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Abstract—Diabetes also known as diabetes mellitus (DM) is 

a prominent disease all over the world. It is a metabolic 

disorder occurring due to high blood sugar levels over a 

prolonged period. Diabetes affecting macular area is called 

diabetic maculopathy. Prolonged diabetes will lead to diabetic 

retinopathy which affects retina. The identification, grading 

and quantification of the disease will help to know the 

progress of the disease. So developing automated systems for 

identification, grading and quantification of the retinal 

pathologies associated with DM is on the rise. The aim of this 

project is to grade the different stages of retinopathy in Colour 

Fundus images using quantitative features extracted from the 

images such asarea, location and count of the hard exudates 

and microaneurysms and to evaluate the progress of diabetic 

retinopathy. Developing new techniques for grading various 

types of diabetic retinopathy based on quantification 

algorithms will aid the clinicians to understand the progress of 

the disease, which in turn provides us with scope for further 

re-search. The image dataset has been collected from Amrita 

Institute of Medical Sciences and Research Center. Here the 

images are of size 2588*1958.This automation will help the 

doctors to analyse the level of the disease and provide 

necessary treatments. 
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I.  INTRODUCTION  

 
 Diabetes is a problem which is affecting many people in this 

world. This is a problem which is affecting the human body 

due to raise in the blood sugar levels. There are different types 

of diabetics. The sugar level should be maintained in a 

particular level. In 2013 it was estimated that over 382 million 

people throughout the world had diabetes. It is due to either 

the pancreas not producing enough insulin or the cells of the 

body not responding properly to the insulin produced. 

Diabetics can also affect different body organs such as: heart, 

liver, eyes etc… Even it can cause serious health issues which 

may or may not lead to the death of a person. There are 

different types of diabetics. Some are type 1, type 2, 

gestational diabetics, type 3 etc…  

There are different modalities by which treatment and 

diagnosis becomes easier. They are by: color stereo fundus 

photographs, fundus fluorescien angiogram, and optical 

coherence tomography and slit-lamp biomicroscopy. Color 

stereo fundus provides an opportunity to evaluate long-term 

changes in the retina. It also helps in identifying the cause of 

the vision loss.  

There are mainly two types of diabetic retinopathy: Non-

proliferative diabetic retinopathy and proliferative diabetic 

retinopathy. NPDR also known as background retinopathy is 

the early stage of diabetic retinopathy. In this stage, tiny blood 

vessels within the retina leak blood or fluid. The leaking fluid 

causes the retina to swell or to form deposits. It shows changes 

in eyes including: microaneurysms, retinal exudates, 

hemorrhages, macular edema and macular ischemia.  

PDR mainly occurs when many of the blood vessels in the 

retina close, preventing enough blood flow. This may lead to 

create new blood vessels which help in supplying blood to the 

retina. As these blood vessels are abnormal it will not provide 

much blood to the retina. Hence it will create a loss in the 

vision. It affects vision by: vitreous hemorrhage, traction 

retinal detachment and neovascular glaucoma. PDR will affect 

the eyes more than NPDR.  
The images for the methodology were collected form 

Amrita Institute of Medical Sciences and Research Center, 
Kochi. The images were of size 2588*1958. It includes 100 
images of FA images and 75 images of FFA images. As we 
are working on FA images, we used the 100 images for testing 
the outputs. 
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II. METHODOLOGY 

A. Methodology for quantifying the microaneurysms 

Automated and reliable detection of edema is vital for 
early cure of the disease. Edema occurs when exudates appear 
near or on the macula, so automated detection of macula and 
exudates are important to construct a computer aided 

diagnostic system for DME. There are various computerized 
methods in the literature which are proposed for the detection 
of macula, exudates and edema. But in this method, the 
macular region is extracted manually so that it will help the 
doctors or the clinician to identify the exact region where the 
disease is affected. 

 

   

 

 

B. Algorithm for detection of microaneurysms 

Step 1: Read the input image  

Step 2: Apply the thresholding technique.  

Step 2.1: Initial estimate of tk of is calculated at step k as     

 

  𝑡𝑘=𝑙1+𝑙22 4  

 

Step 2.2: At step k, apply the threshold tk . This will produce 

two groups of pixels: Go consisting of all pixels belonging to 

object region and Gb consisting of all pixels belonging to 

background region.  

Step 2.3: Compute the average intensity values μ0 and μ1 for 

the pixels in Go and Gb respectively.  

Step 2.4: Update the threshold as follows:  

 

𝑡𝑘+1=𝜇0𝑘+𝜇𝑏𝑘2  

 

Step 2.5: Repeat steps 2 through 4 differences in T in 

successive iterations.  

Step 3: Extracted the original shade corrected image (a top-hat 

transformation) and apply the mask  
Step 4: Display the count of the microaneurysms. 

 

 

 

 

 

 C. Methodology for detection of exudates 

Figure 1: The architectural diagram of quantifying the microaneurysms 

Figure 3: (a) the retinal input image. (b) The result obtained when thresholding is applied. (c ) the results obtained when mask is 

applied to extract the microaneurysms. (d) displaying the microaneurysms detected. 

 

International Journal of Pure and Applied Mathematics Special Issue

128



The macula is a depression in the center of macular region and 
appears as a darker area in a color retinal image. It is located 
temporal to the optic disc and has no blood vessels present in 
its center. In a retinal image, the contrast of macula is often 
quite low and sometimes it may be obscured by presence of 
exudates or hemorrhages in its region. As a consequence a 
search to obtain a global correlation often fails. Therefore, the 
macula is localized based on its distance and position with 

respect to the optic disc as it remains relatively constant. Since 
the location of macula varies from individual to individual, a 
rectangular search area has to be defined. In a standard retinal 
image the macula is situated about 2 disc diameter (DD) 
temporal to the optic disc. So the macular area is cropped out 
after 2DD distance. 

 

 

 

 

D. Algorithm for detecting exudates 

Location, Area and Count of Hard Exudates  

Algorithm for the detection of exudates  
Step 1: Read the image  

Step 2: Draw a rectangle over the portion of the image which 

is located 2DD distance.  

Step 3: Select the crop operation and the cropped image is 

stored in the specified location.  

Step 4: Converting the cropped color image into gray scale 

image.  

Step 5: Locating the exudates using histogram based method. 

Step 6: Counting the exudates in the macular area  

Step 7: Display the count  

 

Calculating the Area and location of the exudates:  

The area of the macular region is calculated by using 

regionprops() function. The macular region is cropped from 

the original retinal image. Imtool is used for calculating the 

current location of the exudates. This command will help in 

reading the image from the file and by pointing it to the 

current portion of the exudates, it will show the location.   

 

 

 

Figure 2: The architectural diagram for quantifying the exudates 

 

Figure 4: (a) the retinal input image. (b) Cropping the macular area in rectangular shape. (c) the macular region cropped out. 

(d) Binary image of the macular region. (e) Detecting the exudates present in the macular region. (f) Displaying the area of 

the exudates. (g) Locating the exudates 
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III. VALIDATION 

 

The table below shows the tabulation of the area, location and 

count of the exudates present the retinal images.  

 

 

 

 

 

 

 

 

 
 

 

 

Ima

ges 

PDR  NPDR  

 Count 

of hard 

exudat

es 

Location of 

exudates 

Area Count 

of 

microa

neurys

ms 

Count 

of hard 

exudate

s 

Location of 

exudates 

Area Count of 

microaneu

rysms 

1 2 (144,122) 21844.3 

 
88 5 (88,100) 21970.5 2 

2 1 (225,155) 19657.5 5 14 (145,175) 24372.8 31 
3 35 (98,111) 32785.1 56 27 (168,188) 19892.2 68 
4 8 (200,191) 20176.7 24 68 (157,120) 34008.6 184 
5 24 (89,100) 28387.6 147 34 (163,100) 32601.6 87 
6 18 (121,152) 21889 52 9 (98,121) 21930.7 41 
7 52 (164,185) 23678.1 48 31 (156,191) 32004.5 18 
8 50 (130,162) 22049.8 36 15 (124,169) 22265 21 
9 2 (144,100) 23509 22 20 (179,111) 27095.1 20 
10 41 (88,77) 48482.1 18 6 (80,52) 21844.1 16 
11 1 (85,111) 24818.3 32 20 (200,136) 19842.3 19 
12 1 (56,89) 20544.1 62 126 (197,164) 2598.3 77 
13 78 (123,148) 30752.1 19 33 (222,156) 26184.2 38 
14 79 (224,122) 41476.5 10 32 (99,158) 21204 24 
15 53 (168,145) 45649.2 50 23 (89,111) 33012.2 41 
16 18 (135,175) 26286.5 41 42 (148,188) 12897.1 27 
17 42 (122,100) 25451.5 9 50 (176,173) 20014.5 21 
18 57 (154,120) 19842.2 21 14 (100,143) 26421.5 23 
 31.22±2

6.3 

 30237.7±90

08.8 

41.1±34

.1 

31.4± 

28.5 

 25085.5±76

20.5 

42.0± 41.9 

 

 

According to the analysis of the results from Table 1, we can 

say that the count of the hard exudates, show only a marginal 

difference between NPDR and PDR. While considering the 

second parameter of area of the exudates, it is clear that the 

area of the exudates is high in case of PDR than that of NPDR. 

The locations of the hard exudates are also observed, but the 

location of the hard exudates within the macular area did not 

show any significant differences between the presence of 

NPDR and PDR. The last parameter considered is the count of 

the microaneurysms, it is observed that the value of the count 

is high in case of NPDR.  
So it can be concluded that the factors such as: the count of the 
exudates, count of the micro aneurysms and the area will help 
in the categorizing NPDR and PDR, whereas location of the  

 

 

exudates within the macular area does not play a vital role in 
the categorization. Through this project we have established 
that we can differentiate between the different stages of 
retinopathy in Colour Fundus images using quantitative 
features extracted from the images which has not been tried so 
far in the Literature. We believe that this will help the 
clinicians to understand the severity of the disease and provide 
the treatment accordingly. The results can be validated further 
depending on the availability of the dataset. 

 

Table 1: Tabulation of area, location, count of microaneurysms and count of exudates 
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IV. CONCLUSION 

Here, we differentiated between the different stages of 

retinopathy in Colour Fundus images using quantitative 

features extracted from the images such as area, location and 

count of the hard exudates and microaneurysms. Developing 

new techniques for grading various types of diabetic 

retinopathy based on quantification algorithms will aid the 

clinicians to understand the progress of the disease, which in 

turn provides us with scope for further re-search. Different 

image processing techniques have been used and have been 

applied to the dataset that has been provided. The index 

developed here is computationally efficient for the analysis of 

different types of diabetic retinopathy. We believe that this 

will help the clinicians to understand the severity of the 

disease and provide the treatment accordingly. The results can 

be validated further depending on the availability of the 

dataset. 

 

References 
 

[1] ―AFully Automated Comparative MicroaneurysmDigital Detection 
System‖,MichaelJ.Creel,JohnA.Olson,KennethC.Mchardy,PeterF.Sharp
AndJohnV.Forrester, Department ofBio-medical Physics andBio-
engineering,University ofAber- deen, Foresterhill, Aberdeen; UK.  

[2] ―Quantification ofDiabetic MaculopathybyDigitalImagingofthe-
Fundus‖,R.P.PhillipSt,T.Spencer,P.G.B.Ross,P.F.Sharp,J.V.Forrester, 
Department of Ophthal-mology, DepartmentofBio-
MedicalPhysics,MedicalSchool,UniversityofAberdeen,Foresterhill,Aber
deenAB92ZD.  

[3] ―ANewCurveletTransformBasedMethodForExtractionOfRedLesionsInD
igitalColorRetinal 
Images‖,MahdadEsmaeili1,HosseinRabbani1,AlirezaMehriDehna- 
vi1,AlirezaDehghaniDepartmentofBiomedicalEngineering,IsfahanUnive
rsityof MedicalScienc 
esDepartmentofOphthalmology,IsfahanUniversityofMedicalSci- ences.  

[4] ―AutomatedFeatureExtractionForEarlyDetectionOfDiabeticRetinopathyI
nFundusImages‖, SaiprasadRavishankar, ArpitJain, Anurag Mittal 
University of Illinoisat Urbana-Champaign, University of Maryland 
College Park, Indian Institute of Technology Madras.  

[5] ―Automated Localization of Optic Disk and Fovea in Retinal Fundus 
Images‖, S.Sek- har,W.Al-Nuaimyand A.K. Nandi, 16thEuropean Signal 
Processing Conference (EUSIPCO 2008), Lausanne, Switzerland, 
August 25-29, 2008, copyright by EURASIP.  

[6] ―Automated Three Stage Red Lesions Detection InDigital Color Fundus 
Images‖, C.MarinO, E.Ares, M.G.Penedo, M.Ortega, N.Barreira, 
F.Gomez-Ulla, Grupode Vi-si´onArtificialy Reconocimientode Patrones 
University of ACoru˜naCampusde Elvi˜nas/n, ACoru˜na,15071,SPAIN.  

[7] ―Automatic Detection of Exudatesin Retinal Images‖, NidhalK. El 
AbbadiEnasHamoodAlSaadiUniversityofKufa,Najaf,Iraq,IJCSIInternati
onal JournalofComputerScienceIs-sues,Vol.10,Issue2,No1,March2013.  

[8] ―AMorphological ThreeStageApproach ForDetecting Exudates 
InColorEyeFun- dusImages‖, DanielWelfer,JacobScharcanski, 

DianeRuschelMarinho,published in proceedings ofthe2010 ACM 
Symposium on Applied Computing, pages 964-968,2010.  

[9] ―Automated identificationofdiabetic retinal exudates in digital 
colourimages‖, 
AOsareh,MMirmehdi,BThomas,RMarkham,Publishedbygroup.bmj.com.  

[10] ―DiagnosisofDiabeticRetinopathy: AutomaticExtraction 
ofOpticDiscandExudates from Retinal Images using Marker-controlled 
Watershed Transformation‖, Ahmed WasifReza 
&C.Eswaran&KaharudinDimyati, Received: 9September 2009 /Ac- 
cepted:27December2009/Publishedonline:29January2010#SpringerScie
nce+BusinessMedia,LLC2010.  

[11] ―AutomaticExudateDetection fromNon-dilated DiabeticRetinopathy 
RetinalImages Using Fuzzy C-means Clustering‖, AkaraSopharak1, 
BunyaritUyyanonvara1and SarahBar-man,Sensors2009,9,2148-
2161;doi:10.3390/s90302148.  

[12] ―Automatic detection ofmicroaneurysmsincolor fundus images‖, 
Thomas Wal-ter,AliErginay,RichardOrdoñez, Jean-Claude 
Klein,ArticleinMedicalImageAnalysisJanuary2008.  

[13] ―Projection Based Algorithm for Detecting Exudates in Color Fundus 
Images‖, C.Eswaran, Marwan D.Saleh, and Junaidi Abdullah, 
Proceedings ofthe19thInterna- tionalConferenceonDigi-
talSignalProcessing, 20-23August2014.  

[14]  ―ANovelMethodForAutomatic HardExudates Detection 
InColorRetinaLImages‖,XiangChen,WeiBu;XiangqianWu,BaishengDai,
YanTeng,Proceedings ofthe2012International Conference 
onMachineLearningandCybernetics, Xian,15-17July,2012.  

[15] ―Automated Detection and Grading of Diabetic Maculopathy in Digital 
Retinal Images‖, Anam Tariq, M.Usman Akram, Arslan Shaukat, and 
Shoab A.Khan.  

[16]  ―Localization ofHardExudates inRetinalFundusImagebyMathematical 
Morphology Operations‖, Mehdi GhafourianFakharEadgahi, 
HamidrezaPourreza, Journal of theoreti-calphysicsandcryptography, 
JTPC,Vol.1,November2012.  

[17] ―Hardware basedanalysis onautomated earlydetection ofDiabetic-
Retinopathy‖, N.S.Dattaa,R.Banerjeeb,H.S.Duttac,S.Mukhopadhyayd, 
Elsevier, ProcediaTech- nolo-gy4(2012)256–260.  

[18] ―Retinalimages:opticdisklocalizationanddetection‖,InternationalConfere
nceImageAnalysisandRecognition,ICIAR2010:ImageAnalysisandRecog
nitionpp40-49  

[19] ―Exudatedetectionincolorretinalimagesformassscreeningofdiabeticretino
pathy, 
XiweiZhang,GuillaumeThibault,EtienneDecencière,BeatrizMarcotegui,
Bruno 
Laÿ,RonanDanno,GuyCazuguel,GwénoléQuellec,MathieuLamard,Pasca
leMas- sin,AgnèsChabouis,Zeynep 
Victor,AliErginay,MedicalImageAnalysis, Published 2014  

[20] ―AHybridApproach forAutomatic Exudates Detection 
inEyeFundusImage‖,Man- preetKaur1,MandeepKaur2,International 
JournalofAdvancedResearchinComput- erScience-
andSoftwareEngineering, Volume5,Issue6,June2015.  

[21] ―Diabetic Maculopathy Detection using Fundus Fluorescein Angiogram 
Images - A Review‖, Swapna T R, ChandanChakraborty, IJRET: 
International Journal of Research in Engineering and Technology, 
Volume: 03 Special Issue: 15, Dec-2014.  

[22] S. Padmavathi, S, S. M., and V, V., ―Indian Sign Language Character 
Recognition using Neural Networks‖, IJCA Special Issue on Recent 
Trends in Pattern Recognition and Image Analysis, vol. RTPRIA, pp. 
40-45, 2013.  

 

International Journal of Pure and Applied Mathematics Special Issue

131



132


