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Abstract—Retinopathy of prematurity (ROP) is a disease that leads to blindness if the diagnosis is not 
made on time. Designing an automatic and intelligent system for early diagnosis can prevent the blindness 
in infants.However, the blood vessels in the retina of infants is less clear, hence the correct diagnosis of 
vessels is very difficult. In this study, first the pre-processing stage removes the noise of images, after that 
the images are divided into 16 × 16 windows and Gabor filter is applied to each sub-window. Energy and 
entropy are calculated for each sub-window, and finally these features are sent into a neural networkto 
determine whether the sub-window has a vessel or not.By counting the number of sub-windows 
containing vessel, the prematurenessand completeness of retina is determined. In this method, the mean 
accuracy of images that have been classified is 80.88% respectively. 

Retinal vessel extraction, Retinopathy of premature infants, Gabor filters. 

I. INTRODUCTION 

In recent decades, the images of retina have been widely used in medical associations to identify and 
investigate the diseases [1,2]. Retinal blood vessels are important structures in retinal images because of the 
important information and useful parameters that are extracted fromthem to diagnose the disease and evaluate 
the eyes. For example, the retinal vessels show some appearance changes of length, diameter, branching of 
arteries and also vascular disease [3]. Blood vessels are also used as an indicator for evaluation and 
classification of the disease in each patient’s retinal images. 

Some pathological lesions such as exudates and micro-aneurysms can be diagnosed by separating the 
structures of retinal vessels. ROP is an eye disease in premature infants. In infants who are born preterm 
(premature infants), the growth of vessels is stopped before they can fully cover the retinal.The parts that have 
not vessels, cannot get enough oxygen and food, therefore, it causes the disease. This disease is more common 
in infants with less than 1500 g weighing and gestational age less than 31 weeks; and if the diagnosis isn’t made 
on time, in short time, it leads to blindness. The purpose of this study is providing a method to determine 
immaturity or completeness of the infantseye’s retina [4].The next section presents some of the past studies. In 
section 3 to 5, the proposed method is presented. In section 6, a discussion about results is presented. Finally, 
the conclusion is made in section 7. 

II. RELATED WORKS 

In recent years, many methods have been proposed to extract retinal vessels, for example according to S. 
Chaudhuri et al. (1989), the vesselsmodel in the image is assumed as a Gaussian curve and by using the filters 
corresponding to Gaussian model, the "contrast of the background vessel" is improved, then by applying a 
thresholding, the vessels are zoned. Since the vessels canbe at different extensions, the image with 12 kernels, 
each of them having15 degrees of rotation,isConvolue [5]. Then, for each pixel, the maximum response of 12 
filteringsis held. The matchingfilter response will be under local thresholdingoperation and then the vessels will 
be revealed. Figure 1 shows the results of applying this algorithm before thresholding. 
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Fig. 3: (a) color image of the retina (b) inverted green channel (c) gamma correction 

IV. FEATURE EXTRACTION 

After pre-processing, [16 × 16] windows are removed from the image and Gabor filter is applied to each sub-
window. Gabor filters process the image signal in both the spatial and frequency domain and have appropriate 
texture for related matters. Gabor filteris usually used to detect the shapes and extract the features. In the spatial 
domain, the two-dimensional Gabor filter is composed of a Gaussian core which is modulated by a sine wave, in 
other words, a Gabor filter is a modulation result of a sine signal with specified frequency and angle in the 
Gaussian signal and is defined according to equation 6.A filter bank usually consists of Gabor filters with 
different scales and directions. These filters are Convolve with image and make a Gabor space. Equations4, 5 
show the components of equation 6. 
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In equation 4, ),( yxs  is a complex sinusoid and so-called carrier and ),( yxg as shown in equation 4, is the 

two-dimensional Gaussian function and is called envelope. 
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Equation 8 shows Gabor filter frequency response:  
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It is like that we write Gaussian function in a frequency domain in  
00

,vu . Therefore, the Gabor filter is a 

Gaussian function which is shifted to  
00

,vu  in the frequency domain,in other words, in the distance 

2
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vu   from the origin and in the 

0
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1
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angle. In equation 8, the origin of spatial frequency of the 

Gabor filter is  
00

,vu .
x

 and 
y

  parameters are the standard deviation of the Gaussian function in the x and 

y directions and determine the bandwidth of the filter. When the picture has lines with the same frequency but in 

different directions, it is observed that the filter at a specific angle, has stronger response.We can obtain all 
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TABLE 1. The distribution of images in the photos data set 

Group / Label Image Number of pictures 

immature 79 

mature 20 

 
Fig. 5: An image example 

Usually, three criteria are used to evaluate the medical diagnosis systems,such as accuracy (ACC), sensitivity 
(SNS) and specificity (SPC). These criteria are defined by equations12, 13, and 14. Accuracy is the classified 
images ratio to the totalimages. The sensitivity shows the accuracy of the diagnosis of existence or absence of a 
disease. In classification systems, the accuracy criterion is used for evaluating the correctness of the overall 
system. 

2

SPCSNS
ACC




          
(12) 

FNTP

TP
SNS


           (13) 

FPTN

TN
SPC


    (14) 

In these equations,ܶܲଵ,ܶܰଶ , ܰܨଷ , andܲܨସ respectively indicate the number of patients who have been 
identified patients, the number of healthy people who have been identified healthy, the number of patients who 
have been identified healthy and the number of healthy people who were detected as patients. The results which 
aresent to the neural network in different performances can be seen in Table 2. 

TABLE 2. The obtained results in several different performance Perceptron. 

Runs MSE Sensitivity% Specificity% Accuracy% 

1 0.16 78 27 85 

2 0.14 85.76 29.75 81.45 

3 0.22 87.06 27.85 90.58 

4 0.19 75.72 34.69 72.70 

5 0.19 74.58 35.75 82.34 

6 0.15 80.03 26.48 73.24 

Average: 0.175 80.19 30.25 80.88 

By evaluating the results, it is observed that the algorithm with the accuracy averageof 80.88% and sensitivity of 
80.19% is able to recognize the maturity and immaturity retinal images. 

VII. CONCLUSION 

In this paper, a method for early diagnosis of neonatal retinopathy was presented. Due to the lack of clarity of 
retinal blood vessels in neonates compared with adults, the blood vessel detection of retinal images in infants is 
more difficult than in adults.Therefore, in this paper, first in the preprocessing phase, the image contrast was 
improved by using the applied gamma transformationon the inverted green channel.Then, the [16 × 16] 
windows were removed from the image and Gabor filter was applied to each window. These Gabor filters were 
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applied in different directions and frequencies on each sub-window. Then, from each sub-window, the amount 
of energy and entropy was calculated andsent to perceptron neural network to determine the maturity or 
immaturity of the infants retina. The presented algorithm in this paper is able to detect the immaturity of retina 
with the accuracy of80.88%. By using the presented method in this paper we can filter out the infants with high 
risk factors of ROP diseasefrom other infants. 
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