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Abstract Segmentation of retinal images obtained by optical coherence tomography (OCT) and retinal thickness
measurement has become an important clinical diagnostic tool for many diseases in ophthalmology. However, such
factors as speckle noise, low image contrast, and irregularly shaped structural features including blood vessels make it
difficult to segment retinal layers accurately. An automated retinal layer segmentation method is proposed by
employing block-matching and 3D filtering along with mean filtering for preprocessing and a two-step optimal search.
The two-step optimal search begins with individual retinal layer segmentation by setting a variable threshold on each
A-scan as initial results, which are then checked and corrected for continuity and integrity. The performance of the
proposed method is tested on a set of OCT retinal images acquired from healthy people and patients. The experimental
results show that the proposed method provides accurate segmentation of nine retinal layers whose mean boundary
position deviation is (1.3474-0.24) pixel. The method can be applied to OCT images affected by speckle noise, low
image contrast, and even irregularly shaped structural features such as blood vessels.
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Fig. 1 Flow chart of the proposed segmentation algorithm
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Fig. 2 Segmentation result of retinal OCT B-scan image. (a) Original retinal B-scan image; (b) segmentation result
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Table 1 Average thickness and its standard deviation for the total retina and nine individual retinal layers

Layer Average thickness+ standard deviation /pm
RNFL 23.46+0.16
GCL 38.9941.44
IPL 40.37+1.25
INL 24.4241.12
OPL 23.9040.48
ONL 98.0141.41
1S/0S 13.92+0.42
1S/OS-RPE 23.05+0.31
RPE 22.1440.30
Total retina 308.12+0.54
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Fig. 3 Segmentation results of retinal B-scan image with different preprocessing methods. (a) Original retinal B-scan image;
(b) without preprocessing; (c¢) with mean filtering preprocessing; (d) with wavelet transformation preprocessing;

(e) with BM3D preprocessing; (f) with BM3D along with mean filtering preprocessing
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Fig. 4 Comparison of segmentation results of retinal B-scan image between the graph search and the proposed method.

() Original retinal B-scan image; (b) by the graph search; (¢) by the proposed method
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Table 2 Comparison of mean boundary position deviation and standard deviation between

automated segmentation and manual segmentation

Layer boundary Our algorithm vs manual segmentation /pixel Graph search vs manual segmentation /pixel

ILM 0.51£0.16 0.2140.09
RNFL-GCL 1.79+0.11 0.2540.13
IPL-INL 1.68+0.33 10.2243.57
INL-OPL 2.0640.40 13.5144.62
OPL-ONL 1.38+£0.33 6.80+£2.15
ONL-IS/0S 1.64+0.21 0.74+0.20
RPE-CC 0.344£0.12 0.2440.18
Average 1.34+0.24 4,5741.56
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Fig. 5 Segmentation result of an OCT retinal image collected from an AMD patient
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