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Abstract: Aiming at the problem of large workload and strong subjectivity for manual retinal vessels extraction, this
paper proposes a retinal vessel segmentation method that combines regional growing strategy, pulse coupled neural
network (PCNN), a Gaussian filter bank and a Gabor filter. First, 2D Gaussian filter bank and 2D Gabor filter are
combined to enhance the shape retinal blood vessel region and strengthen the contrast between the blood vessel
and the background. Then, PCNN with fast linking mechanism and region growing idea is implemented to achieve
automatic retinal vessel segmentation in which the unprocessed pixel with highest intensity is set as the seed, and
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the adaptive linking weight and stop conditions are adopted. The experimental results on the DRIVE fundus database
show that the average accuracy, sensitivity and specificity are 93.96%, 78.64%, 95.64%, respectively. The segmen-
tation results have less vascular breakpoints and clear micro-vessels. This work has promising application value.
Keywords: retinal blood vessel extraction; pulse coupled neural network; region growing; Gaussian matched filter
bank; Gabor filter
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Fig. 1 Pre-processing. (a) Grayscale processing; (b) Edge
expansion; (c) CLAHE processing; (d) Gabor filtering; (e)
Gaussian filtering
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Fig. 6 Pre-processing results. (a) Original image; (b) Mask; (c) Grayscale processing; (d) Edge expansion; (e) CLAHE processing;
(f) Gabor filtering; (g) Subtraction of (d) and (f); (h) Inverse-color of (g); (i) Matching filtering results without edge expansion; (j)
Gaussian filtering; (k) Subtracting (d) from (j) and taking the opposite; (I) Fusion of filtering results
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Fig. 7 Results of Gaussian filtering and Gabor filtering. (a) Gaussian filtering; (b) Gabor filtering; (c) Results of fusion
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93.961% 78.642% 95.643%
Spe
8 DRIVE
Sen=TP/(TP+FN) , ( 8(a)) ( 8(d)
Spe=TN /(TN +FP) , (27]
Acc=(TP+TN)/(TP+TN + FP + FN) PCNN
9
4.3 KWERRTH
4 5 6 Gabor
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Table 4 Gabor filtering results

Acc Sen Spe Acc Sen Spe

01 93.71 79.46 95.11 19 94.15 81.25 95.31
02 94.03 75.89 96.10 20 93.56 81.05 94.55
04 93.08 70.87 95.54 09 93.40 77.63 94.79
16 93.73 76.58 95.44 10 93.08 75.86 94.63
18 93.24 77.88 94.57 06 92.75 72.06 94.98

&5 BAIEALER
Table 5 Gaussian filtering results

Acc Sen Spe Acc Sen Spe
01 94.05 78.53 95.57 19 94.21 81.56 95.35
02 93.58 72.43 96.00 20 93.77 82.51 94.66
04 93.02 71.86 95.17 09 92.76 73.44 94.46
16 93.65 76.17 95.38 10 92.89 73.70 94.61
18 93.49 78.66 94.76 06 92.79 69.52 95.30

46 Gabor &L Ht kg a0 L5 R
Table 6 Results of combining Gabor filtering with Gaussian filtering

Acc Sen Spe Acc Sen Spe
01 94.43 80.67 95.78 19 94.56 83.69 95.54
02 94.11 75.79 96.20 20 94.13 84.95 94.85
04 93.20 72.83 95.26 09 93.44 77.45 94.85
16 94.23 79.08 95.74 10 93.41 77.18 94.87
18 94.37 83.88 95.27 06 93.30 72.16 95.58
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Fig. 8 Comparison with the segmentation results of ref. [27]. (a) Normal images; (b) The processing results of healthy images

in ref. [27]; (c) The processing results of the proposed method on healthy images; (d) Abnormal images; (e) The processing
results of abnormal images in ref. [27]; (f) The processing results of the proposed method on abnormal images

(a) (b) (c) (d) (e) ®

B9 AXf#nileR. (a) RE1; (b) 51, (c) 2421, (d) RE2; (o) 52, (f) #3146 %R2
Fig. 9 Segmentation results of the proposed algorithm. (a) Original image1; (b) Label1; (c) Segmentation results1; (d) Original
image2; (e) Label2; (f) Segmentation results2
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Overview: Studies indicate that retinal blood vessels are the only deep micro-vessels in a human body that can be ob-
served directly in a non-invasive way. The variation of color or the morphological structure of vascular networks can
reflect the effects on human health of various eye diseases and cardiovascular and cerebrovascular diseases. Therefore,
the extraction and analysis of retinal vascular is of great significance for medical personnel to diagnose and treat these
diseases as early as possible. Due to the limitation of image acquisition equipment and the complex structure of retinal
blood vessels, manual extraction of retinal blood vessels has problems of heavy workload and strong subjectivity. Aim-
ing at the problem, this paper proposes a novel automatic retinal vessel image segmentation algorithm based on
matched filter enhancement and region growth pulse coupled neural network. Firstly, the original fundus image is
pre-processed with a 2D Gaussian filter bank and a 2D Gabor matched filter bank to achieve the contrast enhancement
and denoising. By combining these two kinds of filters, the final fused retina image can present more details and less
artifact noisy micro-vessels. Secondly, a modified regional growing pulse coupled neural network with fast linking me-
chanism is adopted. The pixel with the highest brightness is selected as the seed, and adaptive connection coefficients
and specially designed terminating conditions are employed to control the growth of the candidate blood vessel area.
Operating in this way can overcome the shortcomings of the regular region-growing technique requiring fixed prese-
lected seeds and the traditional PCNN not being able to terminate automatically. In order to evaluate the performance
of the proposed algorithm, the DRIVE image dataset, which has been widely used for retina image processing, is
adopted. The dataset was acquired using a Canon CR5 non-mydriatic 3CCD camera and each image was captured using
8 bits per color plane at 768 pixelsx584 pixels. The dataset of 40 images has been divided into a training set and a test set,
both containing 20 images. The experimental results demonstrate that the algorithm can maintain the consistency of the
segmented results and meanwhile achieve the multi-value segmentation of fundus vascular images. The whole algorithm
performs well in the DRIVE fundus database. The average accuracy, sensitivity and specificity of the algorithm respec-
tively are 93.96%, 78.64% and 95.64% in DRIVE fundus database. There are fewer vascular breakpoints in the segmenta-
tion results, and the micro-vessels are clear. We believe that this work has good application prospects.

Citation: Xu G Z, Wang Y W, Hu S, et al. Retinal vascular segmentation combined with PCNN and morphological
matching enhancement(J]. Opto-Electronic Engineering, 2019, 46(4): 180466
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