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Abstract— Optical Coherence Tomography (OCT) image 
is very useful to the diagnosis and the follow up evaluation of 
the response to treatment using either medication or surgery，
and it is an emerging medical imaging technology for perform-
ing high resolution cross-sectional images. In ophthalmology, 
this technology can provide 3D images of retinal architecture, 
and it is useful for identifying, monitoring, quantitatively as-
sessing of retinal disease. Evaluations of quantitative informa-
tion on retinal architecture especially on the abnormal parts 
are importance to diagnosis the degree of abnormal and to 
consider a treatment approach. This research proposes a new 
extraction method for the abnormal regions of retina from 3D 
OCT images using the combination of digital image processing 
methods. Our research objectives are extracting the border 
line of abnormal parts of 3D OCT retinal images. This re-
search uses 128 2D OCT images about one retina of a patient, 
which is specified the part of macular by an ophthalmologist. 
We can extract some border lines of abnormal parts in OCT 
retinal images by using image processing techniques.  
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I. INTRODUCTION  

Optical Coherence Tomography (OCT) image is very 
useful to the diagnosis and the follow up evaluation of the 
response to treatment using either medication or surgery，
and it will be accepted widely as a new type of optical im-
aging that provides high-resolution, cross sectional images 
of tissues structure in situ and in real time (Fig. 1). 

OCT imaging is similar to ultrasound, except it uses light 
instead of sound. With this technology, it is possible to 
perform imaging of internal structure of retina by measuring 
their optical reflections [1] [2]. Cross-sectional images are 
generated by scanning the optical beam in the transverse 
direction, thus yielding a 2-dimentional data set can be 

displayed as a false-color or grayscale image [1]. The gen-
erated OCT image would measure the structural imaging of 
retina pathology at an intra-retinal level, and the needs of 
retinal diagnosis using OCT images have been growing 
[2][3]. Recently, dramatic advances in OCT technology 
provide OCT imaging with 3-dimensional (3D) information 
for eye ground images [4][5].  
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(a) Structure of an eye (b) Eye ground image 

(c) OCT image with abnormal parts (white circle) 

Fig. 1 An example of OCT retinal image
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In the previous researches, Yagi et al. [6] proposed the 
extraction method of thickness of ILM and RPE using mor-
phological operations. However, the proposed method has 
the weakness that some extracted lines are disconnected for 
the input OCT image having some disappearance points. 
Yamakawa et al. [7] proposed a new extraction method by 
using one dimensional active net (ODAN) to improve the 
weakness, and the correct rate of extraction is increased. 

Most ophthalmologists are interesting in the size and 
form of abnormal parts, however, the previous methods 
cannot extract the border line of the abnormal parts. 

In this paper, we describe a new extraction method for 
the abnormal parts in retina from 3D OCT images using the 
combination of digital image processing methods. An OCT 
system can obtain a set of raster scan OCT images in a spe-
cified region for a macular. Our system employed the OCT 
images, and it could detect the border lines of the abnormal 
parts and could estimate the volume of abnormal parts au-
tomatically.  

Medical doctors could diagnosis the degree of the ab-
normal part, and they could consider a treatment approach.  

II. PROPOSED BORDER LINE EXTRACTION METHOD 

This research employs a set of 128 2D images “3D image” 
(512 x 480 pixels x 128 images, 16 bits/pixel, about 3mm x 
3mm) about one retina of a drusen patient, which is speci-
fied the part of macular by an ophthalmologist. Recently, 
ophthalmologist uses a computer system to gather the in-
formation from digital images.  

Some OCT images have some abnormal parts (Fig.2).   
  

 
 
Fig.2 An OCT image with abnormal parts (white circle) 
 
The mechanisms of the abnormal parts are some reasons 

such as drusen and angiogenesis. Some ophthalmologists 
make the diagnosis of a disease using measuring the volume 
and surface form of each abnormal part. We are considering 
the method of extracting the border line of the abnormal 
part from 2D OCT image to display the surface of the ab-

normal part. We will construct the computer aided diagnosis 
system with some doctor interventions.  

Our extraction procedure of abnormal parts is shown in 
Fig. 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                The 3D border line of the abnormal part 
 
      Fig. 3 Extraction procedure of abnormal parts 
 
 

 This extraction procedure is designed to extract the 
abnormal parts specified by an ophthalmologist, and this 
system will aid for the diagnosis of a disease in retina layer. 
In designing this algorithm, the processing time also should 
be considered.  

III. EXTRACTED IMAGES 

 Fig. 4 shows the examples of input OCT images, 
smoothed images, binary images and border line images. 

The retinal OCT image of Fig. 4 (a) overlaps three ab-
normal parts with some noises such as small speckles. We 
use 2D medial filter to remove the noise, and we obtain the 
smoothed image (Fig. 4(b)). The smoothed image is seg-
mented by the intensity threshold determined by Otsu’s 
threshold selection method to segment research objects (Fig. 
4(c)), and a border line algorithm detects many border lines 
(Fig. 4 (d)). A medical doctor will select an interesting bor-
der line.  

            Noise reduction using 3D images 

Binary process by a threshold 

Border following of the abnormal part  

3D OCT image for a macular 

Selection of an abnormal part by  

an ophthalmologist (under construction) 

Measuring the volume of the abnormal part  
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                  (a) An input OCT image 
 

 
                 (b) Smoothed image 
 

 
            (c)  Binary image 
 

 
                   (d) Border line image 
Fig. 4 The process images in our procedure 
 

 
(a) Border line image before 5 slices of Fig. 4(d) 
 

 
(b) Border line image after one slice of Fig. 4(d) 
 

Closed 

Closed 

Not connected parts 
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(c) Border line image after 2 slices of Fig. 4(d) 
 

 
(d) Border line image after 5 slices of Fig. 4(d) 
Fig. 5 Some border line images for one eye 
 
In the future the system could measure the area of an ab-

normal part on the OCT image, and it could measure the 
volume of the abnormal part using the adjoined OCT image 
in 3D connected binary images. 

Fig. 5 shows the border line images of a series of OCT 
image for one eye. The border line of an abnormal part is 
closed on the some OCT images (Arrow line in Fig. 5 (b) 
and (c), and we can calculate the area of the abnormal part 
on these OCT images. However, on Fig. 5(a) the abnormal 
part divides to two pieces and on Fig. 5(d) the border line 
connected abnormal part is not closed. We cannot measure 
the area of border line. We are considering the connecting 
method on these images. 

Presently, this research is researching cooperatively with 
ophthalmologist about various types of macular disease. We 
already implemented before the selection of an abnormal 
part using MS Visual C# language on Windows.  

In the future, we will consider combining an analytical 
technology with the knowledge of ophthalmologists for the 
higher diagnosis performance. 

IV. CONCLUSION 

In this paper, we described a new extraction method for 
the abnormal regions of retina from 3D OCT images using 
the combination of digital image processing methods.  

In the future, the following problems are important. 
(1) The connecting method for the border line of the abnor-

mal part 
(2) The implementation of 3D display system about the 

surface of the abnormal part 
(3) The determination of the evaluation criteria for an ab-

normal part 
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