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ABSTRACT

The location of Optic Disc (OD) is of critical importance in retinal image analysis. This research paper
carries out a new automated methodology to detect the optic disc (OD) in retinal images. OD detection
helps the ophthalmologists to find whether the patient is affected by diabetic retinopathy or not. The
proposed technique is to use line operator which gives higher percentage of detection than the already
existing methods. The purpose of this project is to automatically detect the position of the OD in digital
retinal fundus images. The method starts with converting the RGB image input into its LAB component.
This image is smoothed using bilateral smoothing filter. Further, filtering is carried out using line
operator. After which gray orientation and binary map orientation is carried out and then with the use of
the resulting maximum image variation the area of the presence of the OD is found. The portions other
than OD are blurred using 2D circular convolution. On applying mathematical steps like peak
classification, concentric circles design and image difference calculation, OD is detected. The proposed
method was evaluated using a subset of the STARE project’s dataset and the success percentage was found
to be 96%.
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1. INTRODUCTION

In ophthalmology, the automatic detection of optic disc may be of considerable interest for
computer assisted diagnosis. Detecting and counting lesions in the human retina like
microaneurysms and exudates is a time consuming task for ophthalmologists and prone to human
error. That is why much effort has been done to detect lesions in the human retina automatically.
Finding the main components in the fundus images helps in characterizing detected lesions and in
identifying false positives. The detection of the optic disc is the first step in the early detection of
the diabetic retinopathy.

This paper presents a line operator that is designed to locate the OD from retinal images
accurately. Our proposed line operator is designed to capture the circular brightness structure
associated with the OD. In particular, it evaluates the image variation along multiple oriented line
segments and locates the OD based on the orientation of the line segment with the
maximum/minimum variation. Fig. 1(a & b) shows an example of retina image in digital retina
images for vessel extraction (DRIVE) project’s dataset.
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(b)
Fig. 1. Circular brightness structure associated with the OD. (a & b) Example of retinal imagein DRIVE
project’s dataset with OD labelled by a bold black circle.

The proposed method has several advantages. First, the designed line operator is tolerant to the
retina lesion and various types of imaging artifacts that most image-characteristics-based
methods cannot handle properly. The tolerance to the imaging artifacts and retinal lesion can be
explained by the proposed line operator that is designed to capture the unigue circular brightness
structure associated with the OD. Second, the designed line operator is stable and easy for
implementation. It requires neither the retinal blood vessel nor the macula information.

The remaining part of the paper is organized as follows. Most of the available methods for
automatic OD detection are reviewed in Section Il. Section 111 presents the proposed a gorithm.
The results are presented and discussed in Sections V. Finally, conclusion and further work are
found in Section V.

2.0OD DETECTION METHODS: A LITERATURE REVIEW

Automatic optic disc (OD) detection from retinal images is a very important task in ocular image
analysis[1], [2] and computer-aided diagnosis of various types of eye diseases[3]-[5]. It is often
a key step for the detection of other anatomical retina structures, such as retinal blood vessels
and macula [1], [6], [7], [8]. More importantly, it helps to establish a retinal coordinate system
that can be used to determine the position of other retinal abnormalities, such as exudates, drusen,
and hemorrhages[9], [10].

Some OD detection techniques have been reported in the literature. The early techniques make
use of different types of OD specific image characteristics. In particular, some techniques search
for the brightest regions [11], [12] or regions with the highest image variation [13], [14] resulting
from the bright OD and the dark blood vessels within the OD. The limitation of these methodsis
that many retinal images suffer from various types of retinal lesion, such as drusen, exudates,
microaneurysms, and hemorrhage, and imaging artifacts, such as haze, lashes, and uneven
illumination (asillustrated in Figs. 9 and 10) that often produce brighter regions or regions with
higher image variation compared to the OD.

Several OD detection techniques make use of anatomica structures among the OD, macula, and
retinal blood vessels. For example, some methods are based on the anatomical structure that all
major retinal blood vessels radiate from the OD [15]-[18]. Some other methods make use of the
relative position between the OD and the maculathat often varies within a small range [19], [20].
Compared with the image characteristics, the anatomical structures are more reliable under the
presence of retina lesion and imaging artifacts. However, the extraction of either retinal blood
vessels or the maculais often anontrivial task by itself.

Line operators have been used to locate linear structures from different types of images. For
example, Zwiggelaar et a. used a line operator to detect linear structures from mammographic
images [21], where a line strength is evaluated by the difference between the largest average
image intensity along one oriented line segment and the average image intensity within a local
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neighbourhood window. Ricci and Perfetti [22] used a similar line operator to detect the linear
structures that are associated with the retinal blood vessels.

3. PROPOSED METHOD

This section presents the proposed OD detection technique. In particular, we divide this section
into four subsections, which deal with the retinal image pre-processing, designed line operator,
OD detection, and discussion, respectively.

3.1 Retinal Image Pre-processing

Retinal images need to be pre-processed before the OD detection. As the proposed technique
makes use of the circular brightness structure of the OD, the lightness component of a retinal
image is first extracted. We use the lightness component within the LAB color space, where the
OD detection usually performs the best [23]. For the retinal image in Fig. 1(a), Fig. 2(a) shows
the corresponding lightness image.

The retinal image is then smoothed to enhance the circular brightness structure associated with
the OD. We use a hilatera smoothing filter [24] that combines geometric closeness and
photometric similarity asfollows:

h() =k 2L [ f(&) c(& x) S(FE); F(x)) d € L

With the normalization factor

k() =f 7 e(&x) Sf(E); f(x)) d & 2

where f (x) denotes the retinal image under study. c(&, x) and s(f(€), f (x)) measure the geometric
closeness and the photometric similarity between the neighborhood center x and a nearby point &.

We set both c(¢, x) and s(f(§), f(x)) by Gaussian functions. The geometric spread ¢ ; and the

photometric spread o, of the two Gaussian functions are typically set at 10 and 1 as reported in
[24]. For theretinal imagein Fig. 2(a), Fig. 2(b) shows the filtered retinal image.

ol ol

Fig. 2. Retinal image pre-processing. (a) Lightness of the example retinal image in LAB color space. (b)
Enhanced retinal image by bilateral smoothing where multiple crosses along acircle label the pixelsto be
used to illustrate the image variation along multiple oriented line segments.

3.2 Designed Line Operator

A line operator is designed to detect circular regions that have similar brightness structure as the
OD. For each image pixel at (X, y), the line operator first determines n line segments L, ,i

=1...nof specific length p (i.e., number of pixels) at multiple specific orientations that center at
25
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(%, ¥). The image intensity along all oriented line segments can thus be denoted by a matrix 1(x,
y) o where each matrix row stores the intensity of p image pixels along one specific line

segment. The line operator that uses 20 oriented line segments and sets the line length p = 21,
each linesegment L;  at one specific orientation can be divided into two line segmentsL; ,1

andL; ,2of the samelength (p — 1)/2 by the image pixel under study (i.e., the black cell). The

image variation along the oriented line segments can be estimated as follows:

Di Y= fmm (L, Y)-foam (L, ) [, i=1...n (3)

Where f 4, (-)denotes a median function. f 4, (L., (X y)adf o (IL,, (X V)
return the median image intensity along L, and L,, respectively.D =[D; (X, y).D; (X,

y)...D, (%, V)] is, therefore, a vector of dimension n that stores the image variations along n-

oriented line segments.

The orientation of the line segment with the maximum/minimum variation has specific pattern
that can be used to locate the OD accurately. For retinal image pixels, which are far away from
the OD, the orientation of the line segment with the maximum/minimum variation is usualy
arbitrary, but for those around the OD, the image variation along Lc [labeled in Fig. 1(b)] usualy
reach the maximum, whereas that along Lt reaches the minimum. Fig. 4 shows the image
variation vectors D(X, y) of eight pixels that are labeled by crosses along a circle shown in Fig.
2(b). Suppose that there is a Cartesian coordinate system centered at the OD, as shown in Fig.
2(b). For the retinal image pixels in quadrants | and 111, the image variations aong the 1st—10th
[i.e, Lt in Fig. 1(b)] and the 11th-20th (i.e.,, Lc ) line segments labeled in Fig. 3 reach the
minimum and the maximum, respectively, as shown in Fig. 4. But for the retinal image pixelsin
quadrants 11 and IV, the image variations along the 1st—-10th and the 11th-20th line segments
instead reach the maximum and the minimum, respectively.

An orientation map can, therefore, be constructed based on the orientation of the line segment
with the maximum (or minimum) variation as follows:

O (x,y) = argmax D(x.y) (4)

I
where D(X, y) denotes the image variation vector evaluated in (3). In addition, a binary
orientation map can aso be constructed by classifying the orientation of the line segment with the
maximum variation into two categories as follows:

1, if argmax D(x,y) <§+1
Qlxy) = i (5)
—1, Otherwise

where n refers to the number of the oriented line segments used in the line operator.
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Fig. 3. Orientation map of theretinal image in Fig. 2(b). (a) Gray orientation map that is determined by
using (4). (b) Binary orientation map that is determined by using (5).

For the retinal image in Fig. 1(a), Fig. 3(a) and (b) shows the determined gray orientation map
and binary orientation map, respectively. As shown in Fig. 3(a), for retina image pixels in
guadrants | and Il around the OD, the orientation map is a bit dark because the orientation of the
line segment with the maximum variation usualy lies between 1 and (n/2) + 1. However, for
retina image pixels in quadrants Il and IV, the orientation map is bright because the orientation
of the line segment with the maximum variation usualy lies between n/2 and n. The binary
orientation map in Fig. 3(b) further verifies such orientation pattern. The OD will then be located
by using the orientation map to be described in the following.

3.3 OD Detection

We use aline operator of 20 oriented line segments because line operators with more line
segments have little effect on the orientation map. Thelinelength pis set asfollows:

where R denote the radius of the central circular region of retinal images as illustrated in Fig.
1(a). Parameter k controls the line length, which usualy lies between 1/10 and 1/5 based on the
relative OD size within retinal images [25]. The use of R incorporates possible variations of the
image resolution.

The specific pattern within the orientation map is captured by a 2-D circular convolution mask
shown at the upper left corner of two peak imagesin Fig. 4.b. As shown in Fig. 4, the convolution
mask can be divided into four quadrants, where the cells within quadrants | and 111 are set at-1,
whereas those within quadrants Il and 1V are set a 1 based on the specific pattern within the
orientation map. An orientation map can thus be converted into a peak image as follows:

P(X’y) — zx0+m zy0+m

X=Xg-m y=y,-m

M(x,y)0 (x,y) (7)
where (X, ¥, ) denotes the position of the retinal image pixel under study. M(x, y) and  O(X, y)

refer to the value of the convolution mask and the orientation map at (x, y), respectively.
Parameter m denotes the radius of the circular convolution mask that can be similarly set asp.
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Fig. 4. Peak images determined by a 2-D circular convolution mask shown in the upper left corner. (a) Peak
image produced through the convolution of the gray orientation map in Fig. 3(a). (b) Peak image produced
through the convol ution of the binary orientation map in Fig. 3(b).

For the orientation mapsin Fig. 5(a) and (b), Fig. 6(a) and (b) shows the determined peak images.
As shown in Fig. 4, apeak is properly produced at the OD position. On the other hand, a peak is
also produced at the macula center (i.e., fovea) that often has similar peak amplitude to the peak
a the OD center. This can be explained by similar brightness variation structure around the
macula, where the image variation along the line segment crossing the macula center reaches the
maximum, whereas that along the orthogonal line segment [similar to Lc and Lt in Fig. 1(b)]
reaches the minimum. The only difference is that the OD center is brighter than the surrounding
pixels, whereas the macula center is darker.

We, therefore, first classify the peaks into an OD category and a macula category, respectively.
The classification is based on the image difference between the retinal image pixels at the peak
center and those surrounding the peak center. The image difference is evaluated by two
concentric circles asfollows:

. 1 Ry 1 R
DIff(X,y) = N_ zd:o f(d) - N_ Zd:o f(d) (8)

where | refers to the retinal image under study and d denotes the distance between the peak and
the surrounding retinal image pixels. R; and R, specify the radius of an inner concentric

circle and an outer concentric circle where R, isseta2R; .N; and N, denote the

numbers of the retinal image pixels within the two concentric circles. In our system, we set R

a (p- 1)/2, where p is the length of the line operator. The peak can, therefore, be classified to
the OD or macula category, if theimage difference is positive or negative, respectively.

Finaly, we detect the OD by a score that combines both the peak amplitude and the image
intensity difference that by itself isaso astrong indicator of the OD

S(x.y) = P(x.y) (Diff(x,y) * (Diff(x,y) > 0)) (9)

Where P(X, y) denotes the normalized peak image. The symbol * denotes dot product and Diff(x,
y) > 0 sets dl retinal image pixels with a negative image difference to zero. The OD can,
therefore, be detected by the peak in the OD category that has the maximum score. For the
exampleretinal imagein Fig. 1(a), Fig. 5(a) shows the score image determined by the peak image
in Fig. 4(b). It should be noted that the image differenceis evaluated only at the detected peaksin
practical implementation. The score image in Fig. 5(a) (aswell asin Fig. 5(b), 9, and 10) where
the image differenceis evauated at every pixe isjust for theillustration purpose.
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Fig.5. OD detection. Score image by (9) for OD detection.

4. EXPERIMENTAL RESULTS

The proposed agorithm has been implemented in MATLAB. The corresponding results are
follows.

Input Image LAB - L Component Smooth Image Orientati

A

Binary orientation map | Circular Convolution Peak circular Detected Optic Disc
convolution mask

5. CONCLUSION AND FUTURE WORK

The paper presented a simple method for OD detection using Line operator filter. The proposed
approach achieved better results as reported. An extension for this study could be asfollows.

The image segmentation is the foundation for the retinal fundus images. Efficient agorithms for
segmenting the region of interest would be the main objective of future work. Optic disc can be
detected easily after segmentation. A myriad of Optic Disc detection methods are available. The
method which is compatible with the segmentation algorithm should be used. Diseases like
Glaucoma and Diabetic Retinopathy are in rise and Optic Disc is an important indicator of these
diseases. Hence the new methodologies to detect Optic Disc and the efficient use of aready
existing methods are the interest of future work.
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