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Abstract. Optic disc (OD) is a part that must be observed in diagnosing retinal disease. In this
paper an approach will be proposed for segmentation and detection of the OD area. Segmentation
and detection are important steps in detecting a retinal disease automatically. Segmentation in
this study was carried out using the Luminance Channel and Active Contours method, and for
OD area detection was carried out using the Averaging Filter method and Image Histogram.
Before segmenting and detecting the OD area begins with pre-processing as an increase in image
quality and eliminating blood vessels. The detection results obtained an accuracy of 90% and
97.50% using the STARE and DRIVE dataset, while segmentation uses the DRIVE dataset with
the acquisition of PSNR of 19.705 dB, accuracy of 86.45%, sensitivity 100% and specificity is
85.175%. The results of the research obtained can be used as a further step in diagnosing retinal
disease.

1. Introduction

Retinal images can be as structural as the macula, optical disk, optical cup, and blood vessels. OD is the
exit point of the retinal nerve fibers from the eye, and the entry and exit points for retinal blood vessels
[1][2]. Locations on OD can be used to help estimate the fovea location and OD limits are very important
for calculating cup-to-disc, which is an important indicator in connecting glaucoma [3]. OD is the
location of the optic nerve and also as an entry point in the arteries, even though the contrast tends to be
high from OD and the surrounding area in color fundal images, identifying OD areas is quite difficult,
because image quality is greatly influenced by a number of factors such as lighting, focus the camera,
this movement, and the disease that causes the location of OD and its limits work poorly [4]. OD
segmentation is one very important step to help diagnose various types of eye diseases such as diabetic
retinopathy and glaucoma. Circular transformation is able to detection OD centers and OD boundaries
accurately and efficiently, circular transformations combine of detection and segmentation OD in the
same way the work places the center and OD limits simultaneously [S]. However, OD and bright lesions
can cause misclassification. Segmentation OD functions for the first step that is important for
pathological screening as diabetes retinopathy or glaucoma [6]. Main steps of the method proposed for
detection OD are presented a section consisting of preprocessing, segmentation, feature extraction and
selection and classification [7].

Based on the above problems, then in this study above the proposed segmentation of OD using the
luminance channel and active contour methods as well as the image histogram for detection in the OD
area are available to provide information that can be used to install disease detection further eyes.
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Optical disc (OD) is an important step in the process of diagnosing retinal disease automatically. OD
detection and segmentation is needed to distinguish it from bright lesions (exudates) that have similar
visual characteristics to OD. In research [8] proposed a method that automatically finds OD in retinal
images by grouping the brightest pixels to determine the intensity of the desired area. In research [9]
proposed the method is [10]segmented the area optic eye and optical cup in retinal image. And several
other similar studies [11] [12] [13].

In [1] detection optical disks in fundus images automatically which are divided into line and curve
segments. This method is also oriented to certain pixel angles and lengths. The proposed method gets
an accuracy value of 87.65% from STARE dataset. However, this study failed for images that had lesions
that were brighter or darker than OD areas. In [14] using the Algorithms Commitiee with Weighted
Voting method to apply five advanced OD detection methods and make committee algorithms. Then the
results are determined by voting. To determine weights use the part of the available image database in
calculating the success rate of each method. This method produces an accuracy of 63.40% in the STARE
dataset, and 90.83% in the DRIVE dataset.

In [15] proposed an Optic Disc via Deep Leamning detection method for Fundus Images with CNN
(Convolution Neural Network). CNN an arevolutionary network structure that has demonstrated its
strength in the field of computerization such as classification, object detection and segmentation. The
results of the current experiment show that this method is quite accurate with an accuracy of 89% using
the STARE dataset. But it still needs to be evaluated in more datasets to get more objective and
comprehensive test results.

In [16] proposed a new method for low quality images based on exploitation of vascular convergence
into OD. An integrated method is called the Scale-Space algorithm with Vessel Transform (SSVT).
SSVT has been tested on retinal images of two databases with good and bad images of fuzzy
convergence methods (FC) and modified circular transformations proposed by Lu. Absolute increase in
SSVT sensitivity to FC and Lu up to 12.37% and 8.18%. Greater SSVT increases in predictive values
of up to 37.46% and 30.84% respectively against FC and Lu.

In research [17] using the Group Sparse Regularization Extreme Leaming Machine method to obtain an
accuracy of 97.83% in the DiaretDB dataset. This method automatically selects effective hidden nodes
through the sparse group regularization to achieve more accurate and efficient classification
performance. The actual OD can be distinguished from the false candidate based on the highest output
response criteria.

In [18] detecting OD especially its diameter along with the diameter of the optical cup can be used as a
feature for diagnosing glaucoma. This study contains two main steps for optical disk shielding, namely
detection of OD center points and determination of OD diameter. The OD center point is obtained by
finding the pixel value based on average filtering.

After that, the diameter of OD is measured from the detected optical disc limit. But in this method there
is no mention of the accuracy of the results of OD detection performed. And there are still many other
studies that discussed OD detection [19][20][21].

3. Methodology

In this study, the authors propose the Luminance Channel and Active Contour methods to segment the
retinal image while the detection proposes an Averaging Filter and Histogram Image method with the
STARE and DRIVE dataset. Through several stages of pre-processing according to the block diagram

[




gRST 2019 IOP Publishing

Journal of Physics: Conference Series 1500(2020) 012089  doi:10.1088/1742-6596/1500/1/012089

that will be explained. The work steps that have been made in this study are sequentially based on the
framework that has been made. In this study a framework is needed to assist in the preparation of

research that has stages to obtain appropriate and structured results. The block diagram is shown in
figure.1.

Input Image
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Figure 1. Stages of the Segmentation and Detection method
3.1. Segmentation
3.1.1 Input Image

In the initial stage, this is an input image process, in the form of a retinal image to be processed
shown in figure 2.
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1
Figure 2. Original Image

3.1.2 Pre Processing
At the preprocessing there are three stages in figure 3 bellow:

(a) (b)

(©)
Figure 3. (a) Convert to HSL, (b). Morphology Closing, (c). Median Filter

(a) HSL
Pre-processing is the stage that is done before doing segmentation. The purpose of this stage is to
normalize all previous images. At this stage, namely Convert to HSL, the retinal image changes
to grayscale.

(b) Morfology Closing

At this stage, that is, after the process of converting through HSL is complete, then it removes the
structure of blood vessels in the retina using morphology closing.

(c) Median Filter

At this stage it is used to reduce or eliminate noises, this stage is one of the suggested processes
in the segmentation technique. Often images that will be processed can result in difficulty
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recognizing information in the image. The lack of good image can be caused by the amount of
noise (noise) that appears in an image that must be reduced first, because it is done the median
filter process to eliminate noises.
3.1.3 Histogram
After pre-processing, a histogram image will show in figure.4. Histogram is a diagram that draws
the frequency of pixel intensity values in an image. The horizontal axis is the pixel intensity value and
the vertical axis is the frequency or sum of pixels.

Figure 4. Histogram

3.1.4 Detection Optic Disc

At this stage, it is detecting or finding an optical disc that will be obtained as shown in Figure.5.
below.

Figure 5. Detection of optic disc

3.1.5 Segmentation Optic Disc

At this stage is the final stage, namely segmentation on the optic disc, this stage is the core stage
in the detection of optical disc segmentation in the eye retinal fundus image as shown in figure.6.

, Figure 6. Segmentation of the retina
3.2 Detection

3.2.1 Input Image




ﬂRST 2019 IOP Publishing
Journal of Physics: Conference Series 1500 (2020) 012089  doi:10.1088/1742-6596/1500/1/012089

The dataset used for this experiment is the STARE and DRIVE dataset. In this study we will try 40
images from the dataset randomly and the results of this study will be compared with the available
ground truth as in figure.7.

(a) (b)
Figure 7. STARE fundus image: (a). Original Image, (b) Ground truth
3.2.2 Green Channel

In this stage, the input image from the STARE dataset will be converted into a green channel image in
shown figure.§.

(b)

Figure 8. (a) Original Image. (b) Green Channel

3.2.3 Averaging Filter
The next step is the averaging filter stage. In this stage the image which has been made a green channel
leveled with averaging filter. Based on the line in general, filtering at M x N size images using the

weighted averaging mask the size found in m x n (m, n odd) will be stated by equation (1) and (2).

R=—Y%1z7 (1)

" 961

YA TP w(st)f(x+sy+t) (9)
T2 o Ztap W)

glx,y) =

The following are the results of the averaging filter after going through the green channel stage in shown
figure 9.
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(b)
Figure 9. (a) Green Channel (b) Averaging Filter

3.2.4 Detection Optic Disc (OD)
i

After image acquisition phase, green channel, and averaging filter, the last stage is the Optical disk
detection (OD) stage. At this stage the results of the averaging filter will be detected using a histogram
image in shown figure 10.

1
(a) (b)
Figure 10. (a) Averaging Filter, (b) Detection OD

4. Results and analysis

In this study, the results of the method will be used as many as 40 database images from STARE and
DRIVE. This study contains two main steps for optical disk shielding, namely detection of OD centre
points and determination of OD diameter. The OD centre point is obtained by finding the pixel value
based on average filtering. After that, the diameter of OD is measured from the detected optical disc
limit.

To find out the performance results of how well the system is made, the system was tested by comparing
the results of detection of the system with groundtruth optical disks from A. Hoover's research and M.
Goldbaum A. Hoover [22] which obtained the accuracy and sensitivity values with equations (3) , (4)
and (5) below.

TP+TN

decuraeys TP+TN+FP+FN (3
e TP

Sensitivity = o (4)
Ts

Specificity = Y (5)
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Based on TN values (True Negative), FP (False Positive), FN (False Negative), TP (True Positive),
sensitivity and specificity will be obtained. TP is True Positive, which is the amount of ground truth
data detected by the optical disc and detected correctly by the system.

TN is True Negative, which is the amount of ground truth data that is not detected by optical disc and
the system also does not detect optical disc. FP is False Positive, which is the amount of data detected
by the system with optic disc but in ground truth it is not detected. FN is False Negative, which is the
amount of ground truth data detected by optical disc but in the system not detected.

The following is a several results of segmentation and detection and the acquisition of PSNR and

Accuracy values in shown table 1, while present the evaluation result for the OD segmentation and
detection approach in shown table 2.

Table 1. Segmentation and Detection

No Raw Image Segmentation Detection PSNR

Q011

0013

0016

0031

0163

Table 1 above is the result of several segmentation and detection experiments that have been tested
based on 40 images from the STARE and DRIVE datasets. While in table 2 is a comparison of the results
of several previous studies.
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1
Table 2. Performance comparison.

Dataset Methods Accuracy

STARE | Proposed method 90.00 %
Rezaet al [1] 87.65%
Silva etal [14] 63.40%
Xuetal [15] 89.00%
Gui et al [23] 86.40%
Alghamdi [24] 86.71%
Reza [25] 81.48 %
Sinthanayothin et al [26] | 50.00 %
Walter [27] 75.00 %

DRIVE Proposed method 97.50 %
Reza [25] 97.50%
Zhu [28] 90.00 %
Sinthanayothin [26] 60.00 %
Walter [27] 80.00 %

The accuracy level obtained through the STARE dataset is 90% and the DRIVE dataset is 97.50%, while
segmentation uses the DRIVE dataset with an average value of PSNR 19.705 dB, accuracy of 86.45%,
sensitivity of 100% and specificity 85.175% obtained through average results 40 images are the same
as detection. From the results of the approved PSNR, the highest PSNR value was 24.60 dB while the
highest PSNR was 11.59 dB. This reduces the quality of the original image.

5. Conclusion

From the results of experiments conducted, it was concluded that in this study using the luminance
channel method and segmentation active contour. In the active contour after the installation of circle
that will be done in the position of the head contained in the optic nerve, then the segmentation process
is carried out further to obtain the shape of the optic nerve head that comes closer to its original form
using an active contour model.

While the detection of results from research is still strongly influenced by the quality of images and
conditions of the retina so that if the image quality is very bad and many other features with lesions that
are brighter than optic disks such as exudates, this can cause detection errors. The Histogram image
method is used to get the area that is likely to be an optical disc. OD will be very appropriate if you find
a good retinal image and a little noise.
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