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I.INTRODUCTION 

 

Currently, according to the world health information, diabetes is one of the most common diseases in the world. 

People suffering from this disease often suffer from various complications. People suffering from this disease face several 

problems such as cardiovascular problems, gastrointestinal diseases, nervous system diseases and visual impairment. 

Diabetic retinopathy is one of the main complications of diabetes. Diabetic retinopathy is a disease characterized by 

dilation of blood vessels and leakage of liquid in the eye. This disease can develop with or without symptoms. Treatment 

and prevention of the disease in the stage of developing without symptoms is a very complicated process. Therefore, it 

is necessary to identify the disease as early as possible and make a correct diagnosis. Therefore, it is mandatory for 

patients with diabetes to undergo regular eye examinations. 

 

 
Fig. 1. Anatomy of the eye and retinal imaging 

 

Clinical signs of diabetic retinopathy. Diabetic retinopathy is determined by the appearance of various types of 

lesions in retinal images. These symptoms of lesions include microaneurysms (MA), hemorrhages (HM), soft and hard 

exudates (EX). 

- MA is the first symptom of diabetic retinopathy, which is determined by the appearance of small, red, round dots on 

the retina. This occurs due to the weakening of the walls of the vessels. The red dot is less than 125 microns in size and 

has sharp edges. 

- HM - appear in the form of larger spots with an irregular border on the retina and are larger than 125 μm in width. 

- HE - This is the leakage of proteins and lipoproteins from abnormal blood vessels in the retina. Their appearance is 

small white or yellow-white with sharp borders. 

- SE - these exudates appear as white spots, usually in the form of a circle. [1] 
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Fig. 2. Symptoms of retinopathy 

 

Making a diagnosis manually is a process that requires a lot of effort and attention. The use of information systems 

in diagnosis will reduce time and cost and increase accuracy.[7] In addition, the increase of this disease leads to the 

development and improvement of information systems. The main reason for using Gabor filters in this research is that 

this function helps to better analyze the small blood vessels and cells in the retinal images. 

 

II. LITERATURE SURVEY 

 

In ophthalmology, the fundus apparatus allows two- and three-dimensional viewing of the image. With the help of 

this tool, the image of the eye can be enlarged by increasing the light intensity and using a microscope. The camera allows 

you to observe the retina at an angle of 30 to 50 degrees. It is possible to change the colors of the image to different colors 

and apply different filters to conduct the inspection. Analysis. Several approaches to the diagnosis of diabetic retinopathy 

have been analyzed. For example, through more than a thousand images taken from Kaggle open data source, images 

were brought to the same size, passed through 8 convolution layers from CNN, and softmax function was used for 

classification. This approach resulted in 84% accuracy. [3] 

In the study of M. T. Esfahan et al., normal images and images with retinopathy were downloaded from the Kaggle 

database to determine diabetic retinopathy. In their research, 512x512 images were processed using Gaussian filters. The 

processed images are classified into classes using ResNet34 algorithm. This search result is 85% accurate. [4] Gabor 

filter. Gabor function uses Gaussian function modulated with sine waves to process signals and images. The Gabor 

function was introduced in 1946 by Denis Gabor. The Gabor function is combined with the Gaussian function and the 

time frequency, and it is considered optimal in minimizing uncertainties. Gabor function is particularly effective in 

several image processing such as compression, enhancement, restoration, segmentation and filtering. [5] Window 

function. Filters can be used as window functions to mathematically apply signal processing. Using these functions, it 

will be possible to analyze or remove certain areas of the incoming parts. [6] 

A Gabor filter can be designed to scale and rotate as needed, so they are closely related Gabor wavelets. However, 

in general, Gabor wavelets are not scalable because this requires computing orthogonal wavelets, which can be time-

consuming. As a result, a Gabor filter bank of different scales and rotations is generated. The signal is combined with 

filters, resulting in a Gabor field. There is a close relationship between this process and the processes that occur in it. As 

a result, the Gabor field is widely used in applications such as image processing, edge detection, and texture segmentation. 

One-dimensional Gabor filter. 1D Gabor filter was first used by D. Gabor. Gabor filters are described as sinusoidal planes 

modulated by Gaussian envelopes with a set of frequency and orientation.  

ℎ(𝑥, 𝑦) = 𝑠(𝑥, 𝑦)𝑔(𝑥, 𝑦) (1) 

s(x, y) is a complex sinusoidal function, and g(x,y) is a Gaussian function. 

𝑠(𝑥, 𝑦) = 𝑒−2𝜋𝑗(𝑢0𝑥+𝑣0𝑦) (2) 
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where (𝑢0, 𝑣0) is the spatial frequency, 𝜎𝑥 and 𝜎𝑦 are the standard deviations in x and y axes, respectively. The following 

figure shows a sine wave, Gaussian function and Gabor filter. Through this graph, it is possible to visualize the result of 

the Gabor filter on a one-dimensional signal. [6] 

 
Fig. 3. Sinusoidal wave, Gaussian filter, Gabor filter 

Advanced Gabor function. A complex Gabor filter can be written as: 

𝑔(𝑥, 𝑦) = 𝑘𝑒
(−𝜋(𝑎2(𝑥−𝑥0)𝑟

2𝑏2(𝑦−𝑦0)𝑟
2))exp (𝑗(2𝜋(𝑢0𝑥+𝑣0𝑦)𝑝))

 (4) 

 

Here:  

k- scales the size of the Gaussian envelope. 

(a,b)- Gaussian scales the envelope axes up and down. 

(𝑥0, 𝑦0)- is the peak of the Gaussian envelope. 

(𝑢0, 𝑣0)- Cartesian frequency space of sinusoidal carrier. 

p- Sinusoidal carrier phase. 

The figure below shows the real and imaginary components of the complex Gabor function. 

 
Fig. 4. α-real component, β-imaginary component 

Methodology. The downloaded images will initially be resized to the same 224x224 size. Then the image is denoised 

and unnecessary areas are removed. [8] 
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Fig. 5. (a) The original image, (b) The processed image 

 

 

III. METHODOLOGY 

 
Fig. 6. retinopathy diagnosis model 

 

In the above model, the use of Gabor filter based CNN models was proposed. An image-based CNN model for the 

detection of diabetic retinopathy. First, the images are pre-processed, then Gabor filters are applied to the images in 

different directions. is fed to the CNN and the output probabilities are collected from the model. In addition, the images 

without the Gabor filter are fed to a separate CNN model and the output probability is calculated from the model. As a 

final step, these previously accepted probabilities are incorporated into the decision synthesis and a decision is made. 

Gabor filter application. The Gabor filter is applied to the images at different angles. 
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IV. EXPERIMENTAL RESULTS 

 
Figure 7. Applying of Gabor filter 

 

The model is applied separately for each corner. Here, we will designate each model as G1, G2, G3, G4, G5, G6, 

and G7. A Gabor-based CNN model and VGG16 model, one of the original retinal image-based CNN models, were used.  
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Table 1. Results obtained using VGG 16 

 

V. CONCLUSION AND FUTURE WORK 

 

During this research, the use of Gabor filters with CNN was proposed to detect diabetic retinopathy from color 

fundus retinal images. Seven Gabor filters were used in this model, each Gabor filter separated by 30 degrees of 

orientation. This method is based on the traditional CNN learning algorithm. The output of each is included in the decision 

synthesis block, which applies the rule of the sum of probabilities of the CNN to make a final decision about the presence 

or absence of diabetic retinopathy in the retinal image. The results obtained are presented and compared with other 

approaches. 
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