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ABSTRACT 

This paper proposes a novel system for the automatic detection of important anatomical structures such as the Blood Vessels, 
Optic Disc (OD) and Macula in digital fundus retinal images. Blood vessel Detection (BVD) was done using canny edge 
detection. Optic disc localization was done using pyramidal decomposition, Hausdorff-based template matching and confidence 
assignment. Macula was located using pyramidal decomposition. The procedure has been tested on a database of about 50 
color fundus images acquired from a digital non-mydriatic fundus camera. A success rate of 100% is reached for the Blood 
vessel detection (BVD), 70% for the optic disc detection and 60% for the macula detection. 
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1. INTRODUCTION  
RETINAL Image Analysis is a key element in detecting retinopathies in patients. Diabetic Retinopathy is one of the  
most  common  diabetic  eye  conditions  which  cause blindness induced by alterations in the blood vessels of the 
retina. Blood Vessel Detection is an essential step in medical diagnosis of fundus images as it aids in the diagnosis of 
ocular diseases. The Optic Disc localization and segmentation is a crucial task in an automated retinal image analysis 
system. It is required as a prerequisite for the detection of exudates and also helps in macula detection, as macula is the 
darkest area in the neighbourhood of OD. Macula is highly sensitive region of the retina responsible for detailed central 
vision. Other applications of retinal vasculature extraction include the treatment of age-related macular degeneration 
and personal identification in security applications. Most of the existing method in detection of optic disk by many 
research groups, locate the optic disk by the largest area of pixels having highest gray level in the images. In this paper 
a method is proposed which locates the Blood vessels, Optic Disc and Macula. 
 
2. RELATED WORK  
In [1] OD localization was done using Principle Component Analysis (PCA) followed by an active contour based 
approach for accurate segmentation of its boundary. A morphology based approach was proposed for BVD. Macula was 
identified by combining BVD with the property that it is the darkest area in the vicinity of OD. [2] described a new 
blood-vessel detection technique in retinal images, based on the regional recursive hierarchical decomposition using 
Quad trees and post-filtration of edges. [3] mainly describes the extraction of blood vessels, neuro vascular structure in 
particular; some of the segmentation methods for the tubular objects that show similar characteristics to vessels is also 
reviewed.[4] deals with the problem of detecting blood vessels in retinal images. Blood vessels usually have poor local 
contrast. An operator for feature extraction based on the optical and spatial properties of objects to be recognized is 
introduced. 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. In [5] the presence of exudates within the macular region is a main hallmark of diabetic macular edema and 
allows its detection with a high sensitivity. Hence, detection of exudates is an important diagnostic task, in which 
computer assistance may play a major role. In [6] a new automatic method for contrast enhancement was proposed. The 
basic procedure is to first group the histogram components of a low-contrast image into a proper number of bins 
according to a selected criterion, then redistribute these bins uniformly over the grayscale, and finally ungroup the 
previously grouped gray-levels. Accordingly, this new technique is named gray-level grouping (GLG). [7] introduces 
two new pre-processing methods to eliminate background noise in noisy low-contrast images so that such images can 
be properly enhanced by the SGLG (Selective gray-level grouping) technique. SGLG and its variations extend the 
capability of the basic GLG to a larger variety of low-contrast images, and can fulfil special application requirements. 
SGLG and its variations not only produce results superior to conventional contrast enhancement techniques, but are 
also fully automatic under most circumstances, and are applicable to a broad variety of images. 
 
3. PROPOSED METHOD  
3.1 Blood Vessel Detection  
The block diagram for Blood Vessel Detection is shown in figure 1. 
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Fig-1: Block Diagram for Blood Vessel Detection 

3.2   Green Channel Extraction  
The retinal image is taken in the RGB form by fundus camera. A fundus camera or retinal camera is a specialized low 
power microscope with an attached camera designed to photograph the interior surface of the eye, including the retina, 
optic disc, macula, and posterior pole. The green channel of the RGB space is extracted and chosen for detection of 
blood vessels because blood vessels appear most contrasted in this channel. So the first step is to separate this channel 
to a new image. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 2 (a),(b) Input image, (c),(d ) Green Channel Extraction Image 
 
3.3 Thresholding  
Thresholding is the simplest method of image segmentation. Grey-level histogram corresponds to an image, f(x, y) 
composed of light objects on dark background in a such a way that objects and background pixels have grey level 
grouped into two dominant modes. One obvious way to extract the objects from the background is to select a threshold 
(T) that separates these modes. Any point x, y, for which f(x, y) >T is called an object point, otherwise called 
background point. To the green channel extracted image, thresholding method of segmentation is applied. 
 
3.4 Morphological Processing  
Morphology is a tool used for extracting image components that are useful in the representation and description of a 
region shape, such as boundaries and skeletons. The Important morphological operations used for edge detection is 
Opening. Morphology is a broad set of image processing operations that process images based on shapes. The number 
of pixels added or removed from the objects in an image depends on the size and shape of the structuring element used 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 5, May 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 5, May 2013 Page 432 
 

to process the image. Morphological operations apply a structuring element to an input image, creating an output image 
of the same size. The block performs an erosion operation followed by a dilation operation using a predefined 
neighbourhood or structuring element. 
A structuring element is a matrix consisting of only 0's and 1's that can have any arbitrary shape and size. In the 
morphological dilation and erosion operations, the state of any given pixel in the output image is determined by 
applying a rule to the corresponding pixel and its neighbours in the input image. The rule used to process the pixels 
defines the operation as a open. To the segmented eye image, morphological open operator is applied. 
 
3.5 Median Filtering  
Median filter is a nonlinear filter, which can reduce impulsive distortions in an image is an effective method of 
suppressing isolated noise without blurring sharp edges. Median filtering operation replaces a pixel by the median of all 
pixels in the neighbourhood of small sliding window. It gives better results than the neighbourhood averaging in the 
case where noise is of impulsive nature. After applying the morphological open operation to the eye image, the median 
filter is applied yielding the pre processed image. 
 
3.6 Canny Edge Detection  
Edges characterize boundaries and are areas with strong intensity contrasts, a jump in intensity from one pixel to the 
next. Detecting an edge in an image significantly reduces the amount of data and filters out useless information, while 
preserving the important structural properties in an image. The Canny operator retinal images works in a multi-stage 
process. First of all the image is smoothed by Gaussian convolution. Then a simple 2-D first derivative operator is 
applied to the smoothed image to highlight regions of the image with high first spatial derivatives. The algorithm then 
tracks along the top of these ridges and sets to zero all pixels that are not actually on the ridge top so as to give a thin 
line in the output. Thus the Canny filter is applied to the pre-processed eye image and the blood vessel is detected. 
Figure 3 shows the result of detected blood vessels. 
 
 
 
 
 
 
 
 
 
  
                                                                  
                                                                           
 

Figure 3 (a), (b) Input image, (c), (d) Blood Vessel Extracted image 
 

4. OPTIC DISC DETECTION 
The OD localization and segmentation is a crucial task in an automated retinal image analysis system. It is required as 
a prerequisite for the detection of exudates and also helps in macula detection, as macula is the darkest area in the 
neighborhood of OD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

 
                                               

Fig-4: Block diagram for Optic Disc Detection 
The method we propose is decomposed into two stages which are shown in figure 4. Optic Disc (OD) tracking through 
a pyramidal decomposition and OD contour search technique based on the Hausdorff distance. The global OD region is 
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found by means of a multi-scale analysis (pyramidal approach) using simple Haar-based wavelets transform. The 
brightest pixel that appears in a coarse resolution image at an appropriate resolution level depending on the initial 
image resolution and the OD average dimension is assumed to be part of the OD. 
This global OD localization serves as the starting point for a more accurate OD localization obtained from a template-
based matching that uses the Hausdorff distance measure on a binary image of the most intense Canny edges. These 
intense edges are the ones that pass a intensity thresholding test based on a Rayleigh distribution model of the edge 
pixels intensity. Each stage generates a set of hypotheses. These hypotheses are analyzed and combined to provide the 
best solution. Figure 5 gives examples of OD detection. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig-5:  (a), (b) Input image, (c), (d) Optic Disc Detected image 
 

5.  MACULA DETECTION  
The block diagram for Macula Detection is shown in figure 6. 

 
Fig-6: Block Diagram for Macula Detection 
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The macula is localized by finding the darkest pixel in the coarse resolution image following a priori geometric criteria 
based on the eye’s anatomy, macula position and distance with respect to the OD. The darkest pixel in the coarse 
resolution image corresponds to the region occupied by the macula in the original image. The exact center of the 
macula is then found by searching in the vicinity for the darkest pixel on the original fine resolution image. A circle 
with a diameter equals to twice the OD diameter is then drawn around that point. Figure 7 gives examples of Macula 
detection. 

 
Fig-7: (a), (b) Input Image, (c), (d) Macula Detected Image 

 
Future works include other extensive tests on other types of fundus images acquired from different fundus cameras. 
Finally, we currently use the above procedure as a pre-processing step for the development of lesions detection 
algorithms associated to Diabetic retinopathy, ARMD and other retinal diseases. 
 
6.  CONCLUSION  
In this work all important anatomical structures in color retinal images, the optic disk, the macula and the blood vessel 
are detected. The procedure has been tested on a database of 40 color fundus images which is a combination of normal, 
diabetic retinopathy and age related macular degeneration affected images acquired from a low resolution digital non-
mydriatic fundus camera. The size of the images are 1280×1024. Test results show robustness against visual quality of 
the images and independently on the fact that the acquisition is macular optic disk-centered. A success rate of 100% is 
reached for the Blood vessel detection, 70% for the optic disc detection and 60% for the macula detection. 
 

TABLE 1 
PERFORMANCE MEASURE 
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