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ABSTRACT

Nowadays we can see so many retina diseases, the
symptoms of the disease is leakage in the retinal
angiography. The major retina diseases are diabetic
maculopathy and paediatric malarial retinopathy. In
this paper we are proposing a saliency based method
to detect the leakage of fluorescein angiography. First
step is dividing the image into parts by using the
super pixels. The second step is estimation of
saliency map. For every level of super pixel we
proposed intensity and compactness saliency cues.
After this by using the averaging operator all the
saliency maps are combined. By using the pixel-wise
multiplication operator the two saliency maps are
combined. The leakage regions in the retina are
detected by using thresholding, after this graph-cut
segmentation is applied. The experimental result
shows that comparing the latest methods the saliency
maps given the best results.

Index Terms— Leakage, diabetic, malarial,
retinopathy,  fluorescein  angiogram, saliency,
segmentation.

I. INTRODUCTION

Fluorescein angiography (FA) is a valuable imaging
modality that offers a map of retinal vascular
structure and function by means of highlighting
blockage of, and leakage from, retinal vessels [1].
Although FA is invasive and high-priced, and
exposes patients with rare but doubtlessly critical side
consequences, it's far vital in differential analysis of
retinal diseases such as diabetic retinopathy (DR),
age-associated macular  degeneration (AMD),
malarial retinopathy (MR), and so forth [2]-[4].
Incarnated as beneficial signal of high depth, retinal
leakage in angiography is currently a key function for
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clinicians to decide the activities and improvement of
lesions within the retina. Fig. 1 suggests the arrival of
leakages in MR and DR respectively. MR is assumed
to be critical for the differential prognosis of cerebral
malaria, while DR is a leading cause of vision loss
within the running age population. Identification of
sites and assessment of the volume of leakage permit
choice making for remedy and monitoring of ailment
activities. More specially, the detection of retinal
lesions in wellknown is vital for automated diagnosis
of retinal ailment while the leakage detection is
essential for therapy planning and remedy outcome
monitoring.  Current practical procedures for
quantitative analysis of FA capabilities require large
manual delineation by way of experienced graders. In
eye and vision technological know-how studies the
requirement for such intervention generally
introduces human errors, and slows down the
process, which makes it impractical to process the
sizeable quantity of statistics accumulated at some
point of recurring clinics. There is an growing call for
for the automated detection of the leakage in FA.

In this paper we gift a brand new, unsupervised
approach to stumble on and quantify leakage in FA
images with the subsequent contributions. First, we
advocate a novel green way to enhance leakage
regions by using the usage of the concept of saliency

[5].

Saliency indicates the relative importance of visible
features, and is intently associated with the
characteristics of human notion and processing of
visual stimuli [5]-[7]. Saliency emerges from such
traits in functions of the image as visible uniqueness,
unpredictability, or rarity, and is regularly attributed
to variations in specific picture attributes together
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with color, gradient, edges, and boundaries [7]-[9].
Such attributes also are characteristics of retinal
leakage in FA snap shots.

For example, leakage of fluorescent dye causes a
huge increase in brightness in leaking areas while in
comparison to surrounding non-leaking areas. For
this utility, leaking areas may be defined as the ones
of excessive salience. In consequence, we are
prompted to first of all identify the leaking regions in
FA photographs through a saliency detection
approach, after which estimate their regions from the
received saliency map. Second, we've got proposed a
new manner to generate multi-scale saliency maps
with integration of the depth and compactness cues of
high-quality pixels for this unique utility.

More particularly, traditional saliency extraction
methods generally compute the salience of an picture
in a pixel-by way of-pixel manner, and ignore the
neighborhood and side facts of the gadgets of hobby.
Inspired through the reality that human vision is
commonly greater worried with gadgets than with
man or woman pixels and the gadgets of hobby might
also vary in size, in this paper we firstly advise to use
patches) at exclusive degrees to represent the given
snap shots, and the effective simple linear iterative
clustering (SLIC) technique [10] is hired for this
assignment.

The reminder of this paper is based as follows.
Section 11 in brief evaluations the related paintings on
leakage detection and saliency detection. Section Il
details the proposed technique. Section IV describes
the datasets and metrics for the evaluation of the
proposed method. In Section V we first defined our
experiments on distinctive datasets in contrast to
those previous proposed methods and document the
experimental effects. Section VI experimentally
investigates the choice of saliency cues and the
setting of a few hyper parameters used within the
proposed method. Section VII concludes the paper.

Il. LITERATURE SURVEY

[1] T. Y. P. Chui et al: Recent advances to the
adaptive optics scanning mild ophthalmoscope
(AOSLO) have enabled finer in vivo evaluation of
the human retinal microvasculature. AOSLO
confocal reflectance imaging has been coupled with
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oral fluorescein angiography (FA), permitting
simultaneous acquisition of structural and perfusion
pix. AOSLO offset pinhole (OP) imaging blended
with  movement evaluation submit-processing
techniques, are capable of create a comparable set of
structural and perfusion pix without using exogenous
assessment agent. In this examine, we compare the
similarities and variations of the structural and
perfusion snap shots acquired via both approach, in
healthful control topics and in sufferers with retinal
vasculopathy along with hypertensive retinopathy,
diabetic retinopathy, and retinal vein occlusion. Our
outcomes display that AOSLO OP movement
comparison provides perfusion maps corresponding
to the ones acquired with AOSLO FA, even as
AOSLO OP reflectance photos offer additional data
which includes vessel wall best structure no longer as
simply seen in AOSLO confocal reflectance snap
shots. AOSLO OP gives a non-invasive opportunity
to AOSLO FA without the need for any exogenous
contrast agent.

[2] N. Patton et al.: The retinal and cerebral micro
vasculatures percentage many morphological and
physiological homes. Assessment of the cerebral
microvasculature requires pretty specialized and
expensive strategies. The capacity for the usage of
non-invasive scientific evaluation of the retinal
microvasculature as a marker of the kingdom of the
cerebrovasculature gives clean benefits, attributable
to the convenience with which the retinal vasculature
can be immediately visualized in vivo and
photographed due to its crucial -dimensional nature.
The use of retinal virtual picture evaluation is turning
into more and more common, and offers new
strategies to analyze special components of retinal
vascular topography, which include retinal vascular
widths, geometrical attributes at vessel bifurcations
and vessel monitoring. Being predominantly
automatic and objective, these strategies provide an
thrilling possibility to study the capability to become
aware of retinal micro vascular abnormalities as
markers of cerebrovascular pathology. In this
assessment, we describe the anatomical and
physiological homology between the retinal and
cerebral micro vasculatures. We overview the proof
that retinal micro vascular modifications occur in
cerebrovascular sickness and assessment modern
retinal image evaluation equipment which could
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allow us to use one-of-a-kind components of the
retinal microvasculature as capacity markers for the
state of the cerebral microvasculature.

[3] M. J. Potchen et al: There had been few neuro-
imaging studies of pediatric cerebral malaria (CM), a
commonplace, regularly deadly tropical scenario. We
undertook a capacity study of pediatric CM to higher
signify the MRI abilities of this syndrome, evaluating
findings in children assembly a stringent definition of
CM to the ones in a manage organization who have
been infected with malaria but who were in all
likelihood to have a non-malarial cause of coma. Go
to: Materials and Methods Consecutive kids admitted
with traditionally described CM (parasitemia, coma
and no different coma etiology glaring) had been
eligible for this observe. The presence or absence of
malaria retinopathy become decided. MRI findings in
sufferers with retinopathy-high-quality (ret+) CM
(cases) were in comparison to those with retinopathy-
negative (ret—) CM (controls). Two radiologists
blinded to retinopathy popularity mutually evolved a
scoring procedure for picture interpretation and
provided independent opinions. MRI findings had
been in contrast among patients with and without
retinopathy, to assess the specificity of modifications
for patients with very strictly defined CM

1. PROPOSED METHOD

The entire framework for detecting leakages in FA
pix is summarized in Algorithm 1. It includes
predominant steps: saliency detection and leakage
detection. In the following subsections, each step can
be particular.

A. Saliency Detection

‘Salient’ regions are those areas of a clinical photo
that include meaningful information for diagnostic
purposes. Typically, the intensities and/or shapes of
those regions are extensively different from their
surroundings or buddies [6], [23]-[26]. As shown in
Fig. 1, the leaking regions in an FA picture are
conspicuous items, and may easily be outstanding
visually by using their intensity or shape. The depth
based technique seems to be a natural desire for
computational leakage area detection [11]. However,
massive vessels and the optic disc may additionally
be falsely detected as salient regions for comparable
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motives in this application. Consequently, the vessel
extraction and optic disc detection are critical on this
framework: surely protecting them will help to
enhance the accuracy of leakage detection. In this
paper, for convenience we outline all the
aforementioned regions that is probably assigned a
excessive saliency value as the areas of interest
(ROIs). After the complete process, the fake ones
which include massive vessels and the optic disc can
be removed even as only the leakage regions might
be retained. In the following subsections, the super-
pixel primarily based saliency detection approach
might be certain.

1) Super-pixel Segmentation:

A place-primarily based technique is properly set up
in saliency measurement: as an example, Cheng et al.
[8] have used a histogram-based contrast technique:
the saliency price of each pixel relative to the others
in the whole image is envisioned and then smoothed
inside the color space, and similarly improved
through partitioning the given image into regions and
assigning saliency values to such regions via
considering each their worldwide evaluation rating
and neighborhood spatial coherence. This is a two-
step technique and step one may also assign unique
saliency values to similar colorings because of colour
quantization. In our technique, amazing-pixels are
hired to keep away from discontinuities at the bin
edges of the histogram.

A cutting-edge awesome-pixel algorithm, called
Simple Linear Iterative Clustering (SLIC) [10], is
hired on this work to generate a desired wide variety
n of everyday, compact brilliant-pixels to replace the
inflexible shape of the pixel grid, at a low
computation price, in which the default cost of 10 for
the compactness time period is adopted. The SLIC is
a k-approach clustering method, and is able to assign
every pixel to a incredible-pixel in line with its depth
and spatial location. The SLIC is capable of grouping
meaningful entities right into a first-rate-pixel with
the aid of assembling spatially neighboring pixels
with comparable residences. It no longer most
effective gives exceptional segmentation
consequences, however additionally generates a
suitable quantity of segments for leakage image
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evaluation. Similar research the usage of unique
technique has also been reviewed [27].

In this work, a multi-stage notable-pixel technique is
proposed. The enter picture is segmented into L (L =
3) levels of high-quality-pixels independently, and
the corresponding wide variety n of excellent-pixels
is about to be 333, 666, and one thousand at every
ranges, respectively. Fine tuning of the values for
those parameters: L and n might be mentioned later
in Section V1.

2) Intensity-Based Saliency Detection:

Let Pi € | be a viable nearby representation as a
notable-pixeli (i=1, 2, « * *, n), and let I indicate the
input image. The splendid-pixels can be visible as
samples of a multivariate possibility density
characteristic (PDF) of the imaged items. A kernel
density estimator (KDE) is selected, as, being non-
parametric, it's going to permit the estimation of any
PDF. The chance of a patch Pi may now be described
as:

1< (d(P,P
p(P)=— > K (%) )
j=1

Where d is a distance function with the intention to
be discussed later, K is a kernel, and h is a smoothing
parameter. The KDE method has the potential to
common out the contribution of every pattern Pi by
means of spreading it over a sure location [28], that's
described through K . The multivariate distribution
can have a better probability if an exquisite-pixel is in
dense and comparable regions. From our revel in, the
most typically used and appropriate kernel is the
Gaussian function with 0 mean and well known
deviation o. In this example, the probability of a
exceptional-pixel p(P;) can be defined as:

1w d2(P, P;
p(P) = EZ exp (— M) (2)
j=1

202

The estimated possibilities p(P;) may be normalized
to end up a real PDF H (Pi) by using putting a proper
consistent. o = 0.2 is chosen to alternative for h. The
relative distance d is utilized in case the distribution
of the exquisite-pixels is not uniform, and the space
metric mainly makes a specialty of the relationships
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among comparable outstanding-pixels. The relative
common distinction of a couple of top notch-pixels
Pi, P j € W in depth is described as

|aP) - a(p)|
avep,q,, (|alP) — a(R)])

Wherein W = P1, P2, ..., Pn and

[ave] (p_(okayeW) ) (average distinction
between the common depth a(Pi) of pixels interior Pi
and people a(Pk) of other super-pixels Pk in W.
Compared to absolutely the difference, the relative
difference is extra constant for two units of pixels
with similar neighboring relationships but unique
resolutions and scales [29].

d(P,p) =

3)

After determining the possibilities of the exquisite-
pixels, the dissimilarity degree dis,(P;, P;)among P
and P;is described as:

(Hep) - H(P))’
H(P) +H(P)

dis; (P, P;) = (4)

The large the relative difference of a superb-pixel
from every other, the much less the similar they're,
and the extra dissimilar it's far.

The distinctness value of every exceptional-pixel can
be predicted the use of the dissimilarity measurement
above. Super-pixel Pi is considered salient whilst it's
miles  exceptionally  distinct to  different
extraordinary-pixels. The saliency fee of P; is
described as:

Si(Py)

n
1
=1-exp(——= > dis(P,P) ®)

j=Lj#i

However, with a view to lessen computational
complexity, we notice that it is unnecessary to assess
the individuality of a high-quality-pixel by using
computing its dissimilarity to all the others. For
example, if the most comparable high-quality-pixels
P_j are notably special from super-pixel Pi, then it
follows logically that all the opposite fantastic-pixels
are also quite one of a kind from amazing-pixel Pi.
Therefore, for superb-pixel Pi, most effective the M
maximum comparable terrific-pixels Q,, M=1 (M =
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10 in this paper) want to be located and processed.
Hence, the saliency value of superb-pixel Pi can be
rewritten as:

51(P)

1 M
=1-—exp (— i z dis;(P;, Qm)> (6)

m=1

The final depth-primarily based saliency is received
by means of fusing the saliency maps Sl (Pil) of
various excellent-pixels Pi at extraordinary tiers I.
More especially, all of the pixels u within a
superpixel will have the equal value at every level
(the identical for fusing the compactness based
saliency maps over all the ranges). The fusion is
achieved pixel throughu € Pil).

3) Compactness-Based Saliency Detection:

Intuitively, the leakage area in an FA photo will gift

different intensity data when compared with the
others. However, it's far found in practice that the
usage of the intensity feature by myself to stumble on
salient areas is not usually successful. For instance,
the purple rectangle vicinity of the top row of Fig. 2
(c) shows that non-vessel areas within the middle of
the photo with excessive brightness due to choppy
illumination have also been detected as quite salient,
while a human observer perceives best The leakage
regions and vessels as greater salient. Therefore, this
section proposes some other feature - compactness.
Normally, human observers pay more interest to a
extra compact object than to a greater diffuse object.
The measure of compactness of an object may
consequently be of use as a complementary feature to
intensity for saliency measurement, with the purpose
of lowering the variety of falsely-detected salient
areas. For brilliant-pixel Pi, its compactness c(Pi) is
described as

Gx,i + Gy,i)

VXT1 12

Wherein a,,; and o,,; are the same old deviations of
the x and y coordinates of the pixels in the superpixel
Pi, and o is a consistent factor this is empirically set
to X and Y are the width and peak of the enter photo.
By incorporating the compactness function with the
depth characteristic of a given image, the degree

c(P,) = ecp (—a 7
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dis¢(P;, P;) of dissimilarity in compactness among Pi
and P j is defined as:

dis¢(P, P) = |a(P) — a(P))|

(142020

2

d(P;, P;
X exp (— ﬁ#) (8)

Where time period difference of the common depth
(a) characteristic of super-pixels Piand P j . D(P;, P;)
is the relative common difference among super-pixels
Pi and P j, as proposed in Eqg. (3). The steady
component 3 is empirically set to three hundred. The
large the dis-similarity dis¢(P;, P;), the higher the
opportunity that human interest might be paid from
super pixel P j to Pi. Hence, the following policies in
TABLE 1 can be used to help in estimating the
saliency cost S;(P;) of super-pixel Pi.

Similar to Eg. (6), the compactness-based totally
saliency cost S, (P;)of Pi is described as

SC(Pi)

M
=1—exp (—% z disc(P;, Rm)> 9

m=1

WhereR,, (m = 1, 2, » » « , M) is the M most
comparable superpixels to Pi in the sense of
compactness. Again, we calculate the very last
compactness-primarily based saliency primarily
based at the imply value of the saliency maps S;(P;)
of various super-pixels Pi at one-of-a-kind tiers I, and
the fusion is executed pixel by means of pixel as
nicelyu € Pil)

4) Saliency Map Fusion:

Two bottom-up tactics in our proposed super-pixel
based saliency detection approach have been defined
so far. It is possibly that each of them has its personal
drawbacks if used by myself in real applications.
Therefore, an overall saliency map through fusing the
saliency maps based totally on depth and
compactness is anticipated to offer better overall
performance. Linear summation [5] or pixel-clever
multiplication (additionally referred to as the matrix
Hadamard product) [30] are generally used
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techniques to fuse the Saliency maps. In this work,
the depth and compactness saliency maps are fused
with the useful resource of using the pixel-clever
multiplication method if you want to force first-class
the areas with higher values in each intensity and
compactness channels to be assigned better values
inside the final saliency map S. By integrating the
two saliency measures, the belongings of human
vision through which attention declines as the brink
of the region of hobby is approached may be
mimicked. That is, the final saliency map highlights
salient object regions of hobby and suppresses
historical past regions, as illustrated in Fig. 2 (d).

B. Graph Cut for Leakage Detection

The proposed super-pixel primarily based saliency
detection method has effectively stronger the
comparison between vessels/ leakages and history.
Some example results are shown in Fig. Three (b).
The appearances of these leakages are highlighted, at
the same time as the history regions are suppressed,
while in comparison to the unique photos. Once the
saliency map is computed and normalized to [0, 1], a
threshold cost T = zero. Sixty five is carried out to
the saliency map to gain the ROIs. The thresholding
method itself cannot assure the bounds of the
segmented structures are clean and often generates
isolated fragments. In light of this inadequacy,
greater state-of-the-art segmentation techniques [31]-
[36] may be needed for better effects. On the
opposite hand, the computational cost is likewise an
crucial component for a segmentation tool to be taken
into account for potential actual applications. For
those two motives, we endorse right here a graph cut
primarily based segmentation approach [33], [34] on
the obtained ROIs to become aware of the leakage.
This method imposes the constraint that the
neighboring pixels generally tend to belong to the
same elegance and therefore penalizes the remote
pixels in one of a kind instructions.

Let N be a set of edges (u, v) wherein a pixel u is
attached to its 8 nearest neighbors v, and M denote
the set of pixels inside the given photograph I, the
discrete power function is described as:E(x) =

ZuEJV[ Eu(xu) + Z(u,v)e]\f Euv(xuﬂxv) (10)
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Where x = {x1, - - -, XN} is the binary labeling
where the x,, is either 0 or 1 depending on whether
the pixel u belongs to the background or foreground.
The first term here approximates the region terms
while the second term approximates the
regularization term. The unary term Eu is defined as:

Eg(xu) = /11(Iu - CI)ZJE&(xu)
=0, = c;)? (11)

WhereE?, ELDenote the weights between the node u
and the 2 terminals, A1 and A2 are the non—bad
location weighting parameters, lu is the depth of the
pixel u, and cl1 and c2 indicate the common
intensities of the historical past and foreground
respectively. The binary time period E,,, is described
as:

l’lwuv' if xu ¢ xu
E,,(x,, x ={ ,
up (6w %) 0, otherwise

(12)

Where w,,,, denotes the weight between neighboring
pixels u and v, as suggested in [37]:

8% Ay

W,,,, —
W 2 eyl

(13)

Where 3 is the cell-size is the Euclidean period of the
edgee,,, and ¢, is the distinction between the
angular orientations ¢u and @v of the pixels u and v
and is constrained to the ¢ program language period
[0, m]. In this paintings, we set Al = A2 = A = zero.
Five (see Section VI for the parameter tuning), and p
is empirically set as 0.2. C. Final Refinement After
the graph cut segmentation, a few vessels, the optic
disc and some small items can also nonetheless stay
as they may additionally had been superior during the
saliency detection steps. It is important to take away
them so that you can enhance the leakage detection
overall performance. To this end, the following steps
are carried out: (i) the countless perimeter active
contour with hybrid vicinity (IPACHR) technique
[38] is used to segment retinal vessels for its suitable
overall performance. In short, this technique makes
use of a countless perimeter active contour version
for its effectiveness in detecting items (e.g. Vessels)
with abnormal and oscillatory obstacles.

Moreover, this method considers hybrid region
records (nearby phase based vesselness map and
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intensity) in an photo on the way to attain similarly
improved overall performance as compared to the
same old limitless perimeter lively contour model
[38]. For extra details, we refer readers to the
authentic paper [38]. (ii) Any small and/or remote
objects are eliminated via the use of a disk-fashioned
establishing operation with a radius of 2 pixels. (iii)
In maximum instances, the optic disc stays as leakage
regions after the graph reduce primarily based
segmentation and have to be removed. It has been
nicely found that the wide variety of vessels
surrounding the optic disc is a lot large than that near
massive focal leaking websites [11], [39]. Thus, any
region with some of surrounding vessels more than a
threshold of 5 will be assumed to be the optic disc,
and will be eliminated. In our experiments this
technique is determined to be green and powerful.
However, other sophisticated strategies may go
equally nicely.

Fig.2 super pixels image

Intensitybased saliency map

IV. RESULTS

Fig.3 intensity based saliency map

Fig.1 input image
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Compactness saliency map

outPutof Graph Cut

Fig.4 compactness saliency map Fig.6 output of graph cut method

Final segmented output

Fusion saliency map

Fig.5 fusion saliency map Fig.7 final segmented output
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Final Segmented Image

Fig.8 Final Segmented Image

Manual Segmented Image

Fig.9 Manual Segmented Image
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Fig.11 False Positive Rate vs. True Positive Rate

V. CONCLUSION

In this paper we proposed two-level

saliency

detection method for the detection of retina leakages
in the retina. The saliency maps are intensity and
compactness features by using the super pixels. The
super pixel saliency values are finding out by using
these two methods. The intensity cue will check the

contrast

in between the super-pixels and the

compactness will check how sparely the salient pixels
distributed in a super pixel. By using the pixel-wise
multiplication operator the different level saliency
map at same cue are combined. Based on the MR and
DR Datasets the experimental results are performed.
Comparing to the conventional methods the saliency
maps are giving the best results because here we are
finding the leaking regions and also we are able to
find the size of that regions.
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