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Abstract. Computer aided diagnosis systems are very popular now days
as they assist doctors in early detection of the disease. Diabetic macu-
lopathy is one such disease which affects the retina of the diabetic pa-
tients. It affects the central vision of the person and causes blindness
in severe cases. In this paper, an automated system for the grading of
diabetic maculopathy has been developed, that will assist the ophthal-
mologists in early detection of the disease. Here, we propose a novel
computerized method for the grading of diabetic maculopathy in fundus
images. Our proposed system comprises of preprocessing of retinal im-
age followed by macula and exudate regions detection. This is followed
by feature extractor module for the formulation of feature set. SVM
classifier is then used to grade the diabetic maculopathy. The publicly
available fundus image database MESSIDOR has been used for the val-
idation of our algorithm. The results of our proposed system have been
compared with other methods in the literature in terms of sensitivity and
specificity. Our system gives higher values of sensitivity and specificity
as compared to others on the same database.

Keywords: Computer aided diagnosis systems, Diabetic maculopathy,
Fundus images, SVM classifier.

1 Introduction

Over the years, medical imaging has become a significant part in early detection
of various diseases. It is the fastest growing area within medicine and research at
present and plays a central role in developing cost effective health care systems.
Diabetes is one of the chronic disease all over the world. Diabetic retinopathy
(DR) is a condition where diabetes starts effecting the human retina. There are
several stages of diabetic retinopathy namely non proliferative DR, proliferative
DR and diabetic maculopathy (commonly known as macular edema) [1].

Macula is the central portion of the retina which is usually the darkest portion
and is rich in cones [1]. Macula is accountable for the clear, sharp and detailed
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vision. When the damaged blood vessels in the retina leaks out and the fluid gets
deposited near macula, then it leads to distorted central vision. Exudates are the
yellow color deposits of protein present in the retina, and maculopathy occurs
when exudates affect the central vision. The ophthalmologists grade maculopa-
thy into two stages i.e. Non Clinically Significant Macular Edema (Non-CSME)
and Clinically Significant Macular Edema (CSME) [2]. Non-CSME is a mild
form of maculopathy where there are no symptoms of the disease. Because in
Non-CSME, the location of exudates are at a distance from fovea, so the central
vision is not affected. CSME is the severe form of maculopathy, in which the
exudates leak out and get deposited very close to or on fovea, affecting central
vision of the eye [2]. Figure 1 shows the retinal images having different types of
macular edema.

Fig. 1. Stages of diabetic maculopathy: a) Healthy retinal image, b) Non-CSME retinal
image, c) CSME retinal image

Irrespective of diabetic retinopathy, long term diabetic patients have chances
of developing diabetic maculopathy. Automated detection of diabetic maculopa-
thy is vital for the early cure of the disease. There are various computerized
methods in the literature which are useful for the detection of diabetic macu-
lopathy. In [3], diabetic maculopathy is graded by location of exudates in marked
region of macula in fundus image. Exudates are detected using clustering and
mathematical morphological techniques. The method is tested on local dataset
and the sensitivity and specificity are found to be 95.6% and 96.15% respectively.
[4] proposed an intelligent diagnostic system for diabetic maculopathy using fun-
dus images. The feed forward artificial neural network is used for classification.
They have stated a sensitivity value of 95% and specificity value of 100%. In [5],
marker controlled watershed transformation is used for exudates feature extrac-
tion and diabetic macular edema classification. The exudates from the fundus
image are extracted, and their location along with marked macular regions is
utilized for the classification of macular edema into different stages. The method
is tested on MESSIDOR database and the sensitivity is found to be 80.9% and
specificity is 90.2%. Deepak et. al [6] proposed a method for automatic assess-
ment of macular edema using supervised learning approach to capture the global
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characteristics in fundus images. Disease severity is assessed using a rotational
asymmetry metric (motion pattern,) by examining the symmetry of macular
region. The method is tested on publicly available databases like diaretdb0, di-
aretdb1, MESSIDOR and DMED. The accuracy for the maculopathy detection
is found to be 81%. [7] presented a method for classification of exudative macu-
lopathy. This technique uses FCM clustering and artificial neural networks. The
authors have reported sensitivity of 92% and specificity of 82% on some local
dataset.

This paper is organized in four sections. Section 2 consists of systematic
overview of our proposed methodology for the grading of diabetic maculopathy.
This section also explains the detailed proposed system and its various modules.
Experimental results and analysis are given in section 3, followed by conclusion
in section 4.

2 Experimental Methodology

In this section, our proposed method and its various stages for the grading
of maculopathy are explained in detail. The flowchart of proposed method for
the grading of diabetic maculopathy is shown in figure 2. In our work, retinal
images present in MESSIDOR database are used, which are then preprocessed.
Afterwards, macula and exudates region detection is performed, and based on
them a feature set is formulated. The feature set is then classified with SVM
classifier to grade the fundus image into its different types.

Fig. 2. Flow diagram of our proposed method

2.1 MESSIDOR Database

The retinal images present in MESSIDOR database has been used in our study.
This publicly available database has been established to facilitate computer aided
DR lesions detection. The database is collected using TopCon TRC NW6 Non-
Mydriatic fundus camera with 45o FOV and resolutions of 1440×960, 2240×1488
or 2304× 1536 with 8 bits per color plane. It contains total 1200 images which
are divided into three sets of 400 images and each set is further divided into 4
parts to facilitate thorough testing. Each set contains an Excel file with medical
findings which can be use for testing purposes.
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2.2 Preprocessing

The acquired retinal image contains extra background pixels which are not re-
quired for further processing and add more time in overall processing. The pur-
pose of preprocessing is to differentiate between background and foreground and
eliminate background and noisy pixels. A mean and variance based method for
background estimation, and ratio of Hue and Intensity channel for noise detec-
tion are used in preprocessing. The details of these methods are given in [8].

2.3 Exudates Detection

Exudates are the bright lesions which appear on the surface of retina if the
leaking blood contains fats and proteins along with water. Their occurrence is a
main threat to vision especially when they occur near or on macula. The presence
of Optic Disc (OD) makes it difficult for automated system to detect exudates
with high accuracy. The proposed system detects and removes OD pixels for
accurate detection of exudates. Followings steps are used for exudate detection
[10]:

– Take preprocessed image as an input and apply morphological closing to
remove the effect of blood vessels and dark lesions

– Apply adaptive contrast enhancement technique to improve the contrast of
exudates on retinal surface

– Create filter bank given in equation 1 based on Gabor kernel and convolve
it with contrast enhanced image to further enhance the bright lesions [15]

GFB =
1√
πrσ

e−
1
2 [(

d1
σ )2+(

d2
σ )2](d1(cosΩ + ιsinΩ)) (1)

where σ, Ω and r are the standard deviations of Gaussian, spatial frequency
and aspect ratio respectively θ is the orientation of filter and d1 = xcosθ +
ysinθ and d2 = −xsinθ + ycosθ [15].

– Create binary map containing candidate exudate regions by applying adap-
tive threshold value T which is calculated using OTSU algorithm [9]

– Detect OD using averaging and Hough transform given in [11] and remove
all OD pixels from binary map.

2.4 Macula Detection

Macula detection is an important module for developing the computerized sys-
tem for the grading of diabetic maculopathy. It is the macular area of the eye
that is affected in diabetic maculopathy upsetting the central vision of the eye
and in severe cases leading to blindness. The technique which we have used for
macula detection is described in [13]. In this technique macula is first localized
with the help of localized OD and enhanced blood vessels [12]. Finally macula is
detected by taking the distance from the center of optic disk along with enhanced
blood vessels image to locate the darkest pixel in this region, and making clus-
ters of these pixels. The largest cluster formed is macula [13]. Figure 3 shows the
outputs of different modules, i.e. preprocessing, exudate and macula detection.
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Fig. 3. a) Original retinal image; b) Preprocessing mask; c) OD detection; d) Filter
bank response; e)Binary map for exudates; f)Macula detection

2.5 Feature Extraction and Classification

The binary map generated in exudate detection phase may contain spurious and
non exudate regions. A feature set for each object in binary map consisting of
area, mean intensity value, energy and mean value of filter bank response is
created to find true exudates. Exudates are used to grade the risk of macular
edema. Table 1 shows the three diabetic maculopathy grading conditions which
have been used while designing MESSIDOR database. We have used Support
Vector Machine (SVM) classifier to grade the input image. The complete feature
vector containing features for exudates and location of macula is passed to SVM,
where it grades the test image into three categories as defined in table-1.

Table 1. Conditions for grading of diabetic maculopathy [16]

Grade Condition Class

0 No exudate present Normal
1 A few exudates present and distance between macula and Non CSME

exudates > one papilla diameter
2 Exudates present and distance between macula and CSME

exudates ≤ one papilla diameter

Support Vector Machine (SVM) separates the exudates and non exudates
regions from each other with maximum margin by using a separating hyper-
plane. Let the separating hyperplane be defined by x · w + b = 0, where w is
its normal. For linearly separable data labeled xi, yi, xi ∈ RNd , yi = {−1, 1},
i = 1, ..., N , the optimum boundary chosen with maximum margin criterion is
found by minimizing the objective function using equation 2.

E =‖ w ‖2, (2)

subject to (xi · w + b)yi ≥ 1, for all i. We apply linear SVM for classification of
exudates, hence the inequality in equation 2 doesn’t hold in that case. The new
objective function is defined in equation 3.

E =
1

2
‖ w ‖2 +C

∑

i

L(ξi), (3)
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subject to (xi · w + b)yi ≥ 1− ξi, for all i.
C
∑

i L(ξi) is the empirical risk associated with misclassified cases where L is a
cost function and C is the parameter that minimizes the risk against maximizing
the SVM margin.

The linear cost function is robust to outliers hence equation 1 is generalized
by taking L(ξi) = ξi in equation 4.

α∗ = max
α

(
∑

i

αi +
∑

i,j

αiαjyiyjxi.xj), (4)

subject to 0 ≤ αi ≤ C and
∑

i αiyi = 0 in which α = {α1, ....., αi} is the set
of Lagrange multipliers. The optimum decision boundary ω0 which is a linear
combination of all vectors is given in equation 5.

ω0 = Σi(αiyixi) (5)

This decision boundary is then used to classify candidate object into exudate and
non exudate region. The final output of SVM depends on macular coordinates
and their distance from exudates if present.

3 Experimental Results

The proposed system is tested and evaluated properly to check the validity
of proposed method. The SVM grades the images into different categories de-
pending on the number and position of lesions. Figure 4 shows different images
classified as normal, Non-CSME and CSME by the classifier.

Fig. 4. Maculopathy detection. 1st row: Normal images; 2nd row: Non-CSME or grade
1 images; 3rd row: CSME or grade 2 images.
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We have used sensitivity, specificity and accuracy as the figures of merit for
performance evaluation. Sensitivity and specificity are the true positive and true
negative rates respectively and accuracy is the ratio of truly classified images
to the total number of images. Table-2 shows the comparison of our proposed
system with existing methods in the literature in terms of sensitivity, specificity
and accuracy. The results show that our proposed method achieved high values
of sensitivity, specificity and accuracy as compared to other methods using MES-
SIDOR database. Furthermore, the results from other methods are comparable
with our method as we are using a large dataset of images than [3], [4] and [7].

Table 2. Comparison of our proposed method with existing techniques

Author Technique Database Sensitivity Specificity Accuracy%

Siddalingaswamy Clustering and Local dataset 95.6% 96.15% -
et. al. [3] morphology
Nayak et. al. [4] Feed forward ANN Local dataset 95% 100% -
Lim et. al. [5] Marker controlled MESSIDOR 80.9% 90.2% -

watershed transform
Deepak et. al. [6] Rotational Asymmetric MESSIDOR 95% 90% -

Motion Pattern DMED 100% 74% -
Osareh et. al [7] FCM Clustering and ANN Local dataset 92% 82% -
Aquino et. al. [14] Image Processing MESSIDOR - - 96.51%
Proposed Method Filter bank and SVM MESSIDOR 92.6% 97.8% 97.3%

4 Conclusion

In this paper, we have proposed a method for developing computerized sys-
tem for the grading of diabetic maculopathy. Our proposed system consists of
preprocessing, exudates region detection followed by macula detection. The exu-
date detection stage creates a binary map of candidate regions. The SVM based
classifier first detected true exudate regions based on feature set then using coor-
dinates of macula and the distance of exudates from macula, the classifier grades
the input image into three categories. The success of computerized diagnostic
system mainly depends upon three factors such as sensitivity, specificity and
accuracy of the system. The results showed that our system has higher values of
sensitivity and specificity on MESSIDOR database as compared to the values in
literature, hence making our system significant for the screening purposes.

References

1. Causes and Risk Factors. Diabetic Retinopathy. United States National Library of
Medicine (2009)

2. Iwasaki, M., Inomara, H.: Relation Between Superficial Capillaries and Fovea
Structures in the Human Retina. J. Invest. Ophthalm. & Visual 27, 1698–1705
(1986)



An Automated System for the Grading of Diabetic Maculopathy 43

3. Siddalingaswamy, P.C., Prabhu, K.G.: Automatic Grading of Diabetic Maculopa-
thy Severity Levels. In: Proceedings of 2010 International Conference on Systems
in Medicine and Biology, pp. 331–334 (2010)

4. Nayak, J., Bhat, P.S., Acharya, U.R.: Automatic Identification of Diabetic Mac-
ulopathy Stages Using Fundus Images. J. Med. Engin. & Techn. 33(12), 119–129
(2009)

5. Lim, S.T., Zaki, W.M.D.W., Hussain, A., Lim, S.L., Kusalavan, S.: Automatic
Classification of Diabetic Macular Edema in Digital Fundus Images. In: IEEE Col-
loquium on Humanities, Science and Engineering (CHUSER), pp. 265–269 (2011)

6. Deepak, K.S., Sivaswamy, J.: Automatic Assessment of Macular Edema From Color
Retinal Images. IEEE Trans. Med. Imag. 31(3), 766–776 (2012)

7. Osareh, A., Mirmehdi, M., Thomas, B., Markham, R.: Automatic Recognition of
Exudative Maculopathy using Fuzzy C-means Clustering and Neural Networks. In:
Proceedings of Medical Image Understanding and Analysis Conference, pp. 49–52
(2001)

8. Tariq, A., Akram, M.U.: An Automated System for Colored Retinal Image Back-
ground and Noise Segmentation. In: IEEE Symposium on Industrial Electronics
and Applications, pp. 405–409 (2010)

9. Gonzalez, R.C., Woods, R.E.: Digital Image Processing, 2nd edn. Prentice Hall
(2002)

10. Akram, M.U., Tariq, A., Anjum, M.A., Javed, M.Y.: Automated Detection of Ex-
udates in Colored Retinal Images for Diagnosis of Diabetic Retinopathy. OSA J.
Appl. Opt. 51(20), 4858–4866 (2012)

11. Usman Akram, M., Khan, A., Iqbal, K., Butt, W.H.: Retinal Images: Optic Disk
Localization and Detection. In: Campilho, A., Kamel, M. (eds.) ICIAR 2010, Part
II. LNCS, vol. 6112, pp. 40–49. Springer, Heidelberg (2010)

12. Akram, M.U., Khan, S.A.: Multilayered Thresholding-based Blood Vessel Seg-
mentation for Screening of Diabetic Retinopathy. Engin. Comput. (2012),
doi:10.1007/s00366-011-0253-7

13. Mubbashar, M., Usman, A., Akram, M.U.: Automated System for Macula Detec-
tion in Digital Retinal Images. In: International Conference on Information and
Communication Technologies, pp. 1–5 (2011)

14. Aquino, A., Gegundez, M.E., Marin, D.: Automated Optic Disc Detection in Reti-
nal Images of Patients with Diabetic Retinopathy and Risk of Macular Edema.
Int. J. Biolog. Life Sci. 8(2), 87–92 (2012)

15. Sung, J., Bang, S.Y., Choi, S.: A Bayesian Network Classifier and Hierarchical Ga-
bor Features for Handwritten Numeral Recognition. Pattern Recogn. Lett. (2005)

16. MESSIDOR Database: http://messidor.crihan.fr/index-en.php

http://messidor.crihan.fr/index-en.php

	An Automated System for the Gradingof Diabetic Maculopathy in Fundus Images
	Introduction
	Experimental Methodology
	MESSIDOR Database
	Preprocessing
	Exudates Detection
	Macula Detection
	Feature Extraction and Classification

	Experimental Results
	Conclusion
	References




