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Abstract 

 

Age Related Macular Degeneration (ARMD) 

is a retinal disorder usually found in old people, this 

affects the central vision, but not the peripheral 

vision. The objective of this work is to develop an 

automated system for the classification of ARMD 

using digital fundus images and maculopathy severity 

levels, so that an intelligent computer aided system 

can be developed for the diagnosis of ARMD and 

maculopathy. Diagnosis and treatment of ARMD and 

maculopathy in the earlier stages helps to cure the 

disease and According to American Society of Retinal 

Specialists, about fifteen million people around the 

globe are suffering will save many from vision loss. 

ARMD may result from the ageing and thinning of 

macular tissues, depositing of pigment in the macula, 

growth of abnormal blood vessels or a combination 

of these processes. So, it is possible to detect and 

diagnosis the disease by analyzing such 

abnormalities present in the retinal images. The 

abnormalities should have significant difference with 

the neighboring tissues and by properly segmenting 

such regions, as a result macular degeneration is 

predicted whether it is present or not. Here the 

abnormalities are segmented from the fundus images 

after multi stage segmentation processes. Threshold 

based segmentation is used along with Canny edge 

detection algorithm to efficiently identify the 

abnormality region. Threshold based binary 

classification of the analyzed image is evaluated by 

finding the extent of abnormalities present in the 

image.  

Diabetic maculopathy is the major cause of 

irreversible vision loss due to retinopathy and is 

found in 10% of the world diabetic population. 

Compulsory mass screening will help to identify the  

 

maculopathy at early stage and reduce the risk of 

severe vision loss. In this paper, we present a 

computer based system for automatic detection and 

grading of diabetic maculopathy severity level 

without manual intervention. The optic disc is 

detected automatically and its location and diameter 

is used to detect fovea and to mark the macular 

region respectively. Next, hard exudates are detected 

using clustering and mathematical morphological 

techniques. Based on the location of exudates in 

marked macular region the severity level of 

maculopathy is classified into mild, moderate and 

severe. 

1. INTRODUCTION 

Image processing and analysis can greatly 

assist human experts (e.g. radiologists or 

ophthalmologists) in all medical fields. In addition, 

image processing methods have been widely used in 

the early clinical diagnoses, treatment and monitoring 

of various diseases. In this way, a physician can 

obtain decision support for detecting diseases in 

processed images (Osareh 2004; Patton et al. 2006). 

Ophthalmologists have long used fundus images to 

assess the health condition of an eye. Color fundus 

images provide anatomical information about the 

retina and are more suitable for automatic analysis 

systems, as they do not require injecting fluorescein 

or indocyanine green dye. In general, patients do not 

require medication to dilate their pupils before digital 

color fundus images can be obtained, and acquiring 

the images does not require skilled operators, as does 

ophthalmoscopy. Moreover, the fundus can be 

observed non-invasively and directly through fundus 

images.  

These images are ordinarily used to help 

ophthalmologists keep track of eye diseases. 
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Important structures of the normal retina captured in 

a fundus image include the optic disc (OD), macula 

and blood vessels. Exudates, drusen deposits, 

microaneurysms and haemorrhages are the primary 

abnormal features that can be identified in a fundus 

image. These features provide information about the 

pathological changes caused by several eye diseases, 

such as age-related macular degeneration (ARMD), 

glaucoma, diabetic retinopathy and optic nerve 

disease, which are the leading causes of blindness or 

excessive vision disorders. 

 

Figure 1. An example of color fundus images. 

This paper presents a method for processing 

and feature determination of OD, macula and ARMD 

pathologies in fundus images using an automatic 

segmentation method. The macula is composed of 

millions of packed cone and rod cells that are 

responsive to light. ARMD, a degenerative condition 

of the macula, is an irreversible vision disorder. It 

causes a deterioration of central vision, such as is 

normally associated with ageing, which leads to 

retinal arteriosclerosis. As a result, patients lose their 

central vision and are not able to read or recognise 

faces properly, although they are able to continue 

other daily activities, as their peripheral vision 

remains intact. Therefore, the condition does not lead 

to total blindness. It can progress either slowly or 

rapidly, and patients may notice little change in their 

vision or experience a significant loss. Early 

detection of ARMD can prevent further vision loss 

(Law et al. 2004; Bartlett and Eperjesi 2007). 

2. LITERATURE REVIEW 

The drusen is affected the area of the retina. 

Drusen are small yellow deposits in the retina that act 

like trash cans and collect waste products. They can 

multiply progress and grow larger, and can overflow. 

This growth and overflow cause blockage of nutrients 

to the retina and RPE cells. When RPE cells die, the 

overlying retina can begin to deteriorate. This is 

called as atrophic macular degeneration. This can be 

detected and find the size, area using combined local 

intensity distribution, adaptive intensity thresholding 

and edge information [1].  

Automated diagnosis of age related macular 

degeneration from color fundus images. The 

automated image processing is used to early detection 

of macular degeneration by detecting changes in 

blood vessel and patterns in the retina. It’s a gradual 

loss of vision by oxidation of macula. Detection of 

ARMD is done by using probabilistic neural network 

[2].  

The retinal images are contains the two main 

structures of optic disc and fovea. To develop an 

automatic approach for detection of eye diseases like 

glaucoma and macular edema. This method is used to 

detect the fovea. The morphological operations are 

used to detect the fovea [3]. The automated detection 

of blood vessels are plays an important role in the 

many eye diseases as well as systematic diseases. The 

matched filters are used to detect the blood vessels 

[4]. 

3. PROPOSED METHOD 

A. Retinal fundus image    

High resolution fundus images from the 

Pattern Recognition Lab (PRL) were used as the 

fundus image databases which were obtained from 

the department of ophthalmology, 

FriedrichAlexander University Erlangen-Nuremberg 

(Germany). The first step of the program is to read 

the test image from the fundus database and save to 

variable for further image processing stages.  

B. Conversion from color to gray 

The input fundus image is a 3 plane color 

image where each plane stands for red green and 

blue. For most operations just the illumination 

variations of the pixels are considered rather than 

color differences. So convert the RGB image to a 

single plane gray image by using the luminosity 
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method, which uses a weighted average to account 

for human perception. The formula for luminosity is 

0.21𝑅 + 0.72𝐺 + 0.07𝐵         (3.1) 

 

Fig.2 Block diagram of the proposed method in 

algorithm 

C. Illumination enhancement 

 The gray level image needs contrast 

adjustments in order to make the edges more visible. 

Here spatial domain enhancement techniques are 

used. They are allowed to merge with the image 

plane itself and are built on direct manipulation of 

pixels in an image. These operations are formulated 

by 

𝑔 𝑥, 𝑦 = 𝑇 𝑓 𝑥, 𝑦   3.2  

Where, 𝑔 is the output image  

𝑓 is the input image  

𝑇 is an operation on f defined over some 

neighbourhood of (𝑥, 𝑦) 

Frequency domain with DFT is performed by 2D 

convolution.  

Spatial Domain: 

𝑔 𝑥, 𝑦 = 𝑓 𝑥, 𝑦 ∗  𝑥, 𝑦  3.3  

Frequency Domain: 

 𝐺(𝑤1, 𝑤 2)

= 𝐹(𝑤1, 𝑤 2)𝐻(𝑤1, 𝑤 2)                     (3.4) 

D. Segmentation of optic disc  

Optic disc is the brightest part in the normal 

fundus images, which can be seen as a pale, round or 

vertically slightly oval disk. Optic disc is the entrance 

region of blood vessels and optic nerves to the retina, 

it often works as a landmark, and reference for the 

other features in the retinal fundus image [12]. The 

change in the shape, color or depth of optic disk is an 

indicator of various ophthalmic pathologies. 

𝑇 = 𝑇 𝑥, 𝑦, 𝑝 𝑥, 𝑦 , 𝑓 𝑥, 𝑦          (3.5) 

Where 𝑓(𝑥, 𝑦) is the gray-level of the pixel in 

location (𝑥, 𝑦) and 𝑝(𝑥, 𝑦) is some local property of 

the pixel, for example, the mean gray-level of the 

pixel neighbor-hood. The resultant image 𝑔(𝑥, 𝑦) can 

be defined as 

𝑔 𝑥, 𝑦 =  
1,   𝑖𝑓 𝑓 𝑥, 𝑦 ≥ 𝑇 

0, 𝑖𝑓 𝑓 𝑥, 𝑦 < 𝑇
        (3.6)  

When T depends only on 𝑓(𝑥, 𝑦), the threshold is 

called global. If T also depends on 𝑝(𝑥, 𝑦), the 

threshold is called local. The threshold is called 

dynamic or adaptive if 𝑇 depends also on spatial 

coordinates 𝑥 and 𝑦. 

E. Extraction of abnormalities  

The presence of exudates or abnormal spots 

indicates retinal disorders and is associated with 

patches of vascular damage. Exudates usually show 

up as white patches in grey images and yellowish in 

color images of varying sizes and shapes scattered 

randomly in vascular spaces. Exudates pathologies 
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vary in size and are waxy in appearance with 

relatively distinct margins. The segment region 

includes both abnormalities and the vasculature 

region. So, the next step is to segment the 

abnormalities alone. For this the contrast enhanced 

gray level mage is taken. The image is first converted 

to its binary version so it could extract the regions 

with high illumination values. Thus, the extracted 

region will cover the abnormality areas and also other 

bright region. The abnormality area is shown in the 

red circle in which a radius is set where the 

abnormality area is located. 

F. Feature extraction and classification 

 Feature extraction method are employed 

here in order to capture the visual contents of images 

which are used for retrieval and indexing. The input 

data is transformed into the sets of features.Since the 

ARMD areas are segmented, if present any, it is 

possible to predict whether the image is affected by 

the disease or not by calculating the areas with 

ARMD spots. Here threshold based binary 

classification are used. Here the analyzed image is 

evaluated by finding the extend of abnormalities 

present in the image and also edge based extraction 

method is used. They are also known as unsupervised 

classification. In this case only the image characters 

are used in which there is less information in the area 

to be classified. They mainly use the population 

statics such as mean and variance. 

 

Where m- number of bands and n- Number of pixels 

The number of band and number of pixels are likely 

to be used. It is clear to understand that the images 

with ARMD, will have more white regions when 

compared to a normal one. When compared to a 

normal the out of the abnormal pixels are very few 

while the white areas in ARMD affected images is 

more. 

G. Optic Disc and Macula Detection  

The automatic localization of optic disc is a 

prerequisite for identification of other retinal 

anatomical structures and lesions in an image. Its size 

and location is used to find the center of macular 

region in the image. Masking of optic disc is required 

during the exudate classification process as it has 

similar attributes to the exudates in terms of colour. 

Optic disc and cup are brighter than all other features 

and it is approximately about 100 pixels in diameter 

in a standard fundus image. Optimal thresholding 

method based on approximation of the histogram of 

an image is applied to segment the brightest regions 

in the image. Thresholding leads to maximization of 

gray level variance between object and background. 

When applied to the green component image it 

results in number of isolated connected regions 

because of crossing blood vessels and exudates. All 

the connected components in the thresholded image 

are labeled, total number of pixels in the component 

and mean spatial co-ordinates of each connected 

region is calculated. The component having the 

maximum number of pixels is assumed to be having 

the optic cup part of the optic disc and is considered 

to be the primary region of interest. Components 

whose mean spatial coordinates within 50 to 60 

pixels distance from the mean spatial coordinates of 

the largest component are merged with it and new 

mean co-ordinate is calculated. If this region exceeds 

80 pixels in diameter, then the process is stopped and 

circle is drawn to mark its location and center. 

Otherwise the threshold is decremented by one and 

applied to the initial image only in the local 

rectangular region around the candidate region. This 

iterative process is repeated until an optimal size of 

the optic disc has been reached.   

Once the optic disc is detected, the macula is 

localized by finding the darkest region within the 

specified area in the image. The distance and position 

of macula with respect to the optic disc remains 

relatively constant. It is situated about 2 disc diameter 

(DD) temporal to the optic disc in fundus images and 

the mean angle between macula and the center of the 
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optic disc against the horizon is -5.6 ±3.3 degrees.  

Since the location of macula varies from individual to 

individual, a rectangular search area is localized as 

shown in Fig. 3(a). The width of the search area is 

taken equal to 2DD as the mean angle between the 

fovea and the center of the optic disc to the 

horizontal, as mentioned, varies between -2.3 to -8.9 

degrees. A small pixel window is formed to scan the 

entire area and the average intensity is calculated. 

The center of window having the lowest average 

intensity is taken as center of the macular region. Fig. 

3(b) shows the marked optic disc and macula. 

 

Figure 3. Detection of Optic disc and Macula (a) 

Macular region search area; (b) Marked Optic disc 

and Macula 

H.Hard Exudates Detection  

The Hard exudates are considered to be one 

of the bright intensity regions in the retinal images 

and these appear highly contrasted in the green 

channel image. Initially the possible exudates regions 

are coarse segmented by clustering technique [8]. 

Clustering involves separating possible exudate 

regions and background region. In image space, 

clustering is performed on the intensity difference 

image. Fig. 4(b) shows the possible exudate regions 

as a result of clustering in the image space.  

 

Figure 4. Detection of Hard exudates (a) Intensity 

difference image; (b) candidate exudates regions; (c) 

Overlaid candidate regions; (d) Final detected 

exudates 

Next the optic disc area is eliminated from 

the clustered image to avoid false positives. The fine 

segmentation of exudate regions is done using 

morphological reconstruction [7]. Candidate exudate 

regions are overlaid on the green channel image to 

get marker image and the original green channel 

image is used as a mask. The morphological 

reconstruction by dilation is then applied on the 

overlaid image and it is repeated until the contour of 

marker image fits under the mask image to get 

reconstructed image. Finally, the exudate regions are 

obtained by thresholding the difference between the 

original image and the reconstructed image as in the 

Fig. 4(d). Since the threshold varies from one image 

to another, a local entropic threshold for each 

reconstructed image is calculated. 

I. Automatic Grading of Maculopathy 

The automatic grading of diabetic 

maculopathy is done according to the international 

clinical diabetic macular edema disease severity 

scale. After the detection of macula and exudates, the 

macular region is identified and it is divided into 

marker regions using three circles with radii 1/3 of 

optic DD, one optic DD and two optic DD centered at 

macula. If the exudates are absent, then it is classified 

as normal without any.  
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If exudates are present and are outside the 

2DD region then it is classified as clinically non 

significant macular edema and ophthalmologists 

watch the progress of exudates with proper treatment. 

Presence of exudates within the 2DD is classified 

asclinically significant macular edema (CSME) and it 

has to be treated by laser. In case of CSME, the 

presence of exudates outside the 1DD region is 

termed as mild. The moderate case is one with 

presence of exudates within the 1DD region not 

involving the center of the macula. In severe case, the 

exudates are present inside the 1/3 DD region 

obscuring the center of macula resulting in the most 

sight threatening stage of diabetic maculopathy. 

 

4 SIMULATION RESULTS 

 

 

Figure 5. Original image 

 

Figure 6. image after adjust intensity 

 

Figure 7. imclose -to remove blood vessels 

 

Figure 8: image after colfilt 

 

Figure 9. Image after image segmentation 
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Figure 10: Circular binary mask for optic disc 

 

Figure 11: Optic disc eliminated 

 

Figure 12: Remove circular border 

 

Figure 13. GUI of retinal image 

5 CONCLUSION 

The ocular fundus is the only part in the human body 

in which the vascular network can be detected 

directly and noninvasively. A lot of pathological 

information about eye diseases such as Glaucoma, 

Central Serous Retinopathy (CSR) and early signs of 

systemic diseases like ARMD, diabetes diseases can 

be found and diagnosed. In the present work 

concentrated for the diagnosis of ARMD. Automatic 

computer aided diagnosis of diseases plays an 

important part in our present world where the 

conventional of diagnosis system have several 

disadvantages like high cost, time lag,lack of 

sufficient medical practitioners etc. The detection of 

retinal disorders like ARMD, diabetic retinopathy, 

glaucoma etc. from digital fundus image will be 

much helpful in the medical field which can reduce 

the time and cost required for diagnosis and 

detection.  

The present work concentrates on the 

diagnosis of ARMD and the proposed system can be 

used to detect several factors from a digital fundus 

images like optic disc, vasculature map, lesions etc. 

The system can also be modified to implement an 

efficient system which can be used to study various 

features of retinal objects. Digital image processing 

techniques will be helpful to detect even the small 

disorders when compared to human eyes. The 

computer aided detection can be used to study, 

diagnosis, and for curing of retinal disorders in a 

better way. The fundus camera is used to diagnose 

these diseases. This automated system can be 

extensively used in mass screening of patients, which 

helps ophthalmologists with or without any expertise 

in diagnosis of the above diseases.  

The patients can be proceeded to further 

clinical tests and the diagnosis depending on the 

severity of the particular disease. Further studies are 

required to find out whether any characteristics of the 

retinal image parameters are directly or indirectly 

related to various retinal disorders and earlier 

detection and diagnosing can save many from being 

visually impaired. Studies are required to find the 

retinal parameters relation with other human diseases, 

so that these diseases can also be detected in the same 

approach as used in this work. It is feasible that in the 

near future an integrated system like an Automatic 

Telling Machine (ATM) consists of camera, 

computer with printing facility may be developed so 

that the hard copy of the result is available on the 

spot. This will be useful to have kiosks like ATM 

facility in rural areas where there is limited medical 

services. Here the common man can use the facility 
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without the help of medical experts, get the print out 

of the risk level of the diseases and can decide for 

further detailed clinical investigation and treatment. 

This kind of facility is more suitable where mass 

screening of patients is required and the places where 

hospital facility is less. 
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