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ABSTRACT

On the research work leading to automatic detection of optic
disc from retinal images is very essential and crucial for
expert ophthalmologists to diagnose diseases. Many of
techniques can achieve good performance on retinal feature
that is clearly visible. Unfortunately, it is a normal situation
that the color retinal images in Thailand are poor-quality
images. The existing algorithm cannot detected poor-quality
images. Therefore, this study is a part of larger efforts to
develop a novel method for detection of optic disc in poor-
quality retinal images. A novel method is presented towards
the development for detection of optic disc in poor-quality
retinal images. The digital retinal images are detected by
using morphological method and Otsu’s algorithm after the
key preprocessing steps, i.e., color normalization, contrast
enhancement and noise removal. This enables the difference
in the proposed method compared to other approaches and the
algorithm can achieve good performance even on poor-quality
retinal images. The proposed method was evaluated using the
local dataset and the publicly available of the STARE
project’s dataset. The optic disc was detected correctly in
91.35% using the STARE dataset and 97.61% using the local
dataset. This system intends to help expert ophthalmologists
in screening process to detect of optic disc faster and more
easily.
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1. INTRODUCTION

The optic disc is considered one of the main features of a
retinal image (Fig. 1), where methods are described for its
automatic detection. The detection of optic disc is a key pre-
processing component in many algorithms designed for the
automatic extraction of retinal anatomical structures and
lesions. Unfortunately, in a normal situation, digital retinal
images in Thailand are poor-quality images. The detection of
optic disc in poor-quality images is difficult; taking a long
processing time and the expensive computational cost
becoming a bottleneck that limits clinical application. Some
methods estimated the boundary of the optic disc as a circle or
an ellipse [1], [2], [3], [4]. Other methods have been proposed
for the exact detection of the optic disc contour, e.g., snakes
[5], pyramidal decomposition [6] and a Hausdorff-based
template matching [7], gradient vector flow [8], which largely
have the ability to bridge discontinuities of the edges.
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However, these algorithms often fail for poor quality retinal
images with a large dataset.

After starting the motivations of localized the optic disc,
defining the optic disc and highlighting the difference
between disc detection and disc boundary detection, the
remaining part of the study is organized as follows. In Section
2, a description of the used material is given. Section 3,
presents the proposed algorithm. The experimental results are
presented in Sections 4. Finally, conclusions of the article are
found in Section 5.

(A) (B)
Fig 1: (A) Typical image (B) Optic disc close-up view

2. MATERIALS AND METHODS
2.1 Patients

We used the digital retinal images from STARE Project’s
dataset (http://www.ces.clemson.edu) and local dataset for
evaluating the alogorithm. The main dataset is a subset of the
STARE Project’s dataset contains 81 retinal images. The
images were captured using a TopCon TRV-50 fundus camera
at 35° field-of-view and subsequently digitized at 605x700,
24-bits pixels. The second dataset is the local dataset to
compare our proposed methods. The dataset consisted of a
total of 42 color retinal images are taken without pupil
dilation with a KOWA-7 non-mydriatic retinal camera with a
45° field-of-view. The image size is 700x500 pixels at 24 bits
per pixel. All retinal images tested on a Core2 Duo 1.60 GHz
PC using MATLAB for all algorithms. The overall procedures
of optic disc detection demonstrated in Fig. 2. The proposed
method comprises several steps. Initially, the method starts by
following key pre-processing step, i.e., color normalization,
contrast enhancement and noise removal. Afterward, we
introduce different algorithms for optic disc feature extraction
with used combination of mathematical morphology and Otsu’s
algorithm. The detail of pre-processing steps and detection of
optic disc are described below.
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2.2 Data Preparation

Typically, there is wide variation in the color of retinal images
from different patients that are strongly correlated to person’s
race and iris colors (Fig. 3).

Retinal image \
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Contrast enhancement
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b
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Fig. 2. The outline of ours the proposed system for
automatic detection of optic disc

(A) (B)
Fig. 3. (A) and (B) Example of poor quality retinal images

Hence, we put our retinal images through four pre-processing
steps before commencing the detection of optic disc. The first
step is to color normalize the color of the retinal images
across the dataset. We selected a retinal image as a reference
(the image was chosen in agreement with the expert
ophthalmologist) and then applied histogram specification [9]
to modify the value of each image in the dataset. After the
procedure of normalization, the contrast of retinal images was
not sufficient due to the intrinsic attributes of optic disc and
decreasing color saturation, especially in the periphery.
Consequently, in the second preprocessing step, the contrast
between the optic disc and the retina background was
enhanced to facilitate later detection. We applied local
contrast enhancement to distribute the values of pixels around
the local mean [10].

Consider a sub-image W of the size MxM pixels centered on
a pixel. Let mean and standard deviation of the intensity
within W be <f>y, and oy respectively. Also denotes i, and
fmin @ the maximum and minimum intensities of the whole
image. Then the adaptive local contrast enhancement
transformation is defined by Eq. (1).
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where, the sigmoidal function W, is defined by Eq. (2).
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And fi. and f;, are the maximum and minimum intensity
values in the whole image, while <f>,, and o,, indicate the
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local window mean and standard deviation which are defined
as Eq. (3).
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where, (X, y) represents the location of each pixel within
window w. The size of window M should be chosen to be
large enough to contain a statistically representative
distribution of the local variations of pixels. The exponential
function (Eq. (2) produces significant enhancement when the
contrast is low (o, is small), while it provides less
enhancement if the contrast is already high (o, is large)).
While the contrast enhancement improves the contrast of optic
disc it also enhances the contrast of some artifact (e.g., noise).
Therefore, these pixels may wrongly be detected as optic disc.
There are several ways to remove or reduce noise in an image.
We found the median filtering is better able to remove these
outliers without reducing the sharpness of the image [11]. The
benefit of median filter is simultaneously reducing noise and
preserving edges. Therefore, a median filtering operation is
applied on the intensity band in third preprocessing step.
Finally, Red, Green and Blue (RGB) space of original retinal
image is transformed to Luv color space. The result of all
preprocessing step is illustrated in Fig. 4.

A) (B)

© ©)

Fig. 4. Color normalization and contrast enhancement
results; (A) the reference images, (B) poor quality retinal
image, (C) the color normalized version of (B), (D)
contrast enhanced version of (C), modified from []

2.3 Optic Disc Detection

Optic disc boundary detection: Although the optic disc has
well-defined features and characteristics, localizing the optic
disc automatically in a robust manner is not a straight-forward
process, since the appearance of the optic disc may very
significantly due to retinal pathologies. Sometimes the whole
optic disc is brighter than the surrounding area. Therefore, it
can be seen as a disc. The others can appear as a hollow ring.
The central portion of disc is the brightest region called optic
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cup. In either case the cup appears as a smaller, brighter
region within the optic disc. Whereas locating the optic disc
is an apparently simple task for as expert to trace the
boundary, traditional general-purpose boundary detection
algorithms have not fully succeeded in detecting the optic disc
due to fuzzy boundaries, inconsistent image contrast,
variability in appearance or missing edge features. Therefore,
a reliable optic disc localization is difficult. Some of example
difficult in optic disc localization is illustrated in Fig. 5.

Fig. 5. Optic disc and optic cup in retinal image

Consequently, in order to effectively detect the optic disc, in
this study two techniques are combination of morphology
methods and Otsu’s algorithms are presented. The
morphological methods generally work by two images and a
structuring element (instead of a single image and structuring
element). One image, the marker, is the starting point for the
transformation. The other image, the mask, constrains the
transformation. This task is made extremely difficult since the
optic disc region is fragmented into multiple sub regions by
blood vessels.
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around the nasal side of the optic disc region [12]. Therefore,
in the first stage, we used morphological closing for gray
scale images on the intensity channel to remove and closing
the blood vessels to create a fairly constant optic disc region.
This stage, a structuring element (SE = strel(‘disk’, R))
creates a flat, disk-shaped structuring element, where R
specifies the radius. R must be a non-negative integer such as
0, 4, 6, or 8. In this work, a flat structuring element 8 is used.
The result of closing for gray scale images on the intensity
image is illustrated in Fig. 6A. It is evident that this approach
produces a more homogeneous region while preserving the
optic disc edges. The examples above illustrate the use of
gray-scale reconstruction in optic disc analysis tasks.
However, it is probably for binary segmentation that this
operation is most useful. Therefore, in the second stage, a
global image threshold using Otsu’s method is used to convert
an intensity image to a binary image, separating brighter
regions from dark background. A global threshold
(level=graythresh (image_close)) that can be used to convert
an intensity image to a binary image with
im2bw(image_close, level) is a normalized intensity value
that lies in the range [0, 1]. The graythresh function uses
Otsu’s method, which chooses the threshold to minimize the
intraclass variance of the black and white pixels. This stage,
intensity with a fixed value with 0.7 is used. The result of
retinal image is binarized with thresholding is show in Fig.
6B. Afterward, all pixel from Fig. 6B is used as mask and
they were overlaid on the original images to candidate optic
disc regions. An example of the maker images is shown in
Fig. 6C. Consider from Fig. 6D, imdilate image was applied
on the previously overlaid image. The argument of a
structuring element object, or array of structuring element
objects, returned by the strel function. This stage, structuring
element with a fixed value with 5 is used. In the fourth stage,
convert image to binary image, based on threshold
(image_threshold2) with im2bw (image_Luv-op3).

Fig. 6. (A) Intensity image after gray-scale image (B) thresholded image (C) maker image (D) reconstructed image
(E) thresholded result of difference image (F) OD area localized
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pixels) and replaces all other pixels with the value 0
(background pixels). Specify level in the range [0, 1]. In this
stage, a level value of 0.70 is used separating between
exudates and background. The resulting retinal image is
binarized with thresholding is show in Fig. 6E. As a result,
high intensities are reconstructed while the rest is removed.
Pseudo Code 1 is the algorithm for the optic disc boundary
detection.

Pseudo Code 1: Optic Disc Boundary Detection
Inputs: Image_rgb = imfile; %imread(imfile)
image_Luv = rgb2luv(image_rgb);
Output: 1. se = strel(‘disk’, 8);
image_close = imclose(image_luv(:,:,3), se);
level = graythresh(image_close)+0.21;
image_threshold = im2bw(image_close,
level);%image_gray>=0.70;
2. OP2 =image_luv;
OP2_1 =op2(:,:,1);
OP2_2 =op2(:,:,2);
OP2_3 =op2(:,;,3);
OP2_1(find(image_threshold==1)) =0;
OP2_2(find(image_threshold==1)) =0;
OP2_3(find(image_threshold==1)) =0;
OP2 = cat(3,0p2_1,0p2_2,0p2_3);
3. se2 = strel(‘disk’, 5);
OP3 = imdilate(op2, se2);
while numel(find(op3==0)) > 0
OP3 = imdilate(op3, se2);
end
4. level2 = graythresh(op3);
image_threshold2 = im2bw(image_luv-op3,
0.01); %image_gray>=0.70;
OP4 = image_threshold2; %image_luv-op3;

Typically, the optic disc can be seen brighter than the
surrounding area. Despite its brightness, an accurate
localization is not an easy task as some part are obscured by
crossing blood vessels and in some case, such as the affected
of bright the lesions. However, the shape of optic disc is
round; therefore the optic disc region selection process needs
to be made specific to the largest one among the regions and
compactness whose shapes are circular by using Pseudo
Code 2.

Pseudo Code 2: Optic Disc Localization
Inputs: OP4 (Optic Disc4)
Output: 1. maxGroup = max(L(:));
M = zeros(1, maxGroup);
for i=1:maxGroup
[r, c] = find(L==i);
rc=[rc];
max_r = abs(r(1)-r(end));
max_c = abs(c(1)-c(end));
if (max_r < max_c)
radius = max_r;
else
radius = max_c;
end
area = numel(rc);
if (area>3000)
region border= 2*pi*(radius/2);
mm = 4*pi*(area/(region border * region border));
M(i) = abs(area-mm);
else

M(i) = inf;
end
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end

2. se3 = strel(‘disk’, 7);

LL = imdilate(LL, se3);
while numel(find(LL==0)) > 0
LL = imdilate(LL, se3);
end

3. OP5 = origin;

OP5_1 =op5(:,:,1);

OP5_2 = o0p5(:,:,2);

OP5_3 = op5(:,:,3);
OP5_1(find(L==cc(1))) =0;
OP5_2(find(L==cc(1))) =0;
OP_3(find(L==cc(1))) =0;

From Pseudo Code 2, maxGroup = max(L(:)) returns the
largest elements along different dimensions of an array. L is a
vector, max(L) returns the largest element in L. M =
max(L,[],dim) returns the largest elements along the
dimension of L specified by scalar dim. For example, max_r =
absolute (r, [1],-r) produces the maximum values along the
first dimension of L while max_c = absolute (c,[1],-c)
produces the maximum values along the second dimension of
L. If max_r less than max_c, the radius of the conducting in
max_r. The area is the number of pixels in the region while
region border is the total number of pixel around the boundary
of each region. If area more than 3000 pixels, the maxgroup
of optic disc regions is calculated by Eq. (5) and the result is
illustrated in Fig. 6F.

4m(area)

max Group = ——————
(region border)

®)
3. RESULTS

The retinal image with varying shapes, size and location of
optic disc were used in this process. The resulting
segmentation is compared against manually labeled ground-
truth produced by an expert ophthalmologist and the final
contour to illustrate the close match achieved. Fig. 7 shows a
satisfactory detection for a circular shaped optic disc. We
quantify the accuracy of the boundary localization against the
manually labeled ground-truth produced by expert. We use a
simple and effective overlap measure of the between two
regions by using Eq. (6).
_n(RNT)
n(R)
where, R is the correspond to the ground-truth in white, T is
the final optic disc contour region and n(.) is the number if
pixels in a region, which proposed by [13]. In the optimal
case, when both contours perfectly match M = 100. The
measure M represents the accuracy. When compared with the
hand-labeled ground-truth information from expert, the
method was able to localize the optic disc pixels in all test
image with an average accuracy of 91.35%. Additionally, the
optic disc was detected correctly in all of the 42 images from
local dataset (97.61% success rate) using method. The results
show that optic disc localize is effective in accurate rotation of
this test is illustrated in Fig. 8. The optic disc detected results
and literature reviewed methods are summarized in Table 1.

100 6)
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(A)

Fig. 7. Optic disc boundary extraction results (A) hand-
labeled (B) final contour (C) overlay of (A) and (B)

D)
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introduce a different algorithm for detection of optic disc by
mathematical morphology and Otsu’s algorithm. The
algorithm vyielded a fair approximation to the actual hand-
labeled optic disc. The accuracy result is quite successful with
accuracy of 91.35% compared to accuracy of the STARE
dataset and achieved better results compared to the reviewed
methods. In addition, the accuracy result is successful with
accuracy of 97.61% compared to accuracy of the local dataset.

Fig. 8. The effect of rotation on one sample retinal image (A), (B) and (C) a typical retinal image (D), (E) and (F) optic
disc area localized version of (A), (B) and (C), respectively

Table 1. The OD detection result for our proposed and literature reviewed methods

Author Method Local dataset (%) STARE dataset (%)
Sinthanayothin [1] Highest average variation 99.10 42.00
Lalonde [4] Hausdorff-based template matching 100.00 71.60
Li and Chutatape [5] Brightness guided 99.00 -
Haar [6] Resolution pyramid using a simple Haar-based 89.00 70.40
Osareh et al. [8] Averaged optic disc-images 100.00 58.00
Walter and Klein [13] Largest brightest connected object 100.00 58.00
Chrastek et al. [14] Highest average intensity 97.30

Barrett et al. [15] Hough transform as implemented by frank ter haar - 59.30
Hoover [16] Fuzzy convergence - 89.00
Lowell et al. [17] OD laplacian of gaussian 99.00 -
Tobin et al. [18] Vasculature-related OD 81.00 -

Abramoff and Niemeijer [19]  Vasculature related OD properties and a KNN regression  99.90

Our proposed method

morphology method and otsu’s method 97.61 91.35

4. CONCLUSION AND DISCUSSION

We have shown several work retinal image analysis. We dealt
with the problem of non-uniform illumination and poor
contrast in color retinal images. The pre-processing stage
showed remarkable gain in contrast enhancement related to
retinal structures against background. The background
exhibited a much more uniform illumination distribution. We

The speed of algorithm is approximately 34 sec (for one
image). One visible advantage of this method is that the optic
disc is detected even though the boundary of the optic disc is
not continuous, blurred and different location. The system can
be used even on a very poor computer system, such as those
that may be available in rural area in developing countries
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where both ophthalmologists and high performance computers
are rarely available.
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