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Abstract Diabetic Retinopathy (DR) is the retinal abnormalities arise on diabetic patients. Initial retinal screening is the 

super approach to prevent from diabetic retinopathy. Fundus imaging with good quality and large field is a popular 

method for DR identification and prevention. In this paper two fundus imaging methods are simulated. The first 

method is based on fundus camera which is used in the hospital to capture the retina image and In the second method 

Mobile phone with good camera quality, light-emitting diode (LED) and 28D lens and is used as an indirect 

ophthalmoscope. The results are shown and compared in terms of precision, recall and accuracy. 
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I. INTRODUCTION 

Diabetes is a long term organ disorder which is starts with 

increasing of blood sugar level and weak formation of 

hormone and allows sugar to enter in human body. Due to 

diabetes, amount of sugar in small blood vessels of eye 

cause difficult in vision and cause blindness known as DR 

(Diabetic Retinopathy) [1,2]. DR blocks and distorts the 

blood vessels of retina result in fluid liking and vision 

distorting. After 10 to 15 years of diabetes about 30% of 

patients develop serious visual impairment [3].  

There are four stages of Diabetic retinopathy. With time the 

stages of disease increases from normal to 1st DR stage and 

1st to further advance stage. The stages for diabetic 

retinopathy are defined below [4-6]:  

a). Mild non-proliferative DR: this in the first stage of 

diabetic retinopathy the eye swells which is known. known 

as aneurysm. 

b). Moderate non-proliferative DR: In this stage the blood 

vessels started to distort, swelling increases and creates dot-

and-blot hemorrhage. 

c). Severe non-proliferative DR: with the onset of disease 

the blocking of blood vessels increases are started and 

yellow spots called cotton wool spots are stated to create on 

retina side. 

d). Proliferative diabetic retinopathy:  The last stages of 

DR, new but fragile blood vessels are created  on eye side. 

Resulting in leakage of vessel and growing of this vessel 

will become the reason of serious visual impairment [7]. 

 

Fig. 1. Retinal image 
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Early identification of DR reduces the chance of visual 

impairment [8]. The number of diabetic patients outnumber 

the number of eye specialist, so an early DR detection 

technique is needed so that only DR affected person go to 

the hospital for treatment and analysis [9,10]. 

In this paper we used an automated detection system to 

identify the DR stages. For the detection process the 

artificial neural network is used that uses the identifier and 

wide number of training set for specific results and 

extraction process is done by DWT [11,12]. We also used 

the method in which the mobile phone and 28D condensing 

lens was used for retina imaging and compare this method 

with fundus camera imaging. 

II. METHOD OF RETINAL IMAGE ACQUISITION 

A. Collecting retinal images by  fundus camera 

A fundus camera is used in the hospitals to take the 

picture of the eye’s inner part- retina, optic disc, macula and 

posterior pole which provide the detail information about 

the eye’s health and monitor the eye abnormalities [13]. To 

capture picture firstly tell the patient to sit and place their 

forehead in the bar. Then the examiner open the cover of 

camera to illuminate the light on eye which lighting up the 

retina and take a picture of it [14]. 

 Eye specialist operates these retinal cameras to 

identify, analyze treatment, and cure the eye related diseases 

[15]. Fundus images used in this research work is taken by 

using the Topcon mydriatic TRC-50DX fundus camera (as 

shown in fig. 2) with a 50°, 35° and 20° field of view. It 

gives maximum resolution of 70 µm and can amplify the 

image by 15 times. This type of camera gives upright, and 

more magnified view with the smaller field and most 

commonly used during a regular eye examination 

[16,17]. Example of retinal images of different DR stages 

captured by fundus camera is given in fig. 3. 

 

Fig.2: Topcon TRC-50DX fundus camera 

 

Img1_Normal 

 

Img2_Mild 

 

Img3_Moderate 

 

 

Img4_Severe 

 

Img5_PDR 

Fig.3. Retina image capture by fundus camera 

B. Collecting retinal images by Mobile phone 

For the detection and analysis of diabetic retinopathy the 

eye specialist use a fundus camera. However a fundus 

cameras are very costly, big and only skilled operators can 

operate it which are limited in number [18]. So there is need 

of a low cost handheld indirect ophthalmoscope which can 

be personally operated with little practice. 

 Now a days mobile phones have become an essential item 

of our life. It is very profitable, simple, handy, perform 

multiple operations and anybody can carry it at any place 

any time [19]. This causes great interest on mobile phone 

for medical application and examination like for 

ophthalmology as imaging devices. Mobile phones with 

good camera quality, light-emitting diode (LED) and 28D 

lens can be used in place of fundus camera to take the                                   

Fig.4. Principle of mobile phone indirect ophthalmology 

We use Samsung Galaxy A7 2016 to capture the retina’s 

picture. This phone has good camera quality (13MP) with 

LED flash, acceptable screen size, android operating system 

and cost is also affordable. To capture picture firstly tell the 

patient to lie flat on his back and stand near him then on one 

hand hold the lens 2 to 3 inch from patient’s eye and in 

other hand hold mobile phone 20-22 inch from lens. 

Lighting up the retina by using Light Emitting Diode (LED) 

and take a picture of it [21]. Example of retinal images of 
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different DR stages captured by mobile phone is given 

below: 

 

Img6_Normal 

 

Img7_Moderate 

 

Img8_Moderate 

 

 

Img9_Severe 

 

Img10_PDR 

Fig 5. Retina images capture by mobile phone 

III. DR DETECTION USING ANN-DWT 

The ANN and DWT methods are used for DR detection. 

The database of diabetic retinopathy affected retinal image 

are created and patient’s retina image capture by using a 

Fundus camera and Mobile phone. All the images are 

processed and converted into gray scale image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. Flowchart of DR Detection Method Based on ANN-DWT 

In the next step the DWT (Discrete Wavelet Transform) 

is applied which decompose the image into four sub-bands 

and extract the feature of images. At last apply this feature 

into ANN (Artificial Neural Network) model to find and 

classify the most relevant images to identify the DR stage. 

To measure the performance of the system we calculate 

precision, recall and accuracy by following formulae [3]: 

 

                                       (1) 

 

                            (2) 

 

                     (3) 

 

Where, True Positive (TP): accurately identified DR 

images, True Negative (TN): accurately identified Non-DR 

images, False Positive (FP): Non-DR images identified 

wrongly as DR images, False Negative (FN): DR images 

identified wrongly as Non-DR images. 

IV. EXPERIMENTAL RESULTS  

The Method is developed & evaluated for a database 

CVRUDB1, CVRUDB2 and CVRUDB3 (as illustrated in 

table 1) which contains both normal and diabetic 

retinopathy affected eye image. These images are collected 

from three hospitals: Luthra Hospital Bilaspur, Shri 

Mahadevam Multispecialty Hospital Raipur, Aashirwad 

Laser & Phaco Eye Hospital Bilaspur. 

 

Table 1: Description of Databases 

 

The algorithm has been implemented on MATLAB 

R2016b software computing language. Table.2 represents 

the result of classification while the table 2 shows the 

performance evaluation results (precision, recall and 

Database CVRUDB1 CVRUDB2 CVRUDB3 
Total number of 

Images 

112 56 466 

Normal cases 38 14 101 

Mild NPDR 31 19 134 

Moderate NPDR 28 15 110 

Severe NPDR 11 07 97 

PDR 04 01 24 

 

Description 

Testing 

Database, 

Captured by 
Fundus camera 

Testing 

Database, 

Captured by 

Mobile Phone 

Training 

Database, 

Captured by 
Fundus camera 

Start 

Display of Result on 
screen 

 

Capture the Query 
Image by Fundus 
camera or mobile 

 

Ordering and retrieving 

Extracted Features 
using DWT 

Classification 

(ANN) 

Database for 

Reference  

Identified the Diabetic 
Retinopathy stage 

 

Extracted Features 
using DWT 

 

https://www.facebook.com/Shrimahadevammultispecialtyhospital/?__xts__%5B0%5D=68.ARBRccTflThXO25Xb18BE9OPTAzs0kDnrGSAiucMpoNO6bvuQ7undRWTm5nGBjaByHofrJ9p0L3QBtI9x68BsgLZgyz0OCOO_NX5b3CJt9x2tm8kTOwbNFxujE2SIMMycYuEEu-1lXT9jTUzfif0EZrPbPIKSvO8trEHs92V_84Hgo2h2x9I5w
https://www.facebook.com/Shrimahadevammultispecialtyhospital/?__xts__%5B0%5D=68.ARBRccTflThXO25Xb18BE9OPTAzs0kDnrGSAiucMpoNO6bvuQ7undRWTm5nGBjaByHofrJ9p0L3QBtI9x68BsgLZgyz0OCOO_NX5b3CJt9x2tm8kTOwbNFxujE2SIMMycYuEEu-1lXT9jTUzfif0EZrPbPIKSvO8trEHs92V_84Hgo2h2x9I5w
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accuracy) of a database CVRUDB1 and CVRUDB2. 

 

Table 2: Result of Classification 

Database TP TN FP FN 

CVRUDB1 68 36 2 8 

CVRUDB2 35 12 2 7 

 

Table 3: Performance Evaluation Report 

Database Precision Recall Accuracy 

CVRUDB1 97.14% 89.47% 92.86% 

CVRUDB2 94.59% 83.33% 83.92% 

 

From these results it could be simply observed that the 

value of precision, recall and accuracy are less for database 

CVRUDB2 as compared to CVRUDB1. The lower 

performance is primarily due to the fact that the images of 

database CVRUDB2 were captured by mobile phone whose 

quality was compromised to some extent as the flash of the 

mobile phone camera is not a focused beam as in an fundus 

camera and there is a reflections from the condensing lens 

which reduce the clarity of the images. The comparison has 

been plotted below: 

 

 
Fig 7: Performance Graph 

V. CONCLUSION 

We have used an automated DR identification model 

based on DWT & ANN which is experimented with both 

fundus camera and mobile camera imaging. The experiment 

result shows that the fundus camera imaging provide high 

accuracy, precision, Recall rate and less analysis time for 

detecting the presence or absence of DR of any grade as 

compared to Mobile camera imaging. So the Mobile phone 

cameras are not capable to entirely replace the fundus 

cameras but it can be used in the area where the fundus 

cameras are not available. It reduce the cost of the detection 

system, doesn’t need skilled operator and can be available 

at any time, any place ideal for rural regions. 
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