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Automatic Segmentation for Retinal Vessel Based on
Multi-scale 2D Gabor Wavelet

WANG Xiao-Hong' ZHAO Yu-Qian®? LIAO Miao* ZOU Bei-Ji?

Abstract Segmentation of retinal vessels plays an important role in the diagnostic procedure of retinopathy. Due to
the fact that the retinal vessels usually have some tiny structures and blurred boundaries, especially with remarkable
noises resulted from retinal image acquisition, it is difficult to segment vessels from retinal images. In this paper, a
new automatic segmentation method for retinal vessels is proposed. Firstly, the retinal vessel image is enhanced by the
contrast-limited adaptive histogram equalization, and followed by multi-scale 2D Gabor wavelet transformation. Then, the
use morphological reconstruction (MR) and region growing (RG) are used respectively to extract retinal vessels. Finally,
both the segmented results are combined to achieve the final segmentation by reclassifying the vessel and background
pixels. Experiments are conducted on the publicly available DRIVE and STARE databases, which show the effectiveness

of the proposed method on retinal vessel segmentation.
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Fig.1 Flowchart of the proposed method
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Table 1  Segmentation performance of retinal vessel on the DRIVE database
Image Acc TPR FPR
MR RG Total MR RG Total MR RG Total
1 0.9424 0.9381 0.9452 0.7630 0.6478 0.8272 0.0307 0.0183 0.0371
2 0.9388 0.9395 0.9470 0.7327 0.6371 0.8006 0.0250 0.0073 0.0273
3 0.9168 0.9353 0.9403 0.4805 0.6148 0.6809 0.0090 0.0102 0.0155
4 0.9330 0.9439 0.9494 0.5636 0.6706 0.7399 0.0096 0.0137 0.0181
5 0.9362 0.9433 0.9458 0.5945 0.6660 0.7148 0.0097 0.0127 0.0176
6 0.9198 0.9366 0.9397 0.4874 0.6311 0.6800 0.0086 0.0128 0.0173
7 0.9311 0.9369 0.9415 0.5344 0.6323 0.6900 0.0078 0.0162 0.0197
8 0.9278 0.9367 0.9388 0.4809 0.6501 0.6950 0.0081 0.0222 0.0262
9 0.9401 0.9443 0.9456 0.5805 0.6926 0.7399 0.0116 0.0219 0.0267
10 0.9356 0.9506 0.9516 0.5478 0.7147 0.7551 0.0113 0.0171 0.0215
11 0.9352 0.9403 0.9426 0.6847 0.6513 0.7898 0.0272 0.0163 0.0345
12 0.9271 0.9448 0.9474 0.5201 0.6796 0.7492 0.0141 0.0169 0.0240
13 0.9322 0.9352 0.9406 0.6225 0.6261 0.7252 0.0162 0.0134 0.0235
14 0.9437 0.9470 0.9488 0.6624 0.6987 0.7843 0.0187 0.0199 0.0293
15 0.9445 0.9540 0.9538 0.5987 0.7439 0.7957 0.0151 0.0214 0.0277
16 0.9436 0.9358 0.9456 0.6954 0.6339 0.7656 0.0186 0.0183 0.0271
17 0.9246 0.9366 0.9390 0.4653 0.6603 0.7022 0.0108 0.0245 0.0277
18 0.9350 0.9418 0.9430 0.6313 0.6917 0.7797 0.0252 0.0254 0.0356
19 0.9493 0.9521 0.9577 0.6900 0.7207 0.8303 0.0150 0.0160 0.0247
20 0.9459 0.9492 0.9498 0.6531 0.7343 0.8080 0.0188 0.0249 0.0331
P8 0.9351 0.9421 0.9457 0.5994 0.6699 0.7527 0.0156 0.0175 0.0257
%2 STARE $df AL 73 45 R
Table 2 Segmentation performance of retinal vessel on the STARE database
Image Acc TPR FPR
MR RG Total MR RG Total MR RG Total
1 0.9342 0.9378 0.9361 0.5596 0.6488 0.7451 0.0201 0.0270 0.0406
2 0.9311 0.9475 0.9479 0.2906 0.6886 0.7065 0.0446 0.0265 0.0279
3 0.9517 0.9589 0.9571 0.5750 0.8186 0.8641 0.0148 0.0286 0.0346
4 0.8971 0.8729 0.8751 0.2229 0.3458 0.3892 0.0262 0.0671 0.0695
5 0.9248 0.9166 0.9264 0.6254 0.5414 0.7128 0.0331 0.0307 0.0435
6 0.9229 0.9557 0.9559 0.1469 0.7419 0.7462 0.0022 0.0237 0.0239
7 0.9513 0.9595 0.9567 0.8177 0.7429 0.8964 0.0322 0.0138 0.0359
8 0.9452 0.9613 0.9599 0.6215 0.7751 0.8327 0.0179 0.0175 0.0256
9 0.9586 0.9617 0.9618 0.8206 0.7569 0.8888 0.0248 0.0137 0.0294
10 0.9512 0.9530 0.9543 0.6702 0.7043 0.7651 0.0140 0.0162 0.0223
11 0.9483 0.9554 0.9535 0.7817 0.7520 0.8955 0.0337 0.0226 0.0403
12 0.9571 0.9624 0.9576 0.9168 0.7638 0.9345 0.0382 0.0142 0.0397
13 0.9229 0.9541 0.9584 0.4090 0.6998 0.7526 0.0056 0.0105 0.0130
14 0.9251 0.9548 0.9593 0.4469 0.7036 0.7669 0.0069 0.0094 0.0133
15 0.9282 0.9479 0.9375 0.6541 0.6815 0.7755 0.0351 0.0165 0.0408
16 0.8888 0.9325 0.9333 0.2145 0.5940 0.6007 0.0015 0.0125 0.0126
17 0.9545 0.9492 0.9553 0.8241 0.6798 0.8685 0.0273 0.0131 0.0325
18 0.9576 0.9416 0.9423 0.4226 0.7646 0.7806 0.0026 0.0452 0.0457
19 0.9631 0.9367 0.9372 0.4760 0.7521 0.7821 0.0063 0.0517 0.0531
20 0.9286 0.9365 0.9367 0.2836 0.6581 0.6687 0.066 0.0355 0.0364
5] 0.9371 0.9448 0.9451 0.5390 0.6907 0.7686 0.0227 0.0248 0.0340
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Fig. 10 Performance of F-measure for different methods
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Table 3  Segmentation performance of different
methods on the DRIVE database

Bk Acc TPR  FPR Type
Soares!*! 0.9464 0.7286 0.0213
Riccil®! 0.9595 - - Supervised
Marin!®] 0.9452 0.7067 0.0199 methods
Fraz!7] 0.9480 0.7406 0.0193
Staal(24] 0.9442 - -
Martinez-Perez!'l  0.9344 0.7246 0.0345
Ramlugun!?! 0.9341 0.6413 0.0233
Fraz[3] 0.9430 0.7152 0.0232
Zhang!'0! 0.9384 0.7120 0.0266
Lilt1l 0.9343 0.7154 0.0284
Kabal'?] 0.9450 0.6645 0.0216 Unsupervised
Yin[0] 0.9267 0.6252 0.0290 methods
Mendoncal'8! 0.9452 0.7344 0.0236
Wang[!] 0.9461 - -
MR 0.9351 0.5994 0.0156
RG 0.9421 0.6699 0.0175
AR 0.9457 0.7527 0.0256

F4 AFEEN STARE Sl i 5 A7) #1445 R HL L
Table 4  Segmentation performance of different
methods on the STARE database

5k Acc TPR  FPR Type
Soares!*] 0.9479 0.7197 0.0253
Riccil® 0.9646 — — Supervised
Marin(®! 0.9526 0.6944 0.0181 methods
Fraz!™] 0.9534 0.7548 0.0237
Staall?4l 0.9516 - -
Martinez-Perez!'l  0.9410 0.7506 0.0431
Fraz!®l 0.9442 0.7311 0.0319
Hoover!®! 0.9267 0.6734 0.0432
Zhang!*0] 0.9483 0.7171 0.0247
Lilt1 0.9407 0.7191 0.0313
Kabal'?] 0.9411 0.6520 0.0255 Unsupervised
Yin!t6] 0.9413 0.7249 0.0334 methods
Mendoncal'8] 0.9440 0.6996 0.0270
Wangl21] 09521  — -
MR 0.9371 0.5390 0.0227
RG 0.9448 0.6907 0.0248
AICE 0.9451 0.7686 0.0340
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