre-

processing tool, developed in MATLAB, implements 
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numerous brightness transformations and local pre-

processing techniques.    

Yang et al., (2011) proposed that image 

radiometric distortion poses huge problems to several 

remote sensing dependent image change detection 

techniques. Thus, image radiometric normalization is 

crucial for detecting changes with success and other image 

analysis. Histogram Matching (HM) technique has been 

generally utilized for radiometric normalization. 

Nonetheless, when two related image scenes own partial 

variations, these changes will impart extra distortions in the 

histogram matching procedure. The preliminary results 

indicate that the proposed method significantly improves 

the performance of change detection for a given threshold 

as judged by visual inspection. 

Trucco et al., (2013) analyzed the validation 

of Automatic Retinal Image Analysis (ARIA) algorithms. 

For reasons of space and consistency, it concentrated on the 

validation of algorithms processing color fundus camera 

images, currently the largest section of the ARIA literature. 

Then it presents a list of recommendations, focusing on the 

creation of large repositories of test data created by 

international consortia, easily accessible via moderated 

Web sites, including multicenter annotations by multiple 

experts, specific to clinical tasks, and capable of running 

submitted software automatically on the data stored, with 

clear and widely agreed-on performance criteria, to provide 

a fair comparison. 

Radha  and Bijee Lakshman (2013) presented 

a technique for the Retinal image analysis via effective 

detection of exudates to perform the recognition of the 

retina to be normal or abnormal. Curvelet Transform 

improves the contrast image. Therefore, morphology 

operators are utilized for the image that is enhanced for 

finding the retinal image ridges. A simple thresholding 

technique, accompanied by the closing and opening 

operation, shows the remaining ridges that belong to 

vessels. The clustering technique is useful for the efficient 

detection of exudates of eye. In this system the Probabilistic 

Neural Network (PNN) is used for training and testing the 

pre-processed images. The results indicate that the retina is 

normal or abnormal, thus providing an efficient analysis of 

the retinal image. 98% accuracy is obtained in the 

investigation of the exudates in the retina. 

Fiorini et al. (2014) proposed an approach for 

the generation of artificial and original retinal fundus color 

images, characteristics similar to a given data set, apart 

from the values of all morphological parameters. The work 

chiefly focuses on generating the non-vascular regions (i.e., 

Retinal background, Fovea and Optic Disc) and it is 

balanced by a study done parallel with the creation of 

structure and texture of the vessel network. The validity of 

the system generated retinal images has been exhibited by 

visual investigation and quantitative experiments. 

Table 1. Identification of Research gap -Preprocessing Process 

Existing Techniques Limitations Proposed Modification Advantages 

Interpolation based 

Discrete Wavelet 

Transform (DWT) 

 

 Loss of High Frequency (HF) components 

which is due to the smoothing 

 Expensive 

 Occupies more memory space 

 Otsu Thresholding 

approach 

 Otsu with median 

filtering approach  

 Reduce the artifacts, 

blurring and jagged 

edges introduced 

during up-sampling 

Histogram 

Equalization (HE) 

 Information on the histogram input image 

will be lost 

 Loss of definition on the edges of the object 

and over enhancement of noise in the images 

 Normalization  Degradation of overall image quality 

 Image normalization can be a time 

consuming process and can add a significant 

amount of time to the e-Discovery export 

process in large cases. 

 Gabor Filter  Time Complexity 

 Some noise will be present which may 

degrades the performance of the system 

 Expectation 

Maximization 

 It is hopelessly slow in linear convergence in 

some case 

 Complex in nature 

 Wavelet Transform  Time-consuming,  

 Laborious and  

 Expensive 

 Mean Filter  Not continuous 
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  It is also not differentiable 

 

 Discrete Fourier 

Transform 

 

 Sensitivity to noise, and Inaccurate 

 Malfunctioning at the corners, curves and 

where the gray level intensity function varies. 

 Complex Computations 

 Time Consuming 

 Local Thresholding 

approach 

 

 Low Contrast 

 

In Table 1, the important methods with their 

demerits are enlisted. The various existing methodologies 

of the preprocessing approach which may contain both 

merits and demerits are analyzed. The existing 

preprocesssing algorithms presented in image processing 

area contain many problems, such as lack of sensitivity to 

noise, low contrast images, time consuming and so on. This 

research proposes a novel algorithm based on preprocessing 

and image representation selection algorithms to deal with 

these problems. 

2.2. TRANSFORMATION METHODS FOR 

ANALYSIS OF RETINAL IMAGES 

Candes et al., (2006) analyzed a work of 

Curvelet Transform which is referred to as multi-scale 

transform, that can be used for representing the edges along 

curves with much efficiency. This work explains the 

evolution of segmentation technology in the retinal blood 

vessel image processing got by using non-mydriatic color 

photography. Highly accurate recognition of blood vessels 

for examining the variations in the vessel network can be 

utilized for detecting the changes in the blood vessel 

diameter related to the path hysiology of diabetes. The 

method has the disadvantage of missing a few thin vessels 

due to usage of a simple thresholding method. This work 

contributes to the implementation of a technique, which 

will also be suitable for blood vessels with small length. 

Rezatofighi et al., (2008) presented a new 

multi-scale method for retinal image contrast enhancement 

using Contourlet Transforms. Here, a combination of 

feature extraction approach, which utilizes Local Binary 

Pattern (LBP), morphological method and spatial image 

processing, is proposed for segmenting the retinal blood 

vessels in optic fundus images. Furthermore, performance 

of Adaptive Neuro-Fuzzy Inference System (ANFIS) and 

Multilayer Perceptron (MLP) is investigated in the 

classification section. The performance of the proposed 

algorithm is tested on the publicly available DRIVE 

database. The results are numerically assessed for different 

algorithms.           

Esmaeili et al., (2010) offered a new curvelet 

based algorithm for the separation of these red lesiogns 

from the remaining color retinal image. In the subsequent 

stage, Digital Curvelet Transform (DCUT) was employed 

for the production of an improved image and modification 

of curvelet coefficients for leading the red objects to zero. 

Then, these lesions are separated as candidate region by the 

application of a suitable threshold.  Lastly, the total 

structure of blood vessel is selected by applying a curvelet-

based technique, and the False Positives (FPs) are removed 

by the subtraction of the vessel structure from the candidate 

images. Experiments on 89 retinal images got from diabetic 

patients show that this work is capable of achieving 94% 

sensitivity and 87% specificity in detecting red lesion.        

Zahedi and Behrad (2010) discussed a process 

to compensate the rotation effects which might occur during 

scanning process. Then, a circular Region of Interest (ROI) 

around optical disc is selected. Next, a rotation invariant 

template is created from each ROI by a polar 

transformation. In the next stage, vessels from each 

template are enhanced. Radon transform is used for feature 

definition in this method. Finally, 1D discrete Fourier 

transform and Euclidian distance for feature matching is 

employed. The proposed algorithm was tested on images 

from DRIVE database. Experimental results on the database 

demonstrated an average identification rate equal to 100 

percent in identification system.            

Zahedi and Sadjedi (2010) proposed a new 

biometric identification system base on Fourier transform 

and special partitioning presented in this article. In this 

method, at first, optical disc is localized using template 

matching technique and used for rotating the retinal image 

to reference position. This method was tested on a database 

containing 200 retinal images got from 40 persons. In this 

article, noisy and rotated retinal images are utilized for the 

identification process. An identification rate of 98% can be 

achieved in this technique. 

Miri et al., (2011) presented a new approach 

to extract the blood vessels using thresholding method and 

to detect Optic Disc using circular Hough transform 

method. Finally, detection of the exudates is done using 

adaptive thresholding method in fundus image. Silvia et al., 

(2012) proposed the Ripplet I transform which efficiently 

represents the edges and textures and it can also be utilized 

for capturing the 2D singularities along a family of curves 

in images. Reconstruction is conducted using a 

morphological operator, which has been used for the 

extraction of the connected components of an image. Thus 

the segmented blood vessels are obtained which has been 

utilized for medical applications.  
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Table 2. Identification of Research Gap-Transformation Approaches 

Methods Existing 

Techniques 

Limitations Proposed 

Modification  

Advantages 

Contrast 

Enhancement 

 Complex 

Wavelet 

Transform 

(CWT) 

 High computational complexity  

 High memory capacity 

requirement are important 

disadvantages 

 Contourlet 

Transform 

 Wavelet Based 

Contourlet 

Transform 

 NonSubsampled 

Contourlet 

Transform 

 Simple, 

 Relatively robust  

 Provides better result 

 

 Wavelet 

Transform 

 time-consuming,  

 laborious and  

 expensive 

 Ripplet I 

Transform 

 

 Not continuous 

 It is also not differentiable 

 

 Discrete Fourier 

Transform 

 

 Sensitivity to noise, Inaccurate 

 Malfunctioning at the corners, 

curves and where the gray level 

intensity function varies. 

 Complex Computations, 

 Time consuming 

 Fourier 

Transform 

 

 Low contrast 

 This method may not distinguish 

the shading of the real images 

In Table 2, the important methods with their 

demerits are discussed. The various existing methodologies 

of the transformation approach which may contain both 

merits and demerits are discussed. The existing 

transformation approaches presented in image processing 

area exist with many problems, such as High computational 

complexity, High memory capacity requirement and so on. 

This research proposes a novel algorithm based on 

transformation approaches to deal with these problems. 

2.3. RETINAL IMAGE PROCESSING ANALYSIS 

METHODS  

Patton et al., (2006) provided an explanation 

on the principles on which the retinal digital image analysis 

is based. The author remarked that the current technique 

automatically identifies landmark characteristics of the 

fundus, like Optic Disc, fovea and blood vessels. The 

author analyzes the utilization of image analysis in 

automatic diagnosis of pathology. 

Martinez-Perez et al., (2007) presented a 

method to automatically segment retinal blood vessels 

according to multi-scale feature extraction approach. This 

technique deals with the problem of variations in contrast, 

inherent in these images through the initial and second 

spatial derivatives of the intensity image that provides data 

on vessel topology. This technique also facilitates the 

determination of blood vessels of different widths, lengths 

and orientations. The development gradually partitions the 

blood vessels through feature information connected with 

spatial information. The algorithm is evaluated on red-free 

and fluorescein retinal images.  

Tan et al., (2009) discussed the application of 

various image processing techniques for automatic 

detection of glaucoma. Glaucoma is a neurodegenerative 

disorder of the optic nerve, which causes partial loss of 

vision. A Large number of people suffer from eye diseases 

in rural and semi-urban areas all over the world. Current 

diagnosis of retinal disease relies upon examining retinal 

fundus image using image processing. The key image 

processing techniques to detect eye diseases include image 

registration, image fusion, image segmentation, feature 

extraction, image enhancement, morphology, pattern 

matching, image classification, analysis and statistical 

measurements.  

The work by Vijayakumari and 

Suriyanarayanan (2010) introduces an operator for feature 

extraction based on the optical and spatial properties of 

objects to be recognized. The gray-level profile of the cross 

section of a blood vessel is approximated by a Gaussian 

shaped curve. The concept of matched filter detection of 

signals is used to detect piecewise linear segments of blood 

vessels in these images. It constructs 12 different templates 

that are used to search for vessel segments along all 

possible directions. This work discusses various issues 

related to the implementation of these matched filters. The 

results are compared to those obtained with other methods. 

The automatic detection of blood vessels in the retina could 

help physicians in diagnosing ocular diseases. 

Rangayyan et al., (2010) explained a work 

using a method for Gabor filters and phase portraits to 

automatically locate the Optic Nerve Head (ONH) in 

fundus images of the retina. Because the center of the ONH 

is at or near the focal point of convergence of the retinal 
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vessels, the method includes detection of the vessels using 

Gabor filters, detection of peaks in the node map obtained 

via phase portrait analysis and an intensity-based condition. 

The method was tested on 40 images from the Digital 

Retinal Images for Vessel Extraction (DRIVE) database 

and 81 images from the Structured Analysis of the Retina 

(STARE) database. An ophthalmologist independently 

marked the center of the ONH for evaluation of the results. 

FROC analysis indicated a sensitivity of 100% at 2.7 False 

Positives per image. With the STARE database, FROC 

analysis indicated a sensitivity of 88.9% at 4.6 False 

Positives per image.  

Marrugo et al., (2011) presented a work that 

used an image enhancement technique for the compensation 

of non-uniform contrast and luminosity distribution in 

retinal images, and also explores optic nerve head 

segmentation by means of color mathematical morphology 

and the use of active contours. Miri and Ali Mahloojifar 

(2011) introduced a new algorithm to recognize the retinal 

blood vessels efficiently. Because of higher capability of 

the Curvelet Transform in denoting the edges, modification 

of Curvelet Transform coefficients to improve the retinal 

image edges better organizes the image for the 

segmentation component. An effortless thresholding 

method, all along with Connected Components Analysis 

(CCA), shows the remained ridges fit into vessels. The 

experimental results in DRIVE database attains more than 

94% accuracy in about 50 s for blood vessel detection, and 

confirm that the blood vessels can be efficiently detected by 

applying this technique on the retinal images. 

Sri and Manjula (2011) presented an 

automated analysis of retinal images that can assist in 

the diagnosis and management of blinding retinal diseases, 

such as Diabetic Retinopathy, Age-related Macular 

Degeneration (AMD) and Glaucoma. Retinal fluorescein 

images at two different stages of Angiogram and a color 

fundus image of the same patient are used as input images 

for lesion diagnosis. This work presents a 

novel technique for diagnosis of lesions through 

Fluorescein Angiographic Images using 

Virtual Instrumentation (VI). Kavitha and Palani (2012) 

introduced an automated image processing system, which 

detects the abnormality as Proliferative Diabetic 

Retinopathy (PDR) using image substraction technique and 

Severe Diabetic Retinopathy (SDR) using blob detection 

technique. It also helps to identify if  a patient is on the 

verge of Diabetic Retinopathy or not. This further helps to 

avoid blindness.  

Yin et al., (2014) presented a work that shows 

a comprehensive method for segmenting the retinal 

vasculature in camera images of the fundus. Entropy-based 

binarization technique is repeated on the original image, but 

crucially, with a different threshold to incorporate the 

central reflex vessels. The final segmentation is achieved by 

combining the segmented vessels with and without central 

light reflex. This work carried out an approach on DRIVE 

and REVIEW, two publicly available collections of retinal 

images for research purposes. The obtained results are 

compared with state-of-the-art methods in the literature, 

using metrics such as sensitivity (True Positive Rate), 

selectivity (False Positive Rate) and Accuracy rates for the 

DRIVE images and measured vessel widths for the 

REVIEW images.  

2.4. FALSE EDGE DETECTION IN RETINAL 

IMAGE PROCESSING 

Tsai et al., (2008) presented Retinal clinicians 

and researchers make extensive use of images, and the 

current emphasis is on digital imaging of the retinal fundus. 

The work is to introduce a system, known as Retinal Image 

Vessel Extraction and Registration System (RIVERS) 

which provides the community of retinal clinicians, 

researchers and work directors an integrated suite of 

advanced digital retinal image analysis tools over the 

Internet. The integrated internet-based system can enable 

significant advances in retina-related clinical diagnosis, 

visualization of the complete fundus at full resolution from 

multiple low-angle views, analysis of longitudinal changes, 

research on the retinal vasculature and objective, 

quantitative computer-assisted scoring of clinical trials 

imagery.  

Dua  et al., (2010) introduced a new edge 

detection technique based on the regional recursive 

hierarchical decomposition, using quad tree and post-

filtration of edges using a finite difference operator. The 

work shows that in medical images of common origin, focal 

and/or penumbral blurred edges can be characterized by an 

estimable intensity gradient. This gradient can further be 

used for dismissing false alarms. A detailed validation and 

comparison with related works on Diabetic Retinopathy 

images and CT scan images show that the proposed 

approach is efficient and accurate. 

Jaafar  and Hussain (2011) proposed an about 

an automated algorithm to detect and grade the severity of 

hard exudates. The detection process is based on top-down 

image segmentation and local thresholding by a 

combination of edge detection and region growing. Using 

features of the fovea and their geometric relations with 

other retinal structures, a method for the fovea localisation 

is proposed. Grading of hard exudates was performed using 

a polar co-ordinate system centred at the fovea. The results 

of hard exudate detection process were validated based on 

clinician hand-labelled data (ground truth), with an overall 

sensitivity of 93.2%. The superior performance of this 

technique suggests that it could be used for a computer-

aided mass screening of retinal diseases. 

Karasulu and Bahadir (2012) analyzed the 

Sobel and Prewitt edge detectors based on the discrete 

differentiation operators. The Kirsch compass kernel is a 

non-linear edge detector. These edge detectors usually find 

the maximum edge strength in predetermined directions. 

International Journal of Scientific Research and Review

Volume 7, Issue 9, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/465



SCILAB is an open source, crossplatform numerical 

computational package. It uses a high-level, and 

numerically oriented programming language that is similar 

to MATLAB numerical computing environment. In this 

paper, the Sobel, and Prewitt edge detectors and the edge 

detection based on the Kirsch templates (i.e., kernel) are 

used to detect and extract the retinal blood vessels by using 

developed SCILAB implementation. Experimental results 

show that the implementation based on Kirsch templates is 

more preferable than standard implementations of Sobel 

and Prewitt edge detectors used in SCILAB's image 

processing design (IPD) and image and video processing 

(SIVP) toolboxes. 

3. RESEARCH GAP  

Vessels, fovea and optical disc are the three 

most important structures of the human retina, and are 

mostly used for several applications (Starck et al.,  2003). 

Manual detection of these important structures is time 

consuming and depends on the expertise of the user. The 

segmentation of blood vessels from fundus photographs can 

be difficult for a number of reasons. The two most 

influential factors that make the segmentation difficult are 

the improper retinal image contrast and the uneven 

background illumination. The uneven illumination is from 

the acquisition process, while the unsuitable contrast is also 

from the acquisition process and the fact is that different 

vessels have different contrast with background.  In other 

words, arteries have higher contrast than veins. Thick 

vessels also display a higher contrast with the background 

than do thin ones. Moreover, presence of noise, fovea and 

optical disc as well as vessels with various widths, effects 

of lesions and pathological changes are the other cases to be 

considered. Therefore, an automatic blood vessel detection 

tool that segments the blood vessels of retina in a short time 

and with high accuracy is necessary. 

4. RESEARCH CONTRIBUTION AND 

METHODOLOGY FOR RETINAL IMAGE 

ANALYSIS  

The overall research system architecture is 

shown in Figure 2.  

Figure 2. Overall Research Diagram 

The efficient transformation approaches used in the present 

research work are: 

1. Retinal Image Analysis Using Contourlet Transform 

(CT) and Multistructure Elements Morphology by 

Reconstruction, 

2. Wavelet Based Contourlet Transform (WBCT) and 

Multistructure Elements Morphology by 

Reconstruction for Retinal Image Analysis, and  

3. Retinal Image Analysis Using Nonsubsampled 

Contourlet Transform (NSCT) and Morphology by 

Reconstruction. 

5. CONCLUSION AND FUTURE WORK  

 This review work explores the literature on 

pre-processing techniques, contrast enhancement 

techniques, edge detection and false edge removal 

techniques in retinal image analysis. Based on the above 

discussion, the major limitations and the advantages of the 

existing techniques involved in retinal image analysis are 

investigated. It is observed from the literature study that, 

wavelet transform provides efficient results in image 

processing application. Taking this as a motivation, this 

research work is carried out with the extension of wavelet 

transform for further processing of the retinal image 

analysis. Moreover, this review also explains the 

contribution of this work to improve the performance of the 

blood vessel detection of retinal images. 
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