
International Journal of Scientific & Engineering Research, Volume 5, Issue 1, January-2014                                                             560 
ISSN 2229-5518 
 

IJSER © 2014 
http://www.ijser.org  

Early Detection of Diabetic Retinopathy in 
Fundus Images Using Image Filtration 

M.A.Fkirin, S.Badawy, El saadany A, A.S.El-Sherbeny 
 

Abstract— This work proposes a new technique for early diagnosing diabetic retinopathy (DR) using rotating irregular filter form. We used 
four different edge detection filter types; each filter is rotated by specific angle and applied individually. Receiver Operating Characteristic 
curves are used to evaluate the performance of the used filters. The results recommended using Laplacian of Gaussian filter which gave 
the best performance and highest sensitivity value among the four used filters. Registration operation is used for comparison and change 
detection in blood vessels. STARE image database is used to apply the algorithms on its images. From this work the ophthalmologists 
could detect Diabetic Retinopathy at earlier stage than what is existing so far.. 

Index Terms— Diabetic Retinopathy, Blood Vessel, Segmentation, Registration, Image filter.   
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1 INTRODUCTION                                                                     
ancreas produces the hormone insulin, which helps to 
control the amount of sugar in the blood and this is the 
role of the 'endocrine pancreas'. Diabetes mellitus refers to 

group of metabolic diseases; it describes the person who has 
high blood sugar, either because the pancreas does not pro-
duce enough insulin, or because cells do not respond to the 
insulin that is produced [1–3]. Diabetic retinopathy is a condi-
tion occurring in persons with diabetes occurs when the retina 
blood vessels are damaged which causes progressive damage 
to the retina [4]. The rate of incidence of diabetic retinopathy 
(DR) varies largely between studies, even in the same country, 
but is probably up to 40%, about 5–10% of the diabetic popula-
tion are affected by Proliferative diabetic retinopathy, duration 
of diabetes is the most important risk factor, in type 1 diabetics 
are at particular risk with an incidence of about 60% after 30 
years, in type 2 diabetics, the patients diagnosed with diabetes 
before  the age of 30 years, the incidence of DR after 10 years is 
50%, and after 30 years 90% [5]. The modified Airlie House 
classification is widely used internationally in the Early 
Treatment Diabetic Retinopathy Study, it is abbreviated as No 
DR, Very mild, Mild-Moderate, Severe, Very severe, Mild-
moderate and High-risk [5–7]. Commonly patients and their 
ophthalmologist cannot notice diabetic retinopathy symptoms 
until visual loss develops. Early stages detection of this dis-
ease and with using laser photocoagulation can prevent major 
vision loss [2], [8], [9]. 

This research is done in order to detect DR in its early stag-
es -Very mild or Mild-Moderate- in order to ensure the treat-
ment is provided in time, these types requires patients review 
each 12 months [5]. Microaneurysms are the signs of Very 
mild DR. They are a focal dilation of retinal capillary wall 

where pericytes are absent or by fusion of two arms of a capil-
lary loop, Figure 1(a). The ophthalmologist can notice this ear-
liest stage as tiny red dots, often initially temporal to the fovea 
as shown in Figure 1(b) [5]. 

 

  
(a) (b) 

Figure 1: Microaneurysm appearance.(a) Microaneurysm to be created by 
the fusion of two capillary arms. (b) Microaneurysm at fundus image. 

The appearance of blood vessels is an important indicator 
for the diagnosis of diabetes, can get this from colour fundus 
images [3], [10]. Retinal vascular segmentation is useful for 
several pathological states detection [11]. Several researches 
are done that dealing with the algorithms for segmenting 
blood vessels from colour fundus images [9], [12–14]. Results 
of previous researches are stated; algorithms are affected in 
their accuracy by some pathological elements like microaneu-
rysms and hemorrhages as they appear with the same colour 
of blood vessels, also the presence of noise, the contrast, ves-
sels different widths and the brightness [15]. 

Image registration is done in this work to establish pixel-to-
pixel correspondence to detect the similarity between different 
images in order to restore the input images to a reference Im-
age [16], [17]. Registration should be done with the yearly 
fundus imaging, this yearly imaging considered one of the 
challenges that faces registration process as the second image 
usually affected by time varying intensities [18]. This step is 
done to make better diagnosis; the ophthalmologist can notice 
the changes in the retina after displaying the old and new im-
ages together [17].  

This paper focuses on retinal blood vessels segmentation 
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from fundus images and fast registration operation is done to 
aid ophthalmologist for screening of diabetic retinopathy. 

2 MATERIAL AND METHODS 
The detection of microaneurysms is a crucial tool for early 
diagnosis of diabetic retinopathy. An automated processing is 
presented to help the pathologist to detect the disease earlier 
than the followed protocols so far. This automation based on 
software algorithms that able to detect minute changes in the 
fundus images that the physician eye cannot do. The steps of 
early diagnosing DR, initially as shown in figure 1 could be 
grouped in blocks as follows; we start with an image taken in 
clinic ophthalmologist using fundus camera. This image is 
segmented for capillaries. Where diabetic retinopathy symp-
toms appear for patient cases only, ophthalmologist starts 
treating the patient. If there are no symptoms appear; the im-
age is stored and considered as the beginning of patient medi-
cal history. Next image is taken normally after one year from 
last image, the image is also segmented for capillaries and 
then, the role of image registration step is come between the 
final image -input image- and reference image. Finally; com-
parison between the images is done to detect the small change 
in blood vessels and any appear of microaneurysms. 

 
Figure 1 Early diagnosing DR procedure 

Fundus Images 
STARE database is used to evaluate our algorithm perfor-
mance. Database is twenty retinal fundus images. The images 
are captured by a TopCon TRV-50 fundus camera with 35 de-
gree field of view. Each image has a resolution of 605 x 700 
pixels with 24-bits per pixel. It also contains ground truth im-
age to each fundus image. Ground truth images are more ac-
curate segmented images for blood vessels, they are carefully 
labelled by specialist hand. Figure 2, shows the used fundus 
image and its ground truth image. 

  
(a) (b) 

Figure 2 One of STARE data base images. (a) Ground truth image. (b) 
Gray scale image. 

Segmentation Step 
Image filtration is a mathematical operation done on the im-
age to perform a specific task on the image like sharpening, 
blurring, noising, denoising, and others. In this work it used to 
extract the blood vessels from fundus images. As is clear from 
Figure3 that the capillaries appear in the image as non-straight 
lines with a different color from the background, image filter-
ing can be used to extract these lines from fundus images.  

 
Figure 3 Gray scale of fundus color image from STARE database image 
(im0082) shows blood vessels like connected short lines. 

 
We used in this work four types of filters in a new way; high 
pass filter, Laplacian filter, Soble filter and Laplacian of Gauss-
ian filter, they have been used in irregular form by shifting the 
central value of filter matrix to one side of the matrix instead 
of the center. These new irregular filters are able to detect the 
edges in one side only. In order to obtain white walls to the 
blood vessels in all possible directions as shown in Figure 4, 
we rotate the filters many times depending on the angular 
steps to cover the 360 degrees, then applying these rotated 
patterns to the image. By choosing the maximum pixel value 
from the same location of these images, a new image is ob-
tained with white walls to the vessels in all directions. The 
similarity in shape and colour degree between retinal blood 
vessels and image background; causes the appearance of un-
desirable structures with the vessels. To extract the obtained 
blood vessels from these structures; a thresholding stage 
should be applied to enhance the image to an adequate level 
to observe the blood vessels clearly. 
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Figure 4 Six rotations of high pass filter, 53 degree for each rotation. 

2.1 High Pass Filter 
Equation (1) shows one example of high pass filter. This filter 
is not only used to detect, enhance edges and removes low-
frequency components such as the background image, but also 
passes high-frequency components like walls of blood vessels. 
Figure 5 (a), shows a result of the applying this filter without 
modification to the image. 

H= [0 -1 0 ; -1 4 -1 ; 0 -1 0] (1) 
Creating an edge to blood vessels can be achieved by shift-

ing the center of the filter equation to one edge in filter matrix, 
this creates irregular high pass filter as shown be equation (2). 

H= [0 -1 0 ; 4 -1 -1 ; 0 -1 0] (2) 
Inspecting the resultant image after applying this new pat-

tern; we could easily notice the following changes in the im-
age. Firstly more details appear as shown in Figure 5b. Sec-
ondly the details make the image looks like volume in three 
dimensions. 

  
(a) (b) 

Figure 5 High pass filter result. (a) Symmetric high pass filter result. (b) 
Not symmetric high pass filter result. 

2.2 Laplacian Filter 
Equation (3) shows the matrix of the Laplacian filter, it is simi-
lar to high pass filter as the summation of all its kernel com-
ponents usually equals to zero. All matrix components equals 
to -1 except the central component is the positive summation 
of all other components, irregular Laplacian filter can be creat-
ed by shifting the center of the filter to one edge of the matrix 
as shown in the following equation. 
H= [-1 -1 -1 ; 8 -1 -1 ; -1 -1 -1] (3) 
2.3 Soble Filter 
This filter can detect the edges by two patterns shown in equa-

tion (4), edges are detected by applying these patterns simul-
taneously to the image, but in this work one of the two pat-
terns is sufficient to detect the blood vessels, while the second 
is obtained from rotation process. 
H1= [1 0 -1 ; 2 0 -2 ; 1 0 -1]  (4) H2= [1 2 1 ; 0 0 0 ; -1 -2 -1] 
2.4 Laplacian of Gaussian (LOG) Filter: 
This filter can be represented by equation (5), it is a derivative 
filter which is used to find the areas of high spacial frequen-
cies which in our case is blood vessels edges. The kernel of this 
filter can take the shape shown in Figure 6, it also called nega-
tive laplacian because of the negative central peak. 

 

(5) 

 

 
Figure 6 Laplacian of Gaussian filter representation in three dimensions. 

Registration Step 
Registration step is a helpful stage; it enables the ophthal-

mologist to compare the fundus images of the patient which is 
usually affected by time varying factors like slight motion or 
scaling. This step is done in this work using point based meth-
od, this method requires from the user to select manually pair 
of control points or more, the registration task is done to make 
the next input image is pixel-to-pixel correspondence with the 
first reference image. This step make any changes in the blood 
vessels is easy to detect, easy to diagnose and treat. 

3 RESULTS 
The results of this work are achieved by applying our rotat-

ing filters on the selected image from STARE database, Figure 
7. The first three High pass, Laplacian and Soble Filters (a, b 
and c) gave output blood vessels pictures which are almost 
looks like each other, the resulted image showed additional 
white pixels connected with the walls of vessels. Further 
smoothing operation may be used to rectify this defect. It is 
clear that the center of the vessels is not white; this could be 
resolved by morphological filling operation. Laplacian of 
Gaussian filter output image showed supreme results over the 
other three filters. It represented smooth blood vessels, more-
over this filter extracted and showed tiny blood vessels that 
couldn't be shown in the other applied filters. 
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(c) (d) 

Figure 7 Extracted retinal blood vessels. (a) High pass filter result. (b) 
Laplacian filter result. (c) Soble filter result. (d) Laplacian of Gaussian filter 
result. 

The performance comparison of these filters are evaluated by 
ROC curve for thresholding stage of the four types of filters is 
shown in Figure 8. Performance of laplacian of gaussian has the 
best performance as it has a breaking point up to 90% true posi-
tive rate. True positive rate of laplacian filter is asymptotic to the 
true positive rate of high pass filter as they have breaking points 
about 75%, but sobel filter got the lowest performance; it has 
about 70% true positive rate. 

 
Figure 8 ROC curves comparison of the four types of filters. 

Table 1 shows the quantitative statistical comparison of the 
performance among the four types of filters. It is clear that la-
placian of gaussian filter has the maximum specificity but soble 
filter got the lowest value. 

 
 
 
 

4 CONCLUSION AND FUTURE WORK  

In this work we have presented a new technique to apply edge 
detection filters, we proposed the rotation of filter patterns after 
making the pattern in irregular form, each one pattern after 
rotation is applied to the image taken to process the image and 
create an edge to the blood vessel, edges from the rotated 
patterns are different, so the maximum pixel shot from all images 
is taken to be fused in one image. Thresholding step is then 
performed and the optimum value is desired from ROC curve of 
each filter. Up to this point, ophthalmologist can diagnose if any 
abnormal structures appears in blood vessels. Annual follow-up 
image is also taken, and then made our image processing steps 
again and finally; registration step is performed for comparison 
process. We used in this work four different filters are used to 
process the eye image. Results showed that; Laplacian of 
Gaussian filter gave the best segmentation performance. 
Registration step in this work is performed manually using 
manual selection of control points, but in the future work we look 
forward to automatic registration using blood vessels features. 
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