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Segmentation of optic cup and disc based on two-layer level

set describer in retinal fundus images

Wang Ying', Yu Xiaosheng”, Chi Jianning®, Lei Xiaoliang', Wu Chengdong’
1. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China;
2. Faculty of Robot Science and Engineering, Northeastern University, Shenyang 110819, China

Abstract . Objective Glaucoma is one of the most common eye diseases it can lead to severe vision loss and even permanent
blindness. Glaucoma is the primary cause of irreversible blindness worldwide. Diagnosing the disease in its early stage is
significant for decreasing the mental and financial pressures of patients. The diagnosis of glaucoma using retinal fundus ima-
ges is achieved by calculating cup to disc ratio (CDR) . The optic disc (OD) is a central yellowish region in retinal fun-
dus images. The optic cup (OC) is the bright central part of the OD that presents variable sizes. Any changes in the

shapes of OD and OC may indicate glaucoma. A high CDR value shows that the eye is suffering from glaucoma to a large
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extent. Therefore, the detection of OC and OD in fundus images is an important step in the clinical diagnosis of glaucoma.
The accurate segmentation of OC and OD is facing serious challenges, including severe intensity inhomogeneity, complex
fundus image structure, grayscale overlap between different structures, and interference with blood vessels and lesions.
Therefore, to accurately segment the OC and OD regions in fundus images, we present a novel OC and OD segmentation
method based on a two-layer level set describer in this study. This approach can simultaneously extract the boundaries of
OD and OC. Method Our proposed method consists of four steps. First, OC and OD contours are represented by two differ-
ent layers of a one-level set function by constructing a two-layer level set model. Fundus images are typically inhomogeneous
in gray levels. OC and OD regions exhibit different brightness characteristics compared with the background region in retinal
fundus images. Therefore, the local intensity information of an image is used as data term to derive the evolution of the
active contours and overcome intensity inhomogeneity in fundus images. Second, the distance constraint is established on
the basis of the position relationship between OC and OD. The contours of OC and OD in fundus images are approximately
two ellipse shapes. OC is located inside OD, and the distance between OC and OD varies smoothly. The distance constraint
term is introduced to restrain the distance between the two-level layers of the one-level set function. The major contribution
of the distance constraint term is that the relationship between OC and OD contours in a one-level set function is simpler to
establish compared with using multiphase level set methods. Third, considering the complex structure of fundus images, the
interference of blood vessels and lesions leads to sharp changes in contours, considerably affecting the accuracy of segmen-
tation results. Therefore, we use the prior information that OC and OD always approach an ellipse shape to guide the seg-
mentation process. In accordance with the geometric characteristics of OC and OD, the shape prior information of OC and
OD is introduced to constrain the evolution of the active contour and realize the accurate segmentation of OC and OD. Lastly,
we build an integral energy function by integrating the aforementioned three terms. Meanwhile, the traditional length
penalty term is also included in the final integral energy function. The final energy function consists of four parts: local
intensity information, distance constraint, prior information, and traditional length penalty terms. The segmentation of OC
and OD is achieved by minimizing the final integral energy function using the gradient descent method. When the conver-
gence condition of the level set function is satisfied, we obtain the final optimized level set function. We acquire OC and
OD contours that correspond to the 0- and k-layers of the optimized level set function. Result The proposed method is vali-
dated using the CDRISHTI-GSI dataset provided by the Aravind Eye Hospital of India with a true outline annotation of OC
and OD. The dataset consists of 101 color retinal fundus images; each of which has a field of view of 30° and a resolution
of 2 896 x 1 944 pixels. This dataset is primarily used to verify the robustness and effectiveness of OC and OD segmentation
methods. The method proposed in this study achieves 81. 04% of the average OD overlap rate, 67.52% of the average OC
overlap rate, 0. 719 of the OC F1-score, and 0. 845 of the OD F1-score on the CDRISHTI-GS1 dataset. The method outper-
forms the OC and OD segmentation method based on the combination of shifted filter responses filter model, the shape prior
constraint-based multiphase Chan-Vese model, and the cluster fusion-based level set method. We also show the visual
results of the experimental process. The bias field and bias-corrected image are displayed to illustrate how the proposed
method overcomes intensity inhomogeneity in fundus images. The histograms of the original image and the bias-corrected
images are provided to present an intuitive result of the corrected image intensity. Conclusion This method successfully per-
forms the segmentation of OC and OD regions by representing OC and OD contours with different level layers of a one-level
set function. The intensity inhomogeneity of fundus images is effectively processed using the local information data term.
The distance constraint term achieves a smooth change in distance between OC and OD contours. The ellipse shape prior
constraint overcomes the blood vessels and lesions in fundus images, and the final segmented OC and OD contours are
approximately two ellipse shapes. The experimental results show that the proposed method can simultaneously and accurately
segment OC and OD regions. Moreover, it exhibits superior performance over other methods.

Key words: retinal fundus images; two-layer level set method; optic cup segmentation; optic disc segmentation; shape

prior constraint
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Fig. 1 Retinal fundus image

((a) normal image;(b) glaucoma image)
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TIWEMEER . AR CR A LIC B a9 2 0

E(d,c,,05,05,b(x)) =

[( S A=) 1) b0 M) e )
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¢ = (12)
J(b() # KM, ($(5))dy

[(b(x) * K)IM,(6(1)) dy
J(b() K )M, ((5))dy

Ed)’cl 5 € 5, G ,b(x) ,a,b,G,xﬂlylﬁle
IR, R 6 BT Bk, /M b R S 1E D) 33
D(¢,a) 193 o WL HFEN

cy =

aa(a% = u( ‘Vd)(x) |- a(x)) +2w Va(x)
(13)
’—(:EQS,OC,C, ,Cz,caya,b,e,x*ﬂyﬁi%
KT B/ MEBERIZ R E,,,, . b(x) WAL TR
3K, (IM,($(x)))e,
b(x) == (14)
-Z‘IK’J x M, (p(x))c;
TEd, e e, e, aflb(x) BEMFNT, &
/J\’f'[ﬁﬁléﬁlegl E[otal’ a’b90’x7y E/‘J%:&E/ﬂsjj‘%%y‘j
da, A
ot = 2')’1L)Hel(g)dx (15)
db, _ B%
P 271JHH61(E)C{% (16)

dx, A,cos 6, B;sin 6
W Ha (P - . e (17)
a, 1
dy, A;sin 6, B cos 6
g = Z'le’ﬂH“( i 3 ! + ! b2 l)dx (18)
a, 1
dé, -A,B, AB,
G = (=g e S a9)
da, A
g = zsz’ngz(a—g)dx (20)
2
db, B;
== 2y2f”H€2(g)dx (21)
dx, A,cos 0, B,sin 6,
== 2%LH0( b2 )dx (22)
a 2
dy, A,sin 0, B,cos 6
g = Z'sz’ﬂHn( 2 3 2 + 2 b2 z)dx (23)
a, 2
de, - A,B,

di :2')’2an(2( ag
ﬁqj’Hel ’H(fz ’Al ’AZ ’Bl ’B2%>‘(ﬂ‘:’
H, = (H(d)) _H<d)1>>5<d’1>

H, = (H(d)) —H(d)z))S(d)z)
Ay = (x —x;)cos 0, + (y —y,)sin 6,

A,B
+%)dx (24)

2

B, =— (x —x,)sin 6, + (y —y,)cos 6,
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1 2 x
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Fig.2 The experimental process of OC and OD segmentation of the proposed method

((a)initial contour; (b) 100 iterations; ( ¢)200 iterations; (d) final result)
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Fig.3 Glaucoma OC and OD segmentation results

((a) ground truth; (b) initial contour;(c) algorithm 1;(d) algorithm 2;(e) algorithm 3;(f) ours)

4 FR T REIAR SO R AE 7 I 2 R ]
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PRI I J3E 1.7 P13 A1, 3 3ok o 94 Wit K 52 7 BT )
L AAS Y, 76 I 25 4% 1E BIG B B TR AEAE3 A 43 ((a)original image; (b) bias field; (c) bias corrected images)

Fig.4 Demonstration of experimental process
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Fig.5 Images histograms

((a) original image; (b) bias corrected image)
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Table 1 Comparison of four segmentation methods
in terms of Dice coefficient
/%

T AR G
Bk 64. 83 78. 36
k2 55.24 70. 95
k3 66. 65 79. 18
A3C 67.52 81. 04

G LR F R iR R4S
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Table 2 Comparison of average F1-score and standard

deviation of four segmentation methods

. T2 FL 3R F1 0B febr ez
e MR ML MR AL
k1 0. 699 0. 806 0.241 0.198
k2 0. 653 0. 750 0. 260 0.225
w3 0. 706 0.824 0.245 0.210
A3 0.719 0. 845 0.226 0.172
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