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An Improved Approach to Segment Retinal
Vessels Using a Combination of Filters

Neha Gupta* and Er. Aarti**

Abstract : Segmentation isamethod of dividing a givenimage into numerous sectors. I ts objectiveisto categorize
imageinto variousregionsin such away that every potential object intheimage getsindividual sector. Ingtinctive
recognition of diabetic retinopathy wounds, like exudates can provide an opportunity to mainly identify certain
diseases. Recently, several methods of fundus extraction techniques were proposed which can extract the
blood vessdls in fundus images in a more promising manner. Although Gabor filter bank has shown significant
results over the available techniques, but it is poor in its speed. Also it is not so efficient for multiple kind of
noises at the same time.
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1. INTRODUCTION

| mage Segmentationisaprocessinwhichwe divide theimageinto itsmultiple ssgmentsthus making theimege
more readable, easier to understand and easier to analyze [1]. This segmentation process can be applied on
different typesof imagesbut whenit isapplied ontheretinaimage, it isreferred to asretinal vessel segmentation.
The segmentation of blood vessals present inthe retina can be used by different opthalomologist to diagnosethe
disordersthat a person might be suffering from such asdiabetic retinopathy, age related macular degeneration,
hypertensonetc[2].

Diabetic Retinopathy issuch adiseasethat ismostly seenin the patients suffering from diabetes. Inthis, it
affectstheretinaof the patient severely. If thisdiseaseis not diagnosed inits early stagesthen the person might
suffer from complete blindness. Therefore it isvery necessary to detect the presence of any disease before it
becomestoo lateto cureit [3].

Asweknow that the blood vessels present in theretina play amajor roleinthe medical diagnosis of many
diseases. So it becomesvery necessary that this segmentation should be done properly and very accurately. Earlier
manua segmentation of these blood vessalswas done by different clinical experts. But thiswasfoundto beavery
lengthy and time consuming process[4]. And adso the problems arisen dueto theintraand inter observer variability.
So theneed arisesto performthis detection by making use of computer assisted toolswhich helpsin screening the
large populationin acomparatively lesstime and reducesthe workload of physical examination. And also this
automatic diagnosisprocedure savestimeto agreat extent and providesthe opthalomologist withaplatformwhere
they can manage, andyze and soretheretina images of the patientsfor future reference.

Various methods have been developed to segment the blood vesselsof theretinaimage. But mainly these
methodsare dassified into two categoriesi.e. Supervised methods and Unsupervised methods. Supervised methods
are such whichmake use of knowledgewhichisavailable before and also provide good resultsfor segmentation.
But their main problemliesin thefact that they depend on the ground truth that isacquired fromthe fundusimages
which are segmented physically and labeled by one or more experts. Thisinvolves using of neural networks,
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Bayesian classfier, K-nearest neighbour classfication for classfyingwhether the pixels of imagebelong to vessel
classor non-vessa class. On the other hand, unsupervised methodsare those which do not usethisprior knowledge.
This category involves the use of matched filter responses, morphology based techniques and local adaptive
thresholding based methods [ 5]

2.FILTERS

The processof filteringisabasic processwhich isapplied to dmost al theimagesinimage processing inorder
to attain anoise freeimage so that the quality of theimageisnot decreased. The selection of filter isdoneonthe
basis of the job executed by thefilter and the conduct and kind of data. Filters are accustomed to eliminate noise
fromthe binary imagesthus by conserving the essentia detailsof theimage. Thefilterscanbe mainly categorized
into two types.

2.1. Linear Filters

Linear Filtersarethe onewhich are used to diminate certain kind of noisesfrom animage. Thesetypesof
filters have atendency to blur the edgesand can also damagethe variousother characteristicsof animage. Itsmain
typesinclude meanfilters.

(@) MeanFiltersarethosefilterswhich are generdly based ontheideaof changing the value of eachpixel in
animagewith the average valueof itsneighboursincluding itsalf. Therefore suchfiltersaso called average
filters or box filters. The main benefit of using suchfiltersisthat they areeasy to implement but thesefilters
arenot ableto conserveall the essential details of theimagei.e. someinformation might belost during
processing [6].

(b) A Gabor filterisaform of linear filter which isgenerally used for detecting edges. Thisfilter isused for
feature extraction and textureanalysis. WhenaGabor filtering isapplied on any image, it givesthe highest
results at the endsand with pointswhere by the textureimprovementsare seen[7].

2.2. Non-Linear Filters

Thesearetheorder satigticsfilterswhichare used to overcomethe shortcomings of lineear filters. Thesefilters
are ableto preserve theimportant featuresand details of animagewhile removing noisefromtheimage. It mainly
includesmedianfilter.

(8) MedianFilter isatype of anonlinear filter inwhich we do not changethe value of pixel withthe average

vaue of neighbouring pixelsbut instead median valueis used.

(b) A Switching MedianFilter isatypeof nonlinear filter whichismainly used to reduce the unnecessary
changing of the pixelswhich are not affected by noise. Thisfilter normally worksinatwo stage process.
Inthefirst stage, it detectsthe noise present intheimage and inthe second stageit removesthat noise
fromtheimage[8].

3.PROPOSED METHODOOGY

Sep 1: Start theagorithm.

Step 2: Frstly take any retinaimage astheinput image.

Sep 3: Thenagpply Switching Median Filter to theinput retinaimage. Thisfilterisused to diminatenoisefrom
theimage without changing the pixelswhich are uncorrupted by noise.

Sep 4 : Then Gabor Filter isapplied to theimagefiltered inthe above step 3. ThisGabor Filter ismainly used
for textureand feature analysis.

Sep 5: Then the exudates segmented image appears which is regarded as the final output image after
applying dl filters.

Sep 6: Attheend, various parametersare evaluated to check the performance of the proposed technique.

Sep 7: Findly stop theagorithm.
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Fig. 1. Flowchart of Proposed M ethodology.

4. RESULTSAND DISCUSSIONS

In order to implement the proposed work, the design and implementation has been donein MATLAB using
the image processing toolbox. All theimplementation isdone using a set of images derived fromthe DRIVE
database[10]. Inthiswork aset of 10 imagesistaken to test the existing and the proposed method.

(a)

Fig. 2. (a) Input image with effect of noise (b) Noisy Image Segmentation.

Inthe above Figure 2(a), aninput image istakenwhich isaffected by salt and pepper noise. Thisnoisy image
istakento carry out the existing aswell asthe proposed adgorithms. It helpsusin achieving theresultswhich will
provethat the proposed method isbetter than the other available methods.
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Inthe Figure2(b), it showsthe segmented noisy image which illustratesthe existing algorithminwhich only
Gabor Filter isapplied to theinput imageto attaintheresults. It will give usthe resultswhich will be compared with
theresultsof the proposed technique.

Fig. 2. (c) Image after applying Switching Median Filter (d) Final Image after applying proposed technique.

Inthe Figure 2(c), it isshowing theinput image after applying the Switching Median Filter whichisthemain
basis of our proposed work. It indicatesthe denoised image.

Inthe Figure 2(d), it showsthefina output image. Thisimageisattained asthe last image after applyingthe
proposed algorithm. It can be seenthat thisfinal imageis much more clear than the final image of the existing
method. And it isalso observed that that the results of the proposed method are much better and clear thanthe
resultsof the existing method.

5.PERFORMANCEANALYSIS

Thissection providesthe evaluation of somewel known parametersin digital image processing by providing
acomparison between the existing and the proposed technique. Thefollowing parameterswill provethat the
proposed technique isbetter in performance than the existing technique.

A. Senditivity (SN)

The valuesof sensitivity are shown below inthe comparisontable 1. Asthe sensitivity isincreasingin each
case which showsthat the proposed agorithmis showing improved resultsin every case.

Figure 3 given below showsthe quantized analysis of sengitivity of variousimagesby existing value (inblue)
and proposed value (inred). It isclear fromthe plot that there isincreaseinthe valuesof senstivity for various
imagesusing the proposed method.

Table 1 Sensitivity

I mage No. Existing Technique Proposed Technique

Image 1 0.9713 0.9834
Image2 0.9647 0.9777
Image3 0.9611 0.9750
Image 4 0.9554 0.9706
Image5 0.9624 0.9759
Image6 0.9513 0.9657
Image 7 0.9679 0.9788
Image8 0.9629 0.9746
Image9 0.9643 0.9755

Image 10 0.9641 0.9776
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Fig. 3. Sensitivity Graph.

B. Specificity (SP)

The valuesof specificity are shown below inthe comparisontable 2. Asthe specificity isincreasingin each
casewhich showsthat the proposed techniqueisshowing better resultsin every case.

Figure 4 showsthe quantized analysis of specificity of variousimagesby existing value (in blue) and proposed
vaue(inred). It isclear fromthe plot that thereisincreasein the valuesof specificity for variousimagesusing the
proposed method. So the proposed method givesimproved results over other available methods.

Table 2. Specificity.

Image No. Existing Value Proposed Value
Image 1 0.5759 0.5844
Image2 0.5997 0.6168
Imege 3 0.6106 0.6111
Image4 0.5846 0.5935
Image5 0.5194 0.5211
Imege6 0.5372 0.5468
Image7 0.5101 0.5198
Imege8 0.5310 0.5449
Imege9 0.5602 0.5705

Image 10 0.5342 0.5507
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C.Accuracy (AC)
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Fig. 4. Specificity Graph.
Table 3. Accuracy.
ImageNo.  Existing Value  Proposed Value
Image 1 0.9381 0.9426
Image2 0.9325 0.9396
Image3 0.9286 0.9335
Image4 0.9179 0.9239
Image5 0.9201 0.9225
Image 6 0.9098 0.9139
Image 7 0.9300 0.9324
Image 8 0.9246 0.9287
Image9 0.9277 0.9320
Image 10 0.9258 0.9308
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Fig. 5. Accuracy Graph.
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Thevauesof accuracy are shown abovein the comparisontable 3. Thetableis showing the valuesof existing
method and proposed method for variousimages. The accuracy value need to be higher, so asthetableis showing
theincreased value of accuracy for the proposed method whichindicatesthat the proposed techniqueisshowing
better results.

Figure 5 given above showsthe quantized analysis of accuracy of variousimages by existing value (in blue)
and proposed vaue (inred). It isclear fromthe plot that thereisincreaseinthe values of accuracy for various
images using the proposed technique. So the proposed method givesbetter resultsover the existing method.

SN = TP/ TP+FN
SP =TN/TN+FP
AC =TP+TN/TP+FN+TN+FP
Where SN denotes Sengtivity, SP denotes Specificity, ACisAccuracy.
TPisTrue Postive, TN indicates True Negative, FN isFalse Negative and FPindicates False Postive.

4. CONCLUSION

Thereforeto improve the accuracy of detecting blood vesselsin fundusimagesfurther ahybrid Gabor filter
bank with switching medianfilter techniqueisproposed inthis paper. The hybrid Gabor filter bank with switching
median filter hasused improved switching medianfilter which enablesusto detect blood vesselsevenin highly
corrupted noisy images. The comparison of the existing and proposed techniquesis shown in this paper based
uponthefollowing quality imagemetrics- Sengitivity, Specificity and Accuracy. Theresults show that the proposed
technique hasshown improved results over the existing technique.
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