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Computer aided design is in demand for diabetic retinopathy screening systems.
Microaneurysms are the first observations as sign of Non-prolific diabetic retinopathy. Number
of microaneurysms in retinal image helps to find severity of diabetic retinopathy. This paper
presents a method to detect microaneurysms in retinal fundus images. Non illuminated and
varying field of view images preprocess initially, so that non lesion and lesion features can be
clearly visible for proper detection. Then negative pixel intensity rank transform (PIRT) is used
to find smooth regions and edges in retinal images. In next step, optic disc and blood vessels
are subtracted from rank transform image. Finally true microneurysms candidates are selected
using histogram thresholding. The proposed method is evaluated on publicly available datasets
DIARETDB1 and E-optha MA. The performance parameters sensitivity, specificity, and accuracy
achieved are 98.79%, 83.33%, and 97.75% respectively for DIARETDB1 database and 94.59%,
96.56% and 95.80% respectively for E-optha MA database. The results show that proposed
method is able to detect microaneurysms efficiently in retinal images for diagnosis of diabetic
retinopathy.
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Diabetic retinopathy (DR) is one of the
ocular diseases with highest number of patients.
As per the report' of Indian Optometry Federation
(IOF) published in the year 2010, an estimated
500 million people of India’s population of 1.25
billion require vision correction through spectacles,
contact lenses or refractive surgery to be able to
perform and functioning normal in their routine
life. More than 26 million people are blind or
vision impaired due to different ocular diseases.
It is painful to note that 133 million people,
including 11 million children, are blind or vision
impaired simply due to lack of an eye examination

facilities. The main reason is inadequate number
of professionally trained optometrists in India.
Only less than 50% of current requirement of
optometrists are available to provide necessary
vision care to all the people of the country.
Screening is an effective way for early
detection of ocular diseases. Fundus cameras are
used to acquire retinal image for detection and
assessment of ocular diseases. These retinal images
contain normal (optic disc, blood vessels and
fovea) and pathological features (microaneurysms
and exudates). Microaneurysms are the first sign
of presence of proliferative diabetic retinopathy
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(NPDR). Microaneurysms count can decide the
severity of DR. Figure 1 show the microaneurysm
patches in retinal image.

Many attempts have been made to detect
microaneurysms from retinal images. The methods
for microaneurysms detection can be categorized
into morphological image processing, supervised
classification, and template matching based
algorithms. Here we have made attempt to detail
some of the methods proposed for microaneurysms
(MAs) detection.

A simple morphological image processing
based algorithm is presented by spencer et al’.
MAs detected using top-hat transformation and
matched filtering. Then thresholding is used to
select accurate MAs. Finally region growing is used
to get MA candidates. Eight intensity features of
MAss are extracted to find accurate MAs by Cree et
al’. Region growing is used to improve specificity
of proposed algorithm. An image compression
based technique using wavelets is proposed by
Hangsen et al’. The results show more accuracy.
A pixel operator called “moat operator” is used
by Sinthanayothin et al®. This operator helps to
sharp the edges of MAs. Then region growing
and thresholding is used for final segmentation.
Extension of this work was proposed by Usher et
al’. An artificial neural network is used to classify
diabetic retinopathy.

Two-dimensional principal component
analysis is used to extract Haemorrhages from

retinal images by Zhang et al'’. Then classification
is done using support vector machine (SVM). A
pixel classification is used to detect MAs and use of
k-nearest neighbor (kNN) proposed by Niemeijer et
al'! for lesion detection. In terms of computational
time the method was not good. Akram et al'? have
presented a hybrid classifier method for detection
and grading of DR. The extension of this work and
improvement of efficiency is proposed by'* which
outperform to classify image for DR.

The template matching based on wavelet
transform lesion detection was proposed by Quellec
et al'*. Though the computational time was less but
proposed method reject MA candidates which are
near to blood vessels. Zhang et al'’ have proposed
multi-scale correlation filtering based template
matching method. A sliding window of multi
scale Gaussian kernel is used to calculate high
correlation coefficient. False detection occurred in
this method when low contrast images were used.
The dynamic multi-parameter template matching
for microaneurysms detection is used by Ding et
alls,

As there is scope to improve
microaneurysm detection in retinal images, we
proposed a new method to detect microaneurysms
using pixel intensity rank (&-rank) transform
(PIRT). The section 2 will detail the methodology
used in our proposed method. Experimental results
are elaborated in section 3. Finally conclusion is
discussed in section 4.

Fig. 1. Retinal image with microaneurysm dark patches
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METHODS AND MATERIALS

This section presents publicly available
retinal image database that are used for evaluation
of proposed method also detail methodology is
presented for microaneurysm detection from retinal
images. Initially, we used pre-processing using
morphological operations to enhance the dark and
bright features of retinal images. Negative Pixel
intensity rank (8-rank) transform is applied on
pre-processed image to get smooth regions and
sharp edges of dark and bright features. Then blood
vessels and optic disc suppressed from transformed
image so that they should not be considered as
microaneurysm regions. Finally, histogram based
thresholding is used to select true microaneurysms
candidates. Figure 2 shows the methodology used
for microaneurysm detection.

Database
DIARETDB

DIARETDB'" database is freely available
for research purpose. Images were captured with
a 50 degree field-of-view (FOV) digital fundus
camera. This database has two sets, first is:
DIARETDBO which consists of 130 color fundus
images, out of this 20 are normal and 110 images
have lesions of DR. These signs include hard
exudates, soft exudates, microaneurysms, and
Heamorrhages. The second set is DIARETDBI,
consist of 89 fundus images out of which 84 contain
stage 1 non-proliferative signs (MAs) of DR, and
5 are normal without DR.

E-OPTHA

The OPHDIAT Tele-medical network
for DR screening established a colored image
database for DR, called E-ophtha'®. The database
is made of retinal images with different types of
lesions (exudates and microaneurysms) manually
annotated by ophthalmology experts. It contains
e-ophtha-MA (MicroAneurysms), and e-ophtha-
EX (EXudates). The e-ophtha EX contains 47
images with exudates and 35 images with no
lesion and e-ophtha-MA consist of 148 images
with microaneurysms or small hemorrhages and
233 images with no lesion.

Preprocessing

Color fundus retinal images show some
lighting variations, poor contrast and noise. To
reduce these imperfections and generate images
more suitable for extracting lesion features. Green

channel of original fundus image is used for
feature extraction. We have used CLAHE based
histogram equalization on green channel. Then all
images are scaled between [0, 1]. Next Laplacian
of Gaussian filtering is applied which extract the
gradient variations. Finally median filtering is
applied on difference images between scaled image
and Gaussian filtered image. This pre-processing
helps to enhance retinal images and removes
photographic artifacts and inconsistencies in
illumination. Figure 3 show that after enhancement
of retinal image hard exudates and micro-aneurysm
are clearly visible can be segmented properly.
Microaneurysms detection

Rank Transform

Rank transform*? encodes for each pixel
the position of its grey value in the ranking of
all grey values in its neighbourhood. Practically
this rank is determined by counting the number
of neighbours with a smaller grey value than the
reference pixel. Microaneurysms are reddish,
smaller and circular patches on retinal images.
These patches are smooth in nature. Hence pixel
intensity rank transform can effectively detect
microaneurysm from retinal images.

Let k is pxp neighborhood pixels patch.
Then rank transform maps each pixel to its scalar
rank signature S as,

Sir€ 10,1,...., k-1} where k=pxp
(1)

So the maximum rank of an element is
k-1 and minimum value is 0.

If we define neighborhood pixels of x as
N(x) in k neighborhood patch then rank transform
can be defined as
RT(k")=S,,7*{(x, N(x))| x € kpxp}

.(2)

In above equation 8 neighbors are
considered to compute RT(k) of x € k. If we choose
4 neighbors then above equation can be written as
RT(kpxn)zsRT(p-l)X(p-l) { (%, N(x)) | X e kPXP}

..(3)

Above equation show that only 4 neighbor
pixels are selected for finding rank of pixel x
considered in patch pxp.

Pixel Intensity Rank Transform ( d—rank)

The rank transform is very sensitive to
noise presence in images hence low pass filtering
is needed before evaluation of rank transform?.
Let us consider the use of rank transform in noisy
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images. In noisy image, few pixels will contribute

to the noise where as maximum pixels are smooth  as

in given patch. If we select at least number of

elements less than x in k(mxn) neighbourhood

pixels image then its 8- rank transform can written

RT (k™M)=S_ ;™" {(x, N(x))|x € kmxn} .(4)
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Fig. 2. Proposed method for automated microaneurysms detection
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By observing above statement we can say
that if & is more, then SRT d(x, N(x)) is less and
when 6 is less then SRT 6(x,N(x)) more. Here N(x)
is the set of neighborhood pixels. If & is selected
to be negative then the response is opposite to that
of & positive. Rank transform with negative & is
given below

RT,- (k™")=8, ™" {(x, N(x))|x € kmxn}
(5

These two responses can be used to
enhance abrupt regions like exudates and smooth
regions like microaneusyms respectively.
Microaneurysms detection

We have seen that negative d—rank
transform can be used to get smooth patches and
edges in retinal images. Equation 5 can be rewritten
for negative 60— rank transform for images as

RT,- (k™")=8 ., -™" {(x, Npxp(x))|x € kmxn}
...(6)
The rank transform image provides all
the smooth regions with sharp changes in retinal
image. So it will respond to all microaneurysms
region as well as blood vessels, edges of exudates
and edges of optic disc. Blood vessels are detected
using graph cut method'® and optic disc are detected
and segmented using* separately from original
retinal image and subtracted from rank transform
image. Finally thresholding is used to select small
dots or pixels as true microaneurysms candidates.
Based on variations in illumination in retinal
images threshold value may change from database
to database. Figure 4 shows microaneurysms

(a) Input retina image

Fig. 3. Preprocessing of retinal image

(b) Green channel of input image

detection process and results for sample retinal
image.

EXPERIMENTAL RESULTS

The proposed microaneurysms and
exudates detection methods are tested and
evaluated on retinal images of DIARETDBI1 [102]
and E-optha Ex and E-optha MA databases. Ground
truth images are used to evaluate the performance
of proposed methods. Image based evaluation are
done to measure the accuracy of the proposed
method.

Performance matrices

The performance metrics used for
analyzing the proposed method are defined in terms
of true positives (TP), true negatives (TN), false
positives (FP), and false negatives (FN) as follows.
Sensitivity

It defines how well the algorithm detects
true positives in given set of images as compared
to true negative images in ground truth images set.

Sensitivity = ————
TP+FN A7)
Specificity

It defines how well the algorithm detects
true negatives in given set of images as compared
to true negative images in ground truth image set.

TN

Specificity = —
P Y TN+ FP (8)

(c) Image enhancement using
CLAHE
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Accuracy

It defines how well the algorithm separate
images with lesion and images with without lesion
in given set of images.

TP+TN
Accuracy =
TP +FN+TN+FP
Table 1. Results for automated detection of
microaneurysms

Database DIARETDBI E-optha MA
TP 82 140
FP 01 07
FN 01 08
TN 05 225
Sensitivity % 98.79 94.59
Specificity % 83.33 96.56
Accuracy % 97.75 95.80

Results for automated detection of
microaneurysms

A total of 89 images from DIARETDB1
database used. Out 89, almost 84 images have at
least mild grade severity microaneurysms and
5 images are normal. A total of 381 images are
evaluated from E-optha MA database containing
148 images with microaneurysms whereas 233
images are free from any lesion. An image is
considered to be true if it has a minimum of two
microaneurysms are detected, otherwise the image
is considered to be false.

Table 1 shows the image based results of
the proposed method for automated detection of
microaneurysms.

The proposed algorithm is able to achieve
98.79%, 83.33% and 97.75% of sensitivity,
specificity and accuracy when evaluation is done
on total 89 images DIARETDBI1 dataset. In
evaluation 82 images are found to be containing

(b)

()

(d)

Fig. 4. Microaneurysms detection in retinal image: step wise results (a) Original Retinal Image, (b) negative PIRT
image, (c) threshold image, (d) threshold image superimposed on retinal image
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microaneurysms as compared to 84 as proposed
by experts of dataset. The proposed method is also
able to detect 5 images without any lesions.

We found that still one case missed from
true positive as false negative and one case of true
negative to false positive. These results are shown
by comparing results with ground truth images
given along with dataset.

CONCLUSION

In this paper, negative pixel intensity
rank (8- rank) transform is proposed to detect
microaneurysms in retinal images. Preprocessing
is used to enhance the dark and bright features in
image. Proposed transform gives the information
of smooth regions and edges of bright and dark
regions. Thresholding was used for selection of true
microaneurysm candidates. It is observed that very
high specificity achieved for presented method.
Results show that proposed method can be used in
diabetic retinopathy screening systems for finding
lesions in retinal images. In some of the cases our
results was very poor due bad illumination in input
retinal image hence there is scope for improvement
in future.
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