Segmentation of blood vessels in retinal
fundus images
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Retinal image Segmentation

~ Automatic segmentation
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Simple bar-selective filter: B-

co(x,y) = |f x DoG,|T .
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Rotation invariance:

COSFIRE
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Each point described by:

o: Std. deviation of DoG,
p: Radius of circle that the point lies on

¢: Angle



Filter application

 Use a Gaussian for tolerance, stde’ Beji:ap
 Response for one point:
S - —dlax - le - (p-—Na—m g = Ny g G (e

* Multiply the shifted responses -> COSFIRE




Pre-processing

Original image Mask Green channel
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Putting it all
together

.. B-COSFIRE




Tuning parameters B-COSFIRE

* 0. DoG,
* 0: The largest circle

o' =0y + ap;
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Symmetric: 0 = 4.8, p =20,0,=3,a=0.3
Assymetric:oc=4.4,p=36,0,=1,a=0.1



Segmentation performance

Classifier: Vessel Classifier: Non-Vessel
GT': Vessel TP FN
GT: Non-Vessel FP TN
MCC = TPXTN—-FPXFN = [_1 1]
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AUC MCC Accuracy Se (TPR) Sp (1-FPR)
IOSTAR 0.9519 0.6979 0.9419 0.7705 0.9613




Sensitivity of
parameters
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Machine learning approaches

\ / Working phase \
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Deep neural network B-COSFIRE

AUC: .9720 > AUC: .9614



Thank you.
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