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Abstract - The performance of various filtering
techniques has been analyzed and presented in this
paper by targeting speckle noise in retinal images.
Most of the state-of-the-art filters are trying to
reduce the speckle noise effect from the images
without considering the relevant information of blood
vessel of retinal images. They also filter the
significant features in the targeted images needed for
the diagnosis purpose. In order to overcome the
limitation of over filtering, the anisotropic diffusion
filter is proposed to remove the speckle noise from
the retinal image. The performance of the exiting
filters and the proposed filter to remove the speckle
noise in retinal images is evaluated in terms of the
signal-to-noise ratio (SNR), Root Mean Square Error
(RMSE) and Standard Deviation (SD) and compared.
The experimental results show that the anisotropic
diffusion filter is best suitable for removing speckle
noise present in the retinal images.
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1. Introduction

The medical images are mostly useful to identify
various kinds of diseases and also helpful in finding
the severity levels of diseases .In medical imaging
and analysis, the retinal imaging has rapidly grown in
the field of ophthalmology. It primarily focuses on
automated early detection of diabetic retinopathy
(DR) from fundus retinal images.

For the reliable automated detection of diabetic
retinopathy, the retinal images with high quality are
required in various healthcare centers. Because of the
noisy retinal images, the medical professionals are
facing many problems among which incorrect
diagnosis is a primary one. The images are corrupted
by various kinds of noises in which speckle noise
[12] is a complex phenomenon. It is a multiplicative

noise that affects the edges and fine details of the
target images which leads to degrade the image
quality and hence it needs to be removed [5] for
getting better performance in all aspects.

Denoisingby filtering is one of the widely used
processes for removing the speckle noise from a
noisy image. Several filtering techniques are
available to reduce the noise level in an image. There
are many denoising techniques that have been
implemented to improve the quality of images. The
median filter is one of the simplest filters used to
remove the noise and smooth the images. Kenny
KalVinToh in [25] proposed an efficient
NAFSM(Noise adaptive fuzzy switching median)
filter to remove the salt-and-pepper noise and Wei
Fan et al. [4] developed a median filtering forensic
method to enhance the image quality.Yuanxin Wu et
al. [30] reviewed the Gaussian filters from the
perspective of numerical integration and derived the
ranking of accuracy of various Gaussian filters.Hui
Kong in [13] proposed a model for detecting road-
vanishing-pointbased on a new generalized Laplacian
of Gaussian(gLoG) filter and this filter was applied to
estimatethe texture orientation at each pixel of an
image to detect vanishing point.

In this work,few promising filtering techniques
have been implemented to reduce the noise and
improve the quality of retinal images. The
performances of all the filters have been compared in
term of the statistical measures Signal-to-Noise
Ratio, Root Mean Square Error and Standard
Deviation.The study is organized as follows: Section
2 describes the speckle noise in retinal image and
their characteristics. Section 3 elaborates the
denoising techniques which include the filters to
reduce the speckle noise in retinal images. Section 4
compares the performance of various filters and the
work is concluded in Section 5.
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Fig. 1. (@) Normal retinal digital fundus image (b) Image corrupted by 25% speckle noise (c) Image corrupted by
50% speckle noise (d) Image corrupted by 75% speckle noise

2. Speckle Noise

The speckle noise, commonly found in medical
images, is a deterministic in nature and also occurs
randomly. It mainly affects the edges of the blood
vessels and local details between the blood vessels
which are the most important parts for diagnosing the
diabetic retinopathy disease. Fig.1.(a) showsthe
normal retinal image while Fig.1.(b) (c) (d) shows the
speckle noise added retinal image at three noise level
variances 0.25, 0.5 and 0.75 respectively.

The general form of speckle noise is represented as,

gn,m) = f(n,m) xu(n,m) + ¢(n,m)(1)

Where (n,m)is the observed image,u(n,m) is the
multiplicative component,g(n.m) is the additive
component of the speckles and f(n,m) is the actual
image. Here n and m indicate the axial and lateral
indices of the retinal image samples. Gregorio in [15]
analyzed the effect of speckle noise in Ultra Sound
(US) medical image using a novel parametric
thresholding procedure.

In [5], Padmasiniperformedimage enhancement
using fuzzification method and anisotropic diffusion
filtering for effective reduction of speckle noise in
SDOCT Retinal Images.NorashikinYahya et al. [8]
proposed image-subspace based approach for
removing the speckle noise from synthetic aperture
radar (SAR) images and the proposed technique is
based on linear estimator and reduced-rank subspace
model to approximate the clean image from the
affected one with speckle noise. An accelerated
method was proposed by Carlos Trujillo et al. [14]
that use general-purpose computing in graphics
processing units to reduce the speckle noise.
Itutilizesparallelized algorithms ~ to record,
reconstruct, and superimposemultiple uncorrelated
holograms of a static scene.

3. Denoising Techniques

Denoising Technique is a process of removing
noise from the corrupted image for improving the
quality of an image which will be useful for further
operations.

3.1 Median Filter

The median filter is a nonlinear filtering
technique which works on the centre pixel means. It
works by replacing each value within the median
value of neighboring pixel. The window moves pixel
by pixel, over the entire image and the median is
calculated by neighboring pixel values. Kenny
KalVinToh et al. [25] employed a median filter to
detect and remove the salt-and-pepper noise from the
image effectively. Keerthi Ram et al. [23] developed
a median filter to obtain the background of an image
for minimizing the effect of intensity variation in the
background across the image. In this work, the
median filter is applied to remove the speckle noise
from the retinal image corrupted at various levels
(25%, 50% and 75%).Here, the optimal sampling
window size of median filter has been selected as5x5.

Let x=(X, Xz... xj... x;) denotes the image of n
pixels, the i pixel of its median filtered value can be
attained by:

y; = median (P! x)(2)

Where, P'isa sparse matrix extracting the image block
of size 5x5.

3.2 Local Minimum Filter

Local Minimum Filter is a nonlinear 0"percentile
filter which helps to remove white noise from an
image in which single white pixel is replaced by any
one of its surrounding pixels with a smaller value. It
is mainly used to reduce eyelash noiseswhich will be
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helpful to highlight blood vessels of the retinalimage.
HaoYuanet al. [18] developed a best deterministic
algorithm to compute minimum filters and
experimented against the images. The local minimum
filter has been applied to remove speckle noise from
retinal image.It is used to remove the noise at various
levels to check the performance of the filter. The
local minimum filter is defined as ¢(F) and given in
Eq. 3.

@(F) = min{fpq; (0, @)eN(i, )} forv(i,elX1 (3)

Where, N (i, j) is an arbitrary neighborhood of (i, j)
and independent of (i, j).

3.3 Local Maximum Filter

TheLocal Maximum Filter is a nonlinear filter
which reduces the dark noise from an image. A single
dark pixel within the region is replaced by its
surrounding pixels with a maximum value. Jinsooet
al. [29] used local maximum filters for suppressing
the shoots occurred in the luminance or color
transient improvement. In this work, the local
maximum filter has been applied against the retinal
images for removing speckle noise from an image
which is mainly used to detect edges of the blood
vessels. The filter removes speckle noise degraded at
various levels. The local maximum filter is defined as

H(F)
u(F) = max{qu; (p, q)eN(i,j)} forv(i,j)el X1 (4)

Where, N (i, j) is an arbitrary neighborhood of (i, j)
and independent of (i, j).

3.4 Gaussian Filter

The Gaussian filter is a linear smoothing filter
with the weights chosenaccording to the shape of a
Gaussian function. It performs a weighted average of
surrounding pixels based on the Gaussian
distribution. It removes sharp edges and does not
have higher frequencies. It removes blurred edges
and smoothes images. For image processing, the two-
dimensional Gaussianfunction is given by,

(% +j%)

glijl=e 2% (5)

Where, the Gaussian parameter ¢ determines the
width of the Gaussian.MenggiuWanget al. [3]
developed Gaussian filter to suppress the noise and
obtain coherent features. These features are used to

extract oil slick features from VIIRS nighttime
images and other noisy remote sensing images. In
this work, the Gaussian filter is used to remove
speckle noise from the retinal image for improving
the contrast of the image to detect blood vessels. The
filter can be tuned by changing the value of sigma
parameter. To obtain the optimal results, the sigma
parameter value has been selected as 1. The speckle
noise at various levels is removed by using this filter

3.5Laplacian of Gaussian Filter (LOG)

The Laplacian of Gaussian filter (LOG) uses a
Gaussian blur and applies Laplacian filter to reduce
the noise in an image. The filter can be adjusted by
varying the value of sigma parameter which is used
to remove the noise for extracting the edges of the
blood vessels. In this work, an optimal smaller sigma
value (0=1) has been used to reduce speckle noise
from retinal image degraded at various levels. The 2-
D LoG function centered on zero and with Gaussian
standard deviation is obtained as

x%+y?
LoG(x,y) = -~ [1 -2 e 27 (6)
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Chia-Te Chou et al. [26] designed a LOG filter to
extract edge-type maps for characterizing iris patterns
in iris segmentation. In [13] Hui Kong developed a
gLoG filter to estimate the texture orientation at each
pixel of an image.

3.6 Bartlett Filter

Bartlett filter is as triangle shaped filter which is
known as ‘tent’ filter. The filter is defined either by
taking the product of two box filters or convolving
two box filters. It filters high frequencies and
smoothes the image which provides better quality
images. The coefficients of a Bartlett filter are
computed as follows:

Zo<n<
N
2n ﬁ

w(x) =

(@)
, - <n<N
N 2

Where, L represents window length (N+1). The
triangular window is the second order B-spline
window.ltcan be seen as the convolution of two N/2
widthrectangular
windows. EbtihalHaiderGismallaetal.  [16]obtained
accurate performance analysis of energy detection
using Bartlett’s estimate as a test statistic. This filter
with 5x5 window size has been used to remove the
speckle noise from the image corrupted at various
levels.
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4. Proposed FilteringMethod for
Denoising in Retinal Images

In this work, the anisotropic diffusion filter has
been proposed with memory based speckle statistics
for reducing the speckle noise present in the retinal
images.

4.1 Anisotropic Diffusion filter with memory
based speckle statistics

Anisotropic diffusion filter is a technique to
reduce the noise from the retinal image without
removing the salient parts of the retinal image
content such as edges, lines and other details that are
significant for the diagnosis of the Diabetic
Retinopathy. It applies the law of diffusion on pixel
intensities of retinal image to smooth textures. It uses
a threshold functionto prevent diffusion to happen
across edges so that the significant edges can be
preserved in an image.Diffusion techniques in image
filtering are based on the well-known diffusion
equations is the following:

ouxt) _

2 = 7. (L(x, ) Vulx, 1))(8)

AL(x,t) 1
= E(L(x, t) — s{D(x, t)})(9)
Gabriel Ramos-Llordénet al. [6] proposed an
anisotropic diffusion filter with a probabilistic-
drivenmemory mechanism to overcome the over-
filtering problem bytissue selective philosophy. In
this work, the anisotropic diffusion filter has been
applied to retinal image degraded by speckle noise at
various levels.

5. Estimation of Statistical Parameters

The performance comparison of filters under the
study has been carried out based on the statistical
parameters Signal-to-Noise Ratio (SNR), Root Mean
Square Error (RMSE) and Standard Deviation (SD).

SNR is a statistical measure which compares the
level of desired signal to the level of background
noise for finding the ratio of power of signal to power
of noise and it can be computed as

S oY )
1Y () -t (o))

Where, reference image is r(x,y) and t(x,y) is a test
image. It compares the reference image r(x,y) with
the test t(x,y). The two images should have the same

size [nx, ny]. If the value of SNR is very high for an
image of a specific noise type then that image is the
best quality image.

RMSEis a regularly used measure of standard
deviation of the differences between predicted values
and observed values. RMSE is computed by

RMSE = fﬁ.zg‘flzzyﬂ[r(x, ¥) — t(x,y)]?(11)

Where, reference image is r(x,y), test image is t(x,y)
and image size is [nx, ny]. The value of RMSE is low
for the best quality image.

The Standard Deviationis a measure which is
used to quantify the amount of variation in degraded
image. It is defined as square root of variance and
isgiven in Eg. 12. The lowest standard
deviationrepresents the best quality image.

1 on-
SD = — ik (i — w*(12)

Where, the image is stored in x;, (1 is mean value and
N is the number of samples.

6. Results and Discussion

In this work, the process of denoisinghas been
carried out for the retinal images with speckle noise
of various levels (25%, 50% and 75%) using the
existing and proposed filtering techniques. The
performances of the filters are evaluated using
statistical measures Signal-to-Noise Ratio, Root
Mean Square Error and Standard Deviation. The
performance of proposed technique is compared with
the state-of-the-art filters as given in Tables 1, 2, 3
respectively.

Table 1 compares the statistical measurements of
various filters for the retinal image corrupted by 25%
of speckle noise.

Table 1.Image Quality Measures for Speckle noise

(25%)

Filters SNR RMSE SD
Median 6.27 9.43 96
Local Minimum -2.18 10.7 34
Local Maximum -4.08 9.43 29
Gaussian 4.44 7.12 75
LOG -35.30 6.08 56
Bartlett -35.69 1.61 73
Proposed Filter 4.49 1.57 62
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The statistical measurements of the various
filters for the retinal image corrupted by 50% of
speckle noise are analyzed and compared as given in
Table 2.

Table 2.Image Quality Measures for Speckle noise

(50%)

Filters SNR RMSE SD
Median 3.69 456 86
Local Minimum -1.47 11.36 17
Local Maximum -8 9.64 16
Gaussian 6.94 7.58 53
LOG -39.67 6.48 70
Bartlett -40.17 1.822 51
Proposed Filter 3.74 14 57

The comparison of statistical measurements of
different filters for Retinal image corrupted by 75%
speckle noise is given in Table 3. The proposed
system produces better performance and it avoids
over filtering by retaining the useful information in
the retinal images.

Table 3.Image Quality Measures for Speckle noise

(75%)

Filters SNR RMSE SD
Median 3.34 3.73 47
Local Minimum -9.77 7.85 11
Local Maximum 1.418 11.6 12
Gaussian 6.04 8.65 33
LOG -42.96 6.63 76
Bartlett -43.99 1.9 30
Proposed Filter 3.50 1.1 51

Table 4 compares the statistical measurements of
proposed filter for the retinal image corrupted by 25%,
50%, and 75% of speckle noise.

Table 4.Image Quality Measures for Speckle noise
(25%, 50%, and 75%)

Proposed Filter | SNR | RMSE SD

25 % speckle noise 4.49 1.57 62
50 % speckle noise 3.74 1.4 57
75 % speckle noise 3.50 1.1 51

7.CONCLUSION

In this paper, various existing filters and
proposed anisotropic diffusion filtering techniques
were applied on the retinal image degraded by the
speckle noise at 3 different levels 25%, 50%, 75%
respectively and the performance of the filters has
been analyzed by using three statistical
measurements such as SNR, RMSE, SD. The
proposed filter achieves better results in terms
ofSNR, RMSE and SD measures.For the retinal
image corrupted by 25% of speckle noise, the
Standard Deviation (SD) andSignal-to-Noise Ratio
(SNR) measures have not been reached expected
value but the proposed filter has produced moderate
values for each measures and the Root Mean Square
Error (RMSE) has been improved. From the
experimental results and performance analysis, it is
observed that the proposed anisotropic filter
preserves and enhances the vessel information that
may be and also it is best suitable to remove the
speckle noise present in the retinal images.

REFERENCES

[1] Yong Guo, Li Chen, ZhiyongGao, and Xiaoyun
Zhang, “Frame rate up-conversion using linear
quadratic motion estimation and trilateral filtering
motion smoothing”,Journalof Display Technology,
Vol. 12, No. 1, January 2016, pp.89-98.

[2] lJiansheng Chen, Xiangui Kang, Ye Liu, and Z. Jane
Wang, “Median filtering forensics based on
convolutional — neural  networks”,IEEE  Signal
Processing Letters, Vol. 22, No. 11, November 2015,
pp. 1849-1853.

[3] Menggiu Wang and Chuanmin Hu, “Extracting oil
slick features from VIIRS nighttime imagery using a
Gaussian filter and morphological constraints”, IEEE
Geoscience and Remote Sensing Letters, Vol. 12, No.
10, October 2015, pp. 2051-2055.

[4] Wei Fan, Kai Wang, Frangois Cayre, and Zhang
Xiong, “Median filtered image quality enhancement
and anti-forensics via variationaldeconvolution”,IEEE
Transactions on Information Forensics and Security,
Vol. 10, No. 5, May 2015, pp. 1076-1091.

[5] N.Padmasini, K.S.Abbirame, R.Umamaheswari, and
S.MohamedYacin,“Reduction of speckle noise in
SDOCT retinal images byfuzzification and anisotropic
diffusion filtering” Biosciences Biotechnology
Research Asia, Vol.12, No.1, April 2015, pp. 671-676.

[6] Gabriel Ramos-Llordén, Gonzalo Vegas-Sanchez-
Ferrero,Marcos Martin-Fernandez, Carlos Alberola-
Ldpez, and Santiago Aja-Fernandez, “Anisotropic
diffusion filter with memory based on speckle
statistics for ultrasound images”,IEEETransactions on
Image Processing, Vol. 24, No. 1, January 2015, pp.
345-358.



644

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

AudrunasGruslys, Julio Acosta-Cabronero, Peter J.
Nestor, Guy B. Williams, and Richard E. Ansorge, “A
new fast accurate nonlinear medical image registration
program including surfacepreserving regularization”,
IEEE Transactions on Medical Imaging, Vol. 33, No.
11, November 2014, pp.2118-2127.

NorashikinYahya, Nidal S. Kamel, and AamirSaeed
Malik, “Subspace-based technique for speckle noise
reduction in SAR images”, IEEE transactions on
Geosciences and Remote sensing, Vol. 52, No. 10,
October 2014, pp.6257-6271.

Jordi Serra and MontseN4jar, “Asymptotically optimal
linear shrinkage of sample LMMSE and MVDR
filters”, IEEE Transactions on Signal Processing, Vol.
62, No. 14, July 2014, pp. 3552-3564.

Sylvia Rueda, “Evaluation and comparison of current
fetal ultrasound image segmentation methods for
biometric measurements: a grand challenge”, IEEE
Transactions on Medical Imaging, Vol. 33, No. 4,
April 2014, pp. 797-813.

Jeffrey Glaister, Alexander Wong, and David A.
Clausi, “Segmentation of skin lesions from digital
images using joint statistical texture distinctiveness”,
IEEE Transactions on Biomedical Engineering, Vol.
61, No. 4, April 2014, pp. 1220-1230.

K.M. SharavanaRaju, Mohammad ShahnawazNasir,
and T. Meera Devi, “ Filtering techniques to reduce
speckle noise and image quality enhancement methods
on satellite images”, IOSR Journal of Computer
Engineering,Vol. 15, No. 4, December 2013,pp. 10-
15.

Hui Kong, HaticeCinarAkakin, and Sanjay E. Sarma,
“A generalized LaplacianofGaussian filter for blob
detection and its applications”, IEEE Transactions on
Cybernetics, Vol. 43, No. 6, December 2013, pp.
1719- 1733.

Carlos  Trujillo and Jorge Garcia-Sucerquia,
“Accelerated numerical processing of electronically
recorded holograms with reduced speckle noise”,
IEEE Transactions on Image Processing, Vol. 22, No.
9, September 2013, pp. 3528-3537.

Gregorio Andria, FilippoAttivissimo, Anna M. L.
Lanzollaand Mario Savino, “A suitable threshold for
speckle reduction in ultrasound images”, IEEE
Transactions on Instrumentation and Measurement,
Vol. 62, No. 8, August 2013, pp. 2270-2279.
EbtihalHaiderGismalla and EmadAlsusa, “On the
performance of energy detection using Bartlett’s
estimate for spectrum sensing in cognitive radio
systems”, IEEE Transactions on Signal Processing,
Vol. 60, No. 7, July 2012, pp. 3394-3404.

Mamatha H.R, SonaliMadireddi andSrikanta Murthy
K, “Performance analysis of various filters for de-
noising of handwritten kannada documents”,
International Journal of Computer Applications, Vol.
48, No. 12, June 2012,pp. 29-37.

Hao Yuan and Mikhail J. Atallah,“Running max/min
filters using 1+O(1) comparisons per sample”, IEEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol. 33, No. 12, December 2011, pp.
2544-2548.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Yunzhi Liu, Yahan Pan, and Fuqiang Yao, “A
modified adaptive filtering acquisition method for PN
code with data modulation”, IEEE Communications
Letters, Vol. 15, No. 8, August 2011, pp.869-871.
Roomi, S.M.M.Rajee and R.B.J.,, “Speckle noise
removal in ultrasound images using particle swarm
optimization technique”, Recent Trends in Information
Technology (ICRTIT), 2011 International Conference
on 3-5 June 2011.

K. Karthikeyan and C. Chandrasekar, “Speckle noise
reduction of medical ultrasound images using
Bayesshrink wavelet threshold”, International Journal
of Computer Applications, Vol. 22,No0.9, May 2011,
pp. 8-14.

S. Esakkirajan, T. Veerakumar, Adabala N.
Subramanyam, and C. H. PremChand, “Removal of
high density salt and pepper noise through modified
decision based unsymmetric trimmed median filter”,
IEEE Signal Processing letters, Vol. 18, No. 5, May
2011, pp. 287-290.

Keerthi Ram, GopalDatt Joshi, and
JayanthiSivaswamy, “A successive clutter-rejection-
based approach for early detection of diabetic
retinopathy”, |EEE Transactions on Biomedical
Engineering, Vol. 58, No. 3, March 2011, pp. 1-9.
Isabel Cabrita Rodrigues and Jodo Miguel
RaposoSanches,“Convex total variation denoising of
Poisson fluorescence confocal imageswith anisotropic
filtering”, IEEE Transactions on Image Processing,
Vol. 20, No. 1, January 2011, pp.146-160.

Kenny Kal Vin Toh, and Nor Ashidi Mat
Isa,"“Noiseadaptive fuzzy switching median filter for
salt-and-pepper noise reduction”, IEEE Signal
Processing Letters, Vol. 17, No. 3, March 2010, pp.
281-284.

Chia-Te Chou, Sheng-Wen Shih, Wen-Shiung Chen,
Victor W. Cheng, and Duan-Yu Chen, “Non-
Orthogonal view iris recognition system”, |EEE
Transactions on Circuits and Systems for Video
Technology, Vol. 20, No. 3, March 2010, pp. 417-430.
Gustavo Carneiro, BogdanGeorgescu, Sara Good, and
DorinComaniciu,“Detection and measurement of fetal
anatomies from ultrasound images using a constrained
probabilistic boosting tree”, IEEE Transactions on
Medical Imaging, Vol. 27, No. 9, September 2008,
pp.1342-1355.

Fan Zhang, Yang Mo Yoo, Liang MongKoh, and

Yongmin Kim, “Nonlinear diffusion in
Laplacianpyramid  domainfor ultrasonic  speckle
reduction”,IEEETransactionson ~ Medical Imaging,

Vol. 26, No. 2, February 2007, pp. 200-211.
Jinsoo,Cho KyungwonUniv and JongwooBae “Edge-
adaptive local min/max nonlinear filter-based shoot
suppression”, |EEE Transactions on Consumer
Electronics, Vol. 52, No. 3, October 2006, pp. 1107 -
1111

Yuanxin Wu, DewenHu,Meiping Wu, and Xiaoping
Hu, “A numerical-integration perspective on Gaussian
filters”, IEEE Transactions on Signal Processing, Vol.
54, No. 8, August 2006, pp. 2910-2921.



