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ABSTRACT
People with diabetes can have an eye disease called diabetic retinopathy. This is when high blood sugar levels cause damage to blood vessels in the retina. These blood vessels can swell or leak. Or they can close, stopping blood from passing through. Sometimes abnormal new blood vessels grow on the retina. All of these changes can steal your vision. Hence to detect this disease in the acute stage and to cure it the use of images of the retina obtained from the fundus camera is processed using the method called image processing and is detected in a particular software.  
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Chapter1
Introduction

Diabetic retinopathy, also known as diabetic eye disease, is a medical condition in which damage occurs in the retina due to diabetes mellitus. It is a leading cause of blindness.

Diabetic retinopathy affects up to 80 percent of those who have had diabetes for 20 years or more. At least 90% of new cases could be reduced with proper treatment and monitoring of the eyes. The longer a person has diabetes, the higher his or her chances of developing diabetic retinopathy.

Diabetic retinopathy often has no early warning signs. Even macular edema, which can cause rapid vision loss, may not have any warning signs for some time. In general however, a person with macular edema is likely to have blurred vision, making it hard to do things like read or drive. In some cases, the vision will get better or worse during the day.

Hence to treat and cure this disease related to eye, which is the basic necessity of an individual, the project is made using the technique called image processing where the images of retina will be processed using an algorithm in a 

particular software.

1.1 Aim and Objective
The main aim of the project is to detect diabetes and its symptoms in a patient by processing an image of the retina taken through a fundus camera.
· The primary objective is to prevent, retard, or reverse the vision loss in a patient containing diabetes and thereby improving their vision related quality of life.  
1.2 Project Outline
· Chapter 1 given brief introduction of project and objectives of project.
· Chapter 2 describes the literature reviews of the proposed study.
· Chapter 3 describes the proposed system Description.
· Chapter 4 describes Conclusion.
Chapter 2
Literature Review
As a Literature review process for this proposed system I refer many reputed journal papers, conference papers as well as publication papers in that some of noticeable portion from them are as follows:
[1] Paper: A novel automatic image processing algorithm for    detection of hard exudates based on retinal image analysis
Authors: Clara I. Sanchez, Roberto Hornero, Maria I. Lopez, Mateo Aboy, Jesus Poza, Daniel Abasolo
Publication Details: Elsevier journal
· They represent an automatic image processing algorithm to detect hard exudates which is based on Fischer’s linear discriminant analysis and make use of colour information to perform the classification of retinal exudates. 

·  They prospectively assessed the algorithm performance using a database containing 58 retinal images with variable colour, brightness, and quality. Our proposed algorithm obtained a sensitivity of 88%  and achieved an image-based classification accuracy of 100%

[2] Paper: Automatic detection of diabetic retinopathy exudates from non   dilated retinal images using mathematical morphology methods.
Authors: Akara Sopharak, Bunyarit Uyyaananvara,

                 Sarah Barman, Thomas H. Williamson
Publication Details: Elsevier journal 
· This paper investigates and proposes a set of optimally adjusted morphological operators to be used for exudate detection on diabetic retinopathy patients’ non-dilated pupil and low-contrast images

·  The results are successful and the sensitivity and specificity for exudate detection is 80% and 99.5%, respectively. Automatically detected exudates are validated by comparing with expert ophthalmologists’ hand-drawn ground-truths.

[3] Paper: Identification of different stages of diabetic retinopathy
            using retinal optical images
Authors: Wong Li Yun, U. Rajendra Acharya,

                Y.V. Venkatesh, Caroline Chee, Lim Choo min, E.Y.K. Ng
Publication Details: Elsevier journal 
· The study on different stages of diabetic retinopathy carried out in this experiment.  
·  Here as demonstrated a sensitivity of more than 90% for the classifier with the specificity of 100% is obtained as final result.

·  The health of the 4 types of patients are kept in concerned as they are 1) normal retina,2)moderate non proliferative diabetic retinopathy, 3) severe non proliferative diabetic retinopathy, 4) proliferative diabetic retinopathy. 
[4] Paper: Algorithms for digital image processing in diabetic retinopathy
Authors: R.J. Winder , P.J. morrow , I.N. McRitchie , J,R, bailie,  P.M. hart
            Publication Details: Elsevier journal
·   An efficient system that can routinely analyze digital retinal images and eliminate those where no new or increased pathology is present, would significantly reduce the workload for ophthalmologists and graders in diabetic retinopathy screening centres.

·  The main result mentioned in abstract is that it will give the detailed knowledge and guidance to the algorithm designers for diabetic retinopathy. 
[5]Paper: Automated identification of diabetic retinopathy stage using digital   fundus images
    Authors: Jagadish  Nayak, P. Subbana Bhat,  Rajendra Acharya, U.C.M.

                       Lim,  Manjunath Kagathi

            Publication Details: Springer journal
· They have proposed a computer based approach for the detection of diabetic retinopathy stage using fundus images. Image preprocessing, morphological processing techniques and texture analysis methods are applied on the fundus images to detect the features such as area of hard exudates, area of the blood vessels and the contrast.

· The detection results are validated by comparing it with expert ophthalmologists. They demonstrated a classification accuracy of 93%, sensitivity of 90% and specificity of 100%.
[6] Paper: proposed international clinical diabetic retinopathy and 
        Diabetic macular edema disease severity scale
     Authors: C.P. Wilkinson, Fredrick L. Ferris, Ronald E. Klien 

     Publication details: Elsevier-journal
· It aims to develop consensus regarding clinical disease severity classification systems for diabetic retinopathy and diabetic macular edema that can be used around the world, and to improve communication and coordination of care among physicians who care for patients with diabetes. 

· The methodology adopted by the researchers was that an initial clinical classification system, based on the Early Treatment Diabetic Retinopathy Study and the Wisconsin Epidemiologic Study of Diabetic Retinopathy publications, was circulated to the group in advance of a workshop.
[7]Paper: automatic detection of diabetic retinopathy exudates from non-dilated retinal images using mathematical morphology methods.
     Authors: Akara Sopharak, Bunyarit Uyyananvara, Sarah Barman
     Publication Details: Elsevier-journal 
· This paper investigates and proposes a set of optimally adjusted morphological operators to be used for exudate detection on diabetic retinopathy patients’ non-dilated pupil and low-contrast images.

· The results are successful and the sensitivity and specificity for their exudate detection is 80% and 99.5%, respectively.

· Exudates occur when lipid or fat leaks from abnormal blood vessel or aneurysms. The number of microaneurysms, haemorrhages and exudates increase as the degree of the disease. In this paper, a number of techniques for their detection have been proposed. This paper will be useful in determining the degree of diabetic retinopathy of the patient. 

 [8]Paper: screening of diabetic retinopathy using computer based 
                   image analysis and statistical classification
    Authors: Bernhard M. Ege, Ole K. Hejleson , Ole V. Larson

     Publication Details: Elsevier-journal

· They have described the preliminary development of a tool to provide automatic analysis of digital images taken as part of routine monitoring of diabetic retinopathy. An accurate and early diagnosis and correct application of treatment can prevent blindness in more than 50% of all cases. If detected early laser treatment can be given to prevent progression of retinopathy and thus prevent blindness.

· The system was tested on 134 retinal images. The Mahalanobis classifier had the best results: microaneurysms, haemorrhages, exudates, and cotton wool spots were detected with a sensitivity of 69, 83, 99, and 80% respectively.

[9]Paper: Automated Detection of Dark and Bright Lesions in Retina

                      Images for Early Detection of Diabetic Retinopathy

    Authors: Usman M Akram, Shoaib A Khan
    Publication Details: Springer-journal 

· In this article, the authors propose a computer aided system for the early detection of DR. The article presents algorithms for retinal image pre-processing, blood vessel enhancement and segmentation and optic disk localization and detection which eventually lead to detection of different DR lesions using proposed hybrid fuzzy classifier.

· The presented methods are compared with recently published methods and the results show that presented methods outperform all other.

[10]Paper: Inflammation in Diabetic Retinopathy

     Authors: Johnny Tang , Timothy S Kern
    Publication Details: Elsevier-journal

· The authors review the inflammatory mediators and their relationship to early and late DR, and discuss the potential of anti-inflammatory approaches to inhibit development of different stages of the retinopathy.

· They have postulated that inflammatory processes play an important role in the development of early (and possibly also later) stages of diabetic retinopathy. Unlike in uveitis, this diabetes-induced inflammation is not grossly apparent in the retina, and the concept of DR having an inflammatory pathogenesis is based on the molecular characteristics of inflammation (as opposed to the classical cellular definition of inflammation).

Chapter 3
Proposed System
3.1 Flow Diagram and Block Diagram of Proposed method:
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Figure 3.1.1 Flow Diagram of proposed method
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Figure 3.1.2 Block Diagram of proposed method
3.2 Methodology of proposed flow diagram and block diagram
Flow Diagram:

· Image Acquisition: Image of the patient’s retina taken through the fundus camera is imported into the software for analysis.

· Pre-processing: 

1. Green Channel Segmentation: In general, RGB images consist of three channels (red, green and blue) which are converted to green channel image to make the segmentation process easy and to decrease the computational time. The green component  converted image of the colour retina image gives the best result in the contrast of blood vessels for extracting darker blood vessels on a bright background.
2. Complement: Here, the retinal blood vessels are detected by taking the complement of the image obtained. The foundation of the retinal recognition is the retinal fundus image acquired from the fundus camera consisting of low power microscope and is used by eye specialists for treatment of retinal diseases. The fundus of eye refers to the interior surface of the eye opposite to the lens.
3. Contrast Limited Adaptive Histogram Equalization (CLAHE): A Contrast-Limited Adaptive Histogram Equalization (CLAHE) was applied for contrast enhancement. CLAHE operates on small regions in the image. The contrast of each small region is enhanced with histogram equalization. The green channel image has low contrast, with most values in the middle of the intensity range; this adaptive histogram equalization produces an output image having values evenly distributed throughout the range. 
· Edge Detection:

1. Canny Edge Detector:
       a) Calculating the horizontal gradient Gx and vertical gradient Gy at each pixel location by Convolving with gradient masks. 
       b) Computing the gradient magnitude G and direction θG at each pixel location). 
       c) Applying Non-Maximal Suppression (NMS) to thin edges. This step involves computing           the gradient direction at each pixel.  

       d) Computing high and low thresholds based on the histogram of the gradient magnitude for the entire image. The high threshold is computed such that a percentage P1 of the total pixels in the image would be classified as strong edges. In other words, the high threshold corresponds to the point at which the value of the gradient magnitude cumulative distribution function (CDF) equals to P1. The low threshold is computed as a percentage P2 of the high threshold. The values of P1 and P2 are typically set as 20% and 40%, respectively.

      e) Performing hysteresis thresholding to determine the edge map. If the gradient magnitude of a pixel is greater than the high threshold, this pixel is considered as a strong edge. If the gradient magnitude of a pixel is between the low threshold and high threshold, the pixel is labeled as a weak edge. Strong edges are interpreted as “certain edges”, and can be immediately included in the final edge images. Weak edges are included if and only if they are connected to strong edges.

The first step is to filter out any noise in the original image before trying to locate and detect any edges. The Sobel operator uses a pair of 3x3 convolution masks, one estimating the gradient in the x-direction (columns) and the other estimating the gradient in the y-direction (rows). The magnitude, or EDGE STRENGTH, of the gradient is then approximated using the formula: 

|G| = |Gx| + |Gy| 

The formula for finding the edge direction is as follows. 

theta = invtan (Gy / Gx)
· Morphological operations (Line Operation): 

1. Opening with structured element: In general in any morphological operation the structuring element used to probe the input image, is the most important part. A structuring element is a matrix consisting of only 0's and 1's that can have any arbitrary shape and size. Typically are much smaller than the image being processed, while the pixels with values of 1 define the neighborhood. The centre pixel of the structuring element, called the origin, identifies the pixel of interest – the pixel being processed.
      Opening: f ○ h = ( f Θ h) h

      The symbols , Θ, ○ and · denote the four fundamental binary morphological operations: dilation, erosion, opening and closing respectively. A function f(x, y) denotes the image, where (x, y), f and the function h(x, y) or h will act as the structuring element.
2. Structured element Line Operator:  A structuring element can have many common shapes, such as lines, diamonds, disks, periodic lines, and circles and sizes. You typically choose a structuring element the same size and shape as the objects you want to process/extract in the input image. For example, to find lines in an image, create a linear structuring element. to extract the horizontal lines, a corresponding structure element for that purpose will be applied. The same applies for the vertical lines.
3. Dilation: Dilation adds pixels to the boundaries of the object in an image. The value of the output pixel is the maximum value of all the pixels that fall within the structuring element's size and shape. For example in a binary image, if any of the pixels of the input image falling within the range of the kernel is set to the value 1, the corresponding pixel of the output image will be set to 1 as well. The latter applies to any type of image (e.g. grayscale, bgr, etc).
                         Dilation: (f h) (x, y) = sup {(x-r, y-s) + h(r, s)}
· Segmented Blood Vessels:  Applying all the operators on the image, all the blood vessels present in the image are segmented making it easier to process the image for detection of diabetes and various other diseases. 
Block Diagram:

1. Image Acquisition: The image captured of the patient’s retina in the fundus camera was imported in MATLAB.

2. RGB to HSI: The Red, Green and Blue (RGB) space of the original image was transformed to Hue, Saturation and Intensity (HSI) space because HSI colour space is suitable because it allows the intensity component to be separated from the other two colour components.
3. Contrast-Limited Adaptive Histogram Equalization (CLAHE): A Contrast-Limited Adaptive Histogram Equalization (CLAHE) was applied for contrast enhancement. CLAHE operates on small regions in the image. The contrast of each small region is enhanced with histogram equalization. The green channel image has low contrast, with most values in the middle of the intensity range; this adaptive histogram equalization produces an output image having values evenly distributed throughout the range. 

4. Thresholding: The resulting image is thresholded at automatically selected grey levels to get rid of all regions with low local variation. To ensure that all the neighbouring pixels of the thresholded result were also included in the candidate region, a binary dilation operator was also applied with a flat disc-shaped structuring element with a fixed radius.
5. Morphological Operators:  Morphology is a set of image processing operations that process images based on predefined structuring elements known also as kernels. The value of each pixel in the output image is based on a comparison of the corresponding pixel in the input image with its neighbors. By choosing the size and shape of the kernel, you can construct a morphological operation that is sensitive to specific shapes regarding the input image.
6. Binarization: Image binarization converts an image of up to 256 gray levels to a black and white image. The simplest way to use image binarization is to choose a threshold value, and classify all pixels with values above this threshold as white and all other pixels as black. Thus, the image binarization outputs a black and white image distinguishing between the blood vessel and the background pixels.
7. Optic Disc Removed: We have to remove the optic disc because it appears with similar intensity, colour and contrast to other features on the retinal image. The optic disc is characterized by the largest high contrast among circular shape areas. While vessels also appear with high contrast, the size of the area is much smaller.

Chapter 4

4.1 Future Scopes    

· It will predict cardiovascular risks. 
· Age, biological sex, smoking.
· BMI and systolic blood pressure. 
4.2 Conclusion

· The proposed methodology of this project was experimented on certain     images of the retina captured by fundus camera and the result was accurate upto almost 98% and there were some flaws which will be taken care of in the nearest future.
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