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Abstract—Leakage in retinal blood vessel may cause retinal
edema which is a sign of diabetic retinopathy. Diabetic
retinopathy is a severe and widely spread eye disease which
can be regarded as manifestation of diabetes on the retina.
So far the most effective diagnosis for this eye disease is
early detection through FFA (Fluorescence Fundus
Angiography) regular screening, which can lead to
successful laser treatments in preventing visual loss. FFA is
a fundus photography technique which captures the
flow/circulation of contrast agent (fluorescence) in retinal
blood vessel. The problem arises since the fluorescence is a
costly contrast agent and has some side effects to the
patients. Some patients felt nauseous and lose their
consciousness when the subtance was injected to their body.
To lower the risks of such screening, the Automated
Fluorescence (AF) system is developed to detect the
presence of leakage in retinal images obtained from fundus
camera, without contrast agent injection (non-invasive).

An alternative method for automated detection of retinal
leakage consists of ANN (Artificial Neural Network),
CLAHE (Contrast-Limited Adaptive Histogram
Equalization), and morphological operation. The leakage
feature in Gabor wavelet image is recognized by the trained
ANN system, and this image is combined with CLAHE
image in order to give a better detection result. Output
images that have been tested by 4 ophthalmologists, give
75% correspondence with reference images in leakage
detection.

Index Terms—automated fluorescence, image processing,
fundus, retina, diabetic retinopathy, leakage, edema, vessel,
Gabor, ANN.

[ INTRODUCTION

Image processing holds an important aspect in medical
field, especially to assist diagnosis. Diagnosis is one of
the medical procedures to recognize the pathology or
abnormality of the patient. After the diagnosis is done,
the next step is to decide the appropriate medicine and
therapy.

Fundus image shows the map of the retina, such us
optic disk, macula area, fovea, and blood vessels. In
several cases, the information of retinal vasculature and
leakage area are needed to be enhanced. The FFA
(Fundus Fluorescence Angiography) technique can give
detail information about circulation in the retina. The
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contrast agent (fluorescence) is injected to vena and it
will flow to the blood vessels in patient body. This
contrast agent makes the obtained images more detail
and can be used for diagnosis. But, the problem arises
since the fluorescence has some side effects to the
patients. Some patients felt nauseous and lose their
consciousness when the subtance was injected to their
body. Moreover, fluorescence is a costly contrast agent.

The solution to solve those problems is to develop an
image processing technique which can give an image
with leakage area similiar with the FFA image, without
contrast agent injection to the patient. Automared
Fluorescence (AF) system is the proposed system that
can process a digital image obtained from fundus camera.
Without image processing, the information needed for
diagnosis cannot be appeared clearly in fundus image.

In  previous work about Autofluorescence
Angiography [14], the blood vessel and leakage area in
retina images were enhanced by matched filter and
Artificial Neural Netowork (ANN). This system failed to
detect the small blood vessels, noise presented on the
retinal image background, and only 50% correspondence
with reference images in leakage detection

In this paper, the AF system is proposed to diagnose
blood vessels leakage in diabetic retinopathy patients.
The purposes of this paper are to find the appropriate
methods to give an image with clear leakage area and to
improve the previous system [14]. With this AF system,
doctors can approximate the blood vessels leakage
location in retinal image to do the LASER therapy and
patients will feel more comfortable with the diagnosis.
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I1. METHODS
2.1. Preprocessing 1

Before processing the fundus image with Gabor
wavelet, it needed to be preprocessed. The input image in
Figure 1 is an RGB retina image 24 bits, which has three
color channels — each 8 bits. Then, each color channel is
extracted to obtain the information needed. We choose to
use green channel because it shows the best background
contrast than another channels.

Figure 1. Input Image

An obstacle for identification of retinal leakage is the
wide variability in the colour of fundus from different
patients. These variations are strongly correlated to skin
pigmentation and iris colour. As a result, the leakage can
be wrongly detected as background. We apply a colour
normalisation method to make the images invariant with
respect to the background pigmentation variation
between individuals. The colour normalisation was
performed using histogram specification.

This modifies the image values through a histogram
transformation operator which maps a given initial
intensity distribution into a desired distribution using the
histogram equalisation technique [20]. The reference

image is an image that gives the correct leakage detection.

()

(b)

Figure 2. Green channel of the input image (a), normalization (b),
inverted image (c)

Then, we invert the normalized green channel of the
image, so that the vessels appear brighter than the
background, as shown in Figure 2. With this inversion,
the obtained image will appear like an FFA image,

2.2. Preprocessing 2
2.2.1. Preprocessing of ANN process.

Input images for ANN training are green channel
extracted images and its Gabor wavelet images. These
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images have the feature information needed for blood
vessel leakage detection.

2.2.2. Preprocessing of optic disk detection.

From observation, we know that the optic disk appears
brighter and easier to be segmented in blue channel
image. After blue channel of the input image is extracted,
we normalize it with the reference image used in the
previous step.

2.3. Gabor 2-D Wavelet

The main advantage of Gabor wavelet in this case is
its capability of tuning to specific frequencies , allowing
it to be adjusted for leakage enhancement and noise
filtering in a single step. Leakage texture is characterized
by smoother area and not much intensity variation.

Gabor function here is used as the basis function or
mother wavelet of wavelet transformation. The mother
wavelet and its Fourier transform is well localized in the
time and frequency domain, one realizes that the wavelet
transform provides a local filtering. The continous Gabor
wavelet transform is defined as :

(x,77)dxcy
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where £(x,y) is the input image, T, Ty is translation
parameter, s denotes the dilation parameter or scale and
w" denotes the complex conjugate of ¥ . An added
benefit of Gabor filters is the availability of the phase or
orientation angle at each pixel, which can be obtained as
the angle of the filter that provides the largest magnitude
response [18].

Gabor function as a wavelet basis consists of two
functions, the complex exponential s(x,)) and Gaussian
function g(x,)) as the envelop.

¥l y) = s(eviglxy)

/o defines the frequency of the complex exponential.
We have set £, = 3 for y-axis frequency and zero for x-
axis frequency [16]. This characteristic has been chosen
in order to enable the transform to present stronger
responses for pixels associated with the blood vessels
leakage. The basis function of Gabor wavelet in this case
is defined as :

e . _l(£+£j
Al 2as0.0, Lt [ a.? g i)
The Gabor 2-D wavelet transformation is

implemented as the inner product of input image and
conjugate basis function ¥ ~ in frequency domain.

T(s) = flwgw:)ye (wy0,)

Leakage in fundus image has some characteristics
such as smoother area in texture and sometimes it has
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brighter intensity than the background. In a non diffuse
blood vessel leakage, both the leakage source and edema
area can be detected. Meanwhile, in diffuse leakage, only
edema area that can be detected because there are many
leakage sources in the blood vessels. Figure 3 shows the
obtained image from Gabor wavelet transformation,
which gives a distinct pattern of blood vessel leakage.

Figure 3. Gabor 2-D Wavelet Image

2.4. Artificial Neural Network (ANN)

2.4.1. ANN Training.

We use backpropagation algorithm to train the ANN.
Before proceeding to the ANN training step, input
images must be preprocessed and grouped into training
sets. In this step, we use two input images which consist
of the normalized green channel of the fundus image and
Gabor wavelet image, as feature vectors. Whereas, FFA
image is the target image. The selection of training sets is
focused on images with blood vessel leakage or macular
edema.

Three layers in the network design are one input layer,
one hidden layer and one output layer. From the
experiment, the most appropriate results obtained when
the hidden layer used three nodes. Between the input
layer and hidden layer, the network uses sigmoid as the
activation function. The activation function between
hidden layer and output layer is tansig, in order to extend
the output data interval. This training process gives
weight and bias values for every network layers.

2.4.2. ANN Main Processing.

This step is to process the data resulted from ANN
training into the image processing system. We implement
the designed ANN system in order to give an output
image with the detected retinal leakage. The design of
network in training and main processing consists of three
layers, one input layer, one hidden layer and one output
layer. Input layer has two input nodes, hidden layer has
three nodes and output layer has one node.

In the ANN main processing stage, we use
feedforward algorithm. Input of this process are the
normalized green channel of fundus image and the Gabor
wavelet image. Then, those images are processed in
ANN system and result the output image with strong
leakage area detection, as shown in Figure 4.
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Figure 4. ANN Image

2.5. Contrast Enhancement with CLAHE

According to the ophthamologists, the contrast
enhancement can be considered to help the leakage
diagnosis. CLAHE (Contrast Limited Adaptive
Histogram Equalization) image gives detail blood vessels
structure and clear leakage area approximation. Figure 5
shows the CLAHE image.

In this contrast enhancement, the specification of
local window is [8 8] neighbourhood. CLAHE has more
flexibility in controlling the local contrast enhancement
by selecting the clipping level of the histogram. Clipping
level parameter is the contrast factor to avoid saturation
in the area with homogen contrast. We use clipping limit
0,05 from [0 1] range to give the most suitable output
image.

Figure 5. CLAHE Image

Next, the CLAHE image is combined with the image
obtained from ANN leakage detection process, by the
rule below :

0,2 x (CLAHE image) + 0.5 x (ANN image)

By this combination, over-exposure in optic disk area
can be reduced, the leakage area which appears in those
two images is strengthened, and blood vessels appears
darker than the leakage area to minimize wrong detection.

2.6. Optic Disk Detection

We use morphological operation to detect the optic
disk in retina image. First step in optic disk detection is
through histogram information that represents the
frequency of intensity. Then, we threshold the image to
get raw segmentation of optic disk area. We dilate and
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segment the label which has an area more than 3.200
pixels, shown in Figure 6. Compute the cirularity of each
segmented area with the formula below :
, an AR
C(R) = B

irn
PS(R)

where A(R;) denotes pixels in area R; and P (R;) denotes
the perimeter of R;. The optic disk has a circularity less
than 2.

Figure 6. Segmented Optic Disk

Next, we subtract the combined CLAHE and ANN
image with the segmented optic disk. This subtraction is
to discard the bright area in retina image except the
leakage or edema. With this subtraction, the location of
optic disk in the retinal leakage image can be clearly
shown. Output image of this system in Figure 7(a) gives
a high correspondence in leakage area with the reference
image (FFA) in Figure 7(b).

(b)
Output image (a) and FFA reference image (b)

(a)

Figure 7

[1I. EXPERIMENTAL RESULTS

This system is tested to 42 retina images, 22 images
1216x1600 pixels and 20 images 2588x1958 pixels.

Those images represent retinal leakage in various
conditions  which have been chosen by the
ophthalmologists. We test the system to four

ophthalmologists with retina specialization in Cicendo
Eye Hospital.

Output images and FFA reference images are labeled
with five parts red circle mark. This label is placed on the
macula area since it is the focus of leakage diagnosis in
diabetic retinopathy. Both images are compared to see
their correspondence of retinal leakage area.

The assessment level is given in the scale from 0 to 5.
When all of the leakage area are wrongly detected, they
give the point 0. For maximum point 5, means that all of
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the leakage area in the output image was correctly in
accordance with the reference image.

According to the four ophthalmologists, this system is
effective to detect retinal leakage which can be used for
diagnosis. The average assessment for 1216x1600 pixels
images is 3,49 and for 1958x2588 pixels images is 3,5.
Therefore, this system results demonstrated 3,5 parts or
75% correspond with reference images.

But, this system cannot differentiate between leakage
source and macula edema. Blood vessels leakage can
only be detected when it is occured on the outer layer of
retina.

(a)

(b)

(c) (d)

Figure 8. Cropped input image (a), FFA reference image (b), output
image from previous work (c) and output image(d)

In the previous work, it was assumed that
characteristics of leakage and blood vessels are the same.
So, it used matched filter to detect both leakage and
blood vessels. In most cases, it failed to detect the
leakage and the boundary of detected leakage do not
have a strong boundary. Using Gabor wavelet in this AF
system, leakage can be detected with stronger boundary
as shown in Figure 8(d), and brighther area. This result
shows that texture is an important feature in retinal blood
vessels leakage detection.

IV. CONCLUSION AND FURTHER WORKS

The results obtained indicate that AF system may be
successfully applied for the detection of blood vessels
leakage in images of the retina, especially on the macula
area as a retinopathy diabetic symptom without contrast
agent injection to patients. Moreover, the methods used
in this system perform better results than the previous
work in correspondece of leakage and edema detection
between output images and reference images. Gabor 2-D
wavelet can help to get textural information of retina
blood vessels leakage. This process takes a lot of time, so
it is needed to be optimized for time efficiency.

Output images give a strong boundary of blood
vessels leakage detection on macula area in outer retina
layer. Attention on the further work needs to be paid to
characterize between leakage source and edema area,
also to analyze the edema area accurately. This AF
system can be used by physician and opthamologists in
GUI (Graphical User Interface) file.
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