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Abstract:

Glaucoma is a chronic disease and if not detected at anstage it may cause permanent
blindness. Funduscopic examination of the Retina enables ophthalmotogestamine the Optic Disc.
Our Proposed method consists of two stages detection and screEmingdetection stage comprises the
detection of Optic Disc and Optic Cup. The Screening staggises the screening of fundus images for
glaucoma based on the measured value of CDR (Cup-Disc R&IR)is the ratio of cup area to disc area
and it is one of the noticeable structural change that occglau€oma progresses. CDR value is used to
classify normal eyes and glaucomatous eyes. Cup size iesfi@aglaucomatous eyes, resulting in increase
of CDR. Our proposed method achieves a success rate of abit 95

Keywords—Fundus images, Optic disk, Cup to Disc Ratio (CDR), Glazoma.

are gradable or ungradable is crucial for medical
I INTRODUCTION Imagery Applications.

Glaucoma is an eye disease that kills theThe Optic Disc (OD) is a circular bright
retina cells and causes vision loss. It is symptomleggnponent of the fundus image most seriously the
in the early stages and since the loss cannot@® may be completely changed by retinopathy [2].
restored its early detection and treatment is essentiakthe red channel, the Optic Disc appears most
to prevent damage to the vision. It is the secop@ntrasted against the background and has least
main cause of blindness. As the symptoms onl¥ssel distractions. Therefore the red channel of the
occur when the disease is quite advanced, glaucasfiginal RGB image is extracted. The glaucoma
is called the silent thief of sight. Glaucoma cannggreening is usually based on the value of the CDR.
be cured, but its progression can be slowed dowhe value of the CDR for a normal eyes lies in the
by treatment. The images captured from fundusiue range between 0.1-0.65. If the CDR value
camera suffer from different problems likencreases above 0.65, then it indicates
improper positioning, improper illumination, out-oGlaucomatous eyes. For patients with Glaucoma the
focus, field mis-labeling etc. These problemSDR value may lie between 0.65-0.9.Based on
degrade the quality of a fundus image making theRese values the Input Images are screened either as
unsuitable for diagnosis. This requires repembrmal/Glaucoma Image. The database used for
acquisition of images which increases the burdendgr proposed method for screening of Glaucoma is
patients as well as clinics. Poor Image quality CMESSIDOR.The values of Normalized Absolute
lead to misclassification ofeatures in retinal Error NAE>0.15 and Structural Similarity Index
images[1]. Thus Quality grading whether imagegeasurement SSIM<=0.5 were classified as
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ungradable and NAE>=0.15and SSIM>0.5 we
classified as gradable Images.

. PROPOSEDMETHOD

Input Image Acquisition from Database (MESSIDOR)

'

Image Quality Assessment by Normalized Absolut
Error (NAE) and SSIM (Structured Similarity Index)

3%

A 4

Detection of Optic Cup Fig 3 : Image Quality Gradir-Gradable Imac

v The Input Images are classified as either
Measurement of Area of Optic Cup Gradable or Un-Gradable Image. The above figure
shows a gradable Image classified by the proposed
v method depending on value of NAE and SSIM.
Estimation of CDR (Cup-Disc Ratio) NAE value <0.15 and SSIM value>0.5 are
CDR=Area of Optic Cup/Area of Optic Disc classified as gradable Images.

The above Image shows a NAE Value=

0.1021 and SSIM Value=0.8984

A 4

Glaucoma screening based on CDR

Fig1: Flow diagram of the Propose¢
Methodology

The Proposed method consists of two stages
detection and screening. The detection stage
comprises the detection of Optic Disc and Optic
Cup. The Screening stage comprises the screening .
of fundus images for glaucoma based on the Fig 4 : Image Quality Grading- Un-gradable Image
measured value of CDR (Cup-Disc Ratio).

The Input Images are classified as either
Gradable or Un-Gradable Image. The above figure
shows an Un-gradable Image classified by the
proposed method depending on value of NAE and
SSIM. NAE value >0.15 and SSIM value< 0.5 are
classified as Un-gradable Images.

The above Image shows a NAE
value=0.3286 and SSIM Value=0.4090

Fig 2: Input Image from the MESSIDO

The Input Retinal fundus Image is obtained from
MESSIDOR Database. The proposed method is
written and executed in MATLAB R2014.

Fig 5:Extracted Red channel from the Input Fundus
Image

http://www.engjournal.org




The extended minima transform can

identify the optic disc region with minimum
The optic disc is a brightest component dhtensity value in the Image. The extended-minima
the fundus image. In the red channel the Optic Disansform is a thresholding technique that brings
(OD) appears most contrasted against theost of the valleys to zero. The extended minima
background and has least vessel distractiotrensform suppresses all the minima in the intensity
Therefore the red channel of the original RGBhage whose depth is less than or equal to a
image is extracted predefined threshold. The threshold value used for
the detection of optic disc by proposed method is

set equal to 3.

Fig 6: Closing Operation to eliminate Blood
vessels from the Optic Disc Reg

Fig10 : Opening Operation performed to remove

Blood vessels in the Fundus Image are the regions othehan Optic Dis
removed by applying closing operation using
octagon shape structuring element of size 3 to Opening operation is defined as erosion
create fairly uniform region. This operatioriollowed by a dilation using the same structuring
contributes towards the better segmentation of @ment for both operations. Opening removes
where the vicinity of the blood vessels is more small objects from the foreground of an image,
the OD region. placing them in the background. For the detection
of Optic Disc a disc shaped structuring element of
size 10 is used. Opening operation detects the Optic
disc region in the Image.

Fig7 : Image Negative Fig 8: Image Enhancement by

Transformation-OD region Histogram Equalizationto
appears black with respect to t| Nighlight the Optic Disc Region

other hackaroiind Pixe

Figll: Detection of the Centroid Fig12: Detected Optic Disc
of the Optic Disc Region in highlighted in redcircle in the
Binary Image forme Input Fundus Imac

After the Detection of Optic disc for the process of
estimation of CDR it is necessary to determine the
L v area of the Optic disc. So the value of the Centroid,
Fig 9: Extended Minima Transform for radii and diameter of the disc are computed and
segmentation of Optic Disc Region Area of the Optic disc is determined.
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Fig13: Detected Optic Cup represen
in Binary Image
The value of the Optic Disc size (\=ati
Optic Disc Diameter) of non-glaucomatous eye
typically lies in the range of 1.77-1.88 mm and the
Vertical optic cup diameter of non-glaucomatous

The glaucoma screening is usually based on
the value of the CDR. The value of the CDR for a
normal eyes lies in the value range between 0.1-
0.65. If the CDR value increases above 0.65, then it
indicates Glaucomatous eyes. For patients with
Glaucoma the CDR value may lie between 0.65-
0.9.Based on these values the Input Images are
screened either as Normal/Glaucoma Image.

TABLE |

MEASUREDVALUES OFQUALITY MEASURES AND
GLAUCOMA SCREENING

discs lies in the range of 0.09-1.88 mm. Therefor
the diameter of the optic cup is about one-third @

the size of the optic disc. The Optic cup is localize
with a diameter of one-thirds of that of the optig

disc. For the extraction of optic cup similar
spherical shaped structuring element of size 5
used. Similarly the Centroid, diameter, Radii ar¢

computed and the value of the area is compute
separately for the Optic cup.

Fig 14 : Localization of Optic Cup on the Input
Retinal Fundus Image

The CDR (Cup-Disc Ratio) is defined as the
ratio between the areas of the Optic Cup to the Arg

S
220 | NAE | sSiM | CDR ;Bradab“t Screening
e No-
01 0.1021 0.9045 0.1968§ Gradable
f Glaucoma
i . . . Un- .
02 Nil Nil Nil Nil
gradable
No-
S 03 0.1056 0.8984 0.4945 Gradable
L Glaucoma
0| No-
05 0.1021 0.9019 0.4844 Gradable
Glaucoma
. . . Un- .
07 Nil Nil Nil Nil
Gradable
. . . Un- .
08 Nil Nil Nil Nil
Gradable
18 0.1181 0.8910 0.6853 Gradable Glaucoma
No-
63 0.0907 0.9039 0.5299 Gradable
Glaucoma
No-
68 0.0930| 0.8141 0.4844 Gradable
\a Glaucoma
L 70 0.1302 0.8982 0.6519 Gradable Glaucoma

of the Optic Disc. The Optic disc appears to be

normal in size for patients without Glaucoma. The

size of the Optic disc usually enlarges or diminishes - g 'd /
for patients with Glaucoma thus causing change@Rd SSIM the input images are classified as either

value of CDR.

Fig 15 : Glaucoma screening based on the
measured value of CDR

From the table , depending on value of NAE

Gradable or Un-Gradable Images. NAE value <0.15
and SSIM value>0.5 are classified as gradable
Images. Blood vessels in the Fundus Image are
removed by applying closing operation using

octagon shape structuring element of size 3 to
create fairly uniform region. This operation

contributes towards the better segmentation of OD
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where the vicinity of the blood vessels is more method show that it offers a reliable and robust
the OD region. solution for Optic Disc and Optic Cup segmentation.
The proposed method of OD detection is
The glaucoma screening is usually based simple and efficient, thus reducing the
the value of the CDR. The value of the CDR for@mputational time. The method successfully
normal eyes lies in the value range between Odetects OD boundary and Optic Cup boundary
0.65. If the CDR value increases above 0.65, thenl@&pending on the Vertical Diameter of the Optic
indicates Glaucomatous eyes. For patients wibisc and Optic cup. It can detect the positions of
Glaucoma the CDR value may lie between 0.68ptic disc and optic cup in fundus images that are
0.9.Based on these values the Input Images mregular, varying sizes and is independent of
screened either as Normal/Glaucoma Image. locations of OD. The proposed method vyielded
encouraging results for both normal and DR fundus
images. Out of 70 images tested on the MESSIDOR
Database, the proposed method achieved successful
OD detection in about 67 images. The proposed
method achieves a success rate of about 95.7%.
The success rate of OD Detection can be

A novel approach for Optic Disc and Optl?urther improved by considering the effects of
Cup segmentation by means of morphologm

. : ) : elinated nerve fibers, blurred OD and blood
operations is designed by this proposed methOd'vlell{ssels. The proposed method produces accurate

addition to this, an OD location methodology for . o . )

obtaining the OD position needed by th%egmentatlon of Optic disc a_md Optl_c cup to obta_un
segmentation algorithm as initial information is alst relllable value of CDR that is used in the screening
proposed. The results obtained by the proposoeclG atcoma.
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