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<Summary> Early detection of diabetic retinopathy (DR) is important because it may cause visual loss.
In this paper, we propose an automatic detection technique of microaneurysms (MAs) which are early signs
of DR from retinal fundus images by density gradient vector concentration. After image preprocessing,
the density gradient vector concentration was calculated in green-channel component and MA candidates
were detected by adaptive thresholding. Forty eight features based on texture analysis, pixel value, and
shape were calculated from each candidate and the candidates were classified into MAs or false positives by
thresholding and a support vector machine. The average sensitivity at selected false positive rates by the
proposed method was 0.395 in the evaluation with ROC (Retinopathy Online Challenge) database. The
proposed method may be useful in automatic MA detection.

Keywords: microaneurysm detection, density gradient vector concentration, texture analysis, support vec-

tor machine, retinal fundus image
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Fig.1 An example of microaneurysm in a color retinal
fundus image
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Fig.2 The flowchart of the proposed method
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Fig.3 The calculation area for density gradient vector
concentration
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Fig.4 An example of filtered images in region of interest
with a microaneurysm
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Fig.5 An example of filtered images in normal region
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O1 48000000
Table 1 The list of 48 features
Number | Features
1 Area
2 Circularity
3 Length-to-width ratio
4-6 Mean pixel value of the candidate region in
red, green, and blue channel components
79 Difference between the maximum and mini-
mum pixel value of the candidate region in red,
green, and blue channel components
10-12 | Contrast between peripheral region and can-
didate region in red, green, and blue channel
components
13 Similarity to blood vessel?!)
14 Number of candidate regions in region of in-
terest
15 Nearest distance from blood vessels
16,17 | Ordinate and abscissa from optic disc
1823 | Mean output value of two double ring filters
in red, green, and blue channel componentsw)
24-36 | Features obtained from the co-occurrence ma-
trix in green channel component22)
37,38 | Features obtained from the difference statistics
in green channel component22)
39-48 | Features obtained from the run length matrix
in green channel component22)
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02 0000000000000 DIARETDB1OOOOOOOOCOOOO
Table 2 Results for DIARETDBI1 test cases when using different classifiers

. . Average number of false positives per image Average

Classifiers Functions /8 1/4 12 1 2 1 8 | sensitivity
NN Manhattan 0.051 0.086 0.169 0.278 0.472 0.622 0.707 0.341
Fuclid 0.038 0.102 0.171 0.308 0.475 0.589 0.759 0.349
Linear-Sum of Square | 0.020 0.051 0.143 0.224 0.418 0.622 0.806 0.327
Sigmoid-Sum of Square | 0.031 0.102 0.214 0.337 0.490 0.643 0.735 0.364
Neural Network Sigmoid-Binomial 0.020 0.122 0.224 0.286 0.418 0.551 0.673 0.328
Softmax-Binomial 0.010 0.031 0.071 0.082 0.194 0.337 0.531 0.179
Softmax-Multinomial | 0.061 0.071 0.153 0.306 0.449 0.622 0.755 0.345
Linear 0.041 0.051 0.092 0.173 0.378 0.602 0.827 0.309
Support Vector Machine Gaussian 0.061 0.102 0.184 0.306 0.571 0.724 0.847 0.399
Polynomial 0.061 0.061 0.143 0.327 0.480 0.714 0.847 0.376
Sigmoid 0.031 0.041 0.112 0.184 0.255 0.388 0.490 0.214

O3 DIARETDB1OO0OO0OO0OOOO0OO0OOOOCOOOOODOOO
Table 3 Comparison of the proposed method and our previous method in DIARETDBI1 test cases

. Average number of false positives per image Average
Methods /8 1/4 1/2 1 2 1 8 | sensitivity
Proposed Method | 0.061 0.102 0.184 0.306 0.571 0.724 0.847 0.399
Previous Method™ | 0.041 0.061 0.122 0.245 0.439 0.694 0.806 0.344
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Table 4 Comparison of the proposed method and our previous method in ROC database test cases

Average number of false positives per image Average
Methods /8 14 172 1 3 4 8 | sensitivity
Proposed Method | 0.172 0.224 0.274 0.397 0.469 0.560 0.668 0.395
Previous Method'™ | 0.181 0.224 0.259 0.289 0.347 0.402 0.466 0.310

05 ROCOODODOOOO0OOODODOOOOOOODODOOOO
Table 5 Comparison of the proposed method and anothor method in ROC database test cases

Average number of false positives per image Average

Authors /3 1g/4 /2 1 R sensitivgity
Proposed Method 0.172 0.224 0.274 0.397 0.469 0.560 0.668 0.395
Cree) 0.055 0.111 0.184 0.213 0.251 0.300 0.329 | 0.206
Pereira et al.) 0.053 0.083 0.135 0.187 0.276 0.407 0.540 0.240
Ram et al.?) 0.041 0.160 0.192 0.242 0.321 0.397 0.493 | 0.264
Sanchez et al.¥) 0.190 0.216 0.254 0.300 0.364 0.411 0519 | 0.322
Zhang et al.%) 0.198 0.265 0.315 0.356 0.394 0.466 0.501 | 0.357
Adal et al.?) 0.204 0.255 0.297 0.364 0.417 0.478 0.532 | 0.364
Zhang et al. 117 0.175 0.242 0.297 0.370 0.437 0.493 0.569 | 0.369
Giancardo et al® 0.217 0.270 0.366 0.407 0.440 0.459 0.468 0.375
Quellec et al.?) 0.166 0.230 0.318 0.385 0.434 0.534 0.598 | 0.381
Niemeijer et al.'®) 0.243 0.297 0.336 0.397 0.454 0.498 0.542 | 0.395
Antal et al. (weighted)'® | 0.172 0.201 0.323 0.426 0.478 0.560 0.638 | 0.399
Lazar et al.'!) 0.251 0.312 0.350 0.417 0.472 0.542 0.615 | 0.423
Antal et al. (search)'?) |0.173 0.275 0.380 0.444 0.526 0.599 0.643 | 0.434
Human Expertl) - - - 0.49 — — - -

(a) False positive with
an annotation of microa-
neurysm

(b) False positive that exists
on the thin blood vessel

(c) False positive that exists
on the main blood vessel

(d) Dark dot that exists on
the normal retina
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Fig.8 An example of false positives
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