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ABSTRACT

Speckle is a noise component in Breast ultrasound images (BUS) that leads to false therapeutic decision making
in cancer diagnosis. Hence need to be suppressed without degrading edge and texture information of the image.
In this work, a statistical filter is designed by combining Average, Variance and Median of pixels in a specific
kernel. The designed hybrid statistical filter (AoVM) with different kernel sizes varying from 3x3 to 11x11 is
applied on images corrupted with speckle noises ranging from 0.01 to 0.3. Metrics like Mean Square Error, Peak
Signal to Noise ratio and Speckle Suppression Index are used to evaluate the performance of the filter. The filter
yields around 70% of Peak Signal Noise Ratio (PSNR) values for all kernel sizes. The results of Mean Square
Error rate (MSE) and Speckle Suppression Index (SSI) also found to be better than the existing Gaussian, Lee
and M3 Filter in suppressing the noises while preserving the edges.
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I. INTRODUCTION

Recent development in medical imaging
techniques identify Ultrasound and its allied
equipment as one of the best systems to visualize
and quantify blood flow and tissue elasticity
properties, and also for the clinical applications for
the diagnosis cancer [1], [2]. The best part of
Ultrasound examination is that it is a painless and
non-invasive procedure. Moreover, nowadays in
medical field, ultrasound scanning is made
compulsory for supplementing mammogram to
diagnose Breast cancer. Breast Ultrasound (BUS) is
also the recommended screening tool for young
women, pregnant women and for patients who
cannot be subjected to Mammograms. During the
image acquisition process, the images are degraded
by speckle noise caused by the coherent processing
of back scattered signals from multiple distributed
objects. The noise also reduces the contrast
resolution and makes it hard for the radiologists to
identify normal and abnormal tissues [3]. Speckle
pattern is always in the form of multiplicative noise
which is directly proportionate to the local grey level
in the image. The multiplicative noise is generally
more difficult to remove because the intensity of the
noisy pixel varies with the image intensity [4]. The
speckle noise model is given in equation (1).

Iij = Oij * nij (1)

where the speckle image I;; is the product of
the original image Oy, and the non-Gaussian noise
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nij. The indices i, j represent the spatial position of
the pixel over the image.

To suppress speckle, a better filtering
method is required as a preprocessing technique in
Computer Aided Diagnosis systems. The filters are
designed either in spatial, frequency or multi-scale
domain. Filters used in spatial domain include Mean,
Median, Wiener, Lee, and Gaussian filter, and other
hybrid or modification of the statistical filters [5],
[6], [71, [8], [O], [10], [11]. Many researchers had
come up with variants or combinations of mean and
median statistical measures to design new filters for
suppressing the noise without degrading the edge
information [17], [18], [19], [20].

Hence the main objective of this work is to
propose a novel statistical (Average of Variance and
Median — AofVM) filter that computes median and
variance for suppressing reasonable amount of
speckle noise without edge degradation. The
remaining part of the paper is organized as follows:
Section 2 describes the methodology of the proposed
AofVM filter. Section 3 briefly shows the extensive
experimental analysis using statistical parameters.
The work is concluded with a scope for future in
Section 4.

I1. SPATIAL FILTERS USING
STATISTICS
Lee [12], Kuan, Frost [13] and few other
Researchers have proposed various denoising
algorithms using local statistics. The working
principle behind these algorithms are described
using sub-region statistics to estimate statistical
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measures over different pixel windows varying
from 3x3 to 15x15 [13]. Various Statistics measures
used in linear and nonlinear spatial filters are Mean,
Median, Mode, Variance, Standard deviation,
Skewness and Kurtosis [14].

Linear spatial filtering i.e. Mean filtering
has the tendency to create a new intensity value and
smoothen the image. Mean filter for an image of size
M x N with a kernel or mask ‘f” of size m x n is
expressed in equation (2) [15].

ii f(x+s,y+t)

g(x,y) === —n )

where a=int(m/2), b=int(n/2) and m and n
are odd, positive integers. If m and n are of size 3x3
then a and b is equal to 1.

Order-Statistic (Nonlinear / Ranking) Filter
like Median filter replaces the central pixel value by
the realistic pixel intensity which is calculated based
on its neighborhood and preserves sharp edges. It is
implemented by arranging the neighborhood pixels
from the smallest to the largest gray level value for
obtaining median value [16]. Given a window W of
size m x n, the intensity value of the pixels I;....Is...
Im x n are arranged in ascending order, the median is
calculated as depicted in equation (3).

- I ((mxn)+1/2)
X =41

E(I (mxn)/2 + I ((mxn)+1/2)) if mxniseven

if mxnisodd (3)

This filter replaces the pixel value which is
less than half of its neighborhood in kernel.
Gaussian  Filter [22], [23] is a 2-
D convolution smoothing operator like mean filter to
“blur' images and smoothen the noise detail but it
uses a different kernel that represents the shape of a
Gaussian ("bell-shaped) hump. The 2D Gaussian
distribution with mean zero and standard deviation ¢
=1 is represented as
1 ><2+y2
G(X, y) = _Ze_ 262
2no

(4)

where X, y is the local coordinate of an
image and o is the standard deviation.

Lee filter [11] is one of the effective filters
in removing speckle noise and smoothing the image
especially in homogeneous or low variance areas. In
high variance areas, the statistical parameters mean
and standard deviation are adjusted to preserve
edges. Since Speckle noise in US images represents
multiplicative error model, the Lee filter is applied
to the image after the multiplicative noise value is
approximated.

Thangavel et al. [21] has proposed M3
filter, a combination of linear (Mean) and non-linear
(Median) filters in which the kernel slides along the
pixels of the whole image using sliding window
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concept. During kernel convolution, the M3 filter
replaces the central pixel value of each kernel with
the maximum value among the mean and median of
the kernel. M3 filter achieves good performance than
the traditional linear and non-linear filters in
suppressing the noises, but degrades edge
information proportionately on increasing levels of
speckle noise and kernel sizes.

1. AOFVM FILTER FOR DESPECKLING
BREAST ULTRASOUND IMAGES

The proposed hybrid spatial filter combines the
linear and nonlinear filtering techniques and local
statistics to produce a hybrid method to smoothen
the image as well as preserve the edges. For the
experimental purpose, the original image is
contaminated by Speckle Noise to obtain a corrupted
image. The corrupted image is then subjected to
Gaussian, Lee, M3 and AofVM filters and their
performance are evaluated using MSE, PSNR and
SSI metrics. The performance of the filtering
process is carried out over 50 BUS images with 5
different kernel sizes (3 x3,5x5,7x 7,9 x 9 and
11 x 11) and 5 speckle noise levels (0.01, 0.05, 0.1,
0.2 and 0.3).

Design of efficient filtering technique is a
challenging task since it is necessary to smoothen
the image as well as preserve the edge components
for the extraction of Region of Interest during
segmentation process. The proposed filter, a
combination of Average, Variance and Median
measures, is designed to overcome this problem.
Median filter is a non linear order static filter that
preserves the edge since the central pixel assumes
one of the values of its neighborhood and eliminates
any unwanted artifacts with an intensity value less
than the median value [24]. The local statistics
Variance determines the average dispersion of the
intensity values in the sub image4. The formula for
calculating the variance is given in equation (5).

1 My _
O-2= Z Z(Iij_x)2 (5)

MxN ==
where is the mean intensity value of the
noisy image | of size M x N. The variance of
intensities in a sub image may represent the amount
of speckle noise in the image.

The computation steps of the proposed
filter is shown in Fig. 1 and its sample calculation is
shown in Fig. 2.
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AofVM filtering Algorithim for speckle noise removalin
BUS image
Input: Noisy BUS ImageIand

Output: Denocised BUS Image Q

I [
I i
I I
| 1
I I
| |
I |
: Step 1: Fix the kemel ’f of size m x n and zeros are :
: Padded to the required mumber of rows and :
I columns according to the kemel size for I
: handling borders of the image. :
| Step 2: Let fi- is the central pixel of the kemel. I
: Step 3: For each colummn, sort the pixels and calculate :
I the sum of median of column median and I
: median of column variance :
| S = median (col-median (f)) + i
: Median (col-variance(f)) |
| Step 4: For each row, sort the pixels and calculate the |
: s of median of row median and median of :
| IQW vanance |
: E = median (row-median (f)) + :
. Median (row-variance(D) |
I Btep 3,; Replace the central pixel value fg with !
! (fctR+5)/3 :
I Step 6: Repeat step 2, 3, 4 and 3 until all the pixels of I
: animage is convoluted by AofVh :
: Step 6:Repeatstep 2. 3, 4 and 5 until all the pixels ofan :
| I

imageis convoluted by AofVN filter

Fig.1. AofVM filtering Algorithm for Speckle noise
removal

Fig. 2 shows the sample calculation of
proposed filter for the sub-region ‘f” of size 3x3. The
value S as 0.8041 is obtained from column wise
computation, after summing up the medians of
Column median and variance.

The value R as 0.7491 is obtained from row
wise computation, after summing up the medians of
Row median and variance. Finally the central pixel
value fc, 0.6324 is replaced by 0.7285, which is the
average of S, R and fc values.

Column wise computation
S=median(median(f))}+
median(var{f))
5=0.6324+0.1718= 0.8042
R=median(medan{f)}+
median({var(f));
F=0.6324+0.1167=0.7491
Central pixel value f,
=06324
f=(5+R+1f y3,f=0.7285

Fig. 2. Sample Calculations for a
3 x 3 Sub-region using AofVM filtering

0.8147 09134 02783

0.1270 0.09735 09375
Kernel (3,3)

IV. EXPERIMENTAL ANALYSIS AND
DISCUSSION

Experiment is conducted over 50 B-mode
BUS images collected from an www.ultrasound
cases.info database to analyse the strength and
weakness of the proposed work. The proposed filter
is implemented in MatLab simulation environment
and compared with Gaussian, Lee and M3 filter. The
BUS images are contaminated by 5 different speckle
noise levels - 0.01, 0.05, 0.1, 0.2 and 0.3
respectively to cover 10% to 30% of noise. The

kernel sizes 3x3, 5x5, 7x7, 9x9 and 11x11 are
applied to filters to analyse edge preservation during
filtering.

Speckle is a multiplicative model where the
amount of dispersion of noises is not static, so the
experiments are conducted to identify the stability of
the proposed filter for speckle suppression in various
levels. The kernel sizes are increased to reduce
computational time and processing high dimensional
B-Mode BUS images. The visual perception of
Gaussian, Lee, M3 and AofVM filters with different
sizes of kernels applied to suppress various noise
levels for a sample BUS image are shown in Fig. 3,
Fig. 4, Fig. 5 and Fig. 6 respectively. The Figures
clearly shows the variation in image using filters
during preprocessing.

oneulnn

Fig.3. Original image, 3(a)-3(e). Image
contaminated by various speckle noise levels

Fig. 4. Denoised image by Gaussian (Gau), Lee, M3
and AofVM filters with 3x3
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Fig. 5. Denoised image by Gaussian (Gau), Lee, M3
and AofVM filters with 7x7
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M3 LEE GAU

AVM

Fig. 6. Denoised image by Gaussian (Gau), Lee, M3
and AofVM filters with 11x11

It is observed from Fig.s 4, 5, and 6, the
AofVM filter maintains the quality of images with
reasonable amount of speckle filtering along with
edge preservation. Gaussian and Lee filters start
producing blurriness from 7x7 kernel size whilst M3
filter start degrades the region of interest. These
filters degrade the essential edge details that are
needed for further analysis in computer aided
diagnosis system.

But AofVM filter maintains stableness for
various kernels and 0.01 to 0.5 speckle noise levels
and produces a very minute blurriness only for
11x11 Kkernel. From visual perception, it is observed
that AofVM filter suits well for preprocessing
contaminated BUS image.

This can be also quantitatively verified
using standard performance metrics such as Mean
Square Error (MSE), Peak signal Noise Ratio
(PSNR) and Speckle Suppression Index (SSI) to
substantiate the visual perceptions. The formulae for
these metrics are shown in Table 1.

Table 1. Parameter Metrics for Evaluating Speckle

Reduction
Metrics | Formula
1 M N 2

MSE MxN i§1j§1(lij_Qij)

(6)

MAXi?

PSNR 10.Iog10[ MSE J

)

WVar(ing | [mean(Qp
SSI mean(lm_n) \/Var(len)

(8)

The parameter MSE is widely used to
quantify the change in image quality between the
original image (1) and denoised image (Q) [3]. MSE
is calculated along with PSNR to strongly prove the
filter performance than the visual perception. The
PSNR measures the image fidelity, by closely
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identifying the percentage of resemblance between
the original and denoised image. The SSI measures
the ratio of coefficient of variance of original and
denoised image in suppressing the speckle noise.
Lower value of SSI indicates large amount of
speckle suppression in the image [25]. Better
filtering methods always yield minimum MSE and
SSI and Maximum PSNR values.

Average of all these metrics for 50 speckle
contaminated BUS images that are denoised by
Gaussian, Lee, M3 and AofVM filters with 3x3, 5x5,
7X7, 9x9 and 11x11 kernel sizes are shown in Table
2, Table 3 and Table 4, and the same are graphically
presented in Fig. 7, Fig. 8 and Fig. 9 respectively.

Table 2. Average MSE values of filters with
different kernel sizes for various speckle noise levels

KER o | Average MSE Values|

NEL | & | SPECKLE NOISE LEVELS

SIZE H oo

S T 1 005 Jo1 |02 |03
0.0 00 [0.0

Ga (079 1 0.00 |0.01]167 |21
u 3 795 181 | 5 90
0.0 0.0 | 0.0
159 | 0.01 | 0.02 | 347 | 44
Lee | 2 597 461 | 1 94
0.0 0.0 |00
001 | 0.00 | 0.00 | 004 | 00
M3 [ 9 022 028 | 0 51
AO (0.0 0.0 | 0.0
FV [ 000 | 0.00 | 0.00 | 002 | 00
3x3 M 7 009 012 J O 27

0.0 0.0 |00
Ga | 110 | 0.01 | 0.01] 200 | 25
u 0 250 474 11 16
0.0 00 |00
204 1 0.02 | 0.02 | 412 | 52
Lee [ 2 438 969 |9 11
0.0 0.0 |00
002 | 0.00 | 0.00 | 005 | 0O
M3 |1 028 036 | 2 67
AO |/ 0.0 00 |00
FV | 000 | 0.00 | 0.00 | 002 | 00
5x5 M 8 011 015 | 2 29

0.0 00 |00
Ga (129 1 0.01 | 0.01 ] 218 | 27
u 1 436 669 |1 24
0.0 0.0 |00
227 1 0.02 ] 0.03 | 448 | 56
Lee || 5 705 298 | 5 83
0.0 00 |00
002 | 0.00 | 0.00 | 005 | 0O
M3 |5 032 041 | 9 76
AO 0.0 |00
FV | 0.0 | 000 | 0.00] 002 | 00
X7 M 001 ] 012 016 |3 30
0.0 00 |00
Ga | 144 1001 | 001|233 ] 28
u 3 586 802 |9 75
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0.0 0.0 | 0.0
251 ] 0.02 0.03 ] 481 | 60
Lee |3 1959 [S31 10 135 Table 3. Average PSNR values of various filters
0.0 00 100 with 3x3 to 11x11 kernel sizes
002 | 0.00 0.00 | 006 | 00
M3 7 034 045 4 82 Average PSNR ValueST
AO | 0.0 0.0 |00 KER %) SPECKLE NOISE
Fv [ 001 | 0.00 | 0.00 | 002 | 0o NEL | i [ LEVELS
9x9 M 1 013 017 | 3 30 SIZE Iz 0. 0.0 0.
0.0 00 100 S o 0115 01 |2 0.3
Ga 156 | 0.01 0.01 ] 245 | 29 69 65
3 688 936 | 2 65
—s TR I 1|69 |67. | .8 |64
272 | 0.03 | 0.03 | 507 | 62 Gau 3 |12 |40 |8 |72
Lee |f 2 157 818 | 5 99 66 62
0.0 0.0 | 0.0 A 66. 64. N 61.
002 | 0.00 0.00 | 006 | 00 Lee 0 09 21 2 60
M3 | 8 037 047 | 8 88 67 64
AO | 0.0 00 |00 5 ]67. |65 |.5 |63
11x1 FV 001 ] 0.00 0.00 | 002 | 00 M3 0 46 68 6 15
1 M 1 014 017 | 4 31 20 72 67
Fv .0 |71 |69. |.8 |66
Mean Square Error Rate 3x3 M 8 54 73 2 53
67 65
; = 7 |67. |66 |.1 |64
3 Rv—" [ I l Gau |1 |16 |45 |2 |12
BT BT =1 = B 65 61
:ILHLII;-E' dll d o 0 |64 [63 |9 |60
M3 AVM M2 AYM A AVM. B3 AVM) M3 VM ' Lee |3 26 40 7 96
: xi4 66 63
Filters Wath vanoes Kerned sizes 9 65 64 5 62
Fig. 7. Overall Average MSE values of M3 and "Xg 31 % {9 27 52

AOFVM filter with different kernel sizes and

speckle noise levels FV 1.0 70. 169. 1.3 66

5x5 M 7 13 |01 ]9 |22

For each noise level, the average MSE 67 64
values of Gaussian, Lee, M3 and AofVM filters are .0 | 66. |65 |.7 |63
reported in Table 2. From Table 2, it is observed that Gau |2 |56 [90 |4 |78
MSE values of Gaussian, Lee and M3 filters for 3x3, 64 61
5x5, 7x7, 9x9 and 11x11 kernel sizes are higher than 5 | 63. | 62. | .6 |60
AofVM filter and also produce slightly blurred Lee (6 |81 |95 |1 |58
image and disbanding edges. It shows that Gaussian 66 63
and Lee filters produces far higher MSE variation 4 165 |64 |.1 |62
with Original image and is not depicted in Fig. 7. M3 |9 |55 |53 |O |05
Hence the graphical representation of the MSE AO |70 67
values for M3 and AofVM filters is alone depicted FV |5 ]69. |68 |.2 |66.
in Fig. 7. X7 M 4 |18 |68 |0 |O7

From Table 2, it is keenly observed that for 66 64
each noise level and kernel size, the average MSE 5166 165 | .4 |63
values of AofVM filter are always 30% lesser when Gaull4 113 157 |4 |54
compared to M3 filter and much lesser to Gaussian 64 61
and Lee filter. _From these analyses_ it is conclgded 1163 |62 | 3 |60
that _AofVM filter preserves f[he image _detall at Lee 13 142 les |1 |32
maximum level for all kernel sizes and noise levels 66 62
than the Gaussian, Lee and M3 Filters. 2165 lea | 7 |61

M3 |1 |27 |24 |8 |73
AO |70 ] 69. | 68. | 67 | 65.
9x9 FV |.2 |42 |48 |.0 |98
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M 1 6

66 64
1 |65 |65 |.2 |63
Gau |9 |86 |26 |4 |41
63 61
.7 |63 |62. |.0 |60.
Lee |8 |14 |31 |8 |14

65 62
1ix1 9 |65 |64 |.5 |61
1 M3 |9 |05 |02 |4 |47
AO | 70 66

Fv (.0 |69. |68 |.9 |®65.
M 6 |23 |34 |7 |91

It is observed from Table 3, AofVM filter
with 3x3, 5x5, 7x7, 9x9 and 11x11 kernel sizes
yields high PSNR values compared to other filters.
The Gaussian, Lee and M3 filters yield similar
average PSNR values eventually, but M3 filter
degrades the maximum edge information.

PEAK SIGNAL NOISE RATIO

68

b}

50 mCOlL

ol

28

] »0.0¢
5 ™% $m - o1

R R

PSNEValues

< -

11211

Filters with vanous kernel saes

Fig. 8. Overall Average PSNR values of Gaussian,
Lee, M3 and AOFVM filter for 50 BUS images

The higher PSNR value of AofVM filter
yields maximum similarity of pixel values with the
original image and proves its maximum edge
preservation. On comparing the overall average
PSNR values with Gaussian, Lee and M3 filters for
3x3 to 11x11 kernel sizes, the AofVM filter yields
5% high PSNR values for all kernel sizes for various
speckle noise levels and the variation is graphically
shown in Fig. 8.

Table 4. Average SSI value for various speckle noise levels for 50 BUS images

KERNEL % Average SSI Values|
SIZE : SPECKLE NOISE LEVELS
o 0.01 J0.05 01 0.2 0.3
Gau 0.038 | 0.037 | 0.140 | 0.262 | 0.346
Lee 0.029 | 0.045 | 0.099 | 0.205 | 0.272
M3 0.001 | 0.092 | 0.175 | 0.310 | 0.402
3x3 AOFVM | 0.001 | 0.031 | 0.097 | 0.192 | 0.262
Gau 0.081 ] 0.101 | 0.178 | 0.290 | 0.407
Lee 0.077 | 0.078 | 0.157 | 0.260 | 0.340
M3 0.055 | 0.155 | 0.255 | 0.397 | 0.492
5x5 AOFVM | 0.012 | 0.060 | 0.129 | 0.222 | 0.319
Gau 0.115 ] 0.155 | 0.217 | 0.341 | 0.441
Lee 0.115 ] 0.124 | 0.187 | 0.292 | 0.346
M3 0.097 ] 0.225 | 0.347 | 0.502 | 0.602
x7 AOFVM | 0.035 | 0.120 | 0.160 | 0.255 | 0.302
Gau 0.149 ] 0.204 | 0.237 | 0.363 | 0.469
Lee 0.152 | 0.176 | 0.184 | 0.280 | 0.349
M3 0.125 | 0.255 | 0.400 | 0.565 | 0.662
9x9 AOFVM | 0.055 | 0.140 | 0.110 | 0.115 ] 0.239
Gau 0.185 ] 0.238 | 0.289 | 0.387 | 0.494
Lee 0.191 ] 0.205 | 0.235 | 0.295 | 0.385
M3 0.155 ] 0.292 | 0.437 | 0.610 | 0.700
11x11 AOFVM | 0.065 | 0.155 | 0.227 | 0.230 | 0.202
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SPECKLE SUPPRESSION INDEX
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Fig. 9. Overall Average SSI values of Gaussian, Lee,
M3 and AOFVM filter for 50 BUS images

For each kernel size, it is observed from
Table 4 that AofVM filter on 50 BUS images yields
20% less SSI values compared to Gaussian, Lee and
M3 filters which show its reasonable amount of
speckle noise suppression in image without any
blurriness. The pictorial representation of SSI value
comparison is shown in Fig. 9. From these
observations, it is found that AofVM filtering
techniques maintains the stability of sharpness and
produces very less blurriness in image for large sizes
of kernel. AofVM filter designed using local
statistics, preserves the edge details and suppresses
the speckle noise from BUS images, and
outperforms other filters with minimum MSE,
maximum PSNR and minimum SSI values for 3x3,
5x5, 7x7, 9x9 and 11x11 kernel sizes and 0.01, 0.05,
0.1, 0.2 and 0.3 speckle noise levels.

V. CONCLUSION

The existence of speckle noise in the
ultrasound image is undesirable since it degrades
image quality. This study proposes a new hybrid
spatial model -AofVM filter, a combination of
Average, Variance and Median to preserve the edge
as well as suppress the noise. The performance of
the proposed filter is compared with the existing
Gaussian, Lee and M3 filters using Metrics like
Mean Square Error, Peak Signal to Noise ratio and
Speckle Suppression Index. The filters uses various
kernel sizes ranging from 3x3 to 11x11 to suppress
0.01 to 0.3 speckle noise levels. The proposed filter
proved to be a better filter with 30% lower Mean
Square Error values and 5% higher Peak Signal
Noise Ratio than Gaussian, Lee and M3 filters
without degradation of edges for all the kernel sizes
varying from 3x3 to 11x11. The work may be further
extended to other medical domains and various types
of noises. It can also be hybridised with other single
and multi-scale domain filters for further
improvement in speckle suppression.
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