
Automated Optic Disc Localization and Contour
Detection Using Ellipse Fitting and Wavelet

Transform

P.M.D.S. Pallawala1, Wynne Hsu1, Mong Li Lee1, and Kah-Guan Au Eong2,3

1 School of Computing, National University of Singapore, Singapore
{pererapa, whsu, leeml}@comp.nus.edu.sg,

2 Ophthalmology and Visual Sciences, Alexandra Hospital, Singapore
3 The Eye Institute, National Healthcare Group, Singapore

kah guan au eong@alexhosp.com.sg

Abstract. Optic disc detection is important in the computer-aided ana-
lysis of retinal images. It is crucial for the precise identification of the ma-
cula to enable successful grading of macular pathology such as diabetic
maculopathy. However, the extreme variation of intensity features within
the optic disc and intensity variations close to the optic disc boundary
presents a major obstacle in automated optic disc detection. The pre-
sence of blood vessels, crescents and peripapillary chorioretinal atrophy
seen in myopic patients also increase the complexity of detection. Exi-
sting techniques have not addressed these difficult cases, and are neither
adaptable nor sufficiently sensitive and specific for real-life application.
This work presents a novel algorithm to detect the optic disc based on
wavelet processing and ellipse fitting. We first employ Daubechies wa-
velet transform to approximate the optic disc region. Next, an abstract
representation of the optic disc is obtained using an intensity-based tem-
plate. This yields robust results in cases where the optic disc intensity is
highly non-homogenous. Ellipse fitting algorithm is then utilized to de-
tect the optic disc contour from this abstract representation. Additional
wavelet processing is performed on the more complex cases to improve
the contour detection rate. Experiments on 279 consecutive retinal ima-
ges of diabetic patients indicate that this approach is able to achieve an
accuracy of 94% for optic disc detection.

1 Introduction

Digital retinal images are widely used in the diagnosis and follow-up management
of patients with eye disorders such as glaucoma, diabetic retinopathy, and age-
related macular degeneration. Glaucoma is the second leading cause of blindness
in the world, affecting some 67 to 105 million patients [20]. In glaucoma, an
abnormally raised intraocular pressure damages the optic nerve and results in
morphological changes in the optic disc. This leads to an increase in the size of
the optic cup. Diabetic retinopathy is also a leading cause of blindness and visual
impairment in many developed countries and accounts for 12,000 to 24,000 blind
cases in United States alone every year [5].
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The automated detection of optic disc has several potential clinical uses.
First, the vertical diameters of the optic cup and disc may aid the diagnosis
of glaucoma [3]. Changes in these parameters of the optic disc in serial images
may indicate progression of the disease. Second, it allows the identification of
the macula using the spatial relationship between the optic disc and macula.
The macula is located on the temporal aspect of optic disc and is situated at
a distance of about 2.5 disc diameters from the centre of the optic disc [9].
Occurrence of lesions in the macula region as a result of diabetic retinopathy
and age-related macular degeneration are often sight-threatening. Identifying
the macula allows highly sensitive algorithms to be designed to detect signs of
abnormality in the macular region.

The optic disc appears as an elliptical region with high intensity in retinal
images (see Fig. 1). The vertical and horizontal diameters of an optic disc are
typically 1.82 ± .15mm and 1.74 ± .21 mm respectively [3]. Clinically, optic disc
measurements can be obtained by approximating the disc to an ellipse [2].

(a) (b)

Fig. 1. (a) Outline of optic disc (white ellipse), (b) Outline of optic disc with peripa-
pillary chorioretinal atrophy (black arrows)

While existing algorithms [8,10,13,14,15,16,18] employ a variety of techniques
to detect optic disc, they are neither sufficiently sensitive nor specific enough for
clinical application. The main obstacle is the extreme variation of the optic disc
intensity features and the presence of retinal blood vessels (Fig. 1(a)). Peripapil-
lary chorioretinal atrophy which are commonly seen in myopic eyes also increase
the complexity of optic disc detection. This presents as a bright crescent-shaped
area adjacent to the optic disc, usually on its temporal side (Fig. 1(b)), or as a
bright annular (doughnut-shaped) area surrounding the optic disc.

Our proposed approach overcomes the above challenges as follows. We first
approximate the optic disc boundary via the use of Daubechies wavelet transform
and intensity-based techniques. Next, an ellipse fitting algorithm is employed to
detect the optic disc contour in the optic disc boundary region. Experiments
on 279 consecutive retinal images disclosed that we were able to achieve an
accuracy of 94% for optic disc detection and 93% accuracy based on mean vertical
diameter assessment.
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2 Related Work

There has been a long stream of research to automate optic disc detection.
Techniques such as active contour models [10,16], template matching [8], pyra-
midal decomposition [8], variance image calculation [18] and clustering techni-
ques [13] have been developed. Among them, active contour-based models have
been shown to give better results compared to the other techniques. We eva-
luate active contour models on optic discs ranging from least contour variants
to complex variations, and discuss their result and limitations here.

Snakes or active contours [7,11,17] are curves defined within an image domain
that can move under the influence of internal forces coming from the curve
itself and external forces computed from the image data. There are two types
of active contour models: parametric active contours [22] and geometric active
contours [23]. Parametric active contours synthesize parametric curves within
image domains and allow them to move towards desired features, usually edges.
A traditional snake is a curve X(s) = [x(s), y(s)], s ∈ [0, 1], that moves through
the spatial domain of an image to minimize the energy functional

E =
∫ 1

0

1
2
[α|ẋ(s)|2 + β|ẍ(s)|2] + γEext(x(s))ds (1)

where α, β, γ are weighting parameters that control the snake’s tension, rigidity
and influence of external force, respectively, and ẋ(s) and ẍ(s) denote the first
and second derivatives of x(s) with respect to s. The external energy function
Eext is derived from the image so that it takes on its smaller values at the features
of interest, such as boundaries.

Analysis of the digital retinal images reveals that the use of the gradient
image to derive the external energy function needed by the active contours model
is not suitable because the gradient image contains too much noise arising from
the retinal vessels. Even after removing retinal vessels [6] from the gradient
image, it may not be complete and the removal process may introduce operator
that will distort the original optic disc contour. Another option is to use intensity-
based external force Eext model. Here, we use the gray value of the green layer
of the original image as the external force. Table 1 shows the results for various
weight parameters. Note that the intensity-based external force model tends to
produce poorer results. Further attempts to improve results using morphological
operators have not been successful due to wide variations in optic disc features.

D.T. Morris et al. [16] reported the use of active contour models to detect the
optic disc with a preprocessing step to overcome these problems. Images are first
preprocessed using histogram equalization. This is followed by the use of pyramid
edge detector. While this approach shows improved results, it suffers from two
drawbacks. First, the preprocessing steps may cause the optic disc boundary to
become intractable because it fuses with the surrounding high intensity regions.
Second, the pyramid edge detector is unable to filter noise from vessel edges
adequately and active contour model will fail to outline the optic disc boundary
correctly.
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Similarly, while region snakes works well for optic discs with uniform intensity
distribution, it tends to fail in optic discs having very low intensity or in cases
where segment of optic disc has very low intensity. Application of deformable
super-quadrics, or dynamic models with global and local deformation properties
inherited from super-quadric ellipsoids and membrane splines, may be useful in
optic disc detection. However, it will fail in cases with peripapillary atrophy,
where there is a high intensity region next to the optic disc. Further, its high
computational cost is not suitable for online processing of digital retinal images.
These limitations motivated us to develop a robust yet efficient technique to
reliably locate and outline the optic disc.

Table 1. Results for active contour models

α β γ Image 1 Image 2 Image 3

0.75 1.65 0.75

0.95 0.6 0.5

0.95 1.4 .75

0.95 1.3 0.7

1.3 0.7 0.6

3 Optic Disc Localization and Contour Detection

The major steps in the proposed approach to reliably detect the optic disc in
large numbers of retinal images under diverse conditions are as follows. First,
the approximate location of the optic disc is estimated via wavelet transform.
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The intensity template is employed to construct an abstract representation of
the optic disc. This abstract representation of the optic disc significantly reduces
the processing area, thus increasing the computational efficiency. Next, an ellipse
fitting procedure is applied to detect disc contour and to filter out difficult cases.
Finally, a wavelet-based high pass filter is used to remove undesirable edge noise
and to enhance the detection of non-homogenous optic discs.

Our image database consists of digital retinal images captured using a
Topcon c© fundus camera. All the images are standard 40-degree field of the
retina centered on the macula. Image resolution is 25micron/pixel. Images were
stored in 24-bit TIFF format with image size of 768*576 pixels.

3.1 Localization of Optic Disc Window by Daubechies Wavelet
Transformation

Figure 2 shows the different color layers of a typical retinal image. It is evident
that the optic disc outline is not present in the red layer (Fig. 2(b)) or the blue
layer (Fig. 2(c)). In contrast, the green layer (Fig. 2(d)) captures the optic disc
outline. We use this layer for subsequent processing.

(a) Original Image (b) Red Layer (c) Blue Layer (d) Green Layer

Fig. 2. Color layers of a retinal image

(a) (b) (c) (d)

Fig. 3. Selected optic disc region using Daubechies wavelet transform

There has been a growing interest to use wavelets as a new transform techni-
que for image processing. The aim of wavelet transform is to ‘express’ an input
signal as a series of coefficients of specified energy. We use the Daubechies wa-
velet [12] to localize the optic disc. First, a wavelet transform is carried out to
obtain the wavelet coefficients. Next, an inverse wavelet transform is performed
after thresholding the HH component (high pass in vertical and horizontal di-
rection) (Fig. 3(b)). The resultant image is then subtracted from the original
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retinal image to obtain the subtracted image, and its sub-images (16x16 pixels)
are analyzed (Fig. 3(c)).

Note that the sub-image with the highest mean value correlates to the area
inside the optic disc. Hence, the center of the sub-image (Xc, Yc) with the
highest mean intensity is selected and the optic disc region is defined as a WxW
window centered at (Xc, Yc). The dimension W is determined by taking into
consideration the image resolution (25micron/pixel) and the average size of the
optic disc in the general population. Based on the results, W is set to be 180.
Fig. 3(d) shows the selected optic disc window. Experiments on 279 digital retinal
images show 100% accuracy in the detection of optic disc.

3.2 Abstract Representation of Optic Disc Boundary Region

We have shown that there exist wide variations in optic disc boundary, from
clear boundary outlines to very difficult cases with complex boundary outlines.
To minimize the interference from these complications, we use an abstract re-
presentation of the optic to capture the optic disc boundary. This has shown to
give robust results including cases with highly non-homogenous optic discs.

Ci
Co

di

do

Fig. 4. Template to localize optic disc boundary

The abstract representation of the optic disc is in the form of a template is
shown in Fig. 4. It consists of two circles: an inner circle Ci and an outer circle
Co. Ci denotes the approximated optic disc boundary and the region between
the Ci and Co is the immediate background. Both Co and Ci are concentric
circles, and the diameter (do) of Co is defined as

do = di + K (2)

The optimal K value is obtained by using a training image set. The optic
disc is approximated to the template by calculating the intensity ratio (IR ) as
follows:

IR = Mi/Mo (3)
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where Mi is the mean intensity of pixels inside the circle Ci and Mo is the mean
intensity of the region between circles Ci and Co. Vessel pixels are not involved
in the calculation of mean intensity to increase the accuracy. The abstract re-
presentation of the optic disc is obtained by searching for the best fitting inner
circle Ci. Fig. 5 and Fig. 6 show the abstract representations obtained.

The optic disc boundary region is selected as the region between di ± K
(Fig. 7). By processing the optic disc at an abstract level rather than pixel level,
we are able to detect the optic disc boundary region accurately in cases where
the optic disc is highly non-homogenous.

(a) (b) (c) (d)

Fig. 5. (a), (c) Uniform optic disc images; (b), (d) Fitting of template

(a) (b) (c) (d)

Fig. 6. (a), (c) Non-uniform optic disc images; (b), (d) Fitting of template

3.3 Ellipse Fitting to Detect Optic Disc Contour

One of the basic tasks in pattern recognition and computer vision is the fitting of
geometric primitives to a set of points. Existing ellipse fitting algorithms exploits
methods such as Hough transforms [1], Kalman filtering, fuzzy clustering, or least
square approach [4]. These can be divided into (1) clustering and (2) optimization
based methods.

The first group of fitting techniques includes Hough transform and fuzzy
clustering, which are robust against outliers and can detect multiple primitives
simultaneously. Unfortunately, these techniques have low accuracy, are slow and
require large amount of memory. The second group of fitting methods, which
includes the Least Square approach [4], is based on the optimization of an objec-
tive function that characterizes the goodness of a particular ellipse with respect
to the given set of data points. The main advantages of this group of methods
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(a) (b) (c) (d)

Fig. 7. (a), (c) Optic disc regions; (b), (d) Isolated optic disc boundary region

are their speed and accuracy. However, these methods can fit only one primitive
at a time, that is, the data should be pre-segmented before the fitting. Further,
they are more sensitive to the effect of outlier compared to clustering methods.

(a) (b) (c) (d)

Fig. 8. (a), (c) Sobel edge maps; (b), (d) After vessel removal

In our proposed ellipse fitting algorithm, a Sobel edge map of the optic disc
boundary region is used (Fig. 8(a) and (c)). These Sobel images tend to have a
high degree of noise arising from blood vessel edges and break at a number of
places. Hence, we first remove all the vessel information by using a retina vessel
detection algorithm [6] (Fig. 8(b) and (d)). Ellipse fitting algorithm is then used
to detect optic disc contour from the resultant images.

Our ellipse fitting algorithm finds the four best fitting ellipses with minimal
errors. The ellipse center is moved within the area defined by inner circle Ci.
The ellipse major axis a varies between W/2 ± W/4, while the minor axis b of
the ellipse is restricted to (1 ± 0.2)∗a pixels. These conditions are set according
to the optic disc variations. The best fitting ellipses are given by

EFi = Pi ∗ (a + b) (4)

where EFi is the measure of ellipse fitting and Pi is the number of edge points
for the ellipse i. Ellipses having four highest EFi are selected and the intensity
ratios for the four ellipses are calculated (see equation 3). The ellipse with the
highest IR whose major and minor axis falls between (1 ± 0.25) di is regarded
as the detected optic disc contour. Fig. 9 shows that the ellipse fitting procedure
is able to accurately detect the optic disc boundary.
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Fig. 10 depicts a difficult case where the ellipse fitting model detects part of
the optic cup edge as the optic disc contour. Careful analysis reveals that this
is due to the presence of optic cup edge points which tends to over-shadow the
actual edge points of the optic disc boundary. In these situations, a wavelet-based
enhancement is initiated.

(a) (b) (c) (d)

Fig. 9. (a), (c) Four best ellipses superimposed on optic disc region; (b), (d) Correctly
detected ellipse

(a) (b) (c) (d)

Fig. 10. (a) Manual outline of optic disc; (b) Optic disc region green layer; (c) Arrow
indicate optic cup edge interference; (d) Detected ellipses

3.4 Enhancement Using Daubechies Wavelet Transformation

To overcome the problem of noise due to the presence of optic cup points, we
employ Daubechies wavelet transform [12] to enhance the optic disc boundary.
This is achieved by performing the inverse wavelet transformation of coefficients
after filtering out the HH component. This step gives rise to an image whose
optic cup region has been removed. Fig. 11(a) shows the edge map of an inverse
thresholded image. Once the edge image has been obtained, we further thres-
hold the edge image with the image mean. This successfully removes the very
prominent edge points due to optic cup and gives prominence to the faint optic
disc boundary edges (Fig. 11(b)). Fig. 11(d) shows an accurately detected optic
disc boundary after wavelet processing.
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(a) (b) (c) (d)

Fig. 11. (a) Sobel edge image after wavelet enhancement; (b) Thresholding with image
mean; (c) Ellipses selected by algorithm; (d) Best fitting ellipse

4 Experimental Results

We evaluated our proposed approach on 279 consecutive digital retinal images.
The following performance criteria are used:

(1) Accuracy – Ratio of the number of acceptably detected contours as as-
sessed by a trained medical doctor over the total number of images.

(2) Vertical Diameter Assessment – Average ratio of the vertical diameter of
the detected contour over the vertical diameter of the actual optic disc boundary.

For criteria (2), the optic disc boundary outline of the images has been ca-
refully traced by a trained medical doctor and the entire optic disc area is trans-
formed to gray value of 255 with the background set to 0. The actual vertical
diameter of the disc boundary is obtained from this transformed image.

Table 2 shows the results obtained. Without additional wavelet processing,
the optic disc detection algorithm achieved 86% accuracy and 87% vertical dia-
meter assessment. Using Daubechies wavelet processing to improve the difficult
cases, we are able to achieve an accuracy of 94% and vertical diameter asses-
sment of 93%. This improvement of 8% in accuracy includes the most difficult
cases where the optic disc is of low intensity and is situated in a neighborhood
with high intensity variations.

Table 2. Detection of optic disc contour

Accuracy Vertical Diameter
Assessment

Ellipse fitting without
wavelet processing 86% (240/279) 87%
Ellipse fitting with
wavelet processing 94% (262/279) 93%
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5 Discussion

Existing optic disc detection algorithms focus mainly on optic disc localization
and detection of the optic disc boundary. Optic disc localization is important
as it reduces the computational cost. [8] propose an optic disc localization al-
gorithm using pyramidal decomposition. Potential optic disc regions are located
using Haar wavelet-based pyramidal decomposition and are analyzed using Haus-
dorff template matching to detect probable optic disc. [18] design a localization
algorithm based on variance of image intensity. The variance of intensity of ad-
jacent pixels is used for recognition of the optic disc. The original retinal image
is subdivided into sub-images and their respective mean intensities are calcula-
ted. Variance image is formed by a transformation which include mean of the
sub-image. The location of the maximum of this image is taken as the centre of
the optic disc.

[13] employs clustering techniques with simple thresholding to select several
probable optic disc regions. These regions are clustered into groups and furt-
her analyzed by principle component analysis to identify the optic disc. This
algorithm has yielded robust results in images with large high intensity lesions
such as hard exudates in diabetic retinopathy. The drawbacks are that they are
time-consuming and the results are not easily reproducible [24].

Optic disc contour detection has been attempted with active contour models
[10,16] and template matching [8]. Active contour models have failed to detect
optic disc contour accurately due to the presence of noise, various lesions, in-
tensity changes close to retinal vessels, and other factors. Various preprocessing
techniques have been employed to overcome these problems, including morpho-
logical filtering, pyramid edge detection, etc., but no large scale testing has been
carried out to validate their accuracies. In this work, we have compared the pro-
posed algorithm with active contour models to validate its robustness. Template
matching [8] yields better results because it tends to view the optic disc as a
whole entity rather than processing at pixel level. However, none of the algo-
rithms has been tested on a large number of images and proven to be sufficiently
robust and accurate for clinical use.

6 Conclusion

In this paper, we have presented an optic disc detection algorithm that employs
ellipse fitting and wavelet processing to detect optic disc contour accurately.
Experimental results have shown that the algorithm is capable of achieving 94%
accuracy for the optic disc detection and 93% accuracy for the assessment of
vertical optic disc diameter in 279 consecutive digital retinal images obtained
from patients in a diabetic retinopathy screening program. The assessment of
vertical optic disc diameter, when combined with parameters such as the vertical
optic cup diameter, can provide useful information for the diagnosis and follow
up management of glaucoma patients.
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