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Abstract
• Unsupervised automatic method capable of segmenting the vessels from

retinal images is developed.

• The method is based on the image processing techniques like contrast
enhancement, adaptive histogram equalization, anisotropic diffusion filtering,
edge enhancement using curvelet transform, morphological processing and
connected component analysis.

• Fuzzy C-mean classification is used for the final classification of vessel
pixels.

• The performance of the method is evaluated on images from DRIVE
database and the results are superior to other existing state-of-art methods.

• The developed method performs well on both healthy and pathological
images.

Fig. 1. (a) Retinal imaging                                                                    (b) Retinal image features

Method
• Five major steps: retinal image contrast enhancement, retinal vessel edge

enhancement, optic disk removal, vessel segmentation and the post-
processing.

• Retinal images from DRIVE database is used for testing and evaluating the
performance.

Results

Method Sensitivity Specificity Accuracy

Zana et al. [1] 0.6971 - 0.9377

Mendonca et al. 
[2]

0.7344 0.9764 0.9452

Fraz et al. [3] 0.7152 0.9759 0.9430

Niemeijer et al. [4] - - 0.9416

Staal et al. [5] - - 0.9441

Proposed method 0.7386 0.9769 0.9518

Conclusion
• The proposed method achieves the highest sensitivity and accuracy.

• The retinal image contrast enhancement and the vessel edge enhancement using
the curvelet transform makes the proposed method perform well on images with
uneven contrast and illumination.

• Optic disk removal helps to reduce the misclassification error thereby improving
the accuracy of the method.

• Our next immediate task is to improve the proposed algorithm to detect the
delicate and thin vessels in the retinal images which can further increase the
overall segmentation accuracy of the algorithm.

Fig. 2.  Automatic segmentation of retinal vasculature

Objectives
• Develop an automatic unsupervised retinal vessel segmentation algorithm with

improved accuracy and reduced misclassification error.

• Compare the performance of the developed algorithm with other state-of-art
methods.

Fig. 3. (a) original retinal fundus image (‘02_test.tif’ from DRIVE database),
(b) contrast enhanced image, (c) green channel image of original image, (d)
weighted scale image, (e) vessel edge enhanced image, (f) OD removed
vessel enhanced image, (g) segmented vessels after applying FCM, (h) final
result of vessel segmentation (after morphological processing and CCA), (i)
manually segmented reference image (‘02_manual1.gif’) from DRIVE
database.

Table 1. Comparison of vessel extraction results on DRIVE database
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Input Retinal Image

• RGB
• Resized to 500 x 500

Contrast Enhancement

• CIELab conversion
•  ‘L’ Layer selected
• Adaptive histogram equalisation
• Anisotropic diffusion filtering
• Grayscale conversion

Edge Enhancement

• Curvelet transform is used to 
enhance vessel edges

Post Processing

• Morphological processing
• Connected component analysis

Vessel Segmentation

• Fuzzy C-Mean clustering 
algorithm

• Pixels are classified into 3 classes
• Vessel
• Exudate
• Background

OD Removal

• LPF using median filter
• Background subtraction
• Thresholding
• Image complementing

Segmented Vessel Image     
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