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Abstract: Macular hole is a tear or break in the macula.  It is 
located in the center of the retina and affects central vision of aged 
people.  Optical Coherence Tomography (OCT) enables accurate 
diagnosis of macular hole.  Existing algorithms available to detect 
cysts and retinal layers, but identifying macular hole in an 
accurate manner is still a missing entity.  Hence we propose an 
automated system for the accurate macular hole detection.  The 
proposed system has six stages in process. The first stage starts 
with preprocessing the OCT image, then detecting Nerve Fiber 
Layer (NFL).  The detected NFL layer is then processed and depth 
feature is extracted. Then the macular hole is detected in OCT 
images using our proposed system.  The proposed system is 
evaluated with the healthy macula and macular hole OCT images. 
The proposed system is also compared with other machine 
learning algorithms.  By experimentation results, the proposed 
algorithm provides 94% accuracy in finding macular hole. 
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I. INTRODUCTION 

Optical Coherence Tomography (OCT) is an imaging tool 
and it can be used to identify variety of retinal diseases, 
including macular holes, glaucoma, pigment epithelium and 
macular edema and, by visualizing the retinal layers [1, 2].  
Several methods have been proposed for identifying the fluid 
associated abnormalities [3, 4, 5], intra retinal Cystoid 
Macular Edema (CME)[6] and automatic retinal layer 
segmentation[7, 8] from OCT images. OCT layer 
segmentation is one of the most tedious and most commonly 
required steps in OCT image analysis [9].  A number of 
automatic image processing techniques have been proposed 
to identify anomalies in the macula [10].  Although authors 
proposed many methods to detect macular hole in automatic 
way [11, 12], improving accuracy is important. 

In this paper, we proposed a new method to detect macular 
hole in OCT images automatically.  In this work, we 
considered HD-OCT retinal images for macular hole 
identification.  This paper is organized into the following 
sections: in section two, the proposed methodology is 
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exposed for automatic macular hole detection. The 
experimental results obtained by the proposed system are 
analysed in section three and conclusion and future works are 
presented in the fourth and fifth sections respectively. 

II.  METHODS 

The various stages involved in our proposed system are: 
Grayscale conversion, image filtration, binary image 
conversion, morphological operation, extracting boundary, 
retinal layer selection, NFL layer extraction, depth feature 
extraction using the proposed algorithm, macular hole 
detection using depth-check algorithm and machine learning 
algorithms such as Support Vector Machine(SVM), 
K-Nearest Neighbors(KNN) and Logistic Regression(LR).  
The block diagram of the proposed methodology is depicted 
in fig. 1. 

 

 
Fig.1: Block Diagram of Proposed System 

 
All the stages of the proposed system are implemented in 
MATLAB version R2013a, MathWorks, Inc.  It is a fully 
automated system which takes only the OCT image as input.  
The entire steps of the proposed system are described 
sequentially as follows: 

A. Preprocessing 

The input HD-OCT retinal images are obtained from the 
Cirrus HD-OCT System as shown in fig. 2.  Then, the 
HD-OCT retinal B-Scan image is loaded into the proposed 
system.  To process the image, the color image is converted 
to a grayscale image as shown in fig. 3 and the pixel values 
are converted to a full range between 0 and 1.  This 
normalized image is then processed and the macular hole is 
detected using the proposed system.  To remove the noise, the 
median filter with 3 X 3 mask is applied on the normalized 
image and the filtered image is obtained, fig. 4. 
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Fig.2: Input OCT B-Scan image 

 

 
Fig.3: Gray scale image 

B. NFL Layer Segmentation 

NFL layer segmentation is an important process to detect 
macular hole in OCT images.  The filtered image is then 
converted to binary image as shown in   fig. 5.  The 
morphological close operation with disk size 10 is applied on 
the binary image to close discontinuity of the NFL layer, see 
Fig. 6.  Then the boundaries are extracted from the output 
image, fig. 7. 

 
Fig.4: Median filter with mask size 3 x 3 

 

 
Fig.5: Binary image 

 
The steps involved in NFL layer segmentation are: 
segmentation of retinal layer boundary and NFL layer 
segmentation.  In fig. 7, discrete numbers of continuous 
regions are identified from the retinal B-scan image.  To 
detect the NFL layer, at first the valid layer boundary should 
be identified from the discrete number of contiguous regions 
in the image. In the discrete number of contiguous regions, 
the longest length region is selected for macular hole 
detection from the regions, fig. 8.  Then, the NFL layer is 
selected from the longest length region, fig. 9 and the fig. 10 
depicts the NFL layer overlying on the input image. 

C. Feature Extraction 

Feature extraction is an important step to find the macular 

hole from the OCT images.  There are two steps in feature 
extraction.  In first step, only one pixel in each column pixels 
is selected from the list of boundary pixels in a particular 
column (see fig. 11). In second step, the two maximum y-axis 
difference of two consecutive pixels are identified.   The 
algorithm for depth feature extraction is given below: 

 

Algorithm: Extract_Depth_Feature 
Input: A 2-D array contains boundary pixel values 
Output: Depth Features 

 
Step 1: Initialize a new 2-D array, NewBoundary, with the 

size: width of the image X 2 
Step 2: Initialize D1=0, D2=0 
Step 3: Repeat Step 4 to Step 6 for each boundary pixel (X, 

Y) 
Step 4: Select all the pixels (Px, Py) of the particular column 
Step 5: Find maximum Py value, MaxY, from the list of 

selected pixels 
Step 6: Store the X and MaxY pixel value into the 

NewBoundary array 
Step 7: Repeat step-7 to step-11 for each boundary pixels     

(X, Y) 
Step 8: Set Y1 to the Y value of the current pixel 
Step 9: Set Y2 to the Y value of the previous pixel 
Step 10: Set Diff = |Y1 - Y2| 
Step 11: If Diff > D1 then set D2=D1 and D1=Diff 
Step 12: Else if Diff > D2 then set D2=Diff 
Step 13: Store D1 and D2 
Step 14: Stop 

D. Classification 

The depth-check algorithm takes the depth feature as input 
and detects macular hole.  If the input feature is greater than 
the threshold value (in our case, threshold value is 14) then 
the proposed algorithm returns true otherwise returns false.  
Macular hole is found in the HD-OCT image if the proposed 
algorithm returns true otherwise macular hole not found. 

 

Algorithm: Check_Macular_Hole 
Input: The Depth features D1 and D2 
Output: Returns true if macular hole found otherwise false 

 
Step 1: Read the depth feature D1 and D2 
Step 2: if D1 or D2 greater than the threshold value then 

return true 
Step 3: Return false 

 
Fig.6: Morphological close operation 
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Fig.7: Extracting boundary 

E. Data Set 

The dataset used in this work consists of 74 HD-OCT B-scan 
images.  These images were captured by Cirrus HD-OCT 
System. A feature vector is a collection of two distinct 
features obtained from candidate OCT B-scan. 

 

 
Fig.8: Selection of longest length region 

 

 
Fig.9: NFL layer selection 

III. RESULT AND DISCUSSION 

The proposed system is evaluated with the B-scan images 
with the macular hole and healthy macula.  The proposed 
system correctly identifies the macular hole images in both 
the cases.  Also, the proposed system is analysed with other 
machine learning algorithms such as Support Vector 
Machine, K-Nearest Neighbors and Logistic Regression.  
Table-I shows the results of the proposed system, SVM, 
KNN and LR for macular hole identification.  For evaluation, 
we  

 
Fig.10: NFL layer overlying on input image 

 

 
Fig.11: Depth feature extraction 

 
 
used 74 HD-OCT images (34 macular hole images and 40 
healthy macula images). 

 
Table-I: Results of Depth-Check, SVM, KNN and  

Logistic Regression 

Classifiers TP FN TN FP 

Depth-Check 13 1 19 1 

SVM 12 2 19 1 

KNN 12 2 19 1 

Logistic 
Regression 

13 1 18 2 

 
Then, the accuracy, sensitivity and specificity of the 

proposed system and the machine learning algorithms are 
calculated.  Accuracy measures the exact classification of 
macular hole.  Specificity measures the negative 
classification of the macular hole when the condition is 
actually not present. It is recognize as false-positive rate.   
 

Table-II: Analysis Report of Depth-Check algorithm,  
SVM, KNN and Logistic Regression 

Classifiers Accuracy Sensitivity Specificity 

Depth-Check 
Algorithm 

0.94 0.93 0.95 

SVM 0.91 0.86 0.95 

KNN 0.91 0.86 0.95 

Logistic 
Regression 

0.91 0.93 0.90 

 
Sensitivity measures the positive classification of macular 
hole when the condition is actually present. It is represented 
as false-negative rate.   
 
The analysis report of the Depth-Check algorithm, SVM, 
KNN and Logistic regression is shows in the Table-II. 
The accuracy of the proposed system is 94%, sensitivity is 
93% and specificity is 95%. The fig. 12 shows the 
comparison of depth-check algorithm with other 
classification algorithms. 
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Fig. 12: Comparison of Classification Algorithms 

IV. CONCLUSION 

A new efficient automated system for identifying macular 
hole from OCT images is presented.  This methodology is 
evaluated by applying the method on healthy macula and 
macular hole HD-OCT images.  All the modules of proposed 
system have been implemented in MATLAB.  The proposed 
system has given accurate results for identifying macular 
hole. The accuracy of the proposed system is 94%, sensitivity 
93% and specificity 95% for identifying macular hole from 
HD-OCT images.  This proposed method gives wrong output 
if the NFL layer is not identified correctly.  

V. FUTURE DEVELOPMENTS 

In future, this method can be evaluated by applying the 
proposed system on the retinal HD-OCT images affected 
with other retinal diseases, such as Macular Edema(ME), 
Central Serous Chorioretinopathy(CSCR) and Pigment 
Epithelial Detachment(PED).  The accuracy of detecting 
macular hole in OCT images can also be improved by 
detecting accurate NFL layer extraction. 
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