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Abstract

Glaucoma is a common eye problem in aging. It is caused by increasing pressure in eye. The
pressure increases due to improper exchange of fluid in anterior chamber of the eye that causes
death of ganglion cells if it remains untreated than it will lead to patient’s vision loss. Mostly,
patient of glaucoma do not know that they have glaucoma unless it reaches its advance stage. So
it is necessary to design Computer Aided System that detects glaucoma in its early stage. Fundus
image analysis is an important tool for Glaucoma detection. We have designed a computer aided
system that detects glaucoma from colour fundus images. Our proposed System includes four
stages i.e vessel segmentation, optic disc detection, extraction of cup and disc and lastly measure
of cup to disc ratio. First of all bright spots are extracted and then vessels are tracked to check
which spot have maximum intensity so that region is mark as optic disc. After detecting optic
disc, region of interest have been cropped and then by using thresholding and morphological
operations, optic disc and cup have been extracted. Finally, ratio between cup and disc is
measured. If this ratio is greater than 0.5 than image have glaucoma otherwise it is normal
image. We have used four publicaly available databases that are MESSIDOR, DMED, DRIONS
and AFIO dataset. We have tested the disc detection on Messidor database and achieved the
accuracy of 99% whereas tested the glaucoma on 50 images taken from above mentioned
databases and achieved accuracy of 94%.



Table of Contents

INErOAUCTION .ottt ettt sttt e s s Error! Bookmark not defined.
1.1, MOTIVATION ettt s e e Error! Bookmark not defined.
1.2. Scope and OBJECLIVES ....ccovviieeiciieee ettt e e e Error! Bookmark not defined.
1.3, Challenges FAaCed......cuiiiieiuiiieiee et e e e e Error! Bookmark not defined.

1.3.1 Detection of OPtiC DIiSC ..ccccuveeeeiiiieeeiiiee ettt Error! Bookmark not defined.
1.3, e e e es Error! Bookmark not defined.
1.3.3. Mature Classifier.....ccocuiereeiiiieie et Error! Bookmark not defined.
14, Structure of TheSis ..cocuiiiieiiieieieesteetecee et Error! Bookmark not defined.

BACKGROUND .....cocttitieieetieieeteeriee sttt st st sttt ettt sre e e sneesneenne Error! Bookmark not defined.
2 e et s e s snreesareas Error! Bookmark not defined.
2 e e e s et e e e s e nr e e e s re e e s anrene s Error! Bookmark not defined.

2.2, 01 e st e s e e e s e e s e e e s nnee Error! Bookmark not defined.
2 TSP UT ST RPTPRTI Error! Bookmark not defined.
2 N RSP RT PSR VPTPRIUSTOPPTOPPOPN Error! Bookmark not defined.
2.3.2. Stages of GlauCOmMa.....cueeeieiiieeccieee e e Error! Bookmark not defined.
2.3 3 e s s s re e e anaeesaree s Error! Bookmark not defined.
2.3.4. Treatment of GlauCoOMa .....c.coeviieiiiiiiee e, Error! Bookmark not defined.

LITERATURE REVIEW .....eiiiiiiieeiree ettt Error! Bookmark not defined.

3.1. Neuro-Retinal Optic Cup Detection in Glaucoma Diagnosis............... Error! Bookmark not defined.

3.2. Optic Disc Region of Interest Localization in Fundus Image for Glaucoma Detection in ARGALI
................................................................................................................... Error! Bookmark not defined.

3.3 Intelligent Fusion of Cup-to-Disc Ratio Determination Methods for Glaucoma Detection in ARGALI

................................................................................................................... Error! Bookmark not defined.
T oTo 1Y =To ISV E) =Y o KRR Error! Bookmark not defined.
4.1, SYSTEM OVEIVIEW...uiiiiiiieiiceiiiieee e e e ecctitrree e e e e s svaree e e e s e e s sastaneeeeeesenannns Error! Bookmark not defined.
O o T o T o Yol T3] o - USRS Error! Bookmark not defined.
4.3. Blood Vessel enhancement and segmentation .......c.ccccevevveviviieeenne Error! Bookmark not defined.
4.4, Optic DisC deteCtion ....ciiieiieie e Error! Bookmark not defined.
4.5. Extraction of Optic Disc and Optic CUP ..cccvveeveiieeiiiiieeecieee e Error! Bookmark not defined.
4.6. Glaucoma deteCtioN .....cc.cereerieriirierie e Error! Bookmark not defined.
4.7. Use Cases Of GIalUCOMA ....cc.eirieriiriieiieieeieeieeiee et Error! Bookmark not defined.



RESUILS ..ottt Error! Bookmark not defined.

5.0, DATASETS ..ottt st Error! Bookmark not defined.
5.1.1. MESSIDOR Database ......cc.cccervureriieniierieeesieenreesee e Error! Bookmark not defined.
5.1.3. HEIMED ..oeiiiieieeee ettt Error! Bookmark not defined.
5.1 AFIO e s e e Error! Bookmark not defined.

5.2, RESULTS ..ttt sttt e s e e s e e e e Error! Bookmark not defined.

CONCIUSION <.ttt sttt sttt saenas Error! Bookmark not defined.

5.1 FULUIE WOIK ...ttt st Error! Bookmark not defined.



List of Figures

Figure 1: Medical IMages [1]. ..ot e e e Error! Bookmark not defined.
Figure 2: normal optic nerve and optic nerve in glaucoma [2]........cccueeeen...e. Error! Bookmark not defined.
Figure 3 structure of an €Ye [4]....cuuieiiiiieeeciee et Error! Bookmark not defined.
Figure 4: structure of retina [6] .....c.cccovveeiiveeniiieciee e e Error! Bookmark not defined.
Figure 5: vision of eye having glaucoma [8] .......cccceveeiiiniinininiinicnes Error! Bookmark not defined.
Figure 6: Glaucoma Surgery [9] ......c.cecevirerieninineneseeese e Error! Bookmark not defined.
Figure 7: Proposed system flow chart ........cccccoeoiiiiiiiiin i Error! Bookmark not defined.
Figure 8: Flow chart of Preprocessing........ccceeeeccieeeeciieeeeiieee e eeveee e Error! Bookmark not defined.
Figure 9: Flow chart of blood vessel enhancement and segmentation. ..... Error! Bookmark not defined.
Figure 10: blood vessel enhancement and segmentation. ..........c.ccecceueee. Error! Bookmark not defined.
Figure 11: Flow chart of OD localization and detection..........cccccceeeevveeenneen. Error! Bookmark not defined.
Figure 12: Retinal images showing detected optic discs ......cceevvveeircverennnnen. Error! Bookmark not defined.
Figure 13: Flow chart of optic disc detection.........ccccccveeevcieiiecciee e, Error! Bookmark not defined.
Figure 14: Flow chart of optic cup detection..........cccceveeeciieeecciee e, Error! Bookmark not defined.
Figure 15: Binary images showing extracted optic disc and cup ................... Error! Bookmark not defined.
Figure 16: flow chart of glaucoma detection.........cccccveeviieiiccciee e, Error! Bookmark not defined.
Figure 17: Use Case of Image ACqUISItioN ........ccceeeieiiieeecciee e, Error! Bookmark not defined.
Figure 18: Use Case Of Pre-ProCessing....cccccccveevuveeeeiieeeeniieeeesiesessveeeesens Error! Bookmark not defined.
Figure 19: Use Case of Vessel Segmentation.........ccccccveeeecieeeeccieeccciee e, Error! Bookmark not defined.
Figure 20: Use Case for Bright region detection........cccccceccveeeeecieececcieee e, Error! Bookmark not defined.
Figure 21: Use Case for Optic Disc detection........ccccccueeeeviieeeeccieeescieee e, Error! Bookmark not defined.
Figure 22: Use Case for Optic Cup detection .........cccccuveeevcieeeeecieecccieee e, Error! Bookmark not defined.
Figure 23: Use Case for Glaucoma Detection .........ccccceeeeecieeeecciee e, Error! Bookmark not defined.
Figure 24 Messidor dataset ......cccueeeiciiericiiiee e Error! Bookmark not defined.
Figure 25 DRIONS dataset......ccccccuveeeiiiiieeeiiiieeeciiee e e evee e e e e e Error! Bookmark not defined.
Figure 26 HEIMED dataset .......ccccuveeiiiiieiiiiiiee e e e e Error! Bookmark not defined.
Figure 27 AFIO datasetl.....ccccuiiiiciiieiiiiee ettt e Error! Bookmark not defined.

Figure 28 original image, vessel segmentation, optic disc detection, ROI, binary optic disc and cup . Error!
Bookmark not defined.



List of Tables

Table 1: Performance comparison of several techniques .............. Error! Bookmark not defined.
Table 2: Image ACQUISITION.........ccoiiiiiiririeeeee s Error! Bookmark not defined.
Table 3: Pre-ProCesSing .....cccvevveveieeresieieese e se e Error! Bookmark not defined.
Table 4: Vessel Segmentation............cccccevvevenieeineiesiee e Error! Bookmark not defined.
Table 5: bright region detection...........ccccceoveveieiecce i Error! Bookmark not defined.
Table 6: OD deteCtion.........cccoveierieieie e Error! Bookmark not defined.
Table 7: Optic CUP deteCtioN ........ccooveverieiieriee e Error! Bookmark not defined.
Table 8: Glaucoma detection ..........coveveerinienie e Error! Bookmark not defined.
Table 9: COMPARATIVE ANALYSIS OF BLOOD VESSEL SEGMENTATION........... Error!

Bookmark not defined.

Table 10: COMPARATIVE ANALYSIS OF OPTIC DISC DETECTION Error! Bookmark not
defined.

Table 11: COMPARATIVE ANALYSIS OF Glaucoma Detection.............c.coeevevnnnne. Error!
Bookmark not defined.



