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Abstract- Diabetic Retinopathy (DR), a major complication of diabetes and the leading cause of new cases of blindness among adults, can be 

cured by the early and precise detection of the disease. An important aspect of DR is the micro-vascular changes that cause detectable changes 

in the appearance of retinal blood vessels. In this paper, we propose a new blood-vessel detection technique in retinal images, based on the 

Mean level contrast enhancement technique and k-means clustering algorithm. In the proposed method, the first step is the image acquisition 

of the input retinal iris image. The second step is the preprocessing in which the original input image is resized and the gray level value is 

changed. The fourth step is the enhancement of the filtered image using the mean level enhancement technique, it increases the intensity value 

of each pixel. The next process is the segmentation technique using k-means clustering algorithm. Finally the mean, standard deviation, 

signal-to-noise ratio, and peak signal-to-noise ratio features are extracted from the segmented image. These same processes is implemented in 

the PIC microcontroller and the features are extracted. As a result, the extracted features of software (MATLAB) and hardware (PIC 

microcontroller) are compared and graph has been plotted. Experimental results shows that the process carried out in the software gives better 

features and result compared to the hardware features. 

Keyword-: DR, PIC, EDK, PDA, KMC. 

      I.  INTRODUCTION 

A digital image is been defined as a two-dimensional function, f(x, y), where x and y are spatial (plane) coordinates, 

and the amplitude of f at any pair of coordinates (x, y) is called the intensity or gray level of the image at that point. When x, y, 

and the amplitude values of f are all finite, discrete quantities,  the image a digital image. The field of digital image processing 

refers to processing digital images by means of a digital computer.   A digital image is composed of a finite number of elements, 

each of which has a particular location an value. These elements are referred to as picture elements, image elements, pels, and 

pixels. Pixel is the term most widely used to denote the elements of a digital image. 

Vision is the most advanced one, as images play the single most important role in human perception. Digital image 

processing encompasses a wide and varied field of applications. On the other hand, there are fields such as computer vision 

whose ultimate goal is to use computers to emulate human vision, including learning and being able to make inferences and take 

actions based on visual inputs. Image analysis is in between image processing and computer vision. The three types of 

computerized processes in this continuum: low-,mid, and high-level processes. Low-level processes involve primitive 

operations such as image pre-processing to reduce noise, contrast enhancement, and image sharpening. A low-level process is 

characterized by the fact that both its inputs and outputs are images. Mid-level processing on images involves tasks such as 

segmentation (partitioning an image into regions or objects), description of those objects to reduce them to a form suitable for 

computer processing, and classification (recognition) of individual objects. A mid-level process is characterized by the fact that 

its inputs generally are images, but its outputs are attributes extracted from those images (e.g., edges, contours, and the identity 

of individual objects). Finally, higher-level processing involves “making sense” of an ensemble of recognized objects, as in 

image analysis, and, at the far end of the continuum, performing the cognitive functions normally associated with vision. 

II. DIABETIC RETINOPATHY 

Diabetic retinopathy (DR) may be defined as the presence and characteristic evolution of typical retinal micro vascular 

lesions in an individual with diabetes. For the purposes of this report, retinopathy in association with diabetes is considered DR.  

Diabetic retinopathy is one of the leading causes of visual impairment in the developed world. Diabetic retinopathy causes 

several  types of retinal lesion. The most common lesion, and usually the first sign of retinopathy, is the micro aneurysm. These 
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appear in the screening photograph as small red dots. As the disease progresses capillary vessels may begin to leak, forming 

exudates, lipid deposits that appear as bright yellow/white lesions in the photograph. Larger, dark red blot haemorrhages may 

also form at this stage. As the disease progresses to its proliferative stage retinal ischaemia can trigger abnormal vessel changes, 

such as venous beading, intra-retinal micro vascular abnormalities (IRMA) and new vessel growth. New vessels are classified 

according to their position: if they occur on or within one optic disc diameter of the disc they are classified as new vessels at the 

disc, otherwise they are designated new vessels elsewhere. 

The most common signs of DR are red lesions (microaneurysms, hemorrhages) and bright lesions(exudates, drusen and 

cotton wool spots). The presence of red lesions and/or hard exudates (bright lesions) are indicative of early stage DR. 

Microaneurysms (MAs) are focal dilatations of retinal capillaries and appear as red dots in retinal fundus images. Bright lesions 

or intra retinal lipid exudates results from the breakdown of blood retinal barrier. Excluded fluid rich in lipids and proteinsleave 

the parenchyma, leads to retinal edema and exudation. Lastly, wherever capillary walls are weak inside the retina, dot 

hemorrhages lesions are found which are slightly larger than MAs. On rupturing it will cause intra-retinal hemorrhages. 

Progression of DR also causes macular edema, neo-vascularization and in later stages, retinal detachment. 

 

 
                                  

Fig 1 example of a fundus image showing signs of DR 
 

Macular oedema is the accumulation of fluid in the macula. Although it cannot be seen directly on monoscopicretinal 

photographs, its presence may be inferred by surrogate indicators such as exudates. Proliferative retinopathy is the more serious 

condition as it involves the development of new vessels which are prone to bleed, leading to vitreous haemorrhage, fibrosis, and 

ultimately retinal detachment. Although the prevalence of proliferative retinopathy is low, typically 0.4% of the screening 

population, the associated risk of the rapid onset of vision loss mean it must be detected reliably. New vessels have a 

characteristic appearance: they tend to have a narrower calibre and are more tortuous and convoluted than normal vessels. 

Nevertheless, the differences between normal and abnormal vessels are usually subtle, being towards the limits of the spatial 

and contrast resolution of the photograph. Vessels which grow out of the focal plane of the photograph can be particularly 

difficult to identify. 

Although the pathophysiological processes responsible for the various lesions of DR and maculopathy are not fully 

understood, various individual retinal lesions indicate the risk for progression of DR and vision loss.34 Biochemical changes in 

the retina and alteration in retinal blood flow are early changes resulting from diabetes. 87,88,89 Loss of intramural pericytes, 

either preceding or secondary to the development of capillary non perfusion, weakens the retinal capillary walls. The result is 

saccular out pocketing of these capillaries called microaneurysms (Ma),which are frequently the earliest clinical sign of DR. 

Ruptured microaneurysms, leaking capillaries, and intra retinal micro vascular abnormalities (IRMA) result in intra 

retinal hemorrhages. The clinical appearance of these hemorrhages reflects the architecture of the retinal layer in which the 

hemorrhage occurs. Hemorrhages in then fiber layer of the retina have a flame-shaped appearance and coincide with the 
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structure of the nerve fiber layer that lies parallel to the retinal surface. Hemorrhages deeper in the retina, where the 

arrangement of cells is more or less perpendicular to the surface of the retina, assume a pinpoint or dot shape and are more 

characteristic of DR. Intra retinal micro vascular abnormalities represent either new vessel growth within the retina or, more 

likely, pre-existing vessels with endothelial cell proliferation that serve as "shunts" through areas of non perfusion. IRMA are 

frequently adjacent to cotton wool spots. Whereas multiple IRMA mark a severe stage of non proliferative retinopathy, frank 

neovascularisation is likely to occur on the surface of the retina or optic disc within a short time. Venous caliber abnormalities 

are indicators of severe retinal hypoxia .These abnormalities can take the form of venous dilation, venous beading (VB), or loop 

formation. Large areas of non perfusion can appear adjacent to these abnormal veins. VB is a significant risk factor for 

progression to proliferative retinopathy. 

 

 

(a)                                                   (b) 

Fig 2 (a) Proliferative retinopathy (b) A slightly different view of the same eye at a later date showing a large, dark haemorrhage 
 

Proliferative DR is marked by the proliferation of endothelial cell tubules. The rate of growth of these new vessels, either at 

or near theoptic disc (neovascularisation of the disc, or NVD) or elsewhere in the retina (neovascularisation elsewhere, or 

NVE), varies. Adjacent to the new vessels, translucent fibrous tissue often appears. This fibroglial tissue becomes opaque and 

begins adhering to the adjacent vitreous. Although PDR is responsible for the most severe vision loss, macular edema is the 

most common cause of reduced visual acuity in persons with DM. Diabetes alters the structure of the macula, there by 

significantly altering its function, in any of the following ways: 84 

 The collection of intra retinal fluid in the macular portion of the retina, with or without lipid exudates and with or 

without cystoids changes (macular edema) 

 Non perfusion of Para foveal capillaries, with or without intra retinal fluid 

 Traction in the macula by fibrous proliferation, causing dragging of the retinal tissue, surface wrinkling, or detachment 

of the macula 

 Intra retinal or pre-retinal hemorrhage (PRH) in the macula 

 Lamellar or full-thickness hole formation 

 Any combination of the above.  

III.   TYPES OF CLUSTERING 

There are many approaches of clustering designed for a wide variety of purposes. Data clustering algorithms are widely 

employed to represent and  analyse the data, but also used in model construction and compression technique. There different 

types of clustering techniques which are the following 

3.1 Hierarchical Clustering 

The hierarchical clustering, it has an advantage of simple concept. It is roughly classified two kinds of algorithms including 

hierarchical agglomerative algorithm and hierarchical divisive algorithm. Hierarchical agglomerative algorithm: 
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 Let every single data point (pixel or image) in the whole image as a cluster iC . 

 Look for the shortest distance of two data point ,i jC C in the whole image, and merge them to become a new cluster. 

 Repeat the step 1 and step 2 until the numbers of cluster attain our demand. 
We can use many ways to define the distance here. 

  Hierarchical divisive algorithm: 
 Let the whole image as a cluster. 
 Look for the biggest diameter of the cluster groups. 

 If ( , ) max( ( , )),  yd x C d y C C   , split x  out as a new cluster 1C and see the rest data points of C  as iC . 

 If 1( , ) ( , ),  i id y d y yC C C   , split y  out as 1C . 

 Back to step 2 and continue the algorithm until 1C  and iC  is not changed anymore. 

The diameter of a cluster iC  as ( ).iD C The diameter is defined as ( ) max( ( , )),  ,i iD d a b a bC C   .  

( , ) :d x C the mean of distance between x  and every single point in cluster C . 

Using the method of hierarchical clustering, the result is characteristic of strong correlation with the original image. Therefore, 

it will be reliable. Nevertheless, it has a fatal defect of computational time consuming, then it cannot be used for the large 

image.  

3.2 Fuzzy k-means clustering (KCM) 

Using the K-means algorithm, it has an advantage of less computing time. In other words, the partitional clustering is faster 

than the hierarchical clustering. However, the different initial centroids will bring about the different results which means the K-

means algorithm has an initial problem. In order to solve the initial problem,  one initial point choosen or use the Particle 

Swarm Optimization (PSO) . k-means algorithm: 

 Decide the numbers of the cluster N  and choose randomly N  data points ( N  pixels or image) in the whole image 

as the N  centroids in N  clusters. 

 Find out nearest centroid of every single data point (pixel or image) and classify the data      point into that cluster the 

centroid located. After doing step 2, all data points are classified  in some cluster. 

 Calculate the centroid of every cluster. 

 Repeat step 2 and step 3 until it is not changed. 

Using the K-means algorithm, it has an advantage of less computing time. In other words, the partitional clustering is faster 

than the hierarchical clustering. However, the different initial centroids will bring about the different results which means the K-

means algorithm has an initial problem. In order to solve the initial problem,  one initial point choosen or use the Particle 

Swarm Optimization (PSO) . 

3.3 Modified Fuzzy K-means clustering (MFKM) 

Modified k-mean algorithm avoids getting into locally optimal solution in some degree, and reduces the adoption of cluster 

-error criterion. Modified k-means algorithm: 

1.Compute the distance between each data point and all other data- points in the set D. 
2.Find the closest pair of data points from the set D and form a data-point set Am (1<= p <= k+1) which contains these two 
data- points, Delete these two data points from the  data set D. 
3.Find the data point in D that is closest to the data point set Ap, Add it to Ap and delete it from D. 
4.Repeat step 4 until the number of data points in Am reaches (n/k)  If p<k+1, then p = p+1, find another pair of data points 
from D between which the distance is the shortest, for another data-point set Ap and delete them from D, Go to step 4. 
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3.4 Fuzzy C-Means Clustering (FCM) 

In fuzzy clustering is a method where large data is grouped into clusters in which each point has a degree of belonging to 

clusters, as per it membership rather than belonging completely to just one cluster. The data points that are nearer to the centre 

have high degree of membership than the points on the edge of a cluster have a lesser degree. The fuzzy c-means algorithm 

steps are: 

Step 1.Random initialization of inputs to the clusters C. 
Step 2. Calculate centroid Vi for each cluster. 
Step 3. Using objective function,  find the coefficients of the cluster for each point 
Step 4. Repeat steps 2 and 3 until the algorithm has converged (that is, the coefficients change between two iterations is no 

more than , the given threshold). The objective function is minimized when pixels close to centroids are assigned high 

membership values and low membership values assigned to pixel far from centroid. 

3.5 Mountain Clustering 

The effective clustering techniques like mountain clustering is a successive way known as mountain function to find cluster 

centers based on the density measures. This method find the approximate suitable cluster centers and can be used as a processed 

data for other process. It includes the following process for clustering the given set of data sets. 

Step 1: Initialize on the available data space with grid values and then the formed conjunction of the lines leads to the 
initial cluster centers. 
Step 2: Constructs a matrices evaluating for data density measure. The constant s determines the height and smoothness of 
the resultant mountain function. 
Step 3: Choose the centers of the cluster by eliminating its mountain function. The initial cluster center is fixed  with the 
greatest density. 
Step 4: Revisiting the mountain function as new by subtracting a scaled Gaussian function and it results for further points 
of cluster Centre with maximum value. 
Step 5:This process repeats iteratively until the cluster  centers are attained sufficiently. 
 

3.6 Subtractive Clustering 
 

The drawback of the previous mountain clustering in the computation process where it increases due to the rise of 

dimensions. Subtractive clustering diminish the demerits by using data points as the member for cluster centers. 

Step 1: Initialize the data sets as random value {1,2..n}. 
Step 2: Calculate the all data points for its density function. 
Step 3: The calculated data function points is revisited 

       Step 3: The calculated data function points is revisited, are valued till n with x function. 
 
3.7  Mean Shift Clustering Algorithm  

The Mean Shift algorithm clusters the given data set by associating each point with a peak of the data set’s probability 

density. For each point, Mean Shift computes its associated peak by defining a spherical window of radius ‘r’ at the data point 

and then compute the mean of the points that lie within the window. The algorithm then shifts the window to the mean and 

repeats until convergence, i.e., until the shift is less than the threshold. After every iteration the window will shift to a more 

densely populated portion of the data set until a peak is reached, where the data is equally distributed in the window. 

IV. PROPOSED WORK 

The primary aim of this work is to develop a system that will be able to identify patients with NPDR and PDR from 

either colour image or grey level image obtained from the retina of the patient. The different diabetic retinopathy diseases that 

are of interest include red spots, microaneurysm and neovascularisation and they fall between NPDR and PDR stages of the 
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disease. The secondary aim includes developing a software model using MATLAB as well as hardware PIC microcontroller for 

the detection of the Diabetic Retinopathy (DR), and also comparison of software and hardware results. 

Step-1: The original iris input image has been acquired initially. 
Step-2: The size of the image is resized by altering the rows and column for further implementation of process. 
Step-3: Pre-processing of the resized iris image, the median filter is used for the filtering of the noise from  resized 
image. 
Step-4: The filtered image is enhanced using the mean level contrast enhancement technique, in which each pixel gray 
level value is increased or changed by the meal value. 
Step-5: The enhanced image is then segmented using the K-means algorithm forming the cluster of the affected area. 
Three levels of segmentation has been performed. 
Step-6: The features are extracted from the given iris image, using these feature the diabetic retinopathy disease caused 
in the input iris image is detected accurately with its stage (whether benignant or malignant stage). 
Step-7: The required segmented iris output image is obtained with its features using the MATLAB software 2013a. 
Step-8: The complete process from step-1 to step-6 is again processed in the PIC microcontroller for the feature 
extraction and the disease detection. 
Step-9: After the proceedings the required segmented image is obtained finally with the  hardware features for 
detection of retinopathy disease stage. 
Step-10: Finally the hardware feature and software features are compared and graph plotted for the values. 

 

                              Fig 3 Flow chart for proposed technique 
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V.  RESULT AND DISCUSSION 

The pre-processing is the initial step performed in the image processing. Here, the two input images are acquired which 

are affected by different diseases and are in different stages of Diabetic Retinopathy (DR). Each  acquired original input images 

are resized by changing the each rows and column of the image.  

                     

                    (a)                                                                (b) 

Fig 4 (a) Test image-1 affected by PDR                (b) Test image-2affected by NPDR 

                          

Fig 4 Resized Images 

 

5.1 Filtering Process 

The next step is the filtering processing using the median filter, the unwanted noise present in the image has been 

removed for the further process. The filteration is the process of replacing each pixel intensity value with an new value taken 

over a neighborhood of fixed size. Median filters are very effective in removing salt and pepper  noise and / or impulse noise. 

 

                            

Fig 5 Filtered Images 
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5.2  Mean Level Contrast Enhancement 

The resized input image is enhanced using the mean level enhancement, the input image is first divided into number of 

rows and column separately. The total mean of each individual row is calculated, using the values the intensity of the pixel is 

increased to obtain the enhanced image. The Fig 6 shows the column vector enhanced images of iris, in which each column is 

enhanced by increasing the pixel value. The Fig 7 shows the image enhanced by row vectors, the mean value of each pixel is 

calculated and the each pixel present in the row vector is enhanced. Finally, the Figure4.6 shows the enhanced image using the 

mean level contrast enhancement technique. 

 

                         
Fig 6 Column Vectors Enhanced Image 

                   

Fig 7 Row Vectors Enhanced Image 

                    

Fig 8  Enhanced Image 

 5.3 Segmentation Process 

 The K-means clustering algorithm is used for the segmentation of the affected input image. In this process three level 

of segmentation has been performed for the detection of the Diabetic Retinopathy (DR) disease and the stage caused in the 

given input image. The reshaped segmented image is received, showing the three level of segmentation. Fig 9 shows the 

reshaped segmented image in the three level for the detection of affected blood vessels. The three different levels of 

segmentation of input image is shown in Fig 10. Finally the Diabetic Retinopathy (DR) disease and its stage has been detected 

successfully shown in Fig 11. The require features are extracted from the segmented image. 
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Fig 9 Reshaped Segmented Image 

           

Fig 10 Three levels of segmentation 

                       

(a)                                                              (b) 

Fig 11  Detection of type of Diabetic Retinopathy (DR) disease and its stage:    (a) Disease: Mascular Edema PDR, Stage: Benignant   (b)  Disease: Mascular 

Edema NPDR  Stage: Maligant   

 

TABLE 1 SOFTWARE OUTPUT TEST IMAGE-1 

 
Method 

 
Mean 

Standard 
Deviation 

 
SNR 

 
PSNR 

Elapsed 
Time(s) 

 
MSE 

GT 0.423 2.148 1.232 30.12 1.15 0.05 

AT 1.121 2.962 1.121 32.18 0.13 0.23 

FCM 1.762 3.123 1.286 40.24 0.20 0.09 

KMC 1.8254 1.2462 0.896 42.84 0.10 0.02 

SC 1.021 2.134 1.020 38.21 1.87 0.04 
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Fig 12 Comparison graph of software features for the test image -1 

In the above Fig 12 comparison graph of software features are plotted in which the proposed technique produces the 

better and effective features compared to the other techniques (Global Thresholding, Adaptive Thresholding, Fuzzy c-means 

Clustering, Spectral Clustering). The mean value, peak signal-to-noise Ratio (PSNR) values are higher than the other values 

where as, standard deviation (SD), signal-to-Noise Ratio (SNR), mean square error (MSE), and the elapsed time are lower, 

which produces effective results. 

TABLE 2 HARDWARE OUTPUT TEST IMAGE-1 

 
Method 

 
Mean 

Standard 
Deviation 

 
SNR 

 
PSNR 

Elapsed 
Time(s) 

 
MSE 

GT 4.3213 10.231 1.2451 20.234 0.20 0.08 
AT 3.1219 11.231 1.5421 21.222 0.18 0.12 
FCM 3.2225 12.7289 0.9231 24.321 0.15 0.18 
KMC 5.4812 7.6692 0.7147 28.887 0.12 0.06 
SC 4.8268 9.7626 1.1432 26.727 0.25 0.09 

   

0
5

10
15
20
25
30
35

GT AT FCM KMC SC

mean

SD

SNR

PSNR

MSE

 

Fig 13 Comparison graph of hardware features for the test image -1 

In the above Fig 13 comparison graph of hardware features are plotted. The mean value, peak signal-to-noise Ratio 

(PSNR) values are higher where as, standard deviation (SD), signal-to-Noise Ratio (SNR), mean square error (MSE), and the 

elapsed time are lower compared to the other technique values. 
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TABLE 3 SOFTWARE OUTPUT TEST IMAGE-2 

 
Method 

 
Mean 

Standard 
Deviation 

 
SNR 

 
PSNR 

Elapsed 
Time(s) 

 
MSE 

GT 1.269 3.607 6.4555 38.294 1.12 0.18 
AT 1.542 3.932 7.5340 32.887 0.10 0.25 
FCM 1.298 1.659 3.7401 35.024 0.17 0.14 
KMC 1.9381 0.8864 2.1865 42.8193 0.09 0.12 
SC 1.190 2.997 5.2319 29.132 1.2 0.20 
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Fig 14 Comparison graph of software features for the test image -2 

In the above Fig 14 comparison graph of software features are plotted in which the proposed technique produces the 

better and effective features compared to the other techniques (Global Thresholding, Adaptive Thresholding, Fuzzy c-means 

Clustering, Spectral Clustering). The mean value, peak signal-to-noise Ratio (PSNR) values are higher where as, standard 

deviation (SD), signal-to-Noise Ratio (SNR), mean square error (MSE), and the elapsed time are lower. 

TABLE 4 HARDWARE OUTPUT TEST IMAGE-2 

 
Method 

 
Mean  

Standard 
Deviation 

 
SNR 

 
PSNR 

Elapsed 
Time(s) 

 
MSE 

GT 3.7890 35.4351 0.9140 12.1452 0.12 0.21 
AT 5.9123 37.7843 0.7321 10.6740 0.15 0.17 
FCM 8.3214 32.5551 0.5360 15.4771 0.14 0.23 
KMC 10.7468 33.0990 0.3247 17.3276 0.11 0.15 
SC 6.4901 38.0541 0.9351 13.9921 0.17 0.25 
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Fig 15 Comparison graph of hardware features for the test image -1 
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In the above Fig 15 comparison graph of software features are plotted in which the proposed technique produces the 

better and effective features compared to the other techniques The mean value, peak signal-to-noise Ratio (PSNR) values are 

higher where as, standard deviation (SD), signal-to-Noise Ratio (SNR), mean square error (MSE), and the elapsed time are 

lower, which produces better results. 

VI. CONCLUSION 

 In the Proposed method, the two different methods are integrated together for the detection of Diabetic Retinopathy 

(DR) diseases and their stages. The first technique is the mean level enhancement, in which the intensity level of each row and 

column pixel are increased. The next technique is the k-means clustering, the input iris image is segmented in three different 

levels. Each level of segmentation, segments the affected retinal blood vessel and accurately detect whether it is caused by 

Proliferation Diabetic Retinopathy (PDR) or Non- Proliferation Diabetic Retinopathy (NPDR) with its stages as Benignant or 

malignant. These process is carried out in both software (MATLAB) and hardware (PIC Microcontroller) and the required 

features has been extracted. The comparison graph is plotted for the extracted features. As a result, the software (MATLAB ) 

features are better and efficient compared to hardware (PIC Microcontroller). In future work, the proposed technique can be 

implemented in the Field Programming Gate Array (FPGA).  
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