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Glaucoma Diagnosis by Optic Cup tesD Ratio
Estimation
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Abstract— Glaucoma is a major global cause of bliress. An
approach to automatically extract the main featurés color
fundus images is proposed in this paper. The optig-to-disc
ratio (CDR) in retinal fundus images is one of the ipciple
physiological characteristics in the diagnosis ofagcoma. The
least square fitting algorithm aims to improve tlecuracy of the
boundary estimation. The technique used here is arec
component of ARGALI (Automatic cup-to-disc Ratio
measurement system for Glaucoma detection and Andlysa
system for automated glaucoma risk assessment. digerithm’s
effectiveness is demonstrated manually on segmentetina
fundus images. By comparing the automatic cup height
measurement to ground truth, we found that the metho
accurately detected neuro-retinal cup height. Thi®rk improves
the efficiency of clinical interpretation of Glauama in fundus
images of the eye. The tool utilized to accomplike objective is
MATLAB7.5

Keywords-Cup to Disc Ratio; Optic Nerve Head; Heideliper
Retinal Tomography; Convex hull; Region of Interest Figure 1. Medical diagram of an eye.

I. INTRODUCTION Figure 2 illustrates the optic nerve change aldmg three

Glaucoma is a group of diseases that can damageytie stages of glaucoma development. In the early stfge
optic nerve and result in vision loss and permane@faucoma, optic nerve damage starts without inogreny
blindness. Some of the alarming facts about glaacara: ~ Symptom, patients are not aware of the diseasel unti
(1) Glaucoma is the |eading cause of b|indne33:|'(@)'e is advanced stage which is associated with total bésd. The

no cure for glaucoma, with medication it is possitn halt damage caused is irreversible, but treatment cawept
further loss of vision and (3) Everyone is at fiskm babies Progression of the disease if detected in the estdge.

to senior citizens [1]. Thus, early detection of glaucoma is crucial.

According to World Health Organization, glaucomathe
second leading cause of blindness; it is respomsibt
approximately 5.2 million cases of blindness (15%4the
total burden of world blindness) [3] and will affe60
million people by 2010 [4].

The ailment is physiologically described as theethegation
of optic nerve cells, and is characterized by ckang the
optic nerve head and visual field. Although Glauetons
damgge .is irrew_arsible, early detecti_on e_md sullgl_ﬁqu (a) Normal optic nerve (b) early glaucoma (c)
medical intervention by ophthalmologists is effeetiin Advanced glaucoma

slow.ing thg progression of the diseasg. Figure diwstthe Figure 2. Stages of progressive cupping in neuro-ieal
medical diagram of an eye representing the nomemela optic disc and cup area for glaucoma patient. ().

used. Normal Stage, without any nerve damage, (b). Early
Stage, nerve damage starts with no Vision loss, noal or
high intra- ocular pressure And (c). Advanced Stage
visual loss occurred.

Clinically, the diagnosis of Glaucoma can be ddmeugh
. . measurement of CDR [2], defined as the ratio ofuttrtical
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specialized and expensive equipment such as thielberg

Retinal Tomography (HRT) system. Thus, there reman RETIMNAL FUNDUS IMAGE
lack of cost effective, sensitive and precise mettwoscreen
for glaucoma. Previously, many methods have begorred i 7

for optic disc detection [6, 7], but significantlfewer

. . ROI EXTRACTION
methods have been presented for optic cup deteatioich

is much more challenging due to the reduced vigihilf the ~<\ 7

optic cup within the optic disc and the high densif

vascular architecture traversing the optic cup lbamyp One I%ﬁ%émﬁcﬁﬁﬂ'ﬁ%g
of the earliest reported methods was based on theé

discriminatory analysis of color intensity [8]. kat in [9], :l*-..a-':

pixels within the retinal image were classified dxdson THRESHOLDING AND

pixel features generated from stereo color retinsges. BIMNARIZATION
Variational level set based on pixel intensity wesed to ~

globally optimize the obtained cup contour in [10].this

. . o X . REMOVAL OF WOISE BY LABELING
study, we aim to find an optimized solution for ioptup METHOD

detection. We presented and evaluated several segtioa

and boundary detection methods. A fused approasédban i /Lr
multimodalities including level set segmentatiomnweex OFTIC DISC AMND CUP
hull and ellipse fitting boundary is proposed. Cexnhull TEERALTTON

[11] is the smallest region enclosing a specifiedug of '—'\7

points. The ellipse fitting algorithm is developta better R D O BN
estimate the neuro-retinal optic cup boundary. The| SMOOTHIMNG BY ELLIPSE FITTING
promising result will yield a large scale clinidall in near

future. i;

CDRE CALCULATION
Il. METHODLOGY

ROI Determination '_I\ /I_'

In order to extract the optic disc and cup, a negibinterest
around the optic disc must first be delineatedthasoptic
disc generally occupies less than 5% of the pixelsa

typical retinal fundus image. While the disc andpcu Figure 3. Shows the simplified work flow of compute

extraction can be performed on the entire imageglioing  aided glaucoma diagnosis through CDR measurement.
the ROI would help to reduce the computational essivell

as improve segmentation accuracy. To localize thnBary

exactly the component labeling method is used. He t ,J
images, regions are labelled by using the neightumd
connecting pixels. All the connected pixels witle tbame
input value are assigned the same identificatidnellaThe
component labelling method was shown in figure e T
optic disc region is usually of a brighter pallar kigher
color intensity than the surrounding retinal ardais
characteristic is exploited through automaticalgfesting
0.5% of the pixels in the image with the highegensity.
Next, the retinal image is subdivided into 64 regioand an
approximate ROI centre is selected based on th®rreg
containing the highest number of pre-selected pixel
Following this, the ROI is defined as a rectangleuad the
ROI centre with dimensions of twice the typical iopdisc
diameter, and is used as the initial boundary lier optic
disc segmentation, as shown in Figure 5.

GLATCOMA DIAGINOSLES

Fig. 4. (a) Before labelling (b) After labelling.

Figure 5. Retinal fundus image with the defined ROIn
the outlined rectangle
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Optic Disc Segmentation

To calculate the vertical cup to disc ratio, théiopup anc
disc first have to be segmented from the retinages. The
optic disc extraction is straighforward and variou
approaches have been previously proposed for sdgtitar
of the disc. In this paper, the disc boundary izded using
optimal color channel as determined by the colstdgram
analysis and edge analysis.

Optic Disc Smoothing

The disc boundary detected from the above step may
represent the actual shape of the disc since thedaoy car
be affected by a large number of blood vesselsriegt¢he
disc. Therefore, ellipse fitting is performed tcshape the
obtained disc boundary.

Optic Cup Segmentation

Compared to the extraction of the optic disc,
segmentation provides an even greater challengbeasu}-
disc boundary is usually less pronounced than dtighe
disk region and is further compounded the increi
visibility of blood vessels across the edigc boundary. To
extract the cup from the optic disc, more robusage
processing techniques are normally used to segiherup

Optic Disc Smoothing

After the cup boundary detection, ellipse fitting agair
employed to eliminate some of the cup boundary’s suc
changes in curvature. Ellipse fitting becomes eigfigc
useful when portions of the blood vessels in there-

retinal rim outside the cup are included witl the detected
boundary. The CDR is conseqtieily obtained based c
the height of detected cup and disc.

Ellipse Optimization for optic disc and ci

Ellipse fitting algorithm can be used to smooth digc anc
cup boundary. Ellipse fitting is usually based east squar
fitting algorithm whichassumes that the b-fit curve of a
given type is the curve that has the minimal sumhaf
deviations squared from a given data points (lsgsiare
error).Direct Least Square Fitting Algorithm is choserfitc
the optic and cup over other popular pse fitting
algorithms like Bookstein Algorithm and Taubin Atiam.
Instead of fitting general conics or being compotally
expensive, this algorithm minimizes the algebra&tashce
subject to a constraint, and incorporates the tiliip
constraintinto the normalization factor. It is ellig-specific,
thus the effect of noise (ocular blood vessel, hehage,
drusens, etc.) around the cup area can be mininvidele
forming the ellipse. It can also be easily solveturally by
a generalized Eigen system.Fitting algorithm, a quadrat
constraint is set on the parameters to avoid trigiad
unwanted solutions. The goal is to search a veicamete
which contains the six coefficients of the standaran of a
conic. An ellipse is a speciaase of a general conic whi
can be described by an implicit second order patyial

F(x,y)=aX+bxy+cy+dx+ey+f=1 (1)
with an ellipse-specific constraint
b?—4ac<0 2)
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Where a, b, c, d, e, f are coefficients of thepshi and (X, )
are co-ordinates of points lying on it. The polynomial F
y) is called the algebraic distance of the pointyxto the
given conic. By introducing vectc

a=[a, b, c d, e f

X= [XZ! Xy! y21 X! yv 1] (3)
it can be rewritten to the vectorrm
Fax) =x.a=0 4)

The fitting of a general conic to a set of point;,y), i —
1...N may be approached by minimizing the sum of szpl
algebraic distances of the points to the conic whis

represented by the coefficieant[
ol A

= min .G
= (5)

The prdlem (5) can be solved by the standard least sg
approach, but the result of such fitting is a gaheonic anc
it need not to be an ellipse. To ensure an e-specificity
of the solution, the appropriate

min ¥ F(x;y:)?
=

ke '
H::mwsx(X] = {Zai Nl ER 3 = G,Zai =1 k=12 }
=1 =1

constraint (2) have to be considereinder a proper scaling,
the inequality constraint in (2) can be changed iah
equality constraint.
4ac-B=1 (6)

and the ellipsespecific fitting problem can be reformulat
as

min |DJ.f subjecttoa’ Ca=1 (7)

where the design matrix D dlie size Nx6, represents the
least squares minimization of (5) and the constmaistrix C

of the size 6x6, express the constraint of (6).
minimization problem (7) is ready to be solved b
quadratically constrained least squares miniminatkirst
by applying the Lagrange multipliers we get thddiwing
conditions for optimal solutioa.

Sa=XCa
a'Ca=1 (8)
where S is the scatter matrix of the size
S=D" D (9)
in which the operator S denotes the
Spays = ¥ xfyF

i=1 [ (10)

Next, Eg. (8) is solved by using generalized Eigen mec
There exist up to six real solutions, but by coesity the
minimization ||Daf| subjected to the constraint (6) wol
yield only one solution, which corresponds by \értof
constraint, to an ellipse.
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Convex hull based Ellipse Optimization performance of a CDR based glaucoma diagnosismyiste
A convex hull of a set of points is the smalleshvex largely dependent on how accurate a CDR is measiired
polygon that contains every one of the pointssltéfined error ranges of our new fusion algorithm and Chhi€DR

by a subset of all the points in the original set. are compared in the experiment. It is found that é¢nror
range of fitting algorithm is smaller and is obsshthat the
PY spread of CDR errors with respect to clinical valig less
* spaced out for the new algorithm (Table 1).

The risk of glaucoma is assessed based on CDR ;value
* ¢ o . clinically a CDR greater than 0.65 indicates higdugoma.
. g From the plot (Figure 8), it is observed that, mew
P . : algorithm increases the chances of correct diagnder

segmentation of the disc. In this paper, the d@mebdary is
2 detected using optimal color channel as determimedhe
Set X Set X with convex hull color histogram analysis and edge analysis.

Figure 6. Example of a Convex Hull TABLE 1: Comparison of clinical CDR value with our

The convex hull oK can also be described constructively as, result - . —
the set of convex combinations of finite subsetpaoints - Roi And Ellipse Fittin,
from X: that is, the set of points of the form, wheresran Image: Clinical Cdl h
arbitrary natural number, the numbeysate non-negative o1 05 MgtAonc
and sum td, and the point's; are inX. It is simple to check — '
that this set satisfies either of the two defimiabove. So G2 0.6¢ O'Gf
the convex hulHemedX) Of setX is: G3 0.4 0.4
G4 0.6C 0.64
. x G5 0.4C 0.42
HissinnlX) = {Z'ai G ER 3= [}»Zai =Lk=12..] G6 0.4¢ 0.4
=1 =1 G7 0.7¢ 0.7¢C
If X is a subset of an N-dimensional vector space, @onv G8 0.3C 0.3z

combinations of at mosN+1 points are sufficient in the
definition above. This is equivalent to saying titae
convex hull ofX is the union of all simplexes with at most
N+1 vertex.
Fig. 6 shows how convex hull was applied in ourteysin
selecting feature points around the neuro-retiraregion.
The pixel set obtained from level set method fgu cegion
were usually segmented with the influence of the
interweavement of surrounding ocular blood vessels, w2 b =
hemorrhages, drusens and other noises. If all tposss 5
were fed to ellipse fitting algorithm, they couldeld an 1 s
unreal cup boundary. Using feature points selefrtad the Gl G2 G2 G4 GE Gf G7 48
. . . . MAAGES
pixel set using convex hull to fit the ellipse ctye system

could generate more realistic neuro-retinal cup. Figure 8: Comparison of clinical CDR and CDR from
Ellipse fitting.
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[1l. CONCLUSION

‘ This paper presented and evaluated for a more aecur

Disc height  estimation of neuro-retinal optic cup based on
multimodalities including labeling method, convexilrand
ellipse fitting methods. To determine the perforoenf our
approach, few retinal images were processed andGRR
was calculated. Comparing with the clinical valubg, new
approach achieves a better CDR value, which regalts

Figure 7. Ellipse fitted Optic Disc and Cup more accurate Glaucoma Diagnosis. The good perfuwena
of the new approach leads to a large scale cligealuation
Image Analysis and will be able to report large clinical findings the

To evaluate the performance of proposed approdwsh, tfuture.

neuro- retinal images are obtained from Vasan eysphhl.
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