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Retinal Vessel Segmentation Using Level Set Combined with Shape Priori
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Abstract Thanks to the severity of retinal vessel lesions is an important reference to the diagnosis of vessel diseases; the
segmentation and analysis of the retinal vessel have a great clinic value in diagnosing and treating these diseases. However, due to
complex structure of the retinal blood vessel, gray level crossing and the influences of the focus and noise, many algorithms have
disadvantage of inadequate segmentation on the position of adjacent vessels, crossing vessels and micrangium as well as being
affected easily by the focus and noise. Aiming to the shortcomings of existed methods and considering that partial vessel structure
can be separated from background and the resistance of model to noise, we propose level set method to segment blood vessel
fusing regional energy fitting information and shape priori. First, in the stage of preprocessing, it uses GAC level set model to
control contour curve evolving to real border, which leads to retinal mask, eliminates central bright line of vessel and evaluates
background image of retina, conducts subtraction and multiplication with initial image and mask to reinforce retinal vessel image.
Than by the characteristic analysis of anisotropy of Hessian, its character values have different geometric property on vessels,
background and the focus, to maximize the difference on different structures, we rebuild vessel response function by the eigvalues
of Hessian matrix to acquire primary image of retina as prior and initialization information thereafter, which alleviate the
sensitivity of level set model to initialization and missegmentation. On constructing the model of level set, taking into
consideration separation of local retinal image, noise-resistance of model and so forth, we make a distinction between vessels and
background via the property of regional energy fitting of RSF model and build shape constraints of level set using prior
information as well as geometric property of level set function, the curve will receive punishment when it is away from the
position of prior information, the further, the bigger the punishment is. The integral vessel segmentation model of level set is
composed of local energy fitting, shape constraint, area constraint; on the process of minimization, it overcome the shortcomings
by energy fitting of insufficient segmentation at adjacent vessels, microvascular and vascular intersection that exist in many
established method, and improve the noise-resistance of model via shape constraint. At last, the final retinal segmentation image is
achieved by area of connected domain and geometric operator constructed by width and height information which can further
eliminate the fake shadow of connected domain and the focus. By the experiments on following three databases, the sensitivity is
79.4547%. 81.0653%. 81.1773%, accuracy is 96.1820%. 94.2147%. 95.6413% corresponding to dataset of fundus image of
HRF_healthy. HRF_diabetic and HRF_glaucoma in database of HRF; on STARE. DRIVE, the sensitivity is 79.0860%.
75.3535%,accuracy is 95.0340%. 95.3565% respectively. The results above show the effectiveness of vessel segmentation
method proposed in this paper.

Keywords regional energy fitting ; shape priori; level set; Hessian; response functions; connected domain
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HofrE b 1 p8h/cAs, 7E STARE #1 DRIVE F£ 20
o

DNUERAASCREE I S 7 EIERE, 22 AHE HRF,
STARE. DRIVE #dfEFE Fit T I e #5500
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Background

In ophthalmology, retinal vessel lesions canbe caused by many dise
ases, such as glaucoma, macular, hypertension,arteriosclerosis and diabet
es. Retinal vessel images can be achieved by digitalimage processing. Th
ey can be analysed qualitatively and quantitatively to helpdoctors diagno
se illnesses and make treatment plans. Thus, we can reduce the probabilit
iesof blindness and retinal lesions on patients. 2D true-color retinal image
s canbe fetched by fundus cameras directly. These images have a great v
alue inmedical application, since microvessel and other lesions on the reti
na can beclearly presented on them.
Retinal vessel segmentation methods hasgreatly developed in recent year
s. However, they all have followingdisadvantages: 1. Fractured microves

sel in the result. 2. Segmentation error ofcrossing vessels. 3. Excessively
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huge size of the vessel in the result. 4. Lessrobustness to the pathological

retina.

Based on the current work, we propose aretinal vessel segmentation
model using level set combined with shape priori.Hessian matrix is used
to complete the initial segmentation, to initialize thelevel set function and
to build the shape priori. The evolution of the levelset function can be dri

ven by the data term to overcome the segmentation errorof the crossing v
essels. Finally, geometry operators based on the connecteddomain are us
ed to eliminate artifacts and lesions. As the experiment resultsshown, our
method achieves a better segmentation result compared with otherexistin
g methods.
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