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Abstract: ---- Due to the presence of speckle noise leads to the poor quality of the US images. The presence of speckle noise makes it
difficult to understand the information contain in the US image hence filtering of US image is required to improve the image quality.
The paper gives us the comparison of different filters techniques (linear filter (If),Anisotropic Diffusion(AD),Nonlinear filter
kuwahara(Kuwa) ,median filter(med),hybrid median filter(hmed) , Lee Filter &kaun, frost filter, Wavelet based speckle reduction
methods, speckle reducing anisotropic diffusion filter (srad),improved srad(Israd). 65 texture feature, image intensity normalization,
15 image quantitative metrics and image quality evaluation. It is observed that the Israd, improves the image quality of liver, kidney,

uterus, live mass ultrasound images.

I. INTRODUCTION

In recent years there is a lot of advancement and
progress in image processing however, a lot of factors in the
image quality, hinders the automated image analysis [1], and
diseases evaluation [2]. This includes artifacts by image
acquisition instrumentations, transmission errors, coding
artifacts, which will degrade the image quality and induce
noise in ultrasound image. Cancer is the most deadly disease
in both men and women there are several types of cancer like
lung cancer, Prostrate cancer, Breast Cancer, Uterus Cancer
etc these diseases can cause of death Hence diagnosis of the
cancer in the early stages is crucial. Ultrasound imaging is a
widely used technology for diagnosing and treatment of
cancer. Noninvasive methods used to diagnose cancer still
have limitations. Detection techniques are currently based
primarily on physical examination. Ultrasound image
segmentation is an important problem in medical image
analysis and visualization. Because these images contain
strong speckle noise and attenuation artifacts [3], it is
difficult to automatically segment these images to detect
interested objects in the correct position and orientation. The
Fig. 1 gives the flowchart analysis of ultrasound image
analysis used in the paper to compare 10 different filtering
techniques
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Fig. 1 — Flowchart analysis of the for ultrasound
Image analysis
In order to analysis the performance of the different filters
50 ultra sound images of liver, uterus, breast, and kidney.

Il. SPECKLE FILTERS

In this section,10 image despeckle filtering methods
are presented as follows: (a) linear filter,(b) Anisotropic
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Diffusion (c) nonlinear filterkuwahara , (d) median filter,
(e) hybrid median filter , (f) Lee Filter&Kkaun, and (g) frost
filter (h) Wavelet based speckle reduction methods (i)
speckle reducing anisotropic diffusion filter (srad), (j)
improved srad.

(a)Linear despeckle filter

This filters uses 1% order statistics mean, variance
of neighboring pixel that is describedby the multiplicative
noise model [4,5,26]. Thealgorithms based on the equations
given below:

fij=g+kij(gij—9)

gi» kijis a weighting factor, wherek €[0, 1], and i, j
are the pixel coordinates. The factor k;;, is a function of the
local statistics in a moving window and is defined by the
equation;

1— g %02

kij =

0% + o?

The  valueso? represent the variance of  the
moving window and o2the variance of noise in the whole
image. The noise variance can be calculated from the
logarithmically compressed image by computing the average
noise variance over a number of windows with dimensions
considerably larger than the filtering window. The
movingwindow size for the despeckle filter in this study was
5 x 5 and the number of iterations applied to each image was
two. The filter is the most appropriate in increasing the
optical perception evaluation in ultrasound images and
videos, while the mean and the median values are preserved
in ultrasound images [5] and videos [19] by increasing the
optical perception evaluation. The filter decreases the
variance of speckle noise in the image, improves statistical
and texture features extraction, increases the classification
accuracy and the overall image quality of the image by
enhancing edges [4].

(b)Anisotropic diffusion filter

Perona and Malik [31] introduced the following function,
di,j,t = f (|Vg|), that smoothed the original image while trying
to preserve brightness discontinuities:

agi,j, . d d
— 2 = div[dg, V9] [ 490e 5 0]l *

[
[d—j agi d_]-gi,j,t]

Where (|Vg]), is the gradient magnitude, and d(|Vg|), is an
edge stopping function, which is chosen to satisfy

d—0 when |Vg|—oo so that the diffusion is stopped across
edges. This function, called the diffusion coefficient,
cd(|vg|), is a monotonically decreasing function of the
gradient magnitude,|Vg| yielding intra-region smoothing, and
not inter-region smoothing [4,5,17,27,31] by impeding
diffusion at image edges. A basic anisotropic partial-
differential equation is given in (5). Two different diffusion
coefficients were proposed in [31], as follows:

cd(|Vg| = ﬁandcd(lv‘gl = vavi‘gli’].l

1+(—h? A2
where K and K1, are positive gradient threshold parameters,
known as diffusion or flow constants [31]. In this work we
used the first diffusion coefficient in (6) as it was found to
perform better in our images 4,5].

(c) Nonlinear despeckle filter

The kuwahara is an 1D filter operating in a 5x5
pixel neighborhood searching for the most homogenous
neighborhood area around each pixel [4, 28]. The middle
pixel of the 1x5 neighborhood is then substituted by the
median gray level of the 1x5 mask. The filter is iteratively
applied to the image where the number of iterations is
selected by the user. In this study the number of iterations
selected for the despeckle filter kuwahara was set to two.
The kuwahara filter can be used to improve the classification
accuracy of different organs and tissues and to enhance
edges, thus also improving the optical perception evaluation

[3].

(d) Median , hybrid mediandespeckle filters

The filter median [4,5] is a median filter applied
over windows of size 5x5 . This is an extension of the filter
hmedian, which was introduced in [30] and later used in
[4,5] and it computes the median of the outputs generated by
median filtering with three different windows (cross shape
window, x-shape window and normal window). The moving
size window for the despeckle filter median and hmedian
was for both filters 5x5 pixels, while the number of iterations
applied to each image was three and two respectively. The
median filter is well suited for improving the optical
perception evaluation but repeated application destroys the
image edges. The filter hmedian preserves the edges and
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increases the optical perception evaluation. It can thus be
used to preserve and enhance edges of various organs in
ultrasound images [3,4].

(f)Lee Filter and Kaun

The Lee filter is designed to eliminate
specklenoisewhilepreservingedgesandpointfeaturesinradar
imagery. Based on a linear speckle noise model and the
minimum mean square error (MMSE) design approach.
Lee filter form an output image by computing a linear
combination of the center pixel intensity in a filter window
with the average intensity of the window.Kaun and Lee
filter have the same formulation although signal model
assumption and derivations are different. These two filters
achieve a balance between straight forward averaging in
homogeneous regions and identity filter where edges and
point features exist. This balance depends on the coefficient
of variation inside the moving window.

(g)Frost Filter

Frost achieves a balance between averaging and all
pass filter by formingan exponentially shaped filter kernel.
The response of the filter varies locally with thecoefficient
of variation

(h) Wavelet based speckle reduction methods

The wavelet based speckle reduction method usually
includes (1) logarithmic transformation (2) wavelet
transformation (3) modification of noisy co efficient using
shrinkage function (4) invert wavelet transform and (5)
exponential transformation. This method can be classified
into three groups

1. Thresholding methods - The wavelet coefficients
smaller than the predefined threshold are regarded as
contributed by noise and then removed [19],[20]. The
thresholding techniques have difficulty in determining an
appropriate threshold.

2. Bayesian estimation methods - This Method
approximates the noise free signal based on the distribution
model of noise free signal and that of noise [21]-[23]. Thus,
reasonable distribution models are crucial to the successful
application of these techniques to medical ultrasound
imaging

3. Coefficients correlation methods - This is an
undecimated or over complete wavelet domain denoising
method which utilizes the correlation of useful wavelet
coefficients across scales [24].

However this method does not rely on the exact prior
knowledge of the noise distribution and this method is
more flexible and robust compared toother wavelet based
methods.

I11. PROPOSED FILTER IMPROVED SPECKLE
REDUCING ANISOTROPIC DIFFUSION FILTER
(ISRAD)

Due to noise and speckles in the ultrasound B mode
and elastographic images, noise filtering and edge-
enhancement are required. There are several fundamental
requirements of noise filtering methods for medical images.
One, it should not lose the important information of object
boundaries and detailed structures. Two, it should efficiently
remove noise in the homogeneous regions and finally, it
should enhance morphological definition by sharpening
discontinuities. The Speckle Reducing Anisotropic Diffusion
(SRAD) filter (Yongjian Yu and T. Scott Acton, 2002) meets
these requirements of noise filters and also improves the
image quality significantly while preserving the important
boundary information and hence, in present study, speckle
reducing anisotropic diffusion filtering of real elastography
and ultrasound B mode images is done to reduce noise and
speckles. Segmentation is required to separate the tumor
region from its background. Improved Speckle reducing
anisotropic diffusion proposed isBased on setting the
diffusion coefficient in the diffusion equation using the local
frame gradient and the frame Laplacian. The Israd filter uses
two seemingly different methods, namely the Lee [26] and
the Frost diffusion filters [27]. In [33], a more general
updated function for the output image is presented, by
extending the PDE versions of the despeckle filter as:

1 .
fij= 9i; + Edlv(csrad(lv‘gl) Vgi;)

whereris the size of the filtering window. The
diffusion coefficient for the speckle anisotropic diffusion,
csraa((Vgl) isgivenin [33] as:
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(1/2)|Vay|” - (1/16)(V2g;)*

2 a(|va)) =
Md| | (Qi.j+(1/4)\729;‘.j)2

It is required that Cgeg (JVQ]) =0. The above
instantaneous coefficient of variation combines a normalized
gradient magnitude operator and a normalized Laplacian
operator to act like an edge detector. High relative gradient
magnitude and low relative Laplacian indicates an edge. The
Israd filter utilizes speckle reducing anisotropic diffusion
according to (12) with the diffusion coefficient, Cq.q(|VQ[)
in (13) [33]. The coefficient of variation for the Israd filter
can be selected from 0.01 up to 0.1 and the number of
iterations from 1 to 200. In this study the number of
iterations applied to each image, was set to 30, while the
coefficient of variation was 0.02. As it was observed during
the processing the Israd filter may be used to improve the
overall image quality. It was furthermore observed to
improve the quality of video encoding as well reducing the
bandwidth required for transmitting the filtered ultrasound
image over a 3G wireless network [32].

Results and conclusion

Origmal mage

Median filter Lee filter Kamn Frost

“Anisotropic Kuwzhara
diffusion filter Nonlmear filter

Fig 1: Ultra sound image of kidney

Table 1: statistical features

Origmdl | Tmex | Aniowopic | Fuwaem | Medim | hybrd | Ls | Fam | Frost | SRAD | SRAD
desperkle | diffusion flrer medizn

Mem | 3398 6473 TS e | 367 | 3373 | 215 | 737 | 3809 | jog010 | 308
Wedm | 645 6355 13T TIT | 6147 | 610 | 1S5 | 0 | 1188 | 75 | 6485
S Dev | 9632 7153 T 7T TI0 | BE | B0 | W05 | BB | 515055 | B2
Skewmess | 1615 3610 759937 Tew | 3% | 138 TT [ 2T [ 138 | 15502 | 10D
Rarioss | 5753 781 H07ET EEiY & S5 43 | 3 | 35 536 | 370

Table 2: Spatial gray level dependence matrices

Linear | AliEoUeRiC hybrid
Orgind | g | S | K | Medm | Gh | Le | Kam | Fest | SRAD | ISRAD
Aungilardud | o009 | po711 00s63 | 00s78 | oosos | 0077 | 03258 | o701 | ooses | 00820
moment
Contrast | 2849046 | 126804 43566 | 2823 | 24032 | 23087 | 20631 | 10978 | 24028 | 28490
Comdlation | 0931347 | 0986720 080438 | 0943908 | 02409 | 09364 | 083432 | 09751 | 0.8500 | 08313
Varime | 2081736 | 48180702 Q70585 | 2042343 | 2043072 | 26944 | 1980392 | 22185 | 24512 | 20817
Taverse
h 0485263 | 0461363 | 040147054 | 036921 | 0578343 | 0556157 | 051908 | 0709791 | 05411 | 04595 | 04852
nemt
sum sverage | 694013 | 11009146 | 780730034 | 6986350 | 6899766 | 630720 | 804035 | 4434817 | 76806 | 80348 | 69.401
o TOITY | 19135976 | EII336533 | BL30671 | 7941939 | 7931961 | 105369 | BIT60ST | WIGAT | oo | WOADT
variance
Sumetopy | 3392811 | 26296305 | 27130087 | A20100% | A3063 | G333n | GATNE | I9THI | IS g | AEE
Ewopy BUG53T | 6222768 | 697050300 | S8TTR6T | 3TIE0T | SEESET | 396207 | 3ESHD | 3H05 | gagn | 6063
= TSTOHTT | 977937 [ 1654336 | 2237019 | 118193 | 2218208 | 209866 | 193 3TT | 9TAET [ oo | TA0R
variance -
= TAISI08 | 2509255 | S094TISS | 2095097 | 2065076 | 2120996 | 220381 | T6TLZG | ZI8ES | oo | 2ABT
enopy 240
comeation | 039107 | 0475615 | DI | DALH | DT | 04SS9 | IS | 0508 | 0ST05 | 00
: 0407
comelzton - | 0.9720 | 09997357 | 09S0I0107 | OOBTIAT | UOSSISA | OSN3095 | 098E38 | OOBEIS | OSSIT | o oo 0970
Oried | Tmew | Amsouope | Wiwdan | Medm | Ewd | L= Ram | Fon | SRAD | BRAD
despeckle | difusicn wadian
e
Aumgdlxr  2ud | 0010776 | 00053 | G00796575 | 000878 | 0.005TIT | 0009579 | G00459 | 000772 | 0.003509 | 0L0094TT | 00107
moment
Comtast O | SR | SRS | ST [ 1 TN | TR R ORI IPEFRTETE BT e
Condlaion TPSOAT | 0703635 | 0107013 | 00808 R LT TOTEIL | 00PIE | 05
Ve STTOTO5 | T70T5995 | STOTS0NSE | S5 IET [ G005 | SASTI0S | A0S | MR [ T | TR ST
T TETTAz | 01344081 | O.08TIT6A03 | 0091365 | O067TT8 | 0403178 | 0.05%92 | 0056751 | 0086065 | 008683 | 0811
#fencmomant

sum average 0.31994T [ 3.5775982 | 0.532648514 | 1.I018I5 | 0491038 | 0.320875 | 3.502041 [ 0.603048 | 0.990071 | 2.75043 0.5199
SOm varance TA01606 | 11773403 | 8393000333 | 1304221 | 4173348 | 236,619 | 113197 | 3228814 | 3937074 | 311039 | 44916

sum entropy’ 0.0215229 | 003863253 | 0.031893 | 0.027314 | 0.036396 | 0.01X 0.027207 | 0.018362 | 0.036146 0.0410

Eatopy 753 | 03106280 | 0324493836 | 0376853 | 0317475 | 0396522 | 0383 334973 | 0333286 | 0317983 | 05482
38.020145 | 526.0820785 | 313.6238 | 1982218 | 206.3263 188.2647 | 6130384 | 2083125 pIvk/]

vanance

‘Jifftence 03751596 | 0418136317 | 0463913 | 0363606 | 0465383 | 0485476 | 0.349508 | 0451546 | 0413357 | 04337

entropy

cortelation -1 0053217 | 0.0812018 | 0080536503 | 010443 | 0083927 | 0105014 | 0051862 | 0.093621 | 0.08688 | 0.084136 | 0.0932

correlation -2 0.018608 | 0.0067537 | 0.031743051 | 0.013806 | 0.009061 | 0.012703 | 0.008022 | 0.016239 | 0.003898 [ 0.013001 0.0186

Contrast 78377906 | 12660875 | 1320080633 | 4534486 | 1381523 | 2402 730500 | 2061873 | 1097388 | 2390468 | 28579

Angulr  2nd | 0.15668 | 0.1706031 | 0.129838738 | 023069 | 026348 | 0241413 | 0210605 | 0.926626 | 0226913 | 0.167837 0136
moment
Enwopy TA331 | 23246071 | 310218374 | 2204366 | 2071249 | 2130886 | 1214833 | 1617837 | 2154018 | 2483645 | 2433

T 3 TI8836 | 36300207 | 1213277007 | S63IT | 3963343 | 3080271 | Z431923 | 3440808 | 151563 | 556383 | 34388
Table 4: Gray level difference statistics
¥ Orgmdl | Lmex | Amsowopc | kuwahes | Medm | Eybrd | L= K | Fiost | SRAD | SEAD
despeckle | diffusion medizn
fler
comsemess [ 10303 | 18204 | 305723 | 3600 | 27705 | 21205 | 30561 | 43667 | 54370 | 1385526 10.293
conast 023573 | 027609 0.79606 02159 | 01428 | 01745 | 01463 | 00687 | 00592 | 0226589 02373
buspuess | |31ES | 3946E6 | 430149E-3 | 378E-5 | 48E06 | 623E6 | 3.UE6 | 484E5 | 212E5 | 9.8IE06 L31ES

complesity [ 134650 75795 | 403234368 | 13 999054 | 728576 | 600403 | 34399.1 | 7883751 134680
sengh [ 330064 | 3630910 | 7143013251 2850576 | 3500151 | 6199416 | 8251736 | 2152456 | 2130264
comneness [ 96306 | 741016 | 50410068 | 95216 | 10806 | 10873 | 95878 | 13.030 | e.6e78s | 7.576601 9.6206

contrast 2387067 15925137 | 5140549877 ( 30.1881 | 2136515 | 2192384 | 21.48848 | 2031314 | 14.81809 | 2192206 2387067
periodicity | 0503321 | 0.7164176 | 0452735215 | 0.636363 | 0.663427 | 0661261 | 0.701078 [ 0743632 | 0.717373 | 0.713487 0.593321
woudbness | 342337 [ 21968351 | 2670691836 | 2333658 | 2187517 | 2202703 | 2216006 | 2238024 | 214082 | 2183034 2342337

Table 1, 2, 3,4 presents the results of selected
texture features extracted from the entire original and the
despeckled images and from an ROI (—/-), that was selected,
showing significance difference after despeckle filtering (p <
0.05). The features were extracted from all 100 ultrasound
images of the Kidney investigated in this study. These
features were the median, variance (SF feature group), sum
average (SGLDM range of values feature group), contrast
(GLDM feature group), coarseness, busyness (NGTDM
feature group), roughness (SFM feature group), energy LL
kernel (LTEM feature group), Hoerst coefficient H1 (FD
feature group) and angular sum (FPS feature group). It is
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observed from Table 1that almost all filters preserve the
median and reduce the variance. Furthermore, it is also
observed that when the Isradfilters are applied to the ROI of
image, they increase contrast, H1 and angular sum, but lower
roughness while at the same time they preserve the rest of
the features. The results of this study can also be favorably
compared with the results presented in [5,12], where similar
texture features values were computed for Kidney.

Table 5: Image Quality

GAE MSE SNE FSNE | MMG | MMA Tar SST AD SC TD | DMSE | NAE
3538065 | 2096 11651 pEXS) ELRES 3388 | 0871 0515 | 1681 | 1010 | 214 | 0521303 | 0.044363

isotropic | 2958063 | 205237 73060 | 39181 | 98 | 6210 | 0683 0708 243 058 | 5 | 249 | 00%

303806 | 2083 01690 | 3503 | 4186 R 0771 0850 077 098 | 355 | 1167 0033

70380065 | 3588597 | 438100 | 3830946 | 11033 | 211230 | 09303 | 09722 | 041 TO0T | 233 | 02605 | 00086
35380063 | 3910678 | 2694969 | 4233003 | 643047 | 115208 | 09621 | 09830 | 011F TO01 | 145 | 00703 | 00052

2938065 | 2626541 | 1174001 | 294773 | 19362 | 2540716 | 08781 | 09285 | 1363 TO% | 175 | 0570 | 00303
7038065 | 0775936 | 1637838 | 6853683 | 180334 | 204043 | 04945 | 0340 | 105062 | 11869 | 255 | 19962 | 0843

TE003T | 2821594 | 227108 | 340577 | 08166 | 08941 | 00313 | 1013 | 173 | 10386 | 003K

1491601 | 76630 | 174006 | 18951 | 00509 | 02375 | 746270 | 3709 [o0258] 255 10580
0 0 0

5| 220372
TSRAD | 29380465 | 1000000 T000000 [ T T o T [ 0

Table 5 tabulates selected image quality metrics
between original and despeckled images when filtering is
applied on the entire image and when applied in an ROI
(=/-). For all filters investigated, when filtering was applied
on the entire image or in an ROI the geometric average error
(GAE) was 0. This can be attributed to the fact that the
information between the original and the processed images
remains unchanged. The quality metrics LMSE, and NAE
showed a similar performance as the MSE and RMSE
whereas for the Israd filter, smaller values of the same
metrics were observed.
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