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This paper describes a new methodology for automatic location of the optic discin retinal images, based on
the combination of information taken from the blood vessel network with intensity data. The distribution
of vessel orientations around an image point is quantified using the new concept of entropy of vascular
directions. The robustness of the method for OD localization is improved by constraining the search for
maximal values of entropy to image areas with high intensities. The method was able to obtain a valid
location for the optic disc in 1357 out of the 1361 images of the four datasets.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The optic disc (OD) is one of the major landmarks that stand
out from the observation of a human retina. OD localization is fre-
quently required for the implementation of image analysis-based
solutions for the assessment and follow-up of several eye condi-
tions. Detection of the OD is relevant in glaucomatous eyes as this
disorder affects the shape and appearance of the disc, but it can also
be useful for differentiating from white lesions related to diabetic
retinopathy, or from drusen associated with age-related macular
degeneration [ 1]. Knowledge about OD position is also required for
automating the determination of diagnostic indexes for hyperten-
sive retinopathy, such as the Arteriolar-to-Venular diameter ratio
(AVR) [2].

The OD is the entry point of the nervous and blood systems
into the retina and is often the brightest region in a fundus image.
These two distinctive features have been the major strategies
for automating the localization and detection of the OD reported
in the literature. Approaches that rely on features derived from
color include the use of maximal intensity, maximal variance, or
the evaluation of image variation along specific directions [3-6],
template-matching [7,8], Hough transform [4,10] and deformable
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models [8,9]. Several authors have proposed methods that use the
blood vessel network as a starting point for OD detection [11-15].
Solutions combining the simultaneous detection of several retinal
structures are described in [16,17].

This paper describes a method for automating the localization
of the OD in color eye fundus images, by combining information
extracted from the vascular network with intensity data obtained
from the red (R) and green (G) channels of the RGB representation.
The distribution and variability of vessels around each image point
are estimated using the concept of entropy of vascular directions,
which associates high values of this measure with the occurrence of
a large number of vessels with multiple orientations. This informa-
tion is then combined with the highest image intensities, with the
goal of localizing pixels where both entropy and intensity are maxi-
mized. The here in proposed approach is an improved and extended
version of the method previously presented by the authors of a
conference paper in [18]. The major differences between the two
solutions are: the initial calculation of the entropy of vascular direc-
tions using a low resolution image; the use of the entropy map
for evaluating the quality of the vascular segmentation and decid-
ing on the criteria for estimating the localization of the disc; and
the inclusion of a post-processing step for obtaining the final OD
position.

The paper is organized as follows. Section 2 describes the
methodology that was developed for automating the localization
of the disc. The results obtained using the images of four pub-
licly available databases, DRIVE [19], STARE [20], MESSIDOR [21],
and INSPIRE-AVR [22], are reported in Section 3. Finally, Section 4
presents some conclusions.
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Fig. 1. Original images (left), segmented vascular networks (middle), and entropy maps (right).

2. Methodology for optic disc localization
2.1. Overview of the methodology

The first phase of the method is the estimation of an initial OD
position through the application of the algorithm described in [18]
to a low resolution version of the original image. In this method
the entropy of vascular directions is used for quantifying both the
occurrence and the diversity of vessel orientations around a pixel.
After the segmentation of the vascular network, a map with the
entropy of vascular directions is calculated for the fundus image.
An intensity map representing the Euclidean distance of the red
(R) and green (G) components to the origin of the RGB color coor-
dinates is generated from the color image of the retina; this map
is afterwards segmented to retain just the pixels with the largest
distance values, which are further analyzed to generate a restricted
set of high intensity OD candidates. The initial OD location is the
candidate where the maximum value of entropy occurs.

The second phase of the algorithm, which is new in the here in
proposed solution, is either a validation or a recalculation of the
disc position. When values of entropy are low, and in particular
the absolute maximum of entropy or the entropy in the estimated
OD location, the quality of the vascular segmentation is not reliable
and a new estimate for disc position is searched for using mainly
intensity criteria. For high values of entropy, the initial OD posi-
tion is validated if all other local maxima of entropy occurring in
different image locations show lower values when compared with
the one corresponding to the current estimation for OD position. On
the other hand, if several identical local maxima are found, the pro-
cess for estimating the OD position is repeated once again using the
full resolution image. A final post-processing phase is applied to a
restricted region around the estimated position of the disc, in order
to get the final OD location as the weighted centroid of the region
formed by the combination of vessel and intensity segmentation
location results. The main processing phases required for locating
the OD are detailed in the following subsections.

2.2. Entropy of vascular directions

The OD is a region of the eye fundus where the vessels are more
or less distributed in all possible directions. For evaluating the con-
vergence and variability of vessel directions in the neighborhood

of each point in a retinal image, a new measure was proposed in
[18] based on the definition of entropy proposed by Shannon. The
entropy of vascular directions is calculated using (1), where n is the
number of directions and p; the probability of occurrence of vessels
in direction i.

n
H==) p; logp; (1)
i=1

In order to calculate the entropy map of a retinal image, a direction
needs to be associated to every vessel pixel. The segmentation of
retinal blood vessels is accomplished using the algorithm proposed
in [23], and to obtain the vessel direction information a matched-
filtering approach similar to the one described in [24] is applied.
For this purpose a grey-scale version of the original RGB image is
sequentially processed with twelve two-dimensional matched fil-
ters, each one adapted to a specific direction; the highest filtering
output for a vessel point defines the direction of the vessel at that
point.

The entropy map is determined based on the normalized his-
togram of vessel directions in a window centered on each image
point. For every vessel pixel inside this window, two directions are
considered: an absolute direction, taken from the vessel direction
map, and a relative direction which is the direction of the vector
that links the vessel pixel to the window center. The histogram of
vessel directions only retains information for those vessel points
whose absolute and relative directions are coincident.

Fig. 1 shows two original retinal images, their segmented vas-
cular networks and the corresponding entropy maps. As can be
observed, entropy values clearly increase near and inside vessels
and in particular in the OD region.

To calculate the entropy at each image point, a histogram of ves-
sel directions needs to be determined in a window centered at that
point. The size of this window should be large enough to capture the
diversity of vessel distribution around the point, and small enough
to keep processing time low. In [18] a window size of 351 x 151
pixels was set for the images of the DRIVE and STARE databases.
In the method herein described, the images are initially reduced to
half in each dimension and the window for entropy calculation is
decreased accordingly to [175 x 75] pixels. In both cases, rectan-
gular windows oriented towards the vertical direction are chosen
due to the expected distribution of blood vessel near the OD, which
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Fig. 2. (a) Original retinal image; (b) segmented vascular network; (c) entropy map calculated using full resolution images; (d) entropy map calculated using low resolution

images.

tend to spread mainly in the vertical direction before forming the
two main vessel arcades around the macula. As a result, the entropy
values on these rectangular windows are more selective than those
obtained using square neighborhoods. Moreover, an increased dis-
crimination between the OD area and other retinal regions where
relevant concentrations of vessels occur is achieved.

Entropy maps for both the original retinal image and its size-
reduced version are presented in Fig. 2. As can be observed,
no overall significant differences can be found between the two
entropy maps, although a more detailed analysis of local distribu-
tion of values can reveal sharper local maxima for the full resolution
image. Despite this, in good quality images the low resolution
entropy values have no influence on the final calculated OD posi-
tion.

2.3. Initial estimation of OD location

The direct calculation of the absolute maximum of entropy is
sufficient for estimating the OD location in most retinal images.
However, when the vessels around the disc are not well segmented,
mainly due to poor image quality or pathological conditions, the
entropy map contains several local maxima and the simple detec-
tion of the largest value may not be able to identify the correct
OD location. In order to restrict the areas in which the local maxi-
mum of entropy is searched for, bright intensity, which is another
characteristic feature of a normal OD, is taken into account.

As the OD is usually a yellowish bright region in a normal image
of the retina, and does not contain important contents in the blue
channel, we derive an image from the red (R) and green (G) com-
ponents from the original RGB image, using (2). In this image, I, a

pixel value is represented as the Euclidean distance, in the RG plane,
from the origin of the color coordinate system.

I(x,y) = VR(x,y)* + G(x, y)* (2)

Aiming at reducing the influence of the vessels in the subsequent
selection of candidate regions, the image is processed with a clos-
ing morphological operator using a structuring element adapted
to vessel size. This image is afterwards submitted to illumination
equalization, as described by Eq. (3), where Iy (x, y) is the aver-
age intensity of pixels inside a window W centered on the spatial
coordinates (x, ).

leq(*,y) =1(x,y) + 0.5 = Iw(x,y) (3)

Eq. (3) performs an intensity rescaling operation aiming at
obtaining an image with a specified average value equal to 0.5,
which corresponds to the central value in the [0-1] range used for
representing intensities.

To select an initial set of candidate areas only 10% of the highest
intensity points of image Ieq are kept. As the number of regions is
still large, an image-dependent threshold is calculated and applied
to obtain the final set of candidate areas where in the maximum
value of entropy will be searched for, and then used for obtaining
the OD position. The threshold value, T, is calculated based on the
mean, Mmax, and standard deviation, Smax, of intensity maxima in
the connected regions of the initial set, as established in (4). These
intensity maxima are taken from the green component of the orig-
inal RGB image after illumination equalization (Geq). This image
is used instead of I¢q for threshold estimation because of its higher
contrast. The definition of two alternative equations for Tis justified
by the need to adapt to the distinct image intensity characteristics.
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Fig. 3. (a) Original image showing the estimated OD location (black cross) and absolute maximum of entropy (white dot); (b) low resolution entropy map; (c) leq; (d) Geq;
(e) intensity segmented image; (f) final set of segments after dilation with the values of entropy overlapped.

Thresholded areas are dilated using a structuring element adapted
to vessel caliber; this widening operation is particularly important
near the OD as the vessels have high values of entropy and are not
included in the set of candidate areas due to their low intensity val-
ues. Finally, the point with the maximum value of entropy is set as
the initial estimation of OD location.

Mmax if Smax > 0.1mmax
T= (4)
Mmax + 2Smax  all other cases

Final and intermediate results of the processing sequence for
attaining an initial OD position are illustrated in Fig. 3. Fig. 3a shows
the original image with the estimated OD position (black cross); in
this image, the absolute maximum of entropy (white dot) is coin-
cident with the estimated OD location. Fig. 3b-d present the low
resolution entropy map, leq, and Geq, respectively. Finally, the initial
and final sets of candidates obtained from the intensity-segmented
image are shown in Fig. 3e and f; in this last image, the values of
entropy for each selected image pixel are also depicted.

2.4. Validation of estimated OD location

The evaluation of the maximum of the entropy proved able to
locate the OD in the great majority of retinal images. However,
when the vascular structure near the OD is not entirely visible or
is affected by some pathology, the search for the absolute maxi-
mum of the measure may be insufficient for reaching a suitable final
result. Nevertheless, in most situations the search for the maximal
value of entropy, combined with the occurrence of high intensities,
is adequate for achieving a correct OD location.

In a few situations, especially when the quality of the retinal
image is low (mainly due to problems in image acquisition), the
segmented vasculature around the disc is either inaccurate or sim-
ply missing, and the estimated position of the OD as described in
the previous subsection does not hit the optic disc. In other cases,
the existence of very intense pathological lesions near the vessels
may introduce erroneous segments in the vascular tree and mis-
lead the OD estimation algorithm. Another problem is that the use
of low resolution images for entropy calculation can give rise to the

existence of several local maxima with similar values in distinct
image positions, which, in just a few cases, can prevent the abso-
lute maximum of entropy from being associated with the actual OD
location.

In order to cope with these limitations, a validation phase is
included. For this purpose, the following properties are evaluated
on the low resolution entropy map: (i) the absolute maximum of
entropy; (ii) the relation of the entropy value for the estimated OD
position to the absolute maximum of entropy; (iii) the presence of
other local maxima whose values are similar to the entropy value
of the estimated OD position.

The absolute maximum of entropy proved an effective measure
for assessing the quality of the vascular segmentation, with low
values of this indicator generally associated with unreliable OD
estimation. On the other hand, when the absolute maximum value
is high, the entropy value for the estimated OD position should
not be below an image-dependent threshold value (set as 60% of
the image absolute maximum), to prevent situations where the
intensity criterion mostly determines the selected OD location.

When one of these two situations is identified, a recalculation
step is initiated, trying to find an alternative solution for OD loca-
tion. For this purpose, the region of the intensity segmented image
with the largest area is found, because although the disk is normally
fragmented by the dark blood vessels, at least one of the segments
still remains large due to the uniformity of the disc intensity. So a
new estimate for OD position is obtained corresponding to the max-
imal intensity in this region - but this new solution is only kept if
this maximum is higher than the intensity of the initial OD posi-
tion estimation. This last condition is relaxed to a lower limit (95% of
maximum intensity) if the entropy of the largest area is higher than
the one in the initially selected position. Finally, when several high
intensity local maxima exist in the low resolution entropy map, the
initial estimation of OD is not accepted and the algorithm described
in the previous section is repeated using the full resolution images.

Examples of images illustrating these situations are presented
in Fig. 4, where from left to right we can find the original image,
the segmented vasculature, the entropy map and the intensity
candidates. For the images of the top row, the OD position was
recalculated based on maximal area and intensity criteria, because
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Fig. 4. Results of validation phase. (a) Original images showing the absolute maximum of entropy (black dot), the initial OD position estimation (white cross) and the result
of new OD location estimation resulting from the validation phase (gray cross); (b) segmented vascular networks; (c) entropy maps; (d) selected set of intensity candidates.

the absolute maximum of entropy obtained in the first phase was
below the specified threshold and was considered unreliable; the
example depicted in the bottom row presents an image showing
several high entropy maxima, where the recalculation of OD posi-
tion using the full resolution images allowed a correct solution in
the validation phase.

2.5. Refinement of OD location

The final phase of the proposed methodology aims at refining
the disc position previously estimated. This final post-processing
phase is applied on arestricted circular region centered on the esti-
mated OD position with diameter equal to 1.5 times the expected
disc diameter. The underlying idea is that the region of the disc can
be reconstructed if the vessel- and intensity-segmented images are
added together. A new value, combining entropy and intensity by
their geometric mean, is assigned to each pixel of this new image.
The weighted centroid of the circular region centered on the previ-
ously estimated OD location is considered the final position of the
optic disc center.

The process for obtaining the final OD position is illustrated in
Fig. 5. The segmented vasculature (Fig. 5a) and the set of intensity
candidates (Fig. 5b) are combined to get the image presented in
Fig. 5c. The circular restricted area centered on the estimated OD
location, with each pixel weighted by the combination of entropy
and intensity values, is shown in Fig. 5d. Finally, Fig. 5e shows the
original image with the OD positions before (white cross) and after
(black cross) the refinement step.

3. Results

The methodology for OD localization was evaluated using the
images of four publicly available databases, DRIVE [19], STARE [20],
MESSIDOR [21], and INSPIRE-AVR [22]. The DRIVE database consists
of 40 color images of the retina (565 x 584, 24 bits), where 33 do
not show signs of pathology. No information regarding OD position
is publicly available for this dataset.

The STARE database contains 81 eye fundus images (700 x 605,
24 bits) that were initially selected by Hoover et al. [11] for eval-
uating their method for OD localization. This dataset consists of
31 images of normal retinas, and 50 images showing some kind
of pathology. The MESSIDOR database consists of 1200 images

grouped into three subsets from different ophthalmologic depart-
ments. This dataset contains images with distinct sizes (980 x 1440,
1488 x 2240, 1536 x 2304, 24 bits). All images were acquired using
a non-mydriatic retinograph with a 45° field of view, 800 with and
400 without pupil dilation. The last set of images is formed from
the 40 images of the test set of the INSPIRE-AVR database. These
high resolution images (2048 x 2392, 24 bits) are centered on the
disc and were acquired with a 30° field of view.

The entropy maps used in the first phase of the method were
obtained based on vessel direction histograms calculated on a rect-
angular window of 175 x 75 pixels centered in each image pixel.
The images of the MESSIDOR and INSPIRE-AVR datasets were ini-
tially downsized to dimensions similar to the DRIVE and STARE
images (using scale factors of 1/1.5 and 1/2.5 for MESSIDOR, and
1/4 for INSPIRE). Before computation of entropy, all images were
once again reduced by half in each dimension. Although computa-
tion time is still slightly dependent on the original size of the image,
as some of the operations are performed using the full image size (or
the size that results from the first scaling step for the Messidor and
Inspire-AVR databases), a reduction of 1/12 in the processing time
was in general achieved for all databases. For instance, in DRIVE
images the time required to process full resolution images (about
90s) was reduced to an average value of 8 s.

The parameter values that required adaptation to each specific
dataset in the previous method [18] are now fixed and identical for
all databases. The proposed approach only depends on two param-
eters: one is the scaling factor just mentioned, and the other is the
lower limit for the absolute maximum of entropy, which is used to
decide whether the entropy map is or is not reliable for OD location,
as explained in Section 2.4. While the value of the scaling parame-
ter is automatically derived from the original image size, the limit
for entropy is obtained from the average and standard deviation
of the entropy maxima for each dataset. Identical limits were used
for all databases except MESSIDOR, as entropy values for this set
are slightly smaller, because, on average, the number of segmented
vessel pixels in the downscaled images is lower.

For evaluating the results produced by the proposed method-
ology using the DRIVE and STARE databases, we have adopted
the criterion initially established by Hoover [11] and afterward
used by several other authors, which validates the estimated OD
if positioned within 60 pixels of manually selected centers. For
the INSPIRE-AVR images we have considered a disc radius of
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(d

Fig. 5. (a) Vessel segmented image; (b) intensity candidates; (c) combination of (a) and (b); (d) circular region around estimated OD; (e) original retinal image with final

(black cross) and estimated (white cross) OD positions.

180 pixels as established in [25]. Due to the variability of the MESSI-
DOR images, the definition of one single criterion for disc diameter
is not possible, so a detected position was considered valid if it was
inside the OD; these results were assessed by the authors under the
guidance of an expert.

The results obtained for the four databases are summarized in
Table 1. The numbers of successful OD detections with the pro-
posed method are shown in the third column of this table. In order
to clarify the influence on OD detection of the two main crite-
ria (entropy and intensity) which are combined in the proposed
methodology, we have applied each criterion separately, and we
have considered as OD position the image location where the max-
imum value for the criterion is achieved. The two last columns
of the table contain the number of successful detections where
the OD location was associated with the position of the abso-
lute maximum of entropy (fourth column) and with the absolute

maximum of intensity (fifth column). From the analysis of the val-
ues in Table 1, we can conclude that both entropy and intensity
are useful features for OD location; however, these features are
sensitive to image quality and to the occurrence of pathological
conditions, which have a significant influence on the performance
of disc detection. Nevertheless, the combination of information
from both features improves the robustness of OD localization, as
clearly demonstrated by the results obtained using the proposed
methodology.

Table 2 details the results of the combination of entropy and
intensity, by indicating the number of images where the OD has
been successfully located in each phase of the algorithm. Besides
the total number of correctly detected OD positions, in each row are
presented the number of images where the final OD location corre-
sponds to the initial estimation, and the correct OD locations that
were accomplished in the validation phase, either by the maximum

Table 1
Results of the proposed method compared with the stand-alone detection based on the maximum of entropy and the maximum of intensity.
Database Number of Number (percentage) of Absolute maximum of Absolute
images successful OD locations entropy (reduced maximum of
resolution images) intensity
DRIVE 40 40(100%) 39 37
STARE 81 80(98.8%) 63 58
MESSIDOR 1200 1197(99.8%) 1192 1155
INSPIRE-AVR 40 40(100%) 40 38
Table 2
Criteria for OD localization.
Database Number of Initial Validation
successful OD estimation
locations
Maximum of entropy in Maximum of entropy in Maximum of intensity in
intensity candidates (reduced intensity candidates largest area segment
resolution images)
DRIVE 40 40 0 0
STARE 80 74 1 5
MESSIDOR 1197 1193 3 1
INSPIRE-AVR 40 40 0 0
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Fig. 6. Six original images with the initial estimation after the first phase of the algorithm (white cross) and the final OD location (black cross). Images on the top row are
from DRIVE database while the bottom row shows images from the INSPIRE-AVR database.

value of entropy calculated on the original images (following the
detection of several local maxima of entropy) or by the maximum
value of intensity in the largest segment (when the entropy values
were not reliable).

Table 3 compares the results of our method with the perfor-
mance of other solutions reported in the literature for the same
datasets.

Fig. 6 shows some results for the DRIVE (top row) and INSPIRE-
AVR (bottom row) images. In the top row, we can observe on the left
the single case where the absolute maximum of entropy was not
associated with the OD location, while in the center is presented
the single image where the intensity maximum did not belong to
the OD; in both cases, the proposed method was able to achieve a

correct solution. Finally, in the rightmost image the absolute max-
imum of entropy is coincident with the final OD location. The two
leftmost images in the bottom row of Fig. 6 are the INSPIRE-AVR
images where the highest intensity pixels do not coincide with the
disc. In all these images the black dot marks the position of the
absolute maximum of entropy, and the white and black crosses are
the initial and final OD positions, respectively.

Fig. 7 presents the results of OD localization in six STARE images.
The top-left image is the only image where the algorithm failed OD
localization. Fig. 7(b) and (c) show two images where the initial esti-
mation (first phase) got a wrong solution, but a correct position was
achieved in the second phase where the final OD position is asso-
ciated with to the centroid of the largest segment in the intensity

(d)

€]

Fig. 7. Original STARE images with the final OD location (black cross), the initial estimation after the first phase of the algorithm (white cross), the result after the second
phase (gray cross), when applicable, and the absolute maximum of entropy (black dot). (a) Single image where the method fail to detect the OD location; (b and c) OD location
obtained in the second phase using the area and intensity criteria; (d-f) OD location calculated using low resolution images.
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Fig. 8. Original MESSIDOR images with the final OD location (black cross), the initial estimation after the first phase of the algorithm (white cross), the result after the second
phase (gray cross), when applicable, and the absolute maximum of entropy (black dot). The top row contains the three images where the method failed to detect the OD

location, while the bottom row shows successful results.

Table 3
Performance of methods for OD localization.

Method Database Percentage of
correct OD
locations

Proposed method DRIVE 100%

STARE 98.8%
MESSIDOR 99.8%

Hoover [11] STARE 89.0%

Foracchia [12] STARE 97.5%

Haar [13] STARE 93.8%

Perez-Rovira [16] STARE 91.4%

Youssif [14] DRIVE 100%

STARE 98.8%

Lu[6] STARE 98.8%

MESSIDOR 99.8%

segmented image. A successful estimation of OD position using low
resolution images was obtained for each one of the three images in
the bottom row of Fig. 7.

The three images of the MESSIDOR database where the proposed
algorithm failed at localizing the OD are depicted in the top row of
Fig. 8. For the images on the left and center, the absolute maximum
of entropy is inside the disc, but the disc area was not included in
the intensity image; the largest area candidate was selected in the
leftmost image, while in the image shown in the center the initial
OD position (white cross) was refined but could not reach the disc.
In the third image, a final position near the border of the OD was
finally selected.

4. Conclusions

A methodology for automating the localization of the OD in color
images of the retina was described, based on the combination of
vascular and intensity information. The new measure of entropy of
vascular directions proved to be a good solution for assessing vessel

convergence, which is one major feature of the optic disc region in
aretinal image. Although for most normal and pathological images
the simple detection of the absolute maximum of entropy is suffi-
cient for correctly localizing the OD, the robustness of the method
was increased by including additional intensity constraints.

The performance of the method herein described was greatly
improved by the determination of an initial OD position using a
low resolution entropy map, and further by the inclusion of a sub-
sequent validation phase where an alternative solution is searched
for if the calculated entropy values are not considered reliable. A
significant reduction in computation time, and the attainment of a
useful OD localization even in images where either the disc inten-
sity contrast or the quality of the segmented vasculature is low,
are the most relevant improvements. The inclusion of a refinement
phase also allowed a final position that in general is nearer to the
ideal OD center.

The method was evaluated using images from four databases
with very promising results, outperforming most of the previously-
known solutions. The OD location obtained with this automatic
approach will be used as an initial step for the complete segmen-
tation of the disc area.
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