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ABSTRACT

Diabetic retinopathy (DR) is one of the most common
cause of blindness. Micro aneurysms (MAs) are early
signs of this disease, so the detection of these lesions is
essential in the screening process. DR can be prevented
and its progression can be slowed down if diagnosed
and treated early. A proper medical protocol has been
established, but the actual grading required for
diagnostics has been performed manually. Manual
grading is slow and resource demanding, so several
efforts have been made to establish an automatic
computer-aided screening system. Micro aneurysm
appear as small circular dark spots on the surface of the
retina. A key feature to recognize DR is to detect micro
aneurysms (MAs) in the fundus of the eye.This approach
is an effective MA detector based on the combination of
pre-processing methods and candidate extractors. We
will provide an ensemble creation framework to select
the best combination. An exhaustive quantitative
analysis is also given to prove the superiority of our
approach over individual algorithms. We also investigate
the grading performance of our method, which is proven
to be competitive with other screening systems.

1. INTRODUCTION

Diabetic retinopathy (DR) is a serious eye disease originating
from diabetes mellitus and the most common cause of blind-
ness in the developed countries. Early treatment can prevent
patients to become affected from this condition or at least the
progression of DR can be slowed down. The key to the early
detection is to recognize microaneurysms (MASs) in the fun-
dus of the eye in time. Thus, mass screening of diabetic pa-
tients is highly desired, but manual grading is slow and re-
source demanding. Therefore, several efforts has been
made to establish reliable computer-aided screening
systems in this field.

Computer-aided MA detection is based on the detailed
analysis of digital fundus images (an example shown in Fig-ure
1). MAs appear as small circular dark spots on the surface of the
retina. The detection of MAs is still not sufficiently re-liable, as it
is hard to distinguish them from certain parts of the vascular
system. This problem increases the number of false candidates
that naturally deteriorates the overall accu-racy of the detectors.
To overcome this difficulty, we propose the creation of an
ensemble of hpreprocessing method, can-didate extractori pairs
using state-of-the-art individual algo-rithms. Since a large
number of combinations can be created,
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Fig. 1. Sample digital fundus image with a microaneurysm.

we selected the optimal subset of such pairs with a
simulated annealing-based search algorithm.

The rest of the paper is organized as follows: in Section 2
and 3, we provide a brief overview of the state-of-the-art
preprocessing methods and candidate extractors involved in
the ensemble, respectively. In Section 4, we present our
com-bination approach to form an optimal ensemble. Section
5 summarizes our experimental results regarding the
Retinopa-thy Online Challenge [1], where our proposed
algorithm has achieved the best score. Finally, we draw
conclusions in Sec-tion 6.

2. PREPROCESSING METHODS

In this section, we present the selected preprocessing
meth-ods, which can be applied before executing MA
candidate extraction. These algorithms are collected
based on current  corresponding literature
recommendations for medical image processing.

2.1. Walter-Klein contrast enhancement [2]

This preprocessing algorithm aims to enhance the contrast of
fundus images by applying a gray level transformation using
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the following operator:

t t)+u;

u= 821((zlu(maxfumaxlmmummu)’mm) ) i min r“ min t f ;

where

ftmin, ey tmaxg; fUmin, ..
are the intensity values of the grayscale and the

enhanced im-age, respectively, f is the mean value of
the grayscale image and r 2 R.

2.2. Contrast Limited Adaptive Histogram
Equalization [3]

Contrast Limited Adaptive Histogram Equalization
(CLAHE) [3] is a popular technique in biomedical
image processing, since it is very effective in making
the usually interesting parts more visible. The image is
split into disjoint regions, on which local histogram
equalization is applied. Then, the boundaries between
the regions are eliminated with a bilinear interpolation.

2.3. Vessel removal and extrapolation [4]

We investigate the effect of processing images with
the com-plete vessel system being removed, based on
the idea pro-posed in [4]. We extrapolate the missing
parts to fill in the holes caused by the removal using
the inpainting algorithm presented in [5].

2.4. lllumination equalization [6]

This preprocessing method aims to reduce the vignetting
effect, which causes uneven illumination of retinal images.
Each pixel is set according to the following formula:

Ugg=u+m A

where ugq; U are the new and the original pixel
intensity val-ues, respectively, m is the desired
average intensity and A is the local average intensity.

2.5. No preprocessing

We also include in the ensemble the results of the candidate
extractors on the original images without any preprocessing.

3. MICROANEURYSM CANDIDATE EXTRACTORS

Candidate extraction is a process which aims to spot objects
in the image showing MA-like characteristics. Individual MA
detectors follow their own way to extract MA candidates. In
this section, we provide a brief overview of the candidate ex-
tractors involved in our analysis.
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3.1. Walter et al. [7]

Candidates appear as sufficiently small dark patterns on the
green channel of the image, which are extracted using
grayscale diameter closing. The final MA candidates are the
remaining objects in the image after executing this operation.

3.2. Spencer-Frame [8] [9]

This approach is one of the most popular candidate extrac-
tors, originally proposed in [8] and [9]. The actual candi-date
extraction is accomplished by subtracting the maximum of
multiple morphological top-hat transformations. For this step,
twelve rotated structuring elements are used with a ra-dial
resolution of 15 . Then, the resulting image is subtracted
from isc to remove the largest components from the image.
In the next step, a 2D Gaussian matched filter is applied on
the obtained image. Finally, the resulting image is
thresholded and a region growing step is applied.

3.3. Circular Hough-transformation [10]

Candidate extraction is executed by detecting circles on the
images in this method. For this purpose, we use circular
Hough transformation [11]. The radius of the circles are set
according to the size of MAs from a training set.

3.4. Lazar et al. [12]

Pixel-wise cross-section profiles with multiple orientations
are used to construct a multi-directional height map. This
map assigns a set of height values that describe the dis-
tinction of the pixel from its surroundings in a particular
direction. In a modified multilevel attribute opening step a
score map is constructed, from which the MAs are
extracted by thresholding.

3.5. Zhang et al. [13]

This method is based on multi-scale correlation filtering
and dynamic thresholding. For the first task, it uses five
Gaussian masks with different sigmas. The maximum
coefficients from the five responses are then combined.

4. ENSEMBLE CREATION

A pair from each preprocessing method and candidate ex-
tractor is formed by generating the output of the candidate
extractor on the training images with the given preprocess-ing
method applied. We combine such pairs by applying a voting
among their outputs. We use a simulated annealing-based
search algorithm [14] to select an optimal combination. The
search space consists of each possible combination of
hpreprocessing method, candidate extractori pairs. Elements of
the search space are evaluated using an energy function E
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which is the average specificity at seven predefined false
positive rates (from 1=8 to 8) as described in [1]. The
optimal solution provides the highest energy value.

The formal general description of the proposed
combination is as follows:

Algorithm 1: Optimal combination of preprocessing
methods and candidate extractors.

Input:

An initial temperature T 2 R.

A minimal temperature Tmin 2 R.

A temperature change g 2 R with 0 g 1.

A set

containing all hpreprocessing method, candidate
extrac-tori pairs.

A search space U = P (S), where P is the power
set containing all collections of hpreprocessing
method, candidate extractori pairs.

A function rand (X), which chooses a random
element x from the set X.

A function accept : R R R [0; 1] ! ftrue; falseg,
which is defined in the following way:

( rue; exp

>r;
accept (e; ej; T; 1) = false:

.o ee
otherwise: T

An energy function E : U ! R, as described above.

Output:
A U, wiieie C (A )—Hidx £ (X) .
optimal 2 optimal xU
2
1. X 1)
2E E®X)
3. U U x
4, whileU 6=;and T > Tpjjp do
5 X r(U)
6. 1 E(X)
7. U U X
8. ifej>ethen
9. X Xij
0. e i
11. T Tqg
12. else
13. r rand (R)
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14, if accept (e; ej; T; r) = true then
15. x
16. e €
17. T Tq
18. end if
19. end if
20. end while
21. return X
5. RESULTS

Retinopathy Online Challenge (ROC) [1] is a worldwide
competition dedicated to measure the accuracy of microa-
neurysm detectors. Each participant has the opportunity to
train their algorithm on a dataset consisting of 50 im-ages.
The detectors are compared based on the results on an
independent test set of 50 images. We have used this
training set to determine the optimal set of hpreprocessing
method, candidate extractori pairs. The following pairs were
selected by the algorithm: hNo preprocessing, Walteri,
hCLAHE, Walteri, hNo preprocessing, Lazari, hVessel Re-
moval, Lazari, hCLAHE, Lazari, hlllumination equalization,
Lazari, hNo preprocessing, Zhangi, hWalter-Klein, Zhangi,
hVessel Removal, Zhangi.

Table 1 shows the comparative results of the
participat-ing algorithms, with the proposed one
(DRSCREEN) high-lighted. Each row contains the
average sensitivity at seven predefined false positive
rates (from 1/8 to 8). The FROC curve showing the
performance of the algorithm can be seen in Figure 2.

18 | 14 | 112 1 2 4 8 Javg.
DRSCREEN |0.173]0.2750.380 ]0.444 {0.526 ]0.599 |0.643 |0.434
Niemeijer et al. |0.243 ]0.297 ]10.336 |0.397 |0.454 {0.498 | 0.542 |0.395
LaTIM 0.166 ]0.230]0.318 {0.385 [0.434 |0.534 ]0.598 | 0.381
OKmedical [0.198 {0.265 |0.3150.356 |0.394 ]0.466 {0.501 {0.357
Lazar etal. ]0.1690.2480.274]0.367 |0.385 [0.499 |0.542 | 0.355
GIB 0.190 ]0.216 |0.254 {0.300 |0.364 [0.411 |0.519 |0.322
Fujita 0.181]0.224]0.259 {0.289 [0.347 |0.402 |0.466 10.310
IRIA 0.041]0.160]0.192 {0.242 ]0.321 |0.397 |0.493 |0.264
ISMV 0.1340.14610.202 0.249 [0.286 |0.345 ]0.430 |0.256
Waikato ~ ]0.055]0.111 {0.184 ]0.213 ]0.251 ]0.300 |0.329 {0.206

Table 1. Comparative results of the ROC competition.

As we can see from the table, the proposed
ensemble out-performed the individual algorithms.

6. CONCLUSION

In this paper, we have proposed an ensemble-based microa-
neurysm detector, which have proved its high efficiency in an
open online challenge. This approach relies on a set of
hpreprocessing method, candidate extractori pairs, from
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Fig. 2. FROC curve of the detector based on the ROC
com-petition.

which a simulated annealing-based search algorithm
selects an optimal combination. Since our approach is
modular, we can expect further improvements by adding
more preprocess-ing methods and candidate extractors.

Acknowledgement

This work was supported in part by the Janos” Bolyai
grant of the Hungarian Academy of Sciences, and by
the TECHO08-2 project DRSCREEN - Developing a
computer based im-age processing system for diabetic
retinopathy screening of the National Office for
Research and Technology of Hun-gary (contract no.:
OM-00194/2008, OM-00195/2008, OM-00196/2008).

7. REFERENCES

[1] M. Niemeijer, B. van Ginneken, M.J. Cree, A. Mizu-tani,
G. Quellec, C.l. Sanchez, B. Zhang, R. Hornero, M.
Lamard, C. Muramatsu, X. Wu, G. Cazuguel, J. You, A.
Mayo, Q. Li, Y. Hatanaka, B. Cochener, C. Roux, F.
Karray, M. Garcia, H. Fujita, and M.D. Abramoff,
“Retinopathy online challenge: Automatic detection of
microaneurysms in digital color fundus photographs,”
IEEE Transactions on Medical Imaging, vol. 29,
no. 1, pp. 185-195, 2010.

[2] T. Walter and J. Klein, “Automatic detection of mi-
croaneyrysms in color fundus images of the
human retina by means of the bounding box
closing,” Lec-ture Notes in Computer Science,
vol. 2526, pp. 210-220, 2002.

[3] K. Zuiderveld, “Contrast Ilimited adaptive
histogram equalization,” Graphics gems, vol. IV,
pp. 474-485, 1994.

© 2013 IJAIR. ALL RIGHTS RESERVED

Vol. 2 Issue 5

ISSN: 2278-7844

[4] S. Ravishankar, A. Jain, and A. Mittal, “Automated
fea-ture extraction for early detection of diabetic
retinopa-thy in fundus images,” in Computer Vision
and Pattern Recognition, 2009, pp. 210-217.

[5] A. Criminisi, P. Perez, and K. Toyama, “Object removal
by exemplar-based inpainting,” in Computer Vision and
Pattern Recognition, 2003, vol. 2, pp. 11-721 — 11-728.

[6] A. Hoover and M. Goldbaum, “Locating the optic
nerve in a retinal image using the fuzzy convergence
of the blood vessels,” IEEE Transactions on Medical
Imaging, vol. 22, no. 8, pp. 951 -958, 2003.

[7] T. Walter, P. Massin, A. Arginay, R. Ordonez, C.
Jeulin, and J. C. Klein, “Automatic detection of
microa-neurysms in color fundus images,” Medical
Image Anal-ysis, vol. 11, pp. 555-566, 2007.

[8] T. Spencer, J. A. Olson, K. C. McHardy, P. F.
Sharp, and J. V. Forrester, “An image-processing
strategy for the segmentation and quantification of
microaneurysms in fluorescein angiograms of the
ocular fundus,” Com-puters and Biomedical
Research, vol. 29, pp. 284-302, May 1996.

[9] A.J. Frame, P. E. Undrill, M. J. Cree, J. A. Olson, K.
C. McHardy, P. F. Sharp, and J. Forrester, “A
comparison of computer based classification
methods applied to the detection of microaneurysms
in ophthalmic fluorescein angiograms,” Computers in
Biology and Medicine, vol. 28, pp. 225-238, 1998.

[10] S. Abdelazeem, “Microaneurysm detection using
ves-sels removal and circular hough transform,”
Proceed-ings of the Nineteenth National Radio
Science Confer-ence, pp. 421 — 426, 2002.

[11] T. C. Chen and K. L. Chung, “An efficient randomized
algorithm for detecting circles,” Computer Vision and
Image Understanding, vol. 83, pp. 172 — 191, 2001.

[12] I. Lazar, B. Antal, and A. Hajdu, “Microaneurysm
detection in digital fundus images,” Tech. Rep.
2010/14(387), University of Debrecen, Hungary, 2010.

[13] B. Zhang, X. Wu, J. You, Q. Li, and F. Karray,
“De-tection of microaneurysms using multi-scale
correlation coefficients,” Pattern Recogn., vol. 43,
no. 6, pp. 2237- 2248, 2010.

[14] S. Kirkpatrick, C. D. Gelatt, and M. P. Vecchi,
“Opti-mization by simulated annealing,” Science,
vol. 220, pp. 671-680, 1983.

158


Aspiring Me
Typewritten text
Muhld Ahmed  et al. / IJAIR     Vol. 2 Issue 5    ISSN: 2278-7844

Aspiring Me
Typewritten text
158

Aspiring Me
Typewritten text
© 2013 IJAIR. ALL RIGHTS RESERVED 


