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ABSTRACT

In this paper we present an optic disc (OD) detection approach based on evolution strategy (ES). The approach
has two main steps: coarse detection and contour edge refinement. Coarse detection estimates an approximate posi-
tion using an ES in which each individual has a fitness function based on the amount of bright pixels and the number
of vasculature structure edge pixels inside a circle. The contour edge refinement uses a geometric approach to circle
deformation in order to adjust the circle’s edge to the OD edges. To do so, the pixel with the greatest intensity value
variation along a normal line is considered. The proposed approach was evaluated using the STARED and DIAREDB
public repositories to process images of normal patients and those with retinal variations. The results show that the
proposed method identifies the optic disc position in retinal images with an accuracy of nearly 96%.

KEYWORDS: Evolution strategies; Optic disc; Retinal images; Retinopathy.

DETECCION DEL DISCO OPTICO EN RETINOGRAFIiAS MEDIANTE UNA
ESTRATEGIA EVOLUTIVA (u+2)

RESUMEN

En este articulo se presenta un procedimiento para la deteccién del disco 6ptico (DO) en retinografias, me-
diante un algoritmo evolutivo. El procedimiento tiene dos etapas principales: la deteccion gruesa de la posicion del
DO y el refinamiento de los bordes del contorno. La deteccién gruesa ubica la posicion del DO mediante un algoritmo
evolutivo, cuyos individuos tienen como funcién objetivo la cantidad de pixeles brillantes y el nimero de bordes de
la red de conductos sanguineos, contenidos dentro de una circunferencia. La etapa de refinamiento aplica un proce-
dimiento geométrico, para deformar el circulo inicial, ajustando el borde de éste con la posicién del pixel de mayor
variacién en direccién al vector normal. El procedimiento fue evaluado empleando los repositorios piblicos STARE
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y DIAREDB, procesando imégenes de pacientes sanos y con alteraciones de las retina, generadas por la presencia de
retinopatia diabética. Los resultados experimentales muestran que el método propuesto puede identificar la posicion
del disco 6ptico en retinografias con una precision cercana al 96 %.

PALABRAS CLAVE: estrategia evolutiva; disco 6ptico; retinografias; retinopatia.

ESQUEMA COMBINADO DE MOVIMENTO OTIMO DE TAPS E INJECAO DE
REATIVOS PARA REDUCAO DE PERDAS EM SISTEMAS DE DISTRIBUICAO

RESUMO

Neste artigo apresenta-se um modelo de optimizagdo para um esquema combinado de movimento 6timo de
taps e injecao 6tima de reativos em sistemas de distribuicdo. O modelo proposto indica as injecdes de reativos e o
esquema de posicionamento taps que minimiza as perdas mantendo as tensoes nos limites permitidos, a custo minimo.
A formulacao realiza-se através dum fluxo de poténcia 6timo reativo e soluciona-se usando um software comercial.
Vaérios testes foram realizados num sistema de distribuicdo de 33 barras. Os resultados mostram que o uso combinado
de Variagéo de taps e injecdo de reativos conduz a uma reducao maior de perdas que o uso destas agdes por separado.

PALAVRAS-CHAVE: Reducao de perdas; Fluxo 6timo de reativos; Sistemas de distribuicao.

1. INTRODUCTION

The rapid development and mass use of optic
technologies aimed at acquiring non-invasive images
in medicine is opening a path for development in ap-
plied medical procedures like diagnosis, detection, and
selection, which allow for the assignment of improved
treatments in early stages of several illnesses.

The importance of modern optic technolo-
gies, such as MRIs, tomographies, and retinal images,
among others, is based on the ease and improved qual-
ity with which scientists and physiologists can obtain
information by non-invasively observing the interior of
the human body (IDF, 2012). Automatic computational
analysis of these images reduces the time needed to
complete medical procedures, providing modern
mechanisms for periodical evaluations and becoming
a testing method for determining the proper moment
to begin treatment (Giancardo et al. 2012).

In the specific context of medical procedures
related to retinal inspection, retinography is widely
used and represents one of the most commonly used
medical tools for analysis of the human visual system.
These retinal images facilitate the analysis of different

signs related to a variety of illnesses associated with the
retina. The particular interest of this paper centers on
signs related to the illness called Diabetic Retinopathy.

Diabetic Retinopathy is a progressive illness that
is diagnosed according to certain clinical abnormali-
ties which are difficult to detect given that the illness
is asymptomatic until late stages of its development.
Without proper treatment, the illness becomes a more
serious pathology called diabetic macular edema
(Giancardo et al. 2012, Walter et al. 2002). In addition,
the International Diabetes Federation (IDF) estimates
that there will be 552 million people suffering from
complications related to diabetes in 2030, or 9.9% of
the adult population, making it one of the most com-
mon illnesses in adults (IDF, 2012, Sujithkumar S &
Vipula, 2012). This has increased the development of
medical systems aimed at detecting early signs that
point to the possible presence of the illness to support
specialists in their diagnoses.

The computational procedures used in retinal
image analysis require the identification of elements
specific to ocular physiology (see Figure 1), including
veins, blood vessels, the optic disc, and the macula.
These parts must be identified in order to be calcu-
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lated without ambiguity through the application of
algorithms designed for the detection of specific signs
related to this illness, such as hemorrhages of the pres-
ence of exudate.

In terms of the optic disc (OD), the two proce-
dures most typically used are detection and segmen-
tation. Detection of the OD refers to computational
methods through which the position of the optic disc’s
center is determined using a retinal image. Segmenta-
tion of the OD refers to procedures that determine the
optic disc’s edge and eliminate it from the content of
the image.

This article describes a procedure that handles
detection and segmentation of the OD in retinal images
using a search process implemented through an evolu-
tion strategy and a geometric process for segmentation
of the OD’s edge.

2. RELATED RESEARCH

Localization methods are based on two physi-
ological characteristics of the OD. First, the region
described by the OD in an image corresponds to its
brightest components (Walter et al. 2002, Giancardo
et al. 2012), and secondly to the place where vascular
ramifications begin. However, one important limitation
related to this fact is the lack of standards regarding the
technical characteristics of the image obtained through
retinography. The uncontrolled variation of parameters
for camera or retinography machine function can cre-
ate an image in which the optic disc does not contain
the brightest areas.

Another important aspect is the fact that the
veins and vascular ramifications grow over the years
following a parabolic trajectory which begins in the
interior of the OD. These characteristics have been
used in the construction of different techniques for OD
localization (Sujithkumar S & Vipula, 2012). In Walter et
al. (2002), a simple diagram based on thresholds is used
to generate a binary map of the bright regions and select
the largest group of pixels as the localization of the OD.
The circular form of the optic disc was also used as a
search pattern in the research done by Lu & Lim (2011)
using a linear operator that analyzes image brightness
along multiple segments that cross the retina. In con-
trast to the linear operator, but in the same general

Figure 1. Different elements that can be identified
in a retinal image.
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sense, in Lu (2011), a circular operator was used directly
to calculate the variations of brightness in the image.
Other related research includes that of Sinthanayothin
et al. 1999 and Sinthanayothin et al. 2003, in which a
pre-processing phase is applied to adaptively generate
an improvement in the contrast on the intensity chan-
nel in the HSI (Hue, Saturation and Intensity) color
space. The OD’slocalization was completed through an
analysis of the intensity variance generated within the
optic disc due to the presence of blood vessels. Another
study that exploited the characteristic high presence of
blood vessels in the OD was presented by Hoover &
Goldbaum (2003), in which the OD islocalized through
atechnique called diffuse convergence, which involves
determining the point within the image at which the
blood vessels converge. A similar idea was described
by Singalavanija et al. (2006).

In general, procedures for detecting the optic
disc have varied from methods based on analysis of the
higher level of intensity of pixels in a grayscale repre-
sentation (Lee, Wangy Lee, E. 1999), to statistical tech-
niques like principal component analysis (PCA) (Li &
Chutatape 2003; Li & Chutatape 2004) to determine the
grouping tendencies of bright pixels. Other diagrams,
such as models based on contours and the incorpora-
tion of area pattern recognition techniques (Lowell et
al. 2004), show tendencies in the construction of new
algorithms. Computational efficiency has also been
considered by authors of OD localization techniques.
Mahfouz and Fahmy (2010) present a rapid localization
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technique based on projections of image characteristics
related to two-dimensional OD gradients. This allows for
the reduction of the search space to just one dimension,
reducing search time. Finally, diagrams based on the
combination of multiple algorithms for OD detection
and localization to improve results were proposed by
Qureshi et al. (2012).

One important aspect to be pointed out is that
not all the reported research centers on the use of reti-
nal images that contain the presence of signs related to
illness. The complexity of detecting these physiological
elements in the eye increases when lesions caused by
the illness are present, given that they have similar char-
acteristics of color and shape as the eye’s physiological
elements. A good example of this are the exudates that
form bright accumulations of the same or greater size
than the optic disc in advanced stages.

LOCALIZATION OF THE OPTIC
DISC

3.

Localizing the optic disc in retinal images is not
a trivial process, mainly due to the multiple variations
of color space because of the different ethnicities of
the subjects from which the images were acquired, the
imaging apparatus itself, and the optical disturbances
that may give rise to clinical anomalies in the image.
This is why selecting the brightest area as the location
of the optic disc is not an infallible method for its detec-
tion. Therefore, an evolution strategy was designed as
a search method that allows for determining the OD’s
coordinates in a retinal image. The search is guided
by a function that mixes the two most representative
physiological characteristics of the region in which the
OD is located. These characteristics are: the presence
of areas with a high level of whites or bright areas, and
a high level of blood vessels.

Evolution strategies are heuristic techniques that
imitate the evolutionary processes of species in nature
and have been used for solving problems of optimiza-
tion. They are based on a population of individuals and
use operators of recombination, mutation, and selection
in the search for the best solution in real variables.

In this study, the strategy used was ES-(u+1),
in which a set of u parents are used to generate
A children in each generation. In said strategy, u

parents and )\ descendents make up a single set of
individuals called a population. After each iteration
or generation of the evolution, the best u individu-
als are selected. Cross and mutation operators are
applied to them to generate A descendents. From
a general perspective, evolution strategy search
techniques follow the work flow sown in Figure 2.

Figure 2. General diagram
of an evolution algorithm.
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3.1. Pre-processing

The goal of this phase is to correct shadows
or gradients found in the image due to the spherical
form of the eye. The elimination of the gradient allows
for future operations performed to be more precise,
eliminating unnecessary information and reducing
processing time. To achieve this, a classic median
filter with a window value of 3% of the image’s width
is applied to a grayscale representation of the original
retinal image, obtained from 70% of the green channel
and 30% of the red channel in order to increase the
contrast of the red zones, such as the veins, and the
bright areas that make up the optic disc. The procedure
applied is described in Algorithm 1, and the result of
its application to a retinal image is shown in Figure 3.

Since the process takes advantage of the fact
that the OD region contains a high level of blood ves-
sels, the method requires a second image that contains
the estimated edge of the vasculature structure in the
retinal image. This image is estimated using an algo-
rithm for edge detection proposed by Canny (1986)
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that has shown better results than other operators
(Narendra & Hareesh, 2011).

Therefore, the two images obtained in the
processing phase are flat, grayscale representations
(I ormaizea)» that will be used to search for the position of
the optic disc, as well as a representation of the edges
of the vasculature structure’s elements (I.4,.,), which
will be used to estimate a component of the aptitude
function of individuals (see Figure 4 ).

Algorithm 1. Image pre-processing

function pre_procesado( | ., size )

org’
lgreen = g€tGreenChannel ( |
l..q = getRedChannel (|
o= (0.3)l . + (0.7)]
f_size = Width(l
|
|

end funcion

o)
og)
green;

e ) " SiZE

< MedianFilter(l
I

backg orer [F_size f_size] )

normalized — Ipre_ backg

© N o g R wdh >

Figure 3. Example of applying the image pre-
processing procedure.
a) Grayscale representation, b) elimination of
shadows and background (I, maized)-

a)

Figure 4. Pre-processing image (l.qges)-
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3.2. Population Representation

One of the main differences between Evolution
Strategies (ES) and Genetic Algorithms (GA) is that
the latter requires the definition of the functions used
for coding and decoding the information contained
in individuals’ internal structures. This condition is
not required for Evolution Strategies, given that their
representation is created using vectors of real values.

Given the circular nature of the object pattern
to be detected (OD), each individual represents a
circle located in the coordinates (x,y) with radius r,
(see Figure 5). The set of individuals that make up
the initial population evolved by the ES is randomly
generated, guaranteeing that each center is found
within the retina.

Figure 5. Representation of each individual.
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3.3. Evaluation and Selection

Each individual in the population represents
a possible solution to the problem at hand. Evolution
strategies require a mechanism by which to determine
a measurement representative of the quality of said
solution. This measurement of the individual’s fitness is
the function that must be maximized within the simu-
lated evolution process. In this context, it is desirable
to determine the circle with radius r that maximizes
the number of bright pixels and contains the greatest
number of edges of the vasculature structure. So:

fitness, =f, (x,y,n+f, xxy,1) (€))]

In which, f,, (x,y,r) constitutes a percent measure-
ment of the number of bright pixels contained within
the circle represented by (x,y,r). This measurement
is estimated in relation to the total of bright pixels
defined as 10% of the whitest pixels in the I 1.c4
image. Similarly, f, (x,y,r) is a percent measurement of
the number of edges within the circle represented by
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the individual in relation to the total number of edge
pixels obtained in the representation of the I 4. In
each iteration, A new individuals are selected from the
highest fitness; values.

Figure 6. Result of applying the
local mutation operator.

3.4. Crossing and Mutation

These operators are used to generate new in-
dividuals from the initial population. A cross operator
and mutation operators have been included in this
model: one mutation operator that guides the global
search within the retina and a local mutation operator
that optimizes the adjustment of the circle’s edge to
the edge of the OD. The cross used corresponds to a
generalized recombination model in which the value
of the descendent is estimated as a factor of the sum of
the parents’ values, as follows:

C=c,+n(c,+c,) )

In which # corresponds to a random number
with normal distribution with median zero and a stan-
dard deviation. c; and ¢, correspond to the values that
represent the center of the circle and are applied both
for coordinate x and for coordinate y. The candidates
from the population to which the cross operator is ap-
plied are selected using a 10% probability.

The mutation operator is applied, altering each
of the individual’s values through the addition of
random numbers with normal distribution, as follows:

C=C+N(0,0) 3)

In which C represents each characteristic in
reference to the center of the circumference.

A local mutation operator is applied to the
value that represents the radius. This operator aims
to improve the coincidence of the circle’s edge with
those of the structure that represents the optic disc
and is applied to the individual with the best fitness
in each iteration. The radius is displaced by a random
quantity around the center of the circle, generating k
new individuals. This quantity is estimated through a
normal distribution of N(0,0), which guarantees that
small quantities of alteration are more likely.

4. SEGMENTATION OF THE OPTIC
DISC

The result of the Evolution Strategy is a solu-
tion to the problem of OD localization. However,
it is necessary to estimate the OD’s edge so that
the set of pixels that make it up can be removed to
later apply specialized algorithms for analyzing or
identifying bright lesions.

The proposed procedure for OD segmenta-
tion consists of a deformation of the given circumfer-
ence as the best solution of the ES. The deformation
of this circumference is performed by displacing of
a set of points from the edge along a straight light
estimated in the direction of the norm at that point,
which is called the projection line. The direction
of displacement from a point p is determined by
the analysis of the intensity of the (I, .i,.s) IMage’s
pixels which are located along a projection line. The
rate of change is calculated for this set of pixels, and the
projection of point p will consist of the displacement of
the point toward the position of the pixel that has the
lowest rate of change.

The procedure begins by estimating a set P of
k points uniformly distributed along the circumfer-
ence. So:

P={p,,p,,...D.} @

So that the arc between two pairs of consecu-
tive points, P, Pi+1y P, Py+1is equal. The value of k is
a parameter established by the user and controls the
quality of the circumference deformation. Once the
set of points P, has been obtained, a set of straight
line segments of length I. is estimated. Each seg-
ment is parallel to the direction of the norm for the
circumference at the point of the circumference that
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contains it. Therefore, each segment is a portion of

the line that contains the origin of the circle (x.y,),
and each of the points p,. Figure 7 illustrates the
generation of projection lines for points P.

Figure 7. Result of the set of projection lines

k=16 on the edge of the ES solution.

ES Solution

! Projection Lines

It is expected that the ES solution will overlap
the optic disc region in which the OD is found. There-
fore, the projection lines should cross the edge at some
point. This point is characterized by having the lowest
rate of change if the lines from the interior to the ex-
terior of the circumference are followed. This rate of
change represents the intensity variations of the pixels
along the lines. So, the intensity values of the pixels
along each projection line are taken to construct an
intensity curve (see Figure 8).

Figure 8. Graph of the average intensity

along a projection line of length /=100.
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The rate of change at point pi is estimated along
the intensity curve as follows:

te()= IG+D-I() )

In which I(s) represents the average intensity at
point p,, and is estimated from community of four pixels
centered around p,. If the projection line crosses the
edge of the optic disc, it generates a minimum gradient
value on the intensity graph (see Figure 9).

Figure 9. Graph of the rate of change
on a projection line of length /=100.

] 20 a0 60 a0 100

Each point p, of P is moved to the point with
the lowest rate of change. Figure 10 illustrates this
procedure.

Figure 10. Adjustment of points p, along
the edge of the OD.

Figure 11 shows an example of a real OD edge

adjustment from a retinal image.
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Figure 11. Example of the segmentation, (blue)
result of the ES, (green) projection lines for

k=16 for I=100pixel, (black) result of adjustment
through projection lines.

5. RESULTS

The tests were done using implementations of
the methods performed using Matlab 2011a. The set of
images utilized was made up of 491 images taken from
public repositories, DIARECTDB (DIAREDB, 2011) and
STARE (STARE, 2011).

The initial experimental tests were aimed at
determining the function parameters of the ES. The
convergence of the ES was analyzed by estimating the
distance from the center of the circumference for the
best individual to point pr, pre-defined and established
manually, located in the center of the OD. Figure 12
shows the average behavior of a set of twenty executions
of the average of the distance between the best indi-
vidual'’s solution and pr. After 60 iterations, the average
stabilizes. However, for some executions, the distance
continued to decrease until after more than 80 iterations.

Figure 12. Average behavior of the best individual’s

distance with the center of the optic disc.
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In terms of the initial radius size of the circumfer-
ences, it was established through experimentation that a
healthy optic disc is represented on average by a circle
with a radius equivalent to 100 pixels in images with a size
of 1500 x 1152 pixels. In general, the parameterization of
the ES was established according to Table 1.

Table 1. Parameters of the proposed method

Localization (ES) OD Segmentation
Parameter Value | k 64
Prob. of Mutation 0,01 | I | Individual’s radius
Prob. of Crossing 10
Initial Radius 100
Puntos de evaluacion | 100
Max. Generaciones 100

This parameterization was used to measure ef-
ficiency in relation to the aptitude function. Figure 13
shows the average aptitude behavior or fitness of the best
individual and the average aptitude of the population for
a group of twenty executions.

Figure 13. Behavior for the best individual’s fithess

(blue) and the average population’s fitness (red).
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Given the difficulty of determining a generalized
method for quantifying the precision of techniques
proposed for OD localization in retinal images, and
because this evaluation is of a subjective nature, rep-
resented in the visual valuing of the results, a criterion
has been established to determine whether the result of
the evolution strategy has generated a correct localiza-
tion. This criterion considers that if 60% of the area of
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the circle obtained as a solution from the ES is shared After each localization, the method applies the
with the OD region established manually, a correct OD segmentation algorithm. This algorithm optimizes
localization is defined. The method was applied to the  the determination of the OD’s edge. Complete appli-
491 images, obtaining 95.7% successful localizations  cation of the method proposed allows for an average
and 4.3% erroneous localizations. A set of localizations  increase of the overlap area of more than 97% between
is shown in Figure 14. the solution obtained and the one established manually.

Flgure 14. Examples of results of the evolution strategy.

F|gure 15. Result of the localization (blue) and segmentation of the optic disc (black).
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Table 2. Results and comparison of the proposed
method.

Method Images Precision
Sekhar, et al. (2008) 34 94.4%
Siddalingaswamy, P. and 100 92 %
Gopalakrishna, K. (2009) 100 92%
Usman M. et al. (2010) 680 93.8%

Pifao, J. and Manta C. o
(2012). 1422 92%
Proposal 461 95.7%

The results of the method’s application can be
seen in Figure 15. Table 2 shows the results obtained
and the comparison with other methods reported in
the literature.

6. CONCLUSIONS

The proposed method can locate the optic disc
in color retinal images with a precision of nearly 96%
in accordance with the results obtained through vali-
dation with public repositories. One of the method’s
main advantages is that it does not require user inter-
vention. The results obtained coincide by 97% with
the area of the optic disc.

The factors that intervene in the images in which
the algorithm did not obtain a proper localization
include the existence of conditions that augment the
measurement f, (x,y,r) of the aptitude function, which
quantifies the presence of bright pixels within the image.
These conditions are present in images in which the area
affected by the presence of exudates occupies a large
region within the ocular surface. This is characteristic
of patients in advanced stages of the illness. Another
important factor is that some images do not show a
sufficient contrast between the OD and the rest of the
surface. Therefore, a standardization of the technical
conditions in the acquisition process is required.
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