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The review of optic disc and optic cup segmentation
applications in computer-aided glaucoma diagnosis

Fang Lingling'* | Zhang Lirong' >
1. Liaoning Normal University, Dalian 116029, China; 2. Dalian Neusoft University of Information, Dalian 116023, China

Abstract : Glaucoma is a kind of human-related eyes disease derived from optic nerve and vision barrier. In most cases, the
drainage system of human eyes is blocked and the liquid cannot be passed through, so the produced pressure will change
the optic nerve in the eyes and lead to the collapse of the visual acuity. Although it is incurable, the progression of optic
nerve injury can be preserved through intraocular pressure decreasing medication and surgery. Therefore, it is essential to
prevent vision loss and even blindness for patients in early stage detection and timely treatment. In addition, the main man-
ifestations of glaucoma are the enlargement of optic disc depression and the change of optic cup morphology, so the ratio of
the optic disc to optic cup is one of the most important indexes in evaluating glaucoma screening. Nowadays, the segmenta-

tion of optic disc and optic cup has become an important part of the medical image field and has been widely concerned for
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a long time. However, the features of the fundus color make the potential to produce similar brightness areas, leading to the
quite division difficulty of the optic disc and the optic cup. In the actual segmentation process, the accuracy and robustness
of the optic disc and the optic cup segmentation can be guaranteed by dealing with the effects of the feature accurately and
timely. Therefore, we summarized the existing methods of the optic disc and optic cup segmentation of retinal images. Our
methods are divided into five categories like horizontal set, modal, energy functional, partition, and the hybrid contexts
based on machine learning. At the same time, the machanism of each scheme are summarized and analyzed like the its bas-
icconcepts, the theoretical basis, the key technologies, the framework flow, the advantages and the disadvantages. We carry
out a detailed analysis and description like typical data sets, which are suitable for glaucoma diagnosis. Specifically, it is
related to the name of the data set, the source, and the features of retinal images involved. To evaluate the segmentation
results and the diagnosis of glaucoma, we faciliated the calculation methods of some important quantitative index parame-
ters, such as cup-to-disc ratio (COR), glaucoma risk index (GRI) and neural retinal edge ratio. Moreover, quantifica-
tion index of a various of segmentation results of the optic disc and optic cup in multiple data sets (i e., relative area
difference, overlap area ratio, and non-overlapping area ratio, Dice measurement, accuracy) and the quantitative indicators
for diagnosis of glaucoma (i. e., CDR error, average error, root mean square error) are summarized. Thanks to the contin-
uous development of deep learning technology glaucoma diagnostic technology has become possible to obtain more precise
segmentation through continuous training. Many image processing and machine learning techniques are widely used in the
existing optic disc and optic cup segmentation methods. We demonstrate the diagnosis of glaucoma research algorithms to
review the features and links between various algorithms. It is beneficial to promote the application of optic disc and optic
cup segmentation in the clinical screening of glaucoma diseases further. Additionally, it can improve the work efficiency of
clinicians, which provides an important theoretical research significance for the clinical diagnosis of glaucoma.

Key words: retinal image; optic disc segmentation; optic cup segmentation; glaucoma; diagnosis
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Fig.2  Flowchart of optic disc and optic cup segmentation based on mixed level set and color histogram
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Fig.3 Flowchart of automatic segmentation of optic disc based on retinal blood vessel information
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Fig.4 Flowchart of segmentation algorithm for adjacent differential convergence and intensity change mask
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Fig.5 Flowchart of glaucoma expert system based on color fundus image segmentation
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Fig.7 Flowchart based on stationary wavelet transform and maximum vascular pixel segmentation of optic disc and optic cup
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Fig.8 Flowchart of optic disc and optic cup segmentation algorithm based on region convolutional neural network
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X g AR AR LA
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Dice & T L 45 52 56 25 3 R L S A~ IX.
22 (8] B9 ARALYE ( Jimenez 45 ,2016)
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Table 2 Performance comparison of different kinds of algorithms for visual cup segmentation and CDR

wabcaore  TEREIERRE cprpomese pede

NEITY: BHEIH b g 5 1 AEE S P — . . o
d ‘ BEEOMERR g s POMERR dERR(E
Wong %\ Tle\./el—sel ba‘sed ‘automfalic (7uP-l0-(1iS(f SIMES N - N FpiR 0.09
(2008) ratio determination using retinal fun-
g
dus images in argali. brifEiR 2 0.06
e Convex hull based neuro-retinal optic RMS % 2% 0.10
KA Zhang %A\ . . _ _ _ _
( 2009) cup ellipse optimization in glaucoma brEin 0.06
diagnosis ARACS .
FEHFN BURIKF G R R B8 AR
DRISHTI-GS1 Dice .81 0. — —
(2020) ey CDRIS GS ice 0.81 0.68
Jaccard 0.84
DRIONS Dice 0.91 — — —
e 0.99
Jaccard 0.82
DIARETDBI Dice 0.89 — — —
e 0.99
Jaccard 0.72
Morales 2 A Automatic detection of optic disc DRIVE Dice 0.82 o o o
(2013) based on PCA and mathematical mor- -
phology TR 0.99
Jaccard 0.82
Bk MESSIDOR Dice 0.9 — — —
Il 0.99
Jaccard 0.8
ONHSD Dice 0.89 — — —
Rl 0.99
Segmentation of optic disc and blood
Rodrigues Fl1  vessels in retinal images using wave- DRIVE

Marengoni (2017) lets, mathematical morphology and HRF-DB
Hessian-based multi-scale filtering

HEMALL  0.87

DRIVE — — -

R 0.97
Automatic detection and segmentation TR 0.82 — _ _

Chalakka SN ¢ optic disc and fovea in retinal ima- ~ DIARETDBI o ’

(2018) gos UL 0.93

HAEMAL  0.88 — — —
MESSIDOR
{0y 0.98

Superpixel classification based optic

heng 24 . N
¢ (e;(;’];,i}\ disc and optic cup segmentation for SiMES AT T FR 22 0.37 0.15 CDR %2 0.11
glaucoma screening
Khalid 26 A Fuzzy c-means (FCM) for optic cup L 0.94 0.9
L ali
X5k (2014) and disc segmentation with morpho- — U 0.88 0.81 — —
logical operation o 0.99 0.99
NDC-IVM: An automatic segmenta- WERf 0.94 0.94
Balakrishnan  tion .Of op‘lic disc and cup region from SIMES R 0.95 0.95 CDR 52 0.06
(2017) medical images for glaucoma detec-
tion Fe 0.93 0.93
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Table 2 performance comparison of different kinds of algorithms for visual cup segmentation and CDR

ZR2 AEAMEFENAEARSEI K CDR HEELLREE

LI X wpss Ll CIERRE Coonmee g
D TR 1% S
S BT 2 3 B e B AR T 4 4 S
FO SENOM) crang sy i - - - - - -
Mittapalli 7 Segmentatinr.] l:')f optic diSk. and optic RIMONE ‘ FESCN; 0.98 0.89 SR 0.13
Kande(2016) cup from digital fundus images for DIARETDEO SRR 10.11 18.93 o
Heth vz vk the assessment of glaucoma S 2B 0.92 0.84 KRR 22 0.09
Optic disc and cup segmentation in  KRISHTI-GS Dice 0.960.85 _ _
Zhou % retinal images for glaucoma diagnosis AR 8.71 20.86
(2019) by locally statistical active contour Dice 0.85 0.79
model with structure prior RIM-ONE r2 — —
MRS 10.23 23.24
Jaccard 0.91 0.88
Rim-one Dice 0.93 0.91 — —
Thakur I Optic disc and optic cup segmenta- HER 0.95 0.93
Juneja(2019) tion from retinal images using Jaccard 0.91 0.87
hybrid approach Dhristi-GS Dice 0.92 0.9 — —
HER B 0.93 0.92
e 0.98 0.99
g 0.96 0.96
ORIGA 5 0.99 0.99 CDR 2% 0.04
HSHALL 0.94 0.87
F-score 0.97 0.92
Il 0.99 0.99
itk 0.98 0.95
DIARETBDI Fis 0.99 0.99 CDR 22 0.02
HEEMEL  0.96 0.91
F-score 0.98 0.95
HiAT]ES 0.99 0.99
Robust retinal optic disc and optic R 0.95 0.89
Biswal %5 A cup segmentation via stationary wave- DIARETDEO R 0.99 0.9 CDR 52 0.04
(2020) 1e:l transform and maximum vessel AR 0.92 0.77 o
HP L pixel sum A : )
SR A F-score 0.96 0.87
e 0.99 0.99
U 0.98 0.95
DRIVE EE 0.98 0.99 CDR %2 0.03
WEMmMAIL  0.94 0.84
F-score 0.97 0.9
el 0.97 0.98
itk 0.91 0.75
CHASE_DBI Fis 0.99 0.99 CDR %72 0.05
HEEML  0.89 0.71
F-score 0.94 0.79
Zilly %A Glauc.oma detection using (-':ntmpy DRISHTI-GS Foscore 0.97 0.87
sampling and ensemble learning for
(2017) automatic optic cup and disc segmen- N N
tation HEMMAL  0.91 0.85
Jiang % A .].OintRCNN; A region-based C(.)HVOI'U— ORIGA HIXTEL 0.060.21 CDR %% 0.07
(2020) tional neural nelw.ork for optic disc AUC 0.85 —
and cup segmentation SCES AUC 0.9 o CDR i o
W P TR AR W] 228 R T 4 3% hitps ://pan. baidu. com/s/1b4031xwLHv7 hnloP2 dYKxQ; “—" $7R Jo M I 25 B4 ; AUC 9 area under

ROC curve,
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