Remote examination of exudates-impact of macular oedema
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One of the major causes of eye blindness is identified to be as diabetic retinopathy, which if not detected in earlier stage would cause a serious
issue. Long-term diabetes causes diabetic retinopathy. The significant key factor leading to diabetic retinopathy is exudates which affect the
retina part and causes eye defects. Thus the first and foremost task in the automated detection of macular oedema is to detect the presence of
these exudates. The authors use image processing techniques to detect the optic disc, exudates and the presence of macular oedema. Their
method has the sensitivity 96.07%, selectivity 97.36%, and accuracy 96.62% for the exudates detection and in the case of macular
oedema detection the sensitivity 97.75%, selectivity 100%, and accuracy 98.86% is achieved. The performance comparison with other
methods reveals that their method can be used as a screening process for diabetic retinopathy. In addition to that, the algorithm can help

to detect macular oedema.

1. Introduction: The inadequate secretion of insulin or the
improper utilisation of insulin by the body leads to the chronic
disease diabetes. In the earlier stage of progression of this
disease, it damages blood vessels present in the retina region, affect-
ing them and in turn causes diabetic retinopathy, hindering the
eyesight of the patient. Twenty years later, almost all type 1 patients
and about 60% of type 2 patients will develop diabetic retinopathy
[1]. Retinal analysis can be done by analysing the images of the
retina called fundus images [2]. More than 50% of diabetic patients
can be saved from blindness if the screening process is done to
them at an earlier stage [3]. The manual analysis of those images
will be time-consuming and only 40-60% of diabetic retinopathy
patients can be examined by ophthalmologist yearly [4].
Therefore, automated digital image analysis techniques will be
required for screening of diabetic affected population. This will
reduce the burden of the ophthalmologist mostly in underdeveloped
nations, where the ophthalmologist available will be less and
screening cost is cut down.

The bulging of retinal capillaries results in microaneurysms
(Mas), a tiny blood colour spot. The leakage of retinal blood
vessels results in haemorrhages, and the deposit of fats or lipids
into the retina give rise to exudates. The above are the pathologies
present in the retina during the progression of the disease. Exudates
are the fundamental reason for macular oedema and the initial
process in the automated method to spot macular oedema is the
identification of exudates.

2. Related work: More research work has been conducted to detect
the presence of pathologies in diabetic retinopathy. Osareh et al. [5]
investigated an automated method for identifying exudates in their
studies; a multilayer neural network is used to classify exudates or
no exudates with the selected feature vectors. Walter et al. [6] used
morphological methods to spot the same. Sopharak et al. [7]
discussed the same with an algorithm in which non-dilated
images are the input. M. Shahin er al [8] located some
pathologies present in the retina and their area measurement is
used for retinopathy classification. The vascular changes on the
retina can be used for retinopathy screening [9]. The studies [10—
12] also explained the detection of exudates with the retinal
analysis.

The macula is present nearer to the optic disc. The macula is
very dark in colour and contains fovea at its centre. The fovea is re-
sponsible for fine vision. The contrast of macula is very dull. The
positional information with respect to other retinal structures is
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used to detect the macula [13]. Tariq et al. [14] described a
system for detection of maculopathy and its stages using the
classifier based on Gaussian mixture model (GMM). The classifier
identified the exudates with the help of feature set and the various
stages of maculopathy are classified with macula coordinates.
Medhi et al. [15] explained the detection of maculopathy by
determining the macula and fovea location using the red plane
image. Deepak and Sivaswamy [16] examined the symmetry of
the macular region and grade maculopathy using the technique ro-
tational asymmetric motion pattern. Lim et al. [17] explained a
technique using Marker-controlled watershed transform to grade
maculopathy. Rahim et al. [18] and Vanathi et al. [19] analysed
the same with different approaches. Various methods for detection
of fovea, hard exudates, and maculopathy stages were reviewed by
Kevin Noronha and Prabhakar Nayak [20]. Most of the techniques
use training and classification stages that need more computing
power. In the suggested method, mathematical morphology-based
techniques are used for the detection of exudates and the marked
macular circles are used for detection of macular oedema. The
novelty of our method is it has less computation complexity and
needs less computing power to find the exudates for the identifica-
tion of diabetic maculopathy in fundus images.

3. Materials and methods: The DIARETDBI database is used
in this research. It consists of 89 colour fundus images
obtained from Kuopio University Hospital. These images play an
important role in detecting macular oedema since most images
with exudates appear near the macula. The digital fundus camera
is used to collect the images in 50° line of vision. The size of the
image used is 1500 x 1152 pixels. All the 89 images of the
database are used for the detection of exudates and the severity of
macular oedema. Our suggested method is clearly displayed in
Fig. 1. The colour image of the retina is the input to our
algorithm. Pre-processing is the process of making those images
suitable for processing to further stages. Then the detection and
removal of the optic disc are focused since it is having the same
intensity, colour, and contrast as of exudates. The segmentation
of exudates and macular identification are finally investigated.
The macula containing the exudates causes a condition called
macular oedema, a vision attacking disease. The investigation
of critically significant macular oedema (CSME) present or not
is valuable information given to the ophthalmologist to treat
macular oedema.
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Fig. 1 Step by step diagram of the suggested method

4. Pre-processing: The background pixels are removed to focus
the foreground pixels. These pixels are enhanced in such a way
that the unwanted pixels are eliminated from the required image
for processing to go to the next stage. The image’s green
component helps to strengthen the detection of pathologies on the
retina. The irrelevant pixels are removed by the median filter and
the contrast is upgraded. The pre-processing steps are shown in
Fig. 2.

5. Removal of optic disc: This is an important task to get the
exudate pixels correctly. Its diameter plays an important role to
localise the macula responsible for the central vision of the
human. The morphological closing is performed on Ig in order to
suppress the blood vessels as in Fig. 3a

cl = ¢®F(1g), )

where SE1 is the disc-shaped structuring element with 15 as radius,
which is greater than the width of the vessels and ¢ as the closing

Fig. 2 Pre-processing steps

a Colour image of retina containing exudates
b Green channel conversion

¢ Contrast upgraded image
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operator. The thresholding followed by filling operation is applied
to the image c1.The thresholding 7 is performed with varying
threshold levels of 0.3, 0.4, or 0.5

2 =T(cl). )

This image is shown in Fig. 35 and set to 0 before overlaid on the
original image Ig to remove high intensities and shown in the image
(c3) as in Fig. 3¢.Then a morphological reconstruction R is applied
to ¢3 which results in c4

o4 = Riy(c3). 3)

The reconstructed image is detected from the contrast upgraded
image Ig to the threshold level of Otsu algorithm (automatic selec-
tion). The optic disc is found by detecting the biggest circular
region among the high-intensity bright objects. The circularity
check is found by the compactness C=474/P>, where 4 is an
area of the region and P is the perimeter. The largest circular
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Fig. 3 Optic disc elimination

a Blood vessel removed image

b Two-folded image

¢ High intensities removed image
d Dilated optic disc

e Optic disc removed the image

object ¢5 is dilated to obtain all the pixels of the optic disc ¢6 shown
in Fig. 3d

c6 = 855(c5), )

where & is the dilated operator with SE2 being the structuring
element object of the disc pattern and size varying with the
image as in Fig. 3d. These pixels are set to zero in the original
image as shown in Fig. 3e. Normally no exudates are present
near to the optic disc. Out of the 89 images of the DIARETDB1

database, our algorithm detected 85 of them correctly and four
images were not detected due to poor illumination.

6. Segmentation of exudates: The term exudates represent both
hard and soft exudates. They are yellow or white in colour.
Exudates appear in different sizes and shapes. The vascular
structure is removed from the image ¢7 by performing closing
operation given in the following equation:

c8 = ¢SEV(¢7). (3)

Fig. 4 Exudate detection

a Standard deviation image

b Dilated thresholded image without border

¢ Optic disc removed imaged

d Zero set pixels superimposed on original image
e Reconstructed image

fExudates segmented image
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Fig. 5 Macular oedema detection

a Macular detection

b Exudates segmentation result imposed on original image
¢ CSME image

d Macular detection

e Exudates segmentation result imposed on original image
fNon-CSME image

A columnwise neighbourhood operation using 7 x 7 neighbourhood
is applied to get the standard deviation of the image ¢9 which results
in the possible candidate regions. This is shown in Fig. 4a. Then a
thresholding operation is applied with the threshold level (0.01 0.02
or 0.03) to remove low variation of the image. Later the thresholded
pixels are dilated with the structuring element SE3 of shape disc
with a size of 6 to include neighbourhood pixels as given in the
following equation:

c10 = 6559 (¢9). (6)

To determine the border of the exudates alone, dilated image’s
border is eliminated to obtain c11 (Fig. 4b). The optic disc region
already found (c6) is dilated with a structuring element of radius
10 is removed from the image c11 (Fig. 4c). The resulting image
pixels are set to zero and superimposed on the contrast-enhanced
image Ig to form c12. Then c12 is applied to a morphological re-
construction with respect to the original image to obtain c13.
This image deducted from Ig was thresholded at threshold value
{0.04, 0.05, 0.06, 0.07 or 0.08) to give the exudates segmentation
result (Fig. 4f)

cl4 = T1(Ig — c13). 7

The image obtained from (7) will be sent for validation. By varying
the different values of the threshold used in our algorithm, the
system’s performance will not be significantly changed. Those
values are selected to yield the highest values of the sensitivity
and specificity. No exudates present in the images are considered
as healthy or normal images.

7. Detection of macula: The positional information with respect
to the optic disc is used to localise the macula. As stated before,
the blood vessel removed image c1 is used to detect the macula.
The macula is the darkest area and the distance from the middle
of the optic disc is the near radius of the latter multiplied by five.
Image ¢l is binarised and the darkest pixels near the optic disc
are clustered and the biggest formed cluster is considered as the
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Table 1 Results of suggested algorithm correlated with other studies for
exudate detection

Author Sensitivity, %  Specificity, %  Number of images
Ege et al. [4] 99 — 134
Osareh et al. [5] 96 94.6 150
Walter et al. [6] 92.8 — 30
Sopharak et al. [7] 80 99.5 60
Sanchez et al. [10] 100 100 58
Garcia et al. [11] 100 92.59 67
Zhang et al. [12] 96 89 82
suggested method 96.07 97.36 89

macula. Macular circles with an optic disc diameter of one-third,
one and two as radii are drawn on the exudates detected or
indicated image. The exudates present on and inside of inner two
macular circles indicate the presence of CSME (Fig. 5(c)), a
severe condition which causes immediate blindness. On the other
hand, the presence of exudates outside the inner two macular
circles is the non-CSME condition (Fig. 5f). The presence/
absence of CSME is a valuable information given to the
ophthalmologist to treat macular oedema.

8. Results: The assessment of the automated computer-assisted
method is a very important task. The evaluation and validity of
the algorithm are tested using the DIARETDBI1 database. The 51
images containing exudates, 49 of them are detected correctly in
our method and the remaining two images were not detected. The
38 images containing no exudates, 37 images are detected
correctly and remaining one is not detected. To evaluate the
proposed method statistically, the performance is calculated as
follows. True positive (#,) is the count indicating the exudate
regions correctly detected, the non-exudate regions correctly
detected are true negative (f,), false positive (f,) are the
non-exudate regions detected as exudates, false negative (f,) are
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a b

Fig. 6 Segmentation examples
a Pre-processed image

b Exudates segmentation result
¢ Another pre-processed image
d Exudates segmentation result

Table 2 Results of suggested algorithm correlated with other studies for macular oedema detection

Author Techniques Sensitivity, %  Specificity, % Accuracy,%  Number Dataset used

of images
Tariq et al. [14] filter bank and GMM 98.32 97.89 1281 STARE & MESSIDOR
Medhi et al. [15] image processing 98.05 98.86 — — —
Deepak and Sivaswamy [16]  rotational asymmetric motion pattern 90 — 400 MESSIDOR
Lim et al. [17] marker-controlled watershed transform 90.2 — 88 MESSIDOR
Rahim et al. [18] fuzzy image processing 100 93 600 Novel
suggested method image processing 97.75 100 98.86 89 DIARETDBI

the exudate regions detected as non-exudates

t
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The sensitivity (S.) of the suggested method is 96.07% specificity
(Sp) is 97.36% and accuracy is 96.62% for the exudate detection.

9. Discussions: The results of our algorithm are correlated with
other previous methods for exudate detection and are displayed in
Table 1. The result reveals that the suggested method scored
higher values than the studies [5-7, 12] in relation to the
sensitivity [5, 11, 12] and specificity for exudate detection. The
severity of the macular oedema is tested with the macular circles
drawn near the macular region. The macula is detected in
87 images of 89 images present in the database and in two
images it is not detected because of low contrast. The sensitivity
of 97.75%, specificity of 100% and accuracy of 98.86% were
observed in the case of macular oedema detection. Fig. 6 shows
CSME and non-CSME images. The result of macular oedema
detection correlated with other methods is displayed in Table 2.
The British Diabetic Association (BDA) determines that the
screening method for diabetic retinopathy should attain the
sensitivity rate >80% and specificity rate >95%. The performance
comparison is done with the research works which are nearer to
the BDA values. Our method achieved the BDA figures.

10. Conclusion: The preventable high-risk macular oedema
requires the detection and treatment in earlier times. A
computer-assisted screening technique of automated type is
presented for diabetic retinopathy and detection of macular
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oedema. The proposed method comprised of pre-processing,
masking of the optic disc, exudates detection, and macular
oedema detection. Morphological techniques are utilised in the
process of optic disc and exudates detection. The macula is
localised with the help of positional knowledge with respect to
the optic disc. The darkest area near to it is clustered to identify
the macular region. Macular circles are drawn in the exudates
detected image to classify the CSME or non-CSME condition of
maculopathy. The evaluation of the method is done using the
DIARETDBI database. The improved result of the suggested
method correlated with other techniques is the complete
elimination of all the optic disc pixels and the carefully chosen
different parameters involved in the experiment. The proposed
method can be used as a screening process for diabetic
retinopathy and detection of macular oedema. Earlier detection
and treatment of these diseases can prevent the blindness to the
diabetic population. Furthermore, this will reduce the burden of
ophthalmologist and cost of the screening process. The future
work will include the detection of other pathologies of diabetic
retinopathy Mas, haemorrhages and more efficient method for
detection of macular oedema.
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