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Retinal neovascularization enhancement algorithm based on anisotropic Gaussian filters
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Abstract: Objective Retinal neovascularization is an important feature to distinguish non- proliferative diabetic retinopathy
and proliferative diabetic retinopathy. The enhancement of neovascularization structure in retinal images can help doctors to
diagnose diabetic retinopathy more accurately. The enhancement effects of retinal neovascularization respectively enhanced by
Gaussian-line filters and anisotropic Gaussian filters are analyzed in this paper. Methods Gaussian-line filters would partially
truncate when they were detecting the inflection points. So the anisotropic Gaussian filter with oval shape consisting Gaussian
functions with different standard deviations in x and y directions was applied to improve the shortcoming of Gaussian-line
filters. Several images containing neovascularization were selected to be respectively enhanced by Gaussian- line filters and
anisotropic Gaussian filters. The enhancement results of Gaussian-line filters and anisotropic Gaussian filters were analyzed
and compared. Results Compared with Gaussian-line filter, anisotropic Gaussian filter had a better enhancement effect on the
neovascularization. Conclusion Both Gaussian-line filters and anisotropic Gaussian filters have obvious enhancement effects
on normal blood vessels. However, compared with the Gaussian-line filter, anisotropic Gaussian filter has a better enhancement
effect on the neovascularization.
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Fig.1 Typical retinal neovascularization lesions
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Fig.2 Gaussian-line filters with several directions
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Fig.3 Gaussian ellipse coordinate system
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a: Two—dimensional anisotropic
Gaussian function

b: First order derivative
of Gaussian function

AT S0 000 JEE P 440 v i A 45 4 v o 1 A RE B — B 5
“Bringx.

Gulu) = 2€ ==L ”1) (4)

2

y4expc-; w

’G v’
TGt L6

G, (w,v)=
0'1)

El4ia.b C/\DJ}%FT%F?# P v e A
W o IR (XA G)RFEH) —Fr . B 45
MQ%@%OM@¢TU§H*4W§WEﬁ%%
ST e # R L UG ARG N i A 3 2% T A Tl S
) v T 8 I A T DAVC BCRE I B 4548 o i3 5 2 R
B T i BE AT DL A FLVG AN W) 1) A9 045 45
1 o 3k SR A% AN ) i e 1 1) R R fEL, BV RT3 5
TR, W RESE o, 7 LA I A
(A RUBE , (o L DG AN [RDRELAH %) 1 5

2
0'11 —)A exp(

c: Second order derivative
of Gaussian function
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Fig.4 Envelopes of anisotropic Gaussian functions
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Fig.5 Removing uneven illumination of retinal images

a: Original image; b: Green channel; c: Uneven illumination; d: Image after removing the uneven illumination

a: Results of Gaussian-line filters, =1  b: Results of Gaussian-line filters, o =.2  c: Results of Gaussian-line filters, o =2

.

d: Results of zero order anisotropic e: Results of zero order anisotropic f: Results of zero order anisotropic
Gaussian filters, o =1 Gaussian filters, o= 2 aussian filters, o =2

g: Results of first order anisotropic h: Results of first order anisotropic i: Results of first order anisotropic
Gaussian filters, o =1 Gaussian filters, o =2 Gaussian filters, o =2

j: Results of second order anisotropic k: Results of second order anisotropic 1: Results of second order anisotropic
Gaussian filters, o =1 Gaussian filters, o =2 Gaussian filters, o =2
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Fig.6 Results of Gaussian-line filters and anisotropic Gaussian filters
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