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A novel vessel-constrained active contour with
application to vessel segmentation
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Abstract: Active Contour Models are the essential instruments for image segmentation and have great
development in both theory and application. However, these existing models cannot work well in the
presence of intensity heterogeneity, and are in general sensitive to initial curve places. Therefore, a
novel active contour is proposed so as to extract correctly vessels, which takes into account image in-
tensity and vessel features simultaneously. The new model is obtained by local phase vesselness-en-

hanced algorithm, and is based on local binary fitting. Experimental results, which based on publicly
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available Digital Retinal Images for Vessel Extraction (DRIVE), show that our model can successfully

extract the desired vessels in the presence of intensity inhomogeneity with 74, 43% pixel sensitivity

and 93. 67 % segmentation accuracy, and the model is insensitive to initial curve placement. This dem-

onstrates our model is competent for image segmentation with high accuracy and robustness.

Key words: active contour; local phase; intensity inhomogeneity; local binary fitting
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Fig. 1 Results of the local phase-based vesselness

enhancement
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Fig. 2

Segmentation performances of the VLBF
model in contrast to the manual segmenta-
tions based onfour randomly chosen retinal

images.
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Segmentation results by different models

Fig. 3
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respectively.
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Fig. 4  VLBF segmentation results of our model

based on the image. the same with Fig. 2
(G) , with different initializations highlight-

ed by white circles
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Fig. 4 LBF segmentation results of our model based

on the image, the same with Fig. 2 (G),
with different initializations highlighted by

white circles

%2 LBF# VLBF ] AR A E M ERE
Tab. 2 Accuracy (Acc) by LBF and VLBF models with dif-

ferent initializations highlighted by white circles

VLBF(Aco) LBF(Aco)
(300,58)  0.949 140.000 1 0.945 4+0.000 1
(52,141)  0.943 440.000 1 0.943 0£0. 000 1
(200,125) 0.943 42£0.000 1 0.943 240,000 1
(50,33) 0.943 4+0.000 1 0.940 1£0.000 1

2 2 v VLBF Al LBF 4 %045 7l %0, LBF
155 7Y 55 52 W) 4y DX 5 ), B 26 T 25 L T A
[] (1 G RN 00 s o7 5 B, VLB 58 A 22 ) iy IXC Jk
R 5 106 25 /0 %o AN (W] £ T 4 o 5 258 5030 7T e g A
E5,
4.2 BH oW HELERNTIE

VLBF A5 78 1 S i Ji 380 AH A7 1 457 384 58 53 v
HEAT AL 3 B 14 5 1 R S S  K EA BAE
RFREAE R AT B g B ] @ 1 — e E
PR ER IR, A o B9k S B 45 R A
—EME, fE 0= 2.0, 9 = 0.000 125 X 255 X
255 IR R0 R (300, 58) BYAB LR L 5 HBUA [H]



557 1) g R AR — LA 2 AR SR R TG B B AR AR 693

AR B R A RIS RREAR . HH DY R X L AT
A afE0.9 8 0.3 BIMMLRET . a = 0.7 [
T A B R BRSO B TR T RE 2 0 I A AR
JE A B AT LAFE 0. 7 J&] LU, 45 0 5 o i 19 53

EIEEN
5 % 7

AR SO T — R T I AR 24 R )R AR 3 S B

5 VLBF BT R o fif 19 1 5 45 5 JERAHY (VLBF 58 R Jm A A 15 B 5 RO
Fig. 5 Comparison of the segmentation results by FE(E B4 A Ve MEME A S S R TP A RS B L BR
the VLBF model with different values of ¥ T LBF BRIl F K B AR b 2 — R AE (5 B Bl

B o BE 6% b BB B2 73 A3 AN 249 20 70155 140 5 4 6 A4 1M

IR : @ =0.9, 0.7.0.5.0. 3, f5FWE 5CA),
B (O (D) H s FIZ5 2R, 5 4 8 K #R g
N 00 AR A 1 40 LR (E S B TR AR
A XIS T4E. 1& 5 (B) 43 %145 JL 85 (A Bk

BEMG . 4 E) S5 B R R G A 4 ) ik )
74,43 % 93. 67 % , Wi [ AR HCHE AT UL L %R
TSR] DL & 00045 79 4o 0OKS BE L T HL AT DA 55

T ‘ ) B 1 0 SRR B
T 0 B 7 /1 A0 5 0
‘ B8 R TR B TR v 2 2 3 09 D 44
S 5B e [ 5CC) (D) A L B B/
i S B T 45 S A H B,

B

4

(1]

(2]

(3]

(4]

(5]

(6]

7]

(8]

[9]

[10]

% X W

PARAGIOS N, DERICHE R. Geodesic active contours and level sets for the detection and tracking of moving objects [ ]J].
IEEE Transactions on Pattern Analysis and Machine Intelligence , 2000, 22(3): 266-280.
MIKIC I, KRUCINSKI S, THOMAS J D. Segmentation and tracking in echocardiographic sequences: Active con-
tours guided by optical flow estimates [J]. IEEE transactions on medical imaging , 1998, 17(2): 274-284.
GUIDRY D L, FARAG A A. Active Contours: An overview with applications to motion artifact cancellation in
MRI [C]l. Proceedings of the 20th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society » Hong Kong, China: IEEE, 1998, 2. 644-647.
MYLONA E A, SAVELONAS M A, MAROULIS D. Automated adjustment of region-based active contour pa-
rameters using local image geometry [J]. IEEE Transactions on Cybernetics, 2014, 44(12); 2757-2770.
SETHIAN ] A. A review of level set and fast marching methods for image processing [ M]//BOURLIOUX A,
GANDER M ], SABIDUSSI G. Modern Methods in Scientific Computing and Applications. Netherlands:
Springer, 2002, 75: 365-396.
ESTELLERS V, ZOSSO D, LAI R J, et al. Efficient algorithm for level set method preserving distance function
[J]. IEEE Transactions on Image Processing » 2012, 21(12): 4722-4734.
DONG B, CHIEN A, MAO Y, et al. Level set based surface capturing in 3D medical images [ M]//METAXAS
D, AXEL L, FICHTINGER G, et al. Medical Image Computing and Com puter-Assisted Intervention-MICCAI
2008. Berlin Heidelberg: Springer. 2008, 5241:. 162-169.
KASS M, WITKIN A, TERZOPOULOS D. Snakes: Active contour models [J]. International Journal of Com-
puter Vision, 1988, 1(4): 321-331.
CASELLES V, CATTE F, COLL T, etal. A geometric model for active contours in image processing [J]. Nu-
merische Mathematik , 1993, 66(1): 1-31.
LICM, XUCY, GUICF, et al. Level set evolution without re-initialization: A new variational formulation
[C]. Proceedingsof the 2005 IEEE Com puter Society Con ference on Computer Vision and Pattern Recognition
San Diego, CA, USA:IEEE, 2005, 1. 430-436.



694

WS Bos 531 %

[11]

(12]

[13]

[14]

[15]

(16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

LI CM, LIU J D, FOX M D. Segmentation of edge preserving gradient vector flow: An approach toward auto-
matically initializing and splitting of snakes [C]. Proceedings of the 2005 IEEE Com puter Society Con ference on
Com puter Vision and Pattern Recognition, San Diego, CA, USA. IEEE, 2005, 1. 162-167.

VESE L A, CHAN T F. A multiphase level set framework for image segmentation using the Mumford and Shah
model [J]. International Journal of Computer Vision, 2002, 50(3): 271-293.

CHAN T F, VESE L A. Active contours without edges [J]. IEEE Transactions on Image Processing , 2001, 10
(2): 266-277.

ROUSSON M, PARAGIOS N. DERICHE R. Implicit active shape models for 3D segmentation in MR imaging
[M]//BARILLOT C, HAYNOR D R, HELLIER P. Medical Image Computing and Com puter-Assisted Inter-
vention-MICCAI 2004. Berlin Heidelberg: Springer, 2004, 3216: 209-216.

CASELLES V, KIMMEL R. SAPIRO G. Geodesic active contours [J]. International Journal of Computer Vi-
sion, 1997, 22(1): 61-79.

LICM, KAOCY, GORE ] C, etal. Implicit active contours driven by local binary fitting energy [CJ. Proceedings of
the 2007 IEEE Con ference on Computer Vision and Pattern Recognition ,» Minneapolis, MN: IEEE, 2007 1-7.

WU H. APPIA V. YEZZI A. Numerical conditioning problems and solutions for nonparametric i. i. d. statistical
active contours [ J]. IEEE Transactions on Pattern Analysis and Machine Intelligence , 2013, 35(6); 1298-1311.
AN J, ROUSSON M, XU C Y. I'-convergence approximation to piecewise smooth medical image segmentation
[M]//AYACHE N, OURSELIN S, MAEDER A. Medical Image Computing and Com puter-Assisted Interven-
tion-MICCAI 2007. Berlin Heidelberg: Springer, 2007, 4792: 495-502.

LANKTON S. NAIN D, YEZZI A. et al. Hybrid geodesic region-based curve evolutions for image segmentation
[C]. Proceedings of the Medical Imaging 2007 Physics of Medical Imaging , San Diego, CA: SPIE, 2007,
6510: 65104U.

YEZZ1 A, TSAT A, WILLSKY A. Medical image segmentation via coupled curve evolution equations with global
constraints [CJ. Proceedings of the IEEE Workshop on Mathematical Methods in Biomedical Image Analysis,
Hilton Head Island, SC: IEEE, 2000: 12-19.

KIM J, FISHER J W, CETIN M, et al. Incorporating complex statistical information in active contour-based im-
age segmentation [ CJ. Proceedings of the 2003 International Conference on Image Processing, Barcelona,
Spain: IEEE, 2003, 2. 1I-655-8.

LIC M, KAOCY., GORE J C, et al. Minimization of region-scalable fitting energy for image segmentation []].
IEEE Transactions on Image Processing » 2008, 17(10): 1940-1949.

LANKTON S, TANNENBAUM A. Localizing region-based active contours [J]. IEEE Transactions on Image
Processing s 2008, 17(11): 2029-2039.

A, R, WE C-V B EISEETE 200 R AU R LT ], F B E,2015,8(1):68-73,

ZHANG Y C, ZHAO J. Application of improved C-V segmentation in multi-spectral imager [ J]. Chinese Optics ,
2015, 8(1): 68-73. (in Chinese)

LATHEN G, JONASSON J, BORGA M. Blood vessel segmentation using multi-scale quadrature filtering [].
Pattern Recognition Letters, 2010, 31(8): 762-767.

WANG L, HE L, MISHRA A, et al. Active contours driven by local Gaussian distribution fitting energy [J].
Signal Processing s 2009, 89(12) . 2435-2447.

WANG L, LICM, SUN Q' S, etal. Active contours driven by local and global intensity fitting energy with appli-
cation to brain MR image segmentation [J]. Computerized Medical Imaging and Graphics, 2009, 33 (7).
520-531.

W% F AR A ORGSR BT R BT ] B R 5 ,2014,7(5)  779-785.

YANG M Y, LI G. Aerial image segmentation with region information [J]. Chinese Optics, 2014, 7(5): 779-
785. (in Chinese)

TEE RN R E(1990—) , oAb A R E N i+, E N FER PGB 5E TAE. E-mail:15501603309@163. com



