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Abstract

Fundus image plays an important role in diagnosis of eye diseases
but digital images are often contaminated by impulse noise. We
present a method for automatic retinal segmentation from highly
noisy fundus images using combined Fuzzy and Gabor Filter. The
approach uses Fuzzy filter to remove noise from the fundus image.
Then Multiscale Gabor filter bank is used to obtain the segmented
image. The proposed technique is tested using publicly available
DRIVE database and obtains an average value of sensitivity,
accuracy and Matthews correlation coefficient of 77.83%, 94.66%
and 68.37 respectively. The results obtained are compared with
existing technique that makes use of only Gabor filter bank.
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I. Introduction

Fundus image assessment plays an important role in diagnoses of
eye diseases such as diabetic retinopathy, Glaucoma, age-related
macular degeneration. From fundus image retinal vessels need
to be segmented to compute measures like vessel area and
length, vessel width, abnormal branching, and also to provide
a localization of vascular structures [1]. But when the number
of vessels in an image is large, or when a large number of images
are acquired, manual delineation of the vessels becomes tedious
or even impossible [2]. Hence automatic segmentation of retinal
vessels is needed.

Numerous methods have been proposed for vessel segmentation.
The paper [3] states the use of 2-D matched filter for vessel
segmentation. This method is improved in [4] using matched filter
with first order derivative of Gaussian filter. In [5] multi-wavelet
kernels and multi-scale hierarchical decomposition are used. In [6]
2-D Gabor wavelet is used for segment vessel network. The use
of bit plane and centerline detection to localize retinal vessel from
fundus image is introduced in [ 7]. The use of Adaboost to segment
fundus image is presented in [8]. Methods like line operators [9],
Contourlet transform [10], Divergence of field vector [11], local
adaptive histogram equalization [12] and multiscale line detection
[13] are also used to segment the fundus image.

But the issue of noise is ignored in majority of existing literature.
To solve this problem, combined Fuzzy and Gabor filter based
segmentation is used to segment the highly noisy and corrupted
images. Drive database is used to evaluate segmentation results.
In this paper, firstly proposed algorithm is explained followed
by results and discussions section. Last section summarizes the
conclusion.

Il. Proposed Method

In this method combined Fuzzy and Gabor filter is used. Firstly
Fundus image is obtained from the Drive database and salt and
pepper noise is added to image as we are designing this method
for highly noisy and corrupted image. Then Fuzzy filter and Gabor
filter bank is used to obtain the segmented image. Fig.1 shows
the flowchart of proposed method.
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Fig. 1: Flowchart of Proposed Method

A. Fuzzy Filter

Digital images perform an important role in diagnosis of many
diseases but images are often contaminated by impulse noises.
These noises can deteriorate the quality of the image. Camera
sensors, scanners and transmission of image through noisy channels
are main reasons of addition of noise in image. Salt and pepper
noise is a special case of impulse noise, where certain percentage
ofindividual pixels in digital images is randomly digitized into two
extreme intensities [ 14]. The reduction of salt and pepper noise is
quite necessary as presence of this noise can damage information
contained in the image. This information is quite necessary in
image processing tasks like segmentation.

Fuzzy based median filter is employed to reduce salt and pepper
noise from image. Firstly decision based technique [15] is used
in which corrupted pixel are substituted by either median pixel or
neighborhood pixel. Initially the corrupted pixel and non corrupted
pixels are detected from the image based upon the value of the
processed pixel. The minimum value is 0 and maximum value is
255. If the value of pixel is greater than 0 and less than 255, then it
is noise free pixel. In this case same value of the pixel is retained.
If the value of pixel lies out of this range then it is a corrupted
pixel. In that case pixel value is replaced by the median value of
the selected window. But probability of having median value as
corrupted one is also there. In that case pixel value is replaced
by the value of previously processed neighborhood pixel. But
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even after this, small amount of noise is still there in the image.

To remove this noise fuzzy switching is used. Modification of

the pixel value is done by the fuzzy switching.

In fuzzy switching noise pixels are fuzzified by membership

functions. Correctness factor is used to modify the pixel values.

Let F [P(x, y)] is membership function of P(x, y) that specifies

the extent to which pixel is corrupted by noise. Then fuzzy rule

is applied as

* IfP(x,y) is large, then F [P(x, y)] is also large.

 If P(x,y)issmall, then F [P(x,y)]is also small.

So when the value of F [P(x, y)] =0, pixel is non- corrupted and

same pixel value is retained.

« If F [P(x, y)] =1, then pixel is noisy and filtering is
performed.

*  When O<F[P(x, y)]>1, in this pixel is somewhat noisy. Then
following equation is used to modify pixel value.

P(x, ¥) = Q(x, y) + F [P (x, )I*M (x,y) -Qx, y) (1)

Where Q(x, y) is current pixel and M(X, y) is a median of pixels

in window

B. Gabor Filter

Gabor filter was designed by Dennis Gabor. Gabor filter is used for
texture segmentation from image as the frequency and orientation
of Gabor filters are analogous to human visual system. The impulse
response of Gabor filter is specified by the multiplication of
sinusoidal wave and Gaussian function.

Mathematically Gabor filter is defined as [16]

x2

. —(———)
g(X) = gr(X) +1 gi(X) :\/%0_ e ‘202el2mfx )

1

Where o

2
(x .
e / 620_2) represents Gaussian envelope and f

represents the centre frequency. '™ is complex sinusoidal that
have real part g (x) and imaginary part g(x).

Then daugman designed Gabor filter for 2-D and mathematically
it is defined as

1 X

g(x,y)=e _(5)(<”_X)+<Zy)) cos(2mfx + @) 3)

Where 6, and o, represents spread of guassian envelope and ¢ is
phase sin wave. In implementation only real part of Gabor filter
is used.

Different steps performed in segmentation using Gabor filter bank
are parameter optimization followed by identifying key points
and texton generation.

1. Parameter Optimization

Gabor function makes use of the different parameters to manage
the performance of the filter. These different parameters are center
frequency (f), phase of sin wave (¢) and spread of guassian function
(0). Symmetry of the filter kernel depends upon the parameter ¢.
Orientation parameter 0 is used that specifies the orientation of
filter kernel. Then equation (3) becomes

B())

x'=xcos O+ ysin 6
y'=-xsinf +ycos6

“4)

go(x,y) = e cos(2mfx’ + )

Where
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Now we consider that the spread of envelope in both the direction
are similar so we put o, =6 . One more parameter y is used that
specifies the ellipticity of the Gabor kernel. This parameter 7y is
known as the spatial aspect ratio. The frequency f can also be
written as 1/A , where A is wave length parameter.

2 2
Bro.p. 07" e /@M o5 2n(x! /A) + @) (5)

Where x'=xcos 0+ ysin 0

y'=-xsinf +ycos6
Kernel is circular when the spatial aspect ratio is equal to 1 and
o represents the standard deviation of gaussian envelope [17]. As
the vessels are dark as compared to the background, we are using
value of @ = . Also the parameters ¢ and A are correlated and
the only one parameter can be taken as independent. So we are
considering A as a free parameter.
So the Gabor filter bank that is used in this method is parameterized
by A. So, different values of A are used to extract the vessels from
the fundus image. Even performance of single scale is good but
tiny vessels are neglected in that method. So we are using a multi
scale method where range of scale varies from 4-15.

2. Identifying Keypoints

Potential keypoints are the points of interest in an image. These
points are identified from the image using Gabor filter bank.
Keypoints are available in the image in main vessels as well as
around small capillaries also. So multi scale approach is used to
evaluate filter response at every pixel. These different values of
scale are used to extract vessels of different widths i.e. thin, wider
and tiny vessels. Then filter response for every pixel is compared
to its 26 neighbors and then local maxima are found. This helps us
to get keypoints at different scales. Then the potential keypoints
are extracted by eliminating those points that have low contrast.
In implementation we extract best keypoints from the training
images. Here all keypoints are signified by a descriptor that is
created as dimensional vector. Then these points are matched with
the keypoints of the running image. After this, these keypoints
are employed to start the clustering process in process of texton
generation.

3. Texton Generation

Texton are the small lines, blobs and terminators that signify the
small geometric textural structure present in image. These textons
are the filter responses at every pixel. Then k means clustering
is applied to the filter responses from the training images.
Initialization of clustering is done by using the filter response
from the potential points and it runs until convergence is achieved.
Then to detect textons the cluster having largest size is considered
as background and the clusters that are left are considered as
vessels. Then for every test image we apply this Gabor filter bank
and 1- NN classifier is used to determine whether pixel belongs
to vessel or non vessel class.

Ill. Results and Discussions

Testing and evaluation of proposed method is performed on DRIVE
database [ 18]. The DRIVE database contains 40 color images(768
x584 pixels) divided into 20 training and 20 test images [19].
Capturing of images is performed using Canon CRS fundus camera
at 45°FOV and images are in tiff format. Mask of each image is
also provided to eliminate the rim border surrounding the field
of interest. The ground truth images are also provided to evaluate
segmentation results.
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The existing algorithm [16] and proposed algorithm are
implemented using MATLAB and results are obtained for noisy
and corrupted fundus images. Fig. 2 shows the results obtained
using proposed methods.

(2)

Fig. 2: Results of Proposed Method. (a) Fundus Image (b) Noisy
Image (c) Ground Truth Image (d) Image After Fuzzy Filter (e)
Final Segmented Image

Then performance evaluation is done using three parameters and
values of these parameters obtained using existing and proposed
technique are compared. The first one is sensitivity that is
calculated as:

TP
SEN = (7

" TP + FN

TP is number of true positive and FN is the number of false
negative. Table 1 shows the values of sensitivity for existing and
proposed technique.
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Table 1: Sensitivity Analysis

Image Existing Proposed
1 0.6711 0.8219
2 0.6876 0.8320
3 0.6524 0.7938
4 0.6249 0.7615
5 0.6434 0.7845
6 0.6101 0.7308
7 0.6420 0.7846
8 0.6223 0.7721
9 0.6020 0.7203
10 0.6444 0.7836
11 0.6540 0.7816
12 0.6406 0.7805
13 0.6079 0.7501
14 0.6724 0.8232
15 0.6203 0.7550
16 0.6582 0.8018
17 0.6460 0.7914
18 0.6609 0.7969
19 0.6331 0.7684
20 0.6065 0.7326
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Fig. 3: Sensitivity Analysis

It is seen from fig. 3 that sensitivity is increased in proposed
method as compared to existing method.
Accuracy is defined as

TP + TN

ACC = P FINFFP T FN

®)
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FP is number of false positive and TN is number of true negative.
Table 2 shows the value of accuracy for both techniques.

Table 2: Accuracy Analysis

Image Existing Proposed
1 0.9360 0.9515
2 0.9384 0.9556
3 0.9342 0.9454
4 0.9311 0.9425
5 0.9366 0.9500
6 0.9271 0.9422
7 0.9373 0.9484
8 0.9344 0.9443
9 0.9282 0.9396
10 0.9371 0.9519
11 0.9344 0.9495
12 0.9353 0.9469
13 0.9239 0.9362
14 0.9429 0.9525
15 0.9353 0.9434
16 0.9382 0.9525
17 0.9373 0.9469
18 0.9330 0.9500
19 0.9281 0.9441
20 0.9258 0.9406
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Fig. 4: Accuracy Analysis

Fig. 4 shows that the value of accuracy is improved in proposed
method as compared to the existing technique.

Matthews Correlation Coefficient is defined as

MCC
(TP)( TN) — (FP)(FN) )

B J(TP + FP)(TP + FN)(TN + FP )(TN + FN)

Table 3 shows the value of MCC for existing and proposed
technique.
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Table 3: MCC Analysis

Image Existing Proposed

1 0.6433 0.7479

2 0.6279 (0.7445

3 0.6023 0.6947

4 0.5760 0.6699

5 0.5886 0.6940

6 0.5692 0.6705

7 0.5627 0.6635

8 0.5267 0.6267

9 0.5367 0.6282

10 0.5633 0.6791

11 0.5888 0.6955

12 0.5791 0.6779

13 0.5759 0.6702

14 0.6078 0.7022

15 0.5542 0.6406

16 0.6110 0.7184

17 0.5712 0.6660

18 0.6076 0.7198

19 0.5963 0.7017

20 0.5612 0.6638
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Fig. 5: MCC Analysis

Fig. 5 shows that value of MCC is improved in proposed
method.

Results ofthe proposed method show an average value of sensitivity,
accuracy and Matthews correlation coefficient as 0.7783, 0.9466
and 0.6837 respectively for highly noisy and corrupted images.
The average value of sensitivity, accuracy and MCC for existing
technique are 0.6400, 0.9337and 0.5824 respectively.

IV. Conclusion

Digital images are often contaminated by impulse noise so in this
paper an efficient method of retinal vessel segmentation from highly
corrupted and noisy fundus image is presented. The approach uses
the combined fuzzy and Gabor filter. We have improved average
value of sensitivity to 22% and also enhanced other parameters like
accuracy and Matthews Correlation Coefficient etc. as compared
to existing technique. High value of sensitivity using proposed
method indicates that method is quite efficient in detecting correct
vessels.

INTERNATIONAL JOURNAL OF ELECTRONICS & COMMUNICATION TECHNOLOGY 81



1JECT Vo. 7, Issue 2, ApriL - June 2016

References

[1] Condurache AP, Mertins A,“Segmentation of retinal vessels
with a hysteresis binary-classification paradigm”, Elsevier,
Computerized Medical Imaging and Graphics 2012; 36(4),
pp. 325-335.

[2] Staal J, Abramoff MD, Niemeijer M, Viergever MA, Van
Ginneken B,“Ridge based vessel segmentation in color
images of the retina”, IEEE Transactions on Medical Imaging
2004;23(4), pp. 501-509.

[3] Chaudhuri S, Chatterjee S, Katz N, Nelson M, Goldbaum
M,“Detection of blood vessels in retinal images using two-
dimensional matched filters”, IEEE Transaction on Medical
Imaging 1989; 8(3), pp. 263-269.

[4] Zhang B, Zhang L, Zhang L, Karray F,“Retinal Vessel
Extraction by Matched Filter with First-Order Derivative
of Gaussian”, Elsevier, Computers in Biology and Medicine
2010; 40(4), pp. 438-445.

[5] Wang YF, Ji GR, Lin P.,“Retinal vessel segmentation
using multiwavelet kernels and multiscale hierarchical
decomposition”, Pattern recognition 2013; 46(8), pp. 2117—
2133.

[6] Soares JV, Leandro JJ, Cesar Junior RM, Jelinek HF, Cree
MJ,“Retinal vessel segmentation using the 2D Gabor wavelet
and supervised classification”, IEEE Transactions on Medical
Imaging 2006, pp. 25(9), pp. 1214-1222.

[71 FrazMM, Remagnino P, Hoppe A, Velastin S, Uyyanonvara B,
SA Barman, “A supervised method for retinal blood vessel
segmentation using line strength, Multiscale Gabor and
morphological features”, In:2011 IEEE International
Conference on Signal and Image Processing Applications
(ICSIPA). Kuala Lumpur, Malaysia: IEEE; 2011. Nov. 16—
18,2011, pp. 410-415.

[8] Lupascu CA, Tegolo D, Trucco E, FABC,“Retinal vessel
segmentation using AdaBoost”, IEEE Transaction on
Information Technology in Biomedicine 2010, 14(5), pp.
1267-1274.

[9] Ricci E, Perfetti R, “Retinal blood vessel segmentation
using line operators and support vector classification”,
IEEE Transaction on Medical Imaging 2007; 26(10), 1357—
1365.

[10] Rezatofighi SH, Roodaki A, Noubari HA,“An enhanced
segmentation of blood vessels in retinal images using
contourlet”, In:30th annual international conference of the
IEEE, engineering in medicine and biology society (EMBC).
Vancouver, Canada: IEEE; 2008. Aug 20-24, 2008, pp.
3530-3533.

[11] LamBSY, Yan H,“ANovel Vessel Segmentation Algorithm for
Pathological Retina Images Based on the Divergence of Vector
Fields”, IEEE Transactions on Medical Imaging 2008; 27(2),
pp. 237-246.

[12] Fazli S, Samadhi S, Nadirkhanlou P,“A Novel Retinal
Vessel Segmentation, based On Local Adaptive Histogram
Equalization”, In: 2013 8th Iranian Conference on Machine
Vision and Image Processing (MVIP): IEEE 2013, pp. 131-
135.

[13] Nguyen UT, Bhuiyan A, Park LA, Ramamohanarao K, “An
Effective Retinal Blood Vessel Segmentation Method using
Multi-scale Line Detection”, Elsevier, Pattern Recognition
2013; 46, pp. 703-715.

[14] Thirilogasundari V, Babu VS, Agatha Janet S, Fuzzy Based
Salt and Pepper Noise Removal Using Adaptive Switching
Median Filter”, In: International Conference on Modeling

82 INTERNATIONAL JOURNAL OF ELECTRONICS & COMMUNICATION TECHNOLOGY

ISSN : 2230-7109 (Online) | ISSN : 2230-9543 (Print)

Optimization and computing, Elsevier, Procedia Engineering
2012; 38, pp. 2858-2865.

[15] KS Shrinivasan, D. Ebenezer,“A New Fast and Efficient
Decision based Algorithm for Removal of High Density
Impulse Noises” , IEEE Signal Processing Letters, March
2007;14(3).

[16] Zhang L, Fisher M, Wang W,“Retinal vessel segmentation
using multi-scale textons derived from keypoints”, Elsevier,
Computerized Medical Imaging and Graphics 2015, 45, pp.
47-56.

[17] Zhang L, Fisher M, Wang WJ,“Retinal vessel segmentation
using Gabor filter and textons”, In:18th Conference on
Medical image understanding and analysis 2014, pp. 155—
160.

[18] [Online] Available: http://www.isi.uu.nl/Research/Databases/
DRIVE

[19] Kande GB, Subbaiah PV, Savithri TS, “Unsupervised fuzzy
based vessel segmentation in pathological digital fundus
images”, Springer, J Med Sys 2010; 34(5), pp. 849-858

www.iject.org



