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ABSTRACT 
 

Diabetic retinopathy is an important disease which needs to be diagnosed in earlier to prevent the harmful 

heart attacks. This paper outlines a brief survey over different techniques developed to diagnose the DR 

through retinal images. Briefly the earlier approaches are classified into preprocessing and feature extraction 

techniques. The main objectives f feature extraction techniques is to normalize the retinal image such that it is 

suitable for analysis and further the feature extraction techniques aims in the extraction of optimal feature set 

to make the detection system more effective. The pros and cons of all earlier approaches are also discussed in 

this paper. 
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I. INTRODUCTION 

 

Automation in medical diagnosis is been in 

investigation from a long time. Researchers have 

focused on various aspects of medical data to process, 

towards automation of medical diagnosis, resulting in 

faster, economical and accurate diagnosis. The primal 

objective of such system is to overcome the 

dependency of sample analysis for the captured 

medical data and process in a supervised manner to 

extract and detect the effects observed in a given 

sample. Towards automation, various medical 

samples, such as MRI, mammogram, x-rays, ECG, 

EEG etc. are analyzed in online or offline mode. 

Towards developing automation approach for the 

detection of Diabetic Retinopathy (DR) through 

retinal image analysis a similar objective of retinal 

image diagnosis was also developed [1], [2].  

In retinal image analysis, retinal blood vessel 

segmentation and delineation of morphological 

attributes such as vessel length, vessel width, 

tortuosity of vessel and/or branching pattern of 

vessel and the angle details are utilized for the 

diagnosis of Diabetic Retinopathy. Automatic 

detection of retinal vasculature can help in the 

implementation of diagnosing programs for DR, 

Evaluation of retinopathy of prematurity [3], fovea 

avascular region detection [4], arteriolar narrowing 

[5], the relationship between vessel tortuosity and 

hypertensive retinopathy [6], vessel diameter 

measurement in relation with diagnosis of 

hypertension [7], and computer assisted laser surgery. 

Further the automatic extraction of branch points of 

vessels and maps of vessels can be used for 

multimodal or temporal image registration [8], optic 

disk identification [10] and location of fovea. Finally 

the retinal vascular structure of every individual is 

unique; it can be used for biometric identification 

[11,12].  

This paper gives a complete idea about the blood 

vessel segmentation and all the earlier proposed 

approaches to achieve. Rest of the paper is organized 

as follows: section II gives the details of structure of 

retinal image. Section III gives the details of 

literature survey. Section IV concludes the paper.  
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II. LITERATURE SURVEY 

 

Based on the above discussion, the automatic 

detection of DR involves the extraction of all the 

fundus image features mentioned above. Hence the 

literature survey carried out in this paper also follows 

the same procedure i.e., the approaches focused on 

the preprocessing are discussed first followed by 

optic disk segmentation, blood vessel extraction, 

Exudates detection and finally the classification 

techniques.  

 

1. Preprocessing   

The main objective of preprocessing techniques is to 

attenuate image variation by normalizing the original 

retinal image against a reference model or data set for 

subsequent viewing, processing or analysis. 

 

Because of the acquisition process, very often retinal 

images are non-uniformly illuminated and exhibit 

local luminosity and contrast variability. This 

problem may seriously affect the diagnostic process 

and its outcome, especially if an automatic computer-

based procedure is used to derive diagnostic 

parameters. A new method is proposed in [14], [15] 

to normalize luminosity and contrast in retinal 

images, both intra- and inter-image. The method is 

based on the estimation of the luminosity and 

contrast variability in the background part of the 

image and the subsequent compensation of this 

variability in the whole image.Due to the complex 

imaging setup, there is a large luminosity and 

contrast variability within and across images. Here, 

[16] use the knowledge of the imaging geometry and 

proposed an enhancement method for colour retinal 

images, with a focus on contrast improvement with 

no introduction of artifacts. The method uses non-

uniform sampling to estimate the degradation and 

derive a correction factor from a single plane. 

[16]Also proposed a scheme for applying the derived 

correction factor to enhance all the colour planes of a 

given image.Furthermore, empirical observations by 

[17] and [18] identify the green channel of RGB 

images as containing the maximum contrast. [19] 

Also note that the green channel appears to provide 

more information and is less subject to non-uniform 

illumination. The blue channel contains little useful 

information for the detection of retinal features.  

 

Histogramequalization redistributes the histogramof 

each colorchannel in the input image such that the 

output image contains auniform pixel value 

distribution. [20] Proposed a method using improved 

nonlinear hue-saturation-intensity color model 

(INHSI) to preserve color information of the retinal 

images. The intensity component is enhanced by 

Rayleigh transformation in contrast-limited adaptive 

histogram equalization (Rayleigh CLAHE) [21], [23] 

algorithm. Redistributing the histogram to match 

that of a reference image, which does not necessarily 

contain the lesion, may obscure evidence of the 

pathology. 

 

Contrast enhancement technique has an important 

role in the field of retinal image enhancement as it 

improves the contrast of an image. The contrast is an 

important factor to differentiate a good quality image 

from a low quality image.A new retinal image 

contrast enhancement method for Diabetic Screening 

System is presented in [22]. The proposed method 

evaluated by comparing the retinal image quality 

with different contrast enhancement methods which 

are applied in numerous papers [24, 25]. The 

proposed method produces better image quality and 

also preserves the mean brightness of the input 

images which is very important for medical image 

analysis.[19] Proposed a multilevel histogram 

equalization (MLE) method as a preprocessing step in 

the detection of drusen. The approach is based on the 

sequential application of histogram equalization to 

progressively smaller non-overlapping 

neighborhoods. The size of the neighborhood is 

always larger than the target lesion. However, the 

detection of multiple types of anatomy and pathology 

with different physical dimensions is also 
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problematic when relying upon a hierarchal 

neighborhood method.  

 

2. Optic Disk (OD) Segmentation 

Segmentation of the optic disk usually refers to the 

subsequent task of determining the contour of the 

disk. Localization and segmentation of the optic disk 

are important tasks in retinal image analysis. The 

disk centre and contour are often prerequisite 

landmarks in establishing a frame of reference for 

identifying Diabetic Retinopathy.Related work 

regarding the OD detection using fundus images can 

be broadly categorized into two groups based on: the 

shape, color, and structure of the OD, and the 

properties of the retinal vasculature. The automated 

algorithms belonging to both the categories are 

discussed as follows.  

 

2.1 Structural Features based OD detection 

This category includes the well-known methods that 

rely on the appearance and size of the OD [26], such 

as the method in [27] that detects bright regions by 

mathematical morphology and detects the OD as the 

largest high contrast average circular-shape area. The 

method in [28] uses morphology followed by 

watershed transform for the model-based OD 

detection. The method in [42] first locates a pixel 

belonging to the OD region, and then applies 

boundary segmentation by morphology, edge 

detection, and circular Hough transforms. Other 

well-known methods in [29] and [30] use a line 

operator to capture the circular brightness structure 

of the OD since the maximum and minimum 

variation along the linear operator has a specific 

pattern to locate the OD. 

 

2.2 Retinal Vasculature based OD detection 

This category of methods examine the retinal 

vasculature for locating the OD, since the OD is the 

point of entrance of the optic nerve and blood vessels 

which branch out into finer vessels through the 

retina. The method in [26] applies a search on the 

branching network patterns formed by the blood 

vessels to converge to the region where most paths 

ended, followed by the application of Hough 

transform on all such regions to finally locate the OD. 

 

Another method in [31] matches directional patterns 

of the retinal blood vessels to match the direction of 

OD vicinity. The method in [32] localizes the OD by 

tracking the blood vessels using Gabor filters to 

detect the peaks in nodes via phase portrait analysis 

and locates the OD at the focal point of the vessels 

using Hough transform. The method in [33] applies 

watershed transform for detecting the OD location 

and disc boundary using the information regarding 

the major vessel arcade. Besides, maximization of 

vessel pattern-based entropyis used to detect the 

location of the OD in [34].  

 

2.3 Combined Strategies 

Some algorithms, however, have combined the two 

categories, such as the method in [35] that locates the 

OD based on the structure of the OD, the 

convergence of blood vessels at the OD, and the 

variation in the size of the blood vessels entering the 

OD. Another method in [36] uses the feature-based 

k-nearest neighbor classifier for training and 

extracting the OD. The method in [43] uses an 

ensemble of pyramidal decomposition, edge 

detection, entropy-filter-based detection, Hough 

transform, and feature-vector-based algorithms for 

detecting the OD. Another method in [37] uses the 

principal component image plane followed by the 

removal of vessel regions, image inpainting, 

stochastic watershed transform, and regional 

discrimination for the OD boundary detection. Also, 

the method in [44] applies super-pixel classification 

to separate pixels of the disc from non-discs using 

histogram and center surround statistics. 
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III. RETINAL BLOOD VESSEL EXTRACTION 

 

The segmentation and measurement of the retinal 

vessels is of primary interest in the diagnosis and 

treatment of a Diabetic Retinopathy. As previously 

discussed, the accurate segmentation of the retinal 

blood vessels is often an essential prerequisite step in 

the identification of retinal disorders and 

abnormalities.The vessel cross-sectional intensity 

profiles approximate a Gaussian shape or a mixture of 

Gaussians in the case where a central vessel reflex is 

present. The orientation and grey level of a vessel 

does not change abruptly; they are locally linear and 

gradually change in intensity along their lengths. 

The vessels can be expected to be connected and, in 

the retina, form a binary treelike structure. However, 

the shape, size and local grey level of blood vessels 

can vary hugely and some background features may 

have similar attributes to vessels. Vessel crossing and 

branching can further complicate the profile model. 

As with the processing of most medical images, signal 

noise, drift in image intensity and lack of image 

contrast pose significant challenges to the extraction 

of blood vessels. 

In earlier so many approaches are proposed to 

perform retinal vasculature segmentation based on 

various aspects like curvature of vessel, 

morphological operations, matched filtering etc. This 

section gives a complete knowledge about the earlier 

proposed retinal vascular segmentation approaches.  

 

3.1 Curvature based methods  

In this case, the blood vessel can be modeled as a 

curve for smoother extraction. Along with this, the 

abnormalities in the blood vessels can be determined 

through the tortuosity of the vessels. Tortuosity is an 

indication of how winding a blood vessel is [45].  If 

there is more tortuosity in the blood vessel there may 

be chance of DR. Tortuosity can be happen in small 

portions of blood vessel or throughout the blood 

vessel network.  

 

3.1.1. Arc Length over Chord Length Ratio Methods 

Methods of this group have simple mathematical 

expressions. The first methods of this categorywass 

introduced in [46] and was widely utilized thereafter 

(e.g.,[47]–[50]). However, it is apparent that the arc 

over chord length ratio, on its own, is insufficient for 

determination of vessels with smooth curvature and 

vessels with variation in curvature direction. For 

compensation, [51] and [52] proposed modifications 

on the approach. In [52], vessels are partitioned into 

segments with the same convexity and a weighted 

sum of arc over chord length of all segments is 

proposed as a tortuosity measure. 

 

3.1.2. Methods Based on Curvature 

Curvature is a mathematical measure for 

howinflected a curve is at a certain coordinate. The 

author of [48] uses curvature to propose two 

tortuosity measures which are the integral of 

curvature and the integral of curvature squared. 

Moreover, the ratio of these integrals over arch or 

chord length has also been proposed as tortuosity 

measures in [48]. In [53], the integral of squared 

curvature derivative is suggested as a measure of 

tortuosity. These or other curvature-based algorithms 

have been used in most of the recent works including 

[54], [55] as well. Curvature based tortuosity 

measures are more reliable, but they impose a heavy 

computational burden compared to the methods of 

the first group. 

 

3.1.3. Methods Based on Angle Variation 

These methods compute the direction variations of 

the vessel to measure tortuosity. In [56], the average 

of the angles between sample center points that 

describe the vessel (called local direction variation) 

was used to measure tortuosity. In [57], the same 

method is used to measure local angles and the 

number of times a local angle surpasses 300 is 

considered as tortuosity index. 
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3.1.4. Methods Based on Other Domain 

These methods are in fact a subgroup of the 

curvature-based methods. The difference is that 

unlike the first group, they calculate curvature in 

domains beside the space domain. [58] Used Fourier 

analysis and [59] used circular Hough transform to 

calculate curvature. Moreover, in [60],Non-

Subsampled Contourlet Transform is used for 

curvature calculation. The key feature of these 

methods is evaluation of tortuosity without vessel 

extraction. However, they suffer from heavy 

computational burden as well. There have also been 

some special cases of tortuosity measurement 

algorithms. For example, [61] used cubic-spline 

interpolation for measuring tortuosity.  

 

3.2 Morphological based methods 

Morphological processing which consist of 

techniques dealing with digital image processing 

using mathematical morphology by applying some 

structure element (SE) to binary images and 

sometimes to gray-level images. 

 

A novel three-stage blood vessel segmentation 

algorithm was developed in [62]. The first stage is 

pre-processing by high-pass filtering then extracting 

a binary image and another binary image is 

reconstructed from morphologically enhanced image 

for the vessel regions. Next the major vessels are 

extracted which is common regions from these two 

images. Then the second stage, Gaussian Mixture 

Model (GMM) classifier is used to classify all pixels in 

the two binary images which are remained from 

previous stage.Morphological multi-scale 

enhancement method is also presented in [64]. For 

the extraction of the blood vessels in the angiogram; 

fuzzy filter and watershed transformation are used.In 

the method [65] an approach is presented which is 

combined unique vessel centerlines detection with 

morphological bit plane slicing. The first order 

derivative of a Gaussian filter is used in four 

directions to extract the centerlines, and then 

performing an average derivative and derivative signs 

with the extracted centerlines. Morphological 

multidirectional top-hat operation is applied on 

blood vessels gray-scale image with linear structure 

element to obtain the orientation map and shape. In 

[66] fast discrete curvelet transform with multi-

structure mathematical morphology is proposed. For 

detecting the blood vessels edges, multi-structure 

morphological transformation is applied. Then 

morphological opening is applied on the result image 

to remove the false edges. An automated 

enhancement and segmentation method for blood 

vessels is presented in [67]. This method decreases 

the optic disc influence and emphasizes the vessels 

by applying a morphological multidirectional top-hat 

transform with rotating structuring elements to the 

background of the retinal image.  

 

IV. CONCLUSIONS 

 

In this paper, a brief literature survey is carried out 

over the approaches developed to perform automatic 

detection of Diabetic Retinopathy. Based on 

objectives of earlier developed approaches, totally 

they are classified into four classes. They are 

preprocessing approaches, optic disk segmentation 

approaches, Retinal blood vessel extraction 

techniques and supervised classification techniques. 

Various approaches proposed by various authors 

aimed to optimize the accuracy of system by focusing 

towards these objectives. All the approaches are 

tested over standard databases as already mentioned 

in the paper and the performance is evaluated 

through the performance metrics Accuracy, 

Sensitivity and Specificity. 
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