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Multiscale retinal vascular skeleton extraction method based on
principal curvature and principal direction

Yuan Weiqi', Wang An"’

(1. Computer Vision Group, Shenyang University of Technology, Shenyang 110870, China;
2. College of Information Science and Electronic Technology, Jiamusi University, Jiamusi 154007, China)

Abstract ; In order to reduce missed and false detection of low contrast vessels in retinal vascular skeleton extraction, a multi-scale retinal
vascular skeleton extraction method based on principal curvature and principal direction is proposed. Firstly, the principal curvature and
principal direction of each pixel in the retinal image is extracted after multi-scale Gaussian filtering. Secondly, the local maximum points
in the direction of the maximum principal curvature are extracted at each scale, and the high contrast vascular center pixel is selected as
the seed point by curvature threshold. Then, the minimum principal direction is used to track and labeled the low contrast vessels.
Finally, the vascular skeleton extracted at multiple scales are fused. The proposed algorithm is evaluated on DRIVE training dataset,
DRIVE test dataset and STARE dataset. The number of missed detection are 89, 97, and 106, respectively. And the number of false
detection are 99, 101, and 122, respectively. Experimental results show that the proposed method can extract small vascular skeletons
with low contrast, but there are a few miss detection for small blood vessels with contrast less than three gray levels, and a few false
detection for fine stripe texture and lesions interference which adheres to blood vessels.
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Fig. 1 Vascular shape and gray distribution
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Fig. 2 Extraction of effective retina region
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Fig.3 Vascular principal curvature and principal direction
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Table 1 Relationship between scale factor and vessel width

Iﬂlgﬁfﬁh w RE;% T opt ﬂﬂ%’:ﬁ&‘ﬁ w RE? Top
2 0.577 7 2.021
3 0. 866 8 2.309
4 1. 154 9 2.598
5 1.443 10 2.887
6 1.732




194 s XK 2 R

/N R, AR SCE A S R 1P 9 A
RBERF AT 0 . MR JES B JE i 32 L 900 4% 58 B 7F
2~10 4~ Pixel Z[8] XF EUFE 8 AN BE 2% LA L Ao o 457 e 7R
W At R LR 94N o, TEZAKEMLZNE
it i e, AR AR SCT7 78 0 T 4 45 0L 7 0 A RE R
WHHRE, B S5 BERARKEEX T, AR o, 7k
PR ML A5 v PV R . SR B 3 N R IR F Tk bk, e BUT
WA e ORI 58 5 2 A~ Pixel 1 RUE -+, Bl 0. 577
F10.866,0. 866 XJ Ioj (Al Vi Ky 2~ 3 /)~ Pixel , 3 £
F 0. 577, BB 0. 866 15 Ry 55—~ RUE - [RI PR, L HL
R TE BE N 4 > Pixel B R, B 1,154 1. 443
1. 732 F1 2. 021,2. 021 X 1o A A FE )% N 4 ~ 7 4> Pixel,
L HAL 3 AN RERE T, ka2, 021 485 —ARE
BT 5 e i 108 BRORG 00 9 JE h 8 A Pixel AU EE IR T, B
2.309.2. 598 Fl1 2. 887,2. 887 fi ST X /4% 45 55 E 1
i, W E 2. 887 VEASE 3 ANREREF. L5 B, AER 1
FHEERL 0. 886.2. 021 F1 2. 887 3 B8, M5 h 45 N BE SR I

$F42%
IRER T,
0r
ol
=
g 4f '
€2 -

0 , A
0.577 0.866 1.154 1,443 1,732 2,021 2,309 2.598 2.887
RERAFHE

S AR RUBE PR A6 00 af A 9 P s Rl

Fig. 5 Range of vessel width detected by different scale factors
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Table 2 Segmentation threshold under three ¢ values
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Fig. 6 Vascular skeleton marking process
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caused by different angle difference threshold
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Fig. 12 Visualization resulis of different methods
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