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Chapter 1Introduction to biomedical image processing  

1. Introduction 

1.1 Biomedical Image Processing 

1.2 Biomedical imaging 

1.3 Importance of biomedical imaging 

1.4 Diabetic Retinopathy 

1.5 Glaucoma 

1.6 Different Types of Glaucoma 

1.7 Conclusion 
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Chapter 2 Introduction to Diabetic Retinopathy 

2.1 Introduction to Diabetes 

2.1.1 Types of Diabetes  

  2.1.1.1 Type 1 Diabetes  

   2.1.1.2 Type 2 Diabetes     

     2.1.1.3 Pre-diabetes 

                         2.1.1.4 Gestational diabetes  

    2.1.1.5 Neonatal diabetes 

                          2.1.1.6 Alström Syndrome  

                          2.1.1.7 Wolfram Syndrome  

2.2 Anatomy of Human Eye 

2.3 Image Formation 

2.4 Introduction to Diabetic Retinopathy 

                 2.4.1 Background Diabetic Retinopathy  

                 2.4.2 Pre-proliferative or Non- Proliferative Diabetic Retinopathy (NPDR) 

 2.4.2.1 Mild non-proliferative retinopathy 



 2.4.2.2 Moderate non-proliferative retinopathy 

         2.4.2.3 Severe non-proliferative retinopathy 

 

                        2.4.3 Proliferative retinopathy 

2.5 Diabetic Retinopathy Lesions 

                         2.5.1 Background Diabetic Retinopathy  

    2.5.1.1 Microaneurysms 

2.5.1.2 Hemorrhage 

      2.5.1.3 Hard Exudates 

                           2.5.2 Pre-proliferative Diabetic Retinopathy or Non-Proliferative Diabetic 

Retinopathy (NPDR) 

                                                2.5.2.1 Vascular changes  

                 2.5.2.2 Dark blot haemorrhage 

          2.5.2.3 Multiple cotton-wool spots   

                  2.5.2.4 Intraretinal microvascular abnormalities 

                           2.5.3 Proliferative Diabetic Retinopathy 

          2.5.3.1 Neovascularization 

          2.5.3.2 Vitreous detachment 

                                          2.5.3.3 Haemorrhage  

   

2.6 Manual detection methods for Diabetic Retinopathy Lesions 

2.7 Drawbacks of manual techniques 

2.8 Need of the research 

2.9 Significance of this work 

2.10 Information of database 

                            2.10.1 Saswade Fundus Image Database 

                                2.9.1.1 Fundus camera  

                           2.10.2 STARE 

      2.10.3 DRIVE 

                           2.10.4 DIARETDB0 



                           2.10.5 DIARETDB1 

                           2.10.6 HRF 

2.11 Conclusion 
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Chapter 3: Experiments for detection of diabetic retinopathy 

3.1 Experiment 1: Localization of optic disc using speed-up robust feature: 

 3.1.1 Work flow for localization of optic disc 

 3.1.2 Methodology for Localization of optic disc using speed up robust feature 

  3.1.2.1 Green Channel Extraction  

  3.1.2.2 Histogram Equalization 

  3.1.2.3 Speed up robust feature 

 3.1.3 Result for Localization of Optic Disc Using Speed-up Robust Feature 

 3.1.4 Conclusion 

 3.1.5 Graphical User Interface for Localization of Optic Disc Using Speed up Robust 

Feature 

3.2 Experiment 2: Localization of optic disc and macula using multilevel 2-d wavelet 

decomposition based on haar wavelet transform 

3.2.1 Work Flow for Localization optic Disc and Macula  

3.2.2 Methodology for localization of optic disc and macula using Multi-level 2D wavelet 

Decomposition 

3.2.2.1 Multilevel 2D wavelet Decomposition 

3.2.2.2 Speed up robust feature  

3.2.3 Result of localization of optic disc and macula using Multi-level 2D wavelet 

Decomposition 

3.2.4Conclusion  

3.2.5 Graphical User Interface for Localization of optic disc and macula using multi-level 

2-D wavelet decomposition 



3.3 Experiment 3: Retinal blood vessels extraction using top-hat filter on high resolution fundus 

image database 

3.3.1 Work flow for retinal blood vessels extraction using top-hat filter 

3.3.2 Methodology for retinal blood vessels extraction using top-hat filter 

3.3.2.1 Contrast Limited Adaptive Histogram Equalization (CLAHE) 

3.3.2.2 Morphological Open Operation 

3.3.2.3 TOP-HAT Transform 

3.3.2.4 Skeletonization 

3.3.2.5 Fractal Dimension 

3.3.3 Results for retinal blood vessels extraction using Top-hat filter: 

3.4 Experiment 4: Retinal blood vessels extraction using 2-d matched filter on high resolution 

fundus image database 

3.4.1 Work flow of retinal vessel extraction using Matched Filter 

3.4.2 Methodology for retinal vessel extraction using Matched Filter 

3.4.2.1 Matched Filter 

3.4.3 Result for retinal vessel extraction using Matched Filter 

3.4.4 Output of blood vessel extraction using matched filter and top-hat filter on HRF 

database  

3.4.5 Output of blood vessel skeletonization using matched filter and top-hat filter on 

HRF database    

3.5 Experiment5. Detection of microaneurysms 

3.5.1 Workflow for detection of microaneurysms 

3.5.1.1 Mask Separation 



3.5.1.2 Image Enhancement 

3.5.1.3Histogram equalization 

3.5.1.4 Removal of Optic Disc from Fundus Images 

3.5.1.5 Detection of Microaneurysms 

3.5.2 Result for detection of Microaneurysms 

3.6 Experiment6: Detection of hemorrhages 

3.6.1 Methodology for detection of hemorrhages 

3.6.1.1 Detection of hemorrhages 

3.6.2 Results for detection of Hemorrhages 

3.7 experiment 7: Detection of exudates 

3.7.1 Workflow for detection of exudates 

3.7.1.1 Detection of Exudates 

3.7.2 Results for detection of Exudates 

3.8 Experiment 8: Extractions of retinal blood vessels 

3.8.1 Work flow for extraction of retinal blood vessels 

3.8.1.1 Extraction of Retinal Blood Vessels 

3.8.2 Result for extraction of retinal blood vessels 

3.9 Grading NPDR Lesions using Artificial Neural Network 

3.9.1 K-Means Clustering 

3.9.2 Receiver Operating Characteristic Curve 

3.10 Output for all lesions 

3.10.1 Output for Microaneurysms 

3.10.2 Output for of Hemorrhages 

3.10.3 Output for Exudates 



3.10.4 Output for retinal blood vessel extraction: 

3.11 References 
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Chapter 4: Introduction to Glaucoma 

4.1. Introduction   

 4.1.1 Optic disc 

 4.1.2 The Cup 

 4.1.3 Retinal Nerve Fiber Layer 

             4.1.4 Optic Nerve Head 

             4.1.5 Glaucoma 

4.1.5.1Different Types of Glaucoma 

4.1.5.1.2 Open-Angle Glaucoma  

4.1.5.1.3 Angle-Closure Glaucoma 

4.1.5.1.3 Normal-Tension Glaucoma (NTG) 

4.1.5.1.4 Congenital Glaucoma 

4.1.5.1.5 Pigmentary Glaucoma 

4.1.5.1.6 Neovascular Glaucoma 

              4.1.6 Detecting Glaucoma  

4.1.6.1 Ophthalmoscopy  

4.1.6.2 Perimetry  

  4.1.6.3 Gonioscopy 

4.1.6.4 Tonometry 

  4.1.6.5 Pachymetry  

4.1.7 Glaucoma Symptoms 

4.2 Need of this Research: 

4.3 Significance of the work: 

4.4  About Database 

4.4.1 DRIONS-DB  

4.4.2 RIM-I Database 

4.5 Conclusion 



4.6 References 

Chapter 5 Experimental Part for detection of Glaucoma 

5.1 Introduction 

5.2 Experiment1. Detection of glaucoma using cup to disc ratio 

5.2.1 Workflow for detection of glaucoma using cup to disc ratio 

5.2.2 Methodology 

5.2.2.1 Intensity transformation &Threshold Image 

5.2.2.2 Boundary setting 

5.2.2.3 Crop Image 

       5.2.3 Results from DRIONS-DB Data Base: (Glaucomatous): 

        5.2.3.1 Area of optic cup & Area of optic disc. 

5.2.3.2 CDR (cup to disc ratio) & Normalization 

       5.2.4 Results from RIM-I Data Base 

5.2.4.1 Area of optic cup & Area of optic disc. 

5.2.4.2 CDR (cup to disc ratio) & Normalization 

5.3 classification 

5.3.1 Knn (K- nearest neighborhood) 

5.3.2 K-means (Classification). 

5.3.2.1 K-means (Fitting). 

5.3.2.2 K-means (Clustering) 

5.4 conclusion 

 

5.5 Experiment 2: Extraction of retinal nerve fiber layer for detection of glaucoma: 

              5.5.1 Proposed Algorithm 

5.5.2  Extraction of RNFL 

5.5.3 Methodology: 



5.5.3.1 Optic Disk Remove 

5.5.3.2 2D Median Filter 

5.5.3.3 Grey Threshold 

5.5.3.4  HAAR Wavelet: 

   5.5.3.5Retinal Nerve Fiber Layer Extraction: 

5.5.3.5.1 Extraction of Arteries: 

5.5.3.5.2 Extraction of Veins: 

5.5.3.5.3Extraction of Capillaries: 

5.5.4Table of Extraction of RNFL from Healthy patient database HRF 

5.5.5 Table of Extraction of RNFL from Glaucomatous patient database DRISHTI-GS 

5.5.6 Table of Extraction of RNFL’S from Combination of HRF and DRISHTI-GS 

database 

5.5.7Results of Extraction of RNFL’S 

5.5.7.1 Extraction of Arteries Result 

5.5.7.2 Extraction of Veins Result: 

5.5.7.3 Extraction of Capillaries Result: 

           5.5.8Output Results of Extraction of RNFL’S: 

5.6 Classification 

5.6.1 K-nearest neighbor’s algorithm 

5.6.2 Support Vector Machine Classification: 

5.7 Conclusion  

5.8 References 

 

 



Chapter 6 Coding  

6.1 Introduction MATLAB 

6.2 Image Preprocessing 

6.3 Extraction of Fundus Image Mask 

 

6.4 Localization of Optic Disc 

 

6.5 Extraction of Macula 

6.6 Extraction of Blood VesselsUsing 2D Median Filter 

6.7 Blood Vessels Extraction using Tophat Filter 

6.8 Blood Vessels Extraction using Match Filter 

6.9 Blood Vessels Extractions Using Symlet Wavelet 

6.10 Extraction of Microaneurysms from Fundus Image 

6.11 Extraction of Hemorrhages from Fundus Image 

6.12 Extraction of Exudates from Fundus Image 

6.13 Extraction of Cotton Wool Spots from Fundus Image 

6.14 Glaucoma Detection 

6.15 Artery, Vein and Capillaries 

 

 

 

 

 

 

 

 



 


