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Abstract

Medical image analysis is very popular research area these days in which digital images are
analyzed for the diagnosis and screening of different medical problems. Diabetic retinopathy
(DR) is an eye disease caused by the increase of insulin in blood and may cause blindness.
An automated system for early detection of DR can save patient’s vision and can also
help the ophthalmologists in screening of DR. In this project, we develop algorithms for
detection of DR and its different lesions such as Microaneurysms (MAs), Haemorrhage (H),
Hard Exudates (HE) and Cotton wool spots (CWS). The project consists of three stages i.e.
preprocessing, feature extraction and finally the classification. In preprocessing, it segments
out the background, noise, blood vessels and optic disk (OD). We use Gabor filter bank
for extraction of candidate lesions and then we form feature set for each lesion consisting
of color, gray level, shape and statistical features. Finally, the classifier takes the feature
sets as input and classifies them as MAs, H, HE or CWS. The implemented algorithms are
tested on publicly available databases of retinal images and are evaluated using performance
parameters such as sensitivity, specificity and accuracy. We have compared our algorithms
with already proposed and published methods. This project will help the ophthalmologists

in saving their time and can be applied as an application of tele-medicine system.

1l



Table of Contents

Page

Acknowledgements . . . . . ... ii

Abstract . . . . . . iii

Table of Contents . . . . . . . . . .. .. iv

List of Tables . . . . . . . . . vi

List of Figures . . . . . . . . . vii
Chapter

1 Imtroduction . . . . . . . .. 1

1.1 Motivation . . . . . . . . 3

1.2 Structure of Thesis . . . . . . . . . . . 3

2 Diabetic Retinopathy . . . . . . . .. ... o )

2.1 Diabetes . . . . . .. 5)

2.1.1 Type 1 Diabetes . . . . . . . . ... 5

2.1.2 Type 2 Diabetes . . . . . . .. . 6

2.2 Retina Structure . . . . . . .. 7

2.3 Acquiring retinal images . . . . . .. ..o 8

24 Retinal Diseases . . . . . . . . . .. 9

2.5 Diabetic retinopathy . . . . .. ... 10

2.6 Types of Diabetic Retinopathy . . . . . . . . . .. .. ... ... ... ... 10

2.6.1 Non Proliferative Diabetic Retinopathy . . . . . . . ... ... ... 12

3 Literature Review . . . . . . . . Lo 15

3.1 Preprocessing . . . . . . .. 15

3.1.1 Blood vessel detection . . . . . . .. ... ... 0oL 16

3.1.2 Optic Disc (OD) . . . .. .. 17

3.2 Non Proliferative Diabetic Retinopathy (NPDR) . . . . . .. ... ... .. 19

v



3.2.1 Microaneurysms (MA) . . . .. ... L 19

3.2.2 Hemorrhages (H) . . . . ... ... ... ... ... ... ... 20

3.23 Hard exudates (HE) . . ... .. ... ... ... ... ... 23

3.2.4  Cotton Wool Spots(CWS) . . . ... .. ... ... ... ... 25

4 FExperimental Results . . . . . . . . ... oo 27

4.1 Material . . . . . Lo 27

4.1.1 DRIVE . . . 27

4.1.2 STARE . . . . 28

4.1.3 DIARETDB . . . . . . . . 29

4.2 Results . . . . . . e 30

4.2.1 Evaluation Parameters . . . . . . .. .. .. ... ... ... 30

4.2.2 Blood Vessel Segmentation . . . . . ... ... ... ... ... 31

4.2.3 Optic Disc Detection . . . . . . . .. .. ... ... 36

5 Conclusion and Future Work . . . . . . . . . .. ... .o 40

5.1 Conclusions . . . . . . . . . 40

5.2 Future Work . . . . . . ..o 41

References . . . . . . . . . 42
Appendix

A Publications . . . . . ... 53

A.1 Journal Papers . . . . . . . .. 53

A.2 Conference Paper . . . . . . . . .. 54



2.1

4.1
4.2
4.3
4.4
4.5

List of Tables

Duration of DM and presence of eye disease . . . . . ... ... ... ... 7
Segmentation Results I (DRIVE Database) . . . . . .. ... .. ... ... 35
Segmentation Results IT (STARE Database) . . . ... ... ... ..... 36
Optic disk localization results . . . . . . . ... .. .. ... .. 37
Optic disk detection results . . . . . . . . . . ... 37
Comparison Results for OD localization . . . . . . . ... ... ... .... 39

vi



1.1

2.1

2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11

4.1

4.2

4.3

List of Figures

Visions form a normal and affected retina . . . . . . . . . . ... ... ...

World map and table showing the International Diabetes Federation preva-
lence estimates of diabetes in 2003 and 2025 in 20-79 age groups [6]

Anatomy of eye [10] . . . . . . ..o
Structure of retina & its main components . . . . . .. .. ... L L.
Fundus camera [12] . . . . . . . . ...
Digital Output of fundus camera . . . . . . .. ... .. ... ... ...,
Abnormalities caused by DR [14] . . . . .. .. ..o oL
Types of diabetic retinopathy [15] . . . . . . . ... ... .o
Microaneurysm . . . . . . ... e e e
Haemorrhage . . . . . . . . . . . . ..
Hard exudates . . . . . . . . . . .

Cotton wool Spots . . . . . . . . . . .

Left: A typical image from the DRIVE-dataset without pathology. Right:
An example image from the DRIVE-dataset containing pathologies and un-
even illumination . . . . . . ... ..
Left: A typical image from the STARE-dataset without pathology. Right:
An example image from the STARE-dataset containing pathology and un-
even illumination . . . . . . . ...

Retinal Images of Different Qualities from diaretdb database . . . . . . ..

vii

© oo oo O

10
11
11
13
13
14
14

28



4.4

4.5

4.6

4.7
4.8

4.9

Proposed technique results and manual segmentations (set A and set B) for
three images from the STARE database: (a) Original retinal images; (b)
Set A manual segmentation results; (¢) Set B manual segmentation results;
(d) Multilayered thresholding outputs; (e) Segmentation results for proposed
technique . . . . ..
Proposed technique results and manual segmentations (set A and set B) for
three images from the DRIVE database: (a) Original retinal images; (b)
Set A manual segmentation results; (¢) Set B manual segmentation results;
(d) Multilayered thresholding outputs; (e) Segmentation results for proposed
technique . . . . . . L
Proposed technique results and Hoover et al. results for three images from
the STARE database. (a) Original retinal images from STARE database;
(b) Results for Hoover et al. segmentation method; (c) Segmentation results
for proposed technique . . . . . . . ... ... L
ROC curves for STARE and DRIVE databases for proposed method

Experimental results: (a) Retinal images from DRIVE database; (b) Optic
disc localization results; (¢) Retinal images from STARE database; (d) Optic
disc localization results; (e) Retinal images from Diarectdb0 and Diarectdbl
database; (f) Optic disc localization results. . . . . . ... ... ... ...
Experimental results for optic disc detection: Column (a) and (c) Retinal
images from different databases; Column (b) and (d) Optic disc detection

results. . . .o

viil

32

33

34
35

38



