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• Retinal image analysis is an important tool for 

diagnosis and treatment of many eye diseases.  

– age-related macular degeneration,  

– diabetic retinopathy,  

– glaucoma are the leading disabling  diseases and the 

causes of preventable blindness in the world.  

• 2D and 3D fundus imaging provides a basis for 

quantitative methods to identify clinically relevant 

structures such as blood vessels, optical nerve 

head, and retinal lesions.  

• Automated methods for retinal image analysis are 

important for mass screening of the population. 

• Retinal atlases are important for the research 

community for quantitative evaluation and 

comparison of retinal image analysis methods. 
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• Processing of retinal images is a standard clinical 

practice 

• Changes in the nerve fiber layer is associated with 

glaucoma 

• Earliest sign of macular degeneration are the 

appearance of yellowish spots (drusens) on the 

retina 

• The vascular system is observable in a non-invasive 

way 

– hypertonia can be detected (tortured vessels) 

• Diabetes can be detected/monitored via finding 

corresponding lesions 

Main Topics 
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• image quality quantification, 

• segmentation of anatomical structures on the 

retina (vessels, fovea, optic disc), 

• segmentation of pathological structures on the 

retina (microaneurysms, exudates, haemorrhages, 

neovascularization, cottonwool spots, drusens, 

etc.), 

• quantitative assessment of algorithm performance, 

• evaluation of automatic screening systems, 

• other modalities (optical coherence tomography), 

• retinal image databases and atlases. 
 

8th International Symposium on Image and Signal Processing and Analysis  

(ISPA 2013), Special Session on Retinal Image Analysis 

September 4-6, 2013, Trieste, Italy 
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Diabethic Retinopathy 

One of the most important 

challenges in retinal image 

analysis is to create 

automatic screening systems. 
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Diabetes - Overview 

DM: insufficient level of insulin, high blood sugar level 

Epidemiology: 

• 17 million patients in 2000, 2,8% of the population (WHO) 

• USA, above 60 years 18,3% = 8,6 million (American Diabetes 

Association) 

• Growing prevelency, ~ 300 million for 2030 

• Fastest in Africa and Asia 

• 1/3 will suffer from diabetes among born after 2000 (CDC) 

DM affects: kidney, vessels, nerves,  

 eye  - diabetic retinopathy (DR) 

DR screening: developing an automatic screening system to 

recognize DR based on digital fundus (retinal) images 
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Diabetic retinopathy 

• Reason: deterioriation of the wall of the 

nervic membrane 

• Symptons: initially no symptoms, then fast 

vision loss, blindness 

 

 

 

 

 
 

• NIH National Eye Institute 
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DR screening programmes 

• After 10 years of diabetes 80% DR 

• Sysmptoms can be reversed/stabilized in 

90% 

• Large burden on medical doctors 

 

 

• In Hungary frequent controll 

• Digital screening programmes: 

• English National Screening Programme for 

Diabetic Retinopathy (UK) 

• Vanderbilt Ophthalmic Imaging Center (USA) 
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Simple screening decision 
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Healthy DR, macular oedema, hard 

exudates, haemorrhages, 

aneurysms 

Anatomical parts/lesions 
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Healthy retina 
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Microaneurysms (early sign) 
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Haemorrhages 
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Exudates 
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Steps of a screening approach 

• Prefiltering 

• Preprocessing 

• Detecting anatomical parts 

– Vascular system 

– Temporal arcade 

– Optic disc 

– Macula/fovea 

• Detecting lesions 

– Aneurysms/haemorrhages 

– Exudates 

• Decision, diagnostics 
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Prefiltering 

Main motivation is to immediately classify images without detailed 

processing as: 

• Healthy 

• Non-healthy 

 

 

Classifying images 

• Non-retinal images (outliers) 

• Bad quality – ungradable 
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Classifying images 

• Abnormal retina 
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Classifying images 

• To be processed further 
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Preprocessing 

Adaptive histogram equalization 
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Adaptive histogram equalization 

Detecting main anatomical 

features 
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Retinal fundus images and main 

anatomical features 
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Description of algorithms used 

for detecting optic disc and 

macula 
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Detecting the optic disc  

2014.05.01. 

12:16 

29 

Detecting the optic disc  

1. Simple majority voting 
 

B. Harangi, R. J. Qureshi, A. Csutak, T. Peto, A. Hajdu: Automatic Detection Of The Optic Disc Using Majority 

Voting In A Collection Of Optic Disc Detectors, 7th IEEE International Symposium on Biomedical Imaging (ISBI 

2010), Rotterdam, The Netherlands, 2010, pp. 1329-1332. 
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Detecting the macula 
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Vessel segmentation 
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Vessel segmentation 

• The main objective is to extract the 

vascular system to enhance the accuracy 

and specificity of microaneurysm detection 
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Detecting lesions 
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Detecting microaneurysms 

Microaneurysm Detection 

• In order to prevent the damage of the retina, it is very 

important to diagnose diabetic retinopathy and provide 

appropriate treatment to minimize further deterioration as 

early as possible. 

 

• Microaneurysms are the earliest sign of Diabetic 

 Retinopathy, a frequently observed complication in 

 both type 1 and type 2 diabetes. 

 

• Our goal is to develop algorithms are able to detect this 

lesions. 
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Microaneurysm Detection 

 

Example for a microaneurysm on a fundus image 
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Microaneurysm Detection 

• Processing of color retinal images is usually conducted in its 

green channel since microaneurysms have the highest contrast 

with its background here. 

A microaneurysm in a color 

retinal image in green channel 

A microaneurysm illustrated with 

the corresponding mesh plots 
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Microaneurysm Detection 

Mean of 3000 microaneurysm A gaussian kernel 

As can be seen, microaneurysms exhibit a Gaussian shape. 
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Clustering MAs 

• We classified the microaneurysm into 

5 classes 

• The centroids of the classes represents 

the microaneurysms belongs to it 

• The elements of the classes correlate 

well with the corresponding centroids 
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Microaneurysm classes 

Centroids of the classes 
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Results on MA detection 
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An Ensemble-based System 

For Detecting Microaneurysms 

Preprocessing 

Candidate extraction 

Classification 

The usual steps of MA detection  
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Preprocessing 

Candidate extraction 

Classification 

The usual steps of MA detection  
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Preprocessing 
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Preprocessing 

Candidate extraction 

Classification 

The usual steps of MA detection  
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Candidate Extraction 
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Preprocessing 

Candidate extraction 

Classification 

The usual steps of MA detection  
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Classification 
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• We have evaluated the state-of-the-art methods  

• There are too many false positives 

• And there are too few true positives 

• The classification step has little influence in the 

whole process 

 

 

Problems with usual MA detection 
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The ratio of the true and false MA detections can be 

improved by applying majority voting among several 

MA detectors. 

 

 

Hypothesis 
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(a) Lazar      (b) Walter 

(c) Spencer (d) Hough  

Diversity of MA candidate extractors 
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Majority Voting 
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After Majority Voting 
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The ratio of the true and false MA detections is 

improved by the proposed method. However, it still 

does not good enough for clinical use. 

 

How can we detect more true MAs? 

 

Results 
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Preprocessing Methods 
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The detectors detect different MAs when different 

pre-processing steps are applied. Thus, we can 

create more diversity among MA detectors if we use 

different preprocessing methods => the sensitivity 

of MA detection can be improved this way.   

Hypothesis 
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Results 
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Pairs included in the ensemble 
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Confidence levels assigned to MA detections 
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We have tested our approach to MA detection on 

several public and private databases. Our experimental 

results show that the proposed ensemble-based MA 

detector outperforms the current individual approaches 

in MA detection. Our main results is achieved in the 

Retinopathy Online Challenge, where the presented 

algorithm is currently ranked as first.  

 
B. Antal, A. Hajdu: An Ensemble-based System for Microaneurysm Detection and 

Diabetic Retinopathy Grading, IEEE Transactions on Biomedical Engineering, 

vol.59, no.6, pp.1720-1726, June 2012. 

Results 
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Retinopathy Online Challenge 
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Exudate detection 

What is an exudate? 

• Deposits of cholesterol or other fats 

(proteins) from the blood that have 

leaked into the retina. 

• There are tiny yellow patches on the 

retina. 
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Exudate detection 
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Exudate detection 

1.  Ensemble-based detection 

B. Nagy, B. Harangi, B. Antal, A. Hajdu: Ensemble-based exudate detection in color fundus images, 7th 

International Symposium on Image and Signal Processing and Analysis (ISPA 2011), Dubrovnik, Croatia, 2011, 

pp. 700-703. 
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Exudate detection 

1. Ensemble-based detection 
2014.05.01. 
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Grading Retinal Images 
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MA is the earliest sign of DR. Why don’t we use the 

MA detector to indicate the presence of DR? The 

results: 76% sensitivity, 88% specificity and 82% 

accuracy on a publicly available dataset. 

 

How can we improve it? 

Grading of Diabetic Retinopathy (DR) 
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Clinical Grades 
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Decision Process 
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The results show that compared to the DR grading 

performance of the MA-only early detection 

framework, the improvement using the final decision 

framework is significant: the most accurate result 

achieved by the MA detector achieved 76% 

sensitivity, 88% specificity and 82% accuracy, 

opposed to the 94% sensitivity, 90% specificity and 

90% accuracy of the latter approach. Thus, the more 

resource-demanding final decision approach is also 

more reliable in DR grading.  

Results of the final decision 
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  ALL FORWARD BACKWARD 

majority 99%/67%/81% 100%/0%/45% 98%/71%/83% 

weighted 

majority 98%/67%/80% 100%/0%/45% 100%/0/%45% 

avg 94%/79%/85% 91%/83%/86% 94%/77%/85% 

mul 94%/80%/86% 91%/86%/86% 93%/78%/85% 

max 60%/91%/77% 93%/80%/86% 64%/92%/71% 

min 100%/52%/73% 86%/84%/85% 100%/54%/74% 

Results of the final decision 

2014.05.01. 
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B. Antal, A. Hajdu: An ensemble-based system for automatic screening of 

diabetic retinopathy, Knowledge-Based Systems (Elsevier) 60 (April 2014), 

20-27, IF=4.104. 

Thank you for your attention! 


