Iran Red Crescent Med |. 2015 February; 17(2): €25013. DOI:10.5812[ircmj.25013

Published online 2015 February 16. Research Article

A Comparative Study of Three Speckle Reducing Methods for Intima-Media
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Background: Ultrasonic evaluation of intima-media thickness (IMT) is an early marker of assessing the development of atherosclerosis
and determining cardiovascular risk. To attain the best possible diagnosis, it is essential that medical images be clear, sharp and without
noise and artifacts.

Objectives: Comparison of speckle reducing anisotropic diffusion (SRAD), discrete (DTD) and continuum topological derivative (CTD) on
B-mode ultrasound images of common carotid and brachial arteries throughout the cardiac cycle.

Patients and Methods: In a cross-sectional design, an examination was performed on forty-two human subjects with a mean age of 44 £ 6
years from April 2013 to June 2013. This study was approved by the ethics committees of Kashan University of Medical Sciences and Beheshti
Hospital. An ultrasonic examination of common carotid and brachial arteries of forty-two human subjects was performed. The program
was designed in MATLAB software to extract consecutive B-mode images and apply region of interest (ROI) on the IMT of the common
carotid and brachial arteries. Then, three different noise reduction filters with the Canny edge detection were used in ROI separately.
Finally, the program measured the image quality metrics.

Results: According to values of eleven different image quality metrics (mentioned in the main text), there was a significant difference
between CTD, DTD and SRAD filters with the Canny edge detection status in the common carotid and brachial arteries throughout the
cardiac cycle (all P values < 0.001). For example, peak signal to noise ratios (PSNR) using CID, DTD and SRAD filters were 95.43 + 0.64, 88.86
+0.82 and 73.02 + 0.20 in common carotid and 96.39 +1.25, 92.58 + 0.11 and 88.27 + 0.63 in brachial arteries, respectively (both P values <
0.001).

Conclusions: By measuring image quality metrics, this study showed that DTD and CTD filters with the Canny edge detection respectively,
are better than SRAD filter with the Canny detection for speckle suppression and details preservation in both arteries in the ultrasound
images.
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1. Background

Intima-media thickness (IMT) of the carotid artery and
its increase is associated with several cardiovascular risk
factors and manifest cardiovascular disease (CVD) (1, 2).
The walls of the common carotid artery are straight and
run parallel to the skin's surface. The walls of the proximal
internal carotid artery are usually divergent and curvilin-
ear, and the vessel frequently descends deeper into the
neck and is no longer parallel to the skin's surface. Even
without such detractions as acoustic shadowing, which
can occur when lesions are present, it is to be expected
that measurements of the common carotid artery would
be usually more precise than those of the internal carotid
artery (3). Moreover, the pattern of wall thickening in bra-
chial artery is quite diffuse than carotid artery, which may
be amore sensitive index of long systemic exposure to risk

factors (4). Therefore, evaluating mechanical parameters
changes of common carotid and brachial arteries attract-
ed researcher's attention. Using ultrasound for this aim
is proper, because it is a noninvasive and non-radiation
method. Its costis low and it has capability of forming real
time imaging (5). To attain the best possible diagnosis, it is
essential that medical images be clear, sharp and without
noise and artifacts. By nature, ultrasound image includes
alot of noise contents, especially speckle noise than other
imaging modalities (6). Speckle artifact is produced by
interference of energy from randomly distributed scat-
tering. It reduces image resolution and contrast and blurs
necessary details; thereby, speckle noise reduces diag-
nostic value of this imaging modality. Therefore, speckle
noise reduction is essential whenever ultrasound imag-
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ing is used (6, 7). The traditional speckle removal filters,
like the Lee filter and Frost filter have greater restrictions
in edge preserving and characteristics preserving (8). Yu
et al. presented the speckle reducing anisotropic diffu-
sion (SRAD) filter (9) based on a partial different equation
(PDE). The PDE-based speckle removal approach allows
the generation of set of filtered images that vary from
fine to coarse. This filter is not sensitive to filter window
size and shape (9). SRAD not only protects edges, but also
enhances edges by eliminating diffusion across edges and
allowing diffusion on either side of the edge (8). Besides,
the topological derivative is a branch of computational
mathematics with the aim of solving problems when the
domain under consideration is perturbed by introduc-
tion of heterogeneity (10). Discrete topological derivative
(DTD) algorithm is an indicator function that finds best
pixels to introduce the holes or cracks that would most
reduce noise conserving suitable image features in pres-
ence of diffusion (11). Continuum topological derivative
(CTD) algorithm goes through a gradual transition from
one state to a different state, without sudden changes
(11). CTD finds scaling parameter for the cost function and
percentages of pixel that is re-classified in iteration and
DTD calculates fined weighted for both terms in the cost
function. Indeed, DTD describes difference between per-
turbed and original cost functions (12). Thus, it is essential
to have noise reduction filters to preserve the features, so
that noise reduction causes no blurred or distorted edges.

2. Objectives

The aim of this study was to analyze performance of
SRAD, DTD and CTD filters in ultrasound images of com-
mon carotid and brachial arteries for optimum remov-
ing noise with preservation of edges.

3. Patients and Methods

3.1. Study Protocol

In a cross-sectional design, an examination was per-
formed on forty-two human subjects with a mean age
of 44 + 6 years from April 2013 to June 2013. Traditionally,
atherosclerosis disease is considered a typical middle-
age disease. CVD, the most frequent and lethal form of
atherosclerosis disease, reaches a significant incidence
at the age of 40 years in men (13). Our study group con-
sisted of healthy volunteers who came to Beheshti hos-
pital affiliated to Kashan University of Medical Sciences.
It is a governmental hospital. Patients’ medical history,
physical examination, electrocardiography (ECG) and
echocardiography were recorded. None of the subjects
had history of cardiovascular and/or cerebrovascular
disease, hypertension, diabetes mellitus and tobacco
abuse (14). All subjects gave informed consent prior to
participation in the study. This study was approved by
the ethics committees of Kashan University of Medical
Sciences and Beheshti Hospital (Iran; Code ethical ap-

proval, 9139; Approval date, 05/08/2012). In our study, be-
fore ultrasonography, subjects rested for at least 10 min-
utes in supine position until their heart rate and blood
pressure reached a steady state. Blood pressure and heart
rate were recorded with a calibrated oscilloscopic blood
manometer (ALP K2, Adult Cuff, + 1 mmHg, Tokyo, Japan)
and a wrist manometer (Microlife, £ 3 mmHg, Germany)
on the left brachial and radial arteries with the subject
in a supine position respectively. Measurements were
performed in a temperature-controlled room according
to current guidelines (15). The left common carotid of
subjects, 2 -3 cm proximal to the bifurcation and the left
brachial artery (3-5 cm upper than elbow) were examined
in the longitudinal direction with a high resolution So-
noline Antrases (Siemens, HenkestraBe, Erlangen, Mittel-
franken, Bayern, Germany) ultrasound system equipped
with a 5 - 13 MHz linear transducer (16). Dynamic range,
depth of focus, maximum display depth, acoustic aper-
ture, number of elements, array length and spatial pulse
length were 55 dB, 3.5 cm, 6 cm, 45 x 9 mm, 192 x 3,39 mm
and 55, respectively (17). The audio video interleaves (AVI)
format of the consecutive images of the common carotid
and brachial arteries with a frame rate of 43 frames per
second was captured from hard drive and transferred to
a PC (computer) for post processing. The recording con-
tained 90 frames (almost three cardiac cycles), while the
left common carotid and brachial arteries were scanned
in the longitudinal direction. A program was designed
using MATLAB software version 7.01 (Math Software Co.,
Math Works, USA) to extract consecutive images in the
bitmap (BMP) format from the AVI (image size: 547 x 692
pixel 2). Images were normalized so that the average gray
scale median of the pixels in blood ranged between 0 and
5, whereas that of the adventitia as 180-190 according to
widely accepted specifications (18). Region of interest
(ROI) with a size of approximately 53 x 42 pixel2 applied
on the IMT of the posterior wall of common carotid and
brachial arteries (19). Then, different noise reduction fil-
ters (SRAD, DTD and CTD) with the Canny edge detection
were performed in ROI separately. Finally, the program
measured mean squared error (MSE) (20), peak signal to
noise ratio (PSNR) (20), normalized absolute error (NAE)
(19, 20), normalized cross-correlation (NCC) (21), struc-
ture similarity image measures (SSIM) (22), speckle index
(SI) (20), structural content (SC) (23), image quality index
(1QI) (20, 21), maximum difference (MD) (23), average dif-
ference (AD) (23) and equivalent number of looks (ENL)
(18, 24) (Table 1). All measurements of both arteries were
performed by a single operator to eliminate inter-observ-
er variability (25).

3.2. Off-Line Analysis

The Canny edge detection algorithm was applied
in this study using Matlab software. It uses a multi-
stage algorithm to detect various edges in images.
For finding edges, this detector searches local maxi-
mum of the gradient of the image function (f (x, y)).
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Table 1. Performance Metrics and Their Mathematical Definitions

Performance Mathematical Expression Purpose
Mean square MSE = m (i) — (i i 2 The MSE is the average of the square of the
error (MSE) M\I wx izt 2= (¢ () =y (0.)) » Where x(i, j) represents the original  gjfference between original and de-noised
image and y(i, j) represents the de-noised image and i and j are the pixel position of the  jmage intensity values divided by the
M x N image. MSE is zero when x (i, j) = y(i, j) A higher/lower MSE value corresponds to  gjze of the image (20). The MSE is used to
maximum/minimum difference between the original and de-noised image. find total amount of average difference
between two images.
Peak signal It is a ratio between the maximum possible
= Wh th ber of bit d i ting th 1
to noise ratio PSNR = 1010g10 \/1\ S ere n is the number of bits used in presenting the pixe power of the signal and the noise content.
(PSNR) of the image. For example, grayscale image, n is 8. Higher PSNR value shows better image

quality (20).

Normalized Z . Z i —vi ] It measures the error perdition accuracy
AbsoluteError NCC = + Where x (i, j) represents the original image andy (i,]) of the image. Large value of NAE indicates

2
= 1)
(NAE) i Xy (@) poor quality (19, 22).
represents the de-noised image and i and j are the pixel position of the M x N image.
Normalized Z x(i§)y (i) o o The closeness between two digital images
Cross Correla- XNCC = Z N N » Where x (i, j) represents the original imageand ., 5150 be quantifies for correlation func-
tion (NCC) =121 X0 tion. Normalized Cross Correlation mea-
y (i, j) represents the de-noised image and i and j are the pixel position of the MxNim- ¢, oc¢ha similarity between two images.
) ) . o Its value would approach 1as difference
age. Its value is unity for identical images. between the two images approaches 0 (21).
Speckle Index Z (1) (i) It is measure of average contrast of an im-
(S1) NCC = N— ,Where iand j are the pixel position of the MxN 306 A Jow ST value for effective de-speck-
S i (x(hi)) ; .
ling. Usually the speckle index changes
image. o, p are variance and mean, respectively. from1to a lesser value (20).
Structural Con- ZM N 2 o o o It measures similarity between the original
tent (SC) SC = ﬁ , Where x (i, j) represents the original image and y (i, j) repre- .14 de-noised images. Reconstructed
i=12j=1Y1] image is of good quality if SC value lies
sents the de-noised image and i and j are the pixel position of the M x N image. Its value .- 1, greater values indicate poor quality
is unity for identical images. image (23).
Equivalent Num- 2 To estimate the speckle noise level another
ENL = (NMV)“/(NSD 1 _ V)2 ,x=1,...,mandy=
bers of looks ( yi ) NSD = I\IN (Z[ (X‘Y) Nl\[V) Y assessment parameter known as ENL over
(ENL) 1,...n, Noise Mean Value (NMV) = (1/(m*n))( ¥I(x,y)),X=1,..,mand y=1,...,n, Wherelis  auniform region is used. Alarger value
de-noised image, m represents the number of rows and n represents the number of ~ of ENL shows a better quantitative perfor-
columns in the image. NMV is mean and NSD is standard deviation is measure of the mance (24, 26).
signal to noise ratio.
Image Quality Q 4oy, 7Y It is a combination of three factors such as
= 7 o T x wv 2 ; 15N : i i
Index (IQI) (c2402) ((;)2+ (7?) ) , X, Xy, Yy oX2 oy and oxy are given as = NZi:lIz and, loss‘ of correlatl(?n, mean dlStOl‘tl(.)n and
variance distortion. The range of image
N ( - —) and 2 _ sV < = *) quality index is [-11]. For identical images,
= ’ 0’ T, — T o A Yy
y= N Licali Tl v =2y the value of images, the value of image
oy = 7T (m,.f z ) <y,., ;}) quality index is unity (20, 21).
Maximum Dif- MD = max|x(i,j) - y(i,j), Where x (i, j) represents the original image and y (i, j) represents MD is the maximum of the error signal (dif-
ference (MD) the de-noised image and i and j are the pixel position of the M x N image. ference between the reference signal and

test image). Large value of MD means that
the image is poor quality (23).

Average Differ- AD — M : 5\, Wherex (i, j) represents the original AD is simply the average of difference be-
= —_ l ’ )
ence (AD) MN z 12 ( ( ) Y ( ? J)) tween the reference signal and test image.
image and y (i, j) represents the de-noised image i and j and are the pixel position of the  Alower value of MD means that image is

M x N image. poor quality (23).
Structural (o}hc )(2a +Cy) The SSIM is the best method to evaluate
&g 1 Xy 2
Similarity Index SSIM = _ L 2 2 X image quality. Two images would have
2 : LY , 0X20Yy2 d T .
Metric (SSIM) (03+03+C) ((') +(»") +01> KXY, Yoy, ox2oy2 oy andayy are given good similarity if SSIM value is 1and poor

if itis lesser than 0.9 (22).

_ 2
as: . 1\ o 1IN o N ) ,and
v= 4w v= E5 g 02 = 752 (- )
e ~ _
Oy = F72im1 (If* I) (yi* y)
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The gradient is calculated using the derivative of a Gauss-
ian filter. There are two different thresholds to detect
strong and weak edges and weak edges are connected
to the strong edges in this method. In this study, we as-
sumed here that the speckle pattern in ultrasound im-
ages has a white, Gaussian noise model (26-28) and for
consecutive images, the Canny edge detection with dif-
ferent common de-specking methods (SRAD, DTD, and
CTD filters) were performed in ROI on the IMT of the
posterior wall of common carotid and brachial arteries.
Speckle has multiplicative properties in the nature. There
are a number of elementary scatters within each resolu-
tion cell. Speckle noise with a random granular pattern
corrupts the acquired image and delays interpretation of
image content (27). A speckle image is commonly mod-
eled as multiplicative noise in ultrasound images (26, 28).
The SRAD method (29,30) is used directly for suppressing
speckle noise in ultrasound images with instant coeffi-
cient. That is based on PDE including the imaging gradi-
ent, Laplacian and image intensity. SRAD equation used
in this study is given in Equation 1:

Where t is the diffusion time index, At is the time step
responsible for the convergence rate of the diffusion pro-
cess (range: 0.05 to 0.25) and g(ICOV(u")) is the diffusion
function and is given by Equations 2 and 3

(1) SRAD (U') = ut+1 = ut+(5) div (g (ICOV (0)) V *xu’
(2) G (ICOV (u)) =e—(P)

((Icov(U’)qt)2—1)

(1+¢t)*

(3) P =

Where q is the measure of speckle coefficient of variation
in a homogenous region of the image. CTD is known as
the real line or on the correspond cardinal number. Con-
tinuum is anything that goes through a gradual transi-
tion from one condition to a different condition without
any abrupt changes. A single point is a continuum that
contains more than one point (11). It is the same as dis-
crete but designed vector b = {g,, ¢,, ..., ¢, }. 9, 95, .-, 0
are structures that modeled as a continuum. Topological
derivative quantifies the sensitivity of a problem when
the domain is perturbed by the introduction of hetero-
geneity (31, 32). Let the domain Q under consideration is
perturbed by the introduction of small holes (topology
changes)in Qasshown in Figure 1. In this Q Qis the do-
main under perturbation, Y is the crack of length cen-
tered at the pixel n, W( Q) is the cost function assigned
before perturbation and ¥( Q/Y,) is the cost function
after perturbation. We considered bounded open set in
RN (N =2,3)and Y, as a crack of length centered at point
X Q(1,12):

Where f(¢) is known positive function going to zero

with, and Dy (“x) is the topological derivative at point
given in Equation 4. DTD method is used from a cost func-
tion for discrete approach (20). It was given by the equa-
tion 5:

(4) V() =V(Q)+ f(e) Dr(z)0f (¢)

Where kSP is the diffusion of pixel s with neighbors p and
n®={w, e, n, s} indicating the neighbors of the pixel s and
u;® is the intensity of the image pixel. Also, A™u;®P is de-
fined by the Equation 6:

(6) Auy” =uy —uj
And u* is clearly calculated using the Equation 7:

S s\ — ,,8 s S,
(7) U7 (k ) = Ui + Athenk r
Wherel =>1indicates the iteration number, k = {k®W, k5¢,
ks kSS} indicates the set of diffusion factor associated
with the pixel sand At s the artificial time step size.

v () 0\

Figure 1. Representation of Topological Derivative Diagram

3.3. Statistical Analysis

All continues data are expressed as mean + standard
deviation (SD). Normal distribution and homogeneity of
variance of data were checked by Kolmogorov-Smirnov
test (K-S) and Levene’s test, respectively. The statistical sig-
nificance in mean values of MSE, PSNR, NAE, NCC, SSIM,
SI, SC, IQI, MD, AD and ENL variables of the Canny edge
detection with all filters were assessed by ANOVA test. LSD
(Least Significant Difference) was used as post hoc test. P
value < 0.05 was considered statistically significant. All
statistical analyses were performed using SPSS software
package (SPSS V.8, Inc. Chicago, IL). The maximum sam-
ple size for the analysis of variance (ANOVA) was estimat-
ed from Equation 8:

(®) N=2%

N and » were sample size and non-centrality parameter,
respectively and estimated with a confidence level of 95%
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and power test of 80%. The value of Awas calculated from
Equation 9:

(9) A=L50 ( — ) i = $35 1145

k, o, 1;, and p, were number of groups, standard devia-
tion, mean of each group and overall mean (33).

4. Results

Ultrasonic examination was performed for the left com-
mon carotid and brachial arteries of forty-two men (aged
44 + 6 years) with no history of cardiovascular and/or
cerebrovascular disease, hypertension, diabetes mellitus
and tobacco abuse. Body mass index (BMI) of participants
was 23 * 3; systolic pressure as 122 + 14 mmHg; diastolic
pressure as 83+5 mmHg and Heartrate (HR) of 71+ 6 bpm
(beat per minute). Figure 2 shows original and filtered
common carotid and brachial arteries in a study sub-
ject. The results of de-noising filters with the Canny edge
detection are summarized in Table 2 for IMT of the left
common carotid and left brachial arteries in 90 frames
(almost three cardiac cycles). According to values of MSE,
PSNR, NAE, NCC, SSIM, SI, SC, IQI, MD, AD and ENL, there
was a significant difference between CTD, DTD and SRAD
filters-Canny edge detection status in the common carot-
id artery (all Pvalues < 0.001). According to values of MSE,
PSNR, NAE, NCC, SSIM, SI, SC, IQI, MD, AD and ENL, there

was a significant difference between CTD, DTD and SRAD
filters-Canny edge detection status in brachial artery (all
Pvalues <0.001). DTD and CTD filters with the Canny edge
detection were better than SRAD filter with the Canny de-
tection for speckle suppression and details preservation
in the common carotid and brachial arteries ultrasound
images (Lower MSE, SI, MD, AD, NAE higher PSNR, ENL and
near to 1 for NCC, SC, IQ, SSIM; all proved that their perfor-
mance are high in de-noising ultrasound images).

Filter ] .

type Common Carotid Artery Brachial Artery
Non

SRAD

DTD

CTD -~ i -

Figure 2. Left Common Carotid and Brachial Arteries Ultrasound Image
for One Sample

Table 2. Mean and Standard Deviation of Image Quality Metrics for Three Filters With the Canny Edge Detection in Left Common

Carotid and Brachial Arteries of 42 Study Subjects. 3P

Filters SRAD Carotid DTD Carotid CID Carotid SRAD Brachial DTD Brachial CID Brachial
MSE 0.00324108 £ 0.00008730 = 0.00000473 = 0.00383169 + 0.00003584 + 0.00000039 £
0.00015115 0.00001541 0.00000068 0.00059373 0.00000089 0.00000011
PSNR 73.01653278 88.86324610 95.42742459 + 88.27062507 92.57914974 + 96.38840262
0.20225305 0.81565367 0.63852141 0.62662068 0.11065172 1.24717083
NAE 0.02367264 + 0.02758987 + 0.00314536 0.08993134 + 0.03650177 = 0.00052831 %
0.00065456 0.00103658 0.00044993 0.00047839 0.00045128 0.00009334
NCC 0.93597502 = 0.95926880 = 0.98488556 = 0.94851670 0.95996759 = 0.986584858
0.00190416 0.01742364 0.00002543 0.00016193 0.00001070 0.01323544
SSIM 0.91999900 + 0.94997444 + 0.97438041% 0.92996422 + 0.94999964 + 0.97960682 +
0.00000013 0.00000121 0.00058733 0.00000130 0.00000012 0.00060962
SI 0.00000497 £ 0.00000556 0.00000544 + 0.00000519 0.00000700 = 0.00000703 =
0.00000089 0.00000096 0.00000098 0.00000091 0.00000122 0.00000122
SC 1.07920751+ 1.00013505 £ 0.99934641+ 0.67309709 + 1.00088738 = 1.00004156 =
0.00211329 0.00003092 0.00018419 0.00229816 0.00030854 0.00001575
1QI 0.46115492 + 0.92080477 0.95046500 = 0.21272323 + 0.92794113 + 0.96941824 +
0.00881941 0.00087706 0.00105049 0.00321600 0.00059459 0.00020984
MD 0.62094131 ¢ 0.53425688 0.16480626 0.48859484 + 0.39531867 0.09944374 +
0.02801523 0.04575904 0.06260978 0.05026766 0.03183652 0.03892293
AD 0.03302151% 0.00371374 0.00043881% 0.05708596 = 0.00231214 + 0.00003372 =
0.00112835 0.00016375 0.00006806 0.00015745 0.00002969 0.00000587
ENL 0.48527880 + 0.54529820 + 0.59050902 + 0.23697928 £ 0.30018565 + 0.55891358 +
0.00539073 0.00607544 0.00813031 0.00178620 0.00046646 0.00293672

2 Abbreviations: MSE, mean squared error; PSNR, peak signal to noise ratio; NAE, normalized absolute error; NCC, normalized cross-correlation;
SSIM, structure similarity image measures; SI, speckle index; SC, structural content; IQI, image quality index; MD, maximum difference; AD, average
gifference; ENL, equivalent number of looks.

Data are presented as Mean + SD.

C All P Values for ANOVA and Post Hoc Multiple Comparisons LSD Test Were < 0.001.
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5. Discussion

Nowadays, one of the main methods for prediction of
cardiovascular diseases is measuring IMT of the common
carotid artery. Therefore, precise measurement of IMT is
useful for assessing the risk of cardiovascular diseases or
its progress (34). Moreover, Weidinger et al. (4) showed
that assessment of brachial artery may have some poten-
tial advantages. First, changes of function and morpholo-
gy can be detected in the same artery. Second, the pattern
of wall thickening in the brachial artery is rather defused
than carotid artery, which may be a more sensitive in-
dicator of long-term systemic exposure to risk factors.
Besides, study of the blood flow in arteries is a rich field
surrounding unsteady flows, changing geometries and
secondary structures. Diseased arteries can create high
levels of turbulence, head loss and a choked-flow condi-
tion in which arteries can collapse. The pulsatile nature of
the flow creates a dynamic environment that raises many
interesting and fundamental unsteady fluid and arterial
wall mechanics questions. Answers to these questions
can be used to predict and change blood flow to alter the
course of disease. Each fluid and wall mechanics aspect
plays a role in the generation, detection and treatment
of arterial disease. Besides, quantities of stress and mass
transfer at the blood-wall interface are essential hemo-
dynamic factors influencing biological responses (35).
Saccular intracranial aneurysms usually occur at arterial
curves and bifurcations in the circle of Willis, with strong
implication of a critical role for hemodynamics in such
vascular geometry (36). Wall shear stress and strain dis-
tributions and extreme values are broadly accepted to be
responsible for aneurysm initiation, growth and rupture
(37). Moreover, artery stenosis may induce disturbance
and flow separation, and consequently create significant
flow resistance, large pressure drop and complex flow
pattern (38). Castro et al. showed that for higher stenosis
grades, the recirculation pattern results in more velocity
and wall shear stress values over a big area. For distal an-
eurysms ipsilateral to the high degree stenosis, the vor-
tex may reach the aneurysm basing on the stenosis grade
and the distance between the aneurysm and the stenosis.
Under this situation, the part of the neck closer to the an-
eurysm witnesses high velocities upstream, resulting in
the higher wall shear stress values. For the use of compu-
tational fluid dynamics in the study involving aneurysm
and stenosis has gained significance, focusing on differ-
ent shape and size of aneurysms and stenosis severity
with idealized geometries (35, 39). Due to the above-men-
tioned matters, fluid and arterial wall structure and me-
chanics would continue to play a major role in the future
diagnosis, understanding and treatment of cardiovascu-
lar diseases. Ultrasound is a broadly used and safe medi-
cal imaging technique due to its noninvasive nature, low
cost and capability of forming real time imaging (40).
However, the efficacy of ultrasound imaging is reduced
by presence of signal dependent noise known as speck-

le. Speckles pend to mask the presence of low-contrast
lesion and reduce the ability of observers to resolve the
real information. Moreover, presence of speckles in com-
mon carotid artery ultrasound images hinders enhance-
ment in them. They also complicate image processing
like image segmentation and edge detection. Therefore,
it is very important to suppress speckle noise and the
image with losing worth image features is enhanced be-
fore making any image analysis (5). Speckle is not a kind
of additive noise. It is a form of multiplicative noise (8).
The traditional speckle removal filters, like the Lee filter
and Frost filter have greater restrictions in edge preserv-
ing and characteristics preserving (9). Noise reduction
filter such as conventional anisotropic diffusion is not
proper to speckle suppression (8). It is proper for additive
noise. According to these problems, SRAD, DTD and CTD
have attracted researchers' attention. These filters not
only preserve edges, but also reduce noise (6, 24, 41). Edge
detection has been used as a tool for evaluating the per-
formance of noise reduction filters. Maini and Aggraval
et al. proposed that the Canny edge detection algorithm
is a proper method, which reduces false and misses real
edges. It also reduces multiple responses to real edge (42,
43). This study showed that DTD and CTD filters with the
Canny edge detection are better than SRAD filter with the
Canny detections for speckle noise reduction and details
in the common carotid and brachial arteries ultrasound
images. The present study is in agreement with others (11,
20).Using the automatic method for measuring the IMT in
B-mode ultrasound images, a few researches showed that
changes in IMT happen during cardiac cycle (44-46). Sel-
zer et al. (47) showed that common carotid IMT was lower
at peak-systolic than end-diastolic by an average of 5.3% in
24 samples. Another study showed that averaged change
of IMT in the common carotid was 0.041 mm (48). There-
fore, in this study we tried to provide a condition that
noise reduction followed at approximately three cardiac
cycles. Moreover, noise reduction was used on ultrasound
images of IMT in both arteries (carotid and brachial arter-
ies). Probably, our study contained more comprehensive
information than other studies that noise reduction was
performed only on one frame or one artery. One limita-
tion of this study was that despite we used four orders
PDE in SRAD algorithm, consumed time in de-noising of
this filter was a little more than the ultrasound images.
Another limitation was that the translation movement
of the common carotid and brachial arteries which came
from the probe movement during scanning and suppres-
sion of artery of artery pulsating movement were more
complicated. However, we concluded that these move-
ments were less. We concluded that DTD and CTD filters
with the Canny edge detection were better than SRAD fil-
ter with the Canny detection for speckle suppression and
details preservation in the common carotid and brachial
arteries ultrasound images. Our finding may help phy-
sicians to measure carotid and brachial IMT better than
non-denoising ultrasound images.
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