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Project Summary

Ultrasound images are riddled with system dependent imperfections called speckle
(multiplicative noise). In ultrasonic imaging, detection of small lesions could be difficult
because the effects of speckle may mask the visibility of these small targets. Therefore, the
purpose of this project is to decrease speckle while maintaining some of the key salient features
in the image. Images of tissue-mimicking phantoms will be created using Field 11 [1-2] in
MATLAB (Natick, MA). Image quality metrics such as speckle signal-to-noise ratio (SSNR) [3]
and contrast-to-noise ratio (CNR) [4] will be used to quantify improvements in image quality
after various despeckling filters have been applied.

Project Description

The motivation of this study is to reduce speckle and improve image contrast while attempting to
preserve key features in the image. The significance here lies in the improvement of diagnostic
ultrasound imaging, which could potentially result in earlier detection of cancer.

In this study, two excitation methods will be used: conventional pulsing (CP) and a pre-
enhanced chirp (REC). CP is the standard excitation used in most typical ultrasound devices.
REC is a technique that improves axial resolution of the ultrasonic imaging system by a factor of
2 [5]. Recently, a technique known as REC-FC that combines the REC technique with
frequency compounding (FC) was developed [6]. In this method, the spectrum of the radio
frequency (RF) echo data was subdivided using subband filters to generate separate partially
uncorrelated RF echoes. Consequently, these RF echoes were used to generate separate images
that when compounded resulted in an image with reduced speckle. In the REC-FC study,
various subband widths were evaluated. As the subband width became smaller, the variance in
the image was reduced but at the expense of deteriorating the axial resolution. Therefore, the
engineering tradeoff in REC-FC was contrast resolution vs. axial resolution.

A new technique known as enhanced REC-FC (eREC-FC) compounds several REC-FC images
obtained at different subband widths. Contrary to REC-FC, with eREC-FC the contrast
resolution was improved while maintaining an axial resolution comparable to CP [7]. However,
with eREC-FC much of the speckle is still present in the image. Therefore, other speckle
reduction techniques (despeckling filters) could be applied to reduce the speckle and improve the
contrast even further. These filters include: local statistics, median, geometric, homomorphic
deconvolution, anisotropic diffusion, and wavelet shrinkage.

Simulations and processing of experimental measurements will be performed utilizing
MATLAB. Tissue-mimicking phantoms that simulate human tissue will be created in MATLAB
so that ultrasonic images using CP and REC can be generated using Field Il [1-2]. Field 1l [1-2]
is an ultrasonic imaging add-on toolbox for MATLAB that could be used to simulate transducer
field patterns and to generate accurate ultrasonic images. Once the images are generated, the
despeckling filters will be applied to the CP and REC images. Finally, image quality metrics
will be applied to quantify improvements in contrast and speckle reduction.



System Block Diagram

A processed image, i(X,y), results from applying a despeckling filter to the original image, i(x,y),
as seen in Fig. 1.
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Fig. 1. General system block diagram.

Relevant Flowcharts

The basic idea behind REC is outlined in Fig. 2. By convolving the transducer’s pulse-echo
impulse response, h;(n), with a pre-enhanced chirp, vpgr(n), can be made to act as h,(n)
convolved with a linear chirp, v,y (n), resulting in y(n). Basically, h;(n) responds like h,(n),
which has more desirable characteristics, such as a larger bandwidth, which translates into
improvements in axial resolution. Thus, hy(n) * vprg (n) = hy(n) * vy (n).
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Fig. 2. Convolution equivalence

Images from tissue-mimicking phantoms will be created using Field 11 [1-2]. A simple guide for
the creation of an image is shown in Fig. 3.
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Fig. 3. Description of image creation using Field 11 [1-2].

Description of Filters

Local statistics filtering uses a moving window to compute local statistics, such as mean and
variance, for pixels in a region-of-interest [8]. The equation to govern this process is [9]:

fij = Gi; + kij - lgij — 3],
where f; ; is the estimated pixel, g; ; is the middle pixel of the region-of-interest, g; ; is the local

mean value of the region contained by the window, and k; ; is a weighting factor described by
2

ki; = giﬁ’ where ¢ is the variance in the window and g,, is the noise variance in the
ij” n

window and k € [0 1].

Median filtering takes the median of the pixels in the window and replaces the center pixel in a
region-of-interest with that value and has the effect of removing spikes of noise [8,10].




Geometric filtering uses an iterative approach to make the central pixel more like the adjacent
pixels [8,11].

Homomorphic deconvolution uses the FFT of the logarithmic compressed image, reduces noise
by applying a despeckling filter, then calculates the inverse FFT of the image. The result is an
image with sharper features and reduced speckle variation [8,12].

Anisotropic diffusion uses the classical isotropic diffusion equation to smooth the image in
homogeneous region while preserving brightness at discontinuities. The image is altered by
solving a nonlinear partial differential equation [8,13] that was proposed by Perona and Malik
[14]:

{g—i = div[c(|VI|) - VI]

where V is the gradient vector, div is the divergence operator, c(x) is the diffusion coefficient,
|x| stands for magnitude, and I, is the initial image. They go on to say to use two diffusion
coefficients:

X

2
c(x) = 1x -and c(x) = e[_(?) ] where k is an edge magnitude parameter.

1+(5)

Wavelet shrinkage reduces speckle by filtering in the wavelet domain using the discrete wavelet
transform [8,15].

Image Specifications

Speckle Signal-to-Noise Ratio (SSNR) — SSNR = %Where W is the mean and o is the standard

deviation of a homogeneous region in the image [3]. To have fully developed speckle, an
ultrasonic image has a SSNR of 1.91 [16].

Contrast-to-Noise Ratio (CNR) — CNR = [-2=EL| where up is the brightness of the

fa§+a%

background, py is the brightness of the target lesion, o2 is the variance of the background, and

o# is the variance of the target [4]. CNR quantifies how well an object can be perceived
compared to the surrounding background. The goal is to improve the CNR beyond the reference
eREC-FC image after despeckling.

Preliminary Progress

A MATLAB function to generate tissue-mimicking phantoms has been created. The function
allows the dimensions of the phantom, the diameter of the lesion in the phantom, and the
scatterer density per resolution cell volume in the background and the lesion to be adjusted. A
sample cylinder phantom is shown in Fig. 4.



Cylinder Phantom Top View Cylinder Phantom
30 O(&O o @@% @@ 6900 o@@ &9) s b,

O oog GS’

N
o
Distance [mm]

Distance [mm)
o

o

m

?o@ ?D o % O
Joag@?® % ® o080 Oo% &% §
0 5 10 Dlstan?e o P 30 Distance [mm] v ‘e Distance [mm]
(@) (b)

Fig. 4. MATLAB plots of a cylinder phantom with radius of 6 mm, a depth of 1 lateral beam
width, and a scatterer density of 10 times the surrounding tissue to ensure visibility when viewing
from (a) above the cylinder or (b) any 3-D angle

Software using Field Il [1-2] to simulate phantoms using CP has been created, see Fig. 5.
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Fig. 5. Ultrasound image created using Field Il [1-2] of point targets located at the focus of the
source



The software implementation of the REC excitation scheme process is complete, and is shown
graphically in Fig. 6 as an extension of Fig. 2. Fig. 7 shows the frequency analysis of Fig. 6 to
further illustrate that the convolution of h; and vegre is equal to the convolution of h, and vy .
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Fig. 6. MATLAB simulation of REC excitation scheme



Hl(m) VPRE(m) Hl(m) X VPRE(m)
2 1 2 1 2 1
2 2 2
= = =
g g g
E 0.5 E 0.5 123 0.5¢
(&) () ()
X N N
T T T
£ £ £
o o o
Z = Z 0 = Z 0 =
0 2 4 0 2 4 0 2 4
Frequency [MHZ] Frequency [MHZ] Frequency [MHZ]
H2(co) VLIN(co) H2(0)) X VLIN(co)
2 1 2 1 2 1
= = 2
IS IS =
g g g
2 o5 2 o5 2 05
~ s 3
£ £ £
o (@] (@]
Z O- - - Z 0 - Z O I3
0 2 4 0 2 4 0 2 4
Frequency [MHZ] Frequency [MHZ] Frequency [MHZ]

Schedule

Fig. 7. Frequency Analysis of REC Excitation Scheme

January 21, 2010

January 28, 2010

Median Filtering:

Research and Design
Implement and Quantify Results

February 4, 2010

February 11, 2010

Local Statistics Filtering:

Research and Design
Implement and Quantify Results

February 18, 2010

February 25, 2010

Geometric Filtering:

Research and Design
Implement and Quantify Results

March 4, 2010

March 11, 2010

Homomorphic Deconvolution:

Research and Design
Implement and Quantify Results

March 18, 2010

March 25, 2010

Anisotropic Diffusion:

Research and Design
Implement and Quantify Results

April 1, 2010

April 8, 2010

Wavelet Shrinkage:

Research and Design
Implement and Quantify Results

April 15, 2010

Finalize all work and begin final report

April 22,2010

Continue working on report and work on presentation

April 29, 2010

Finalize report and finish presentation

May 6, 2010

Final presentation

Fig. 8. Project schedule




Patents

A search for patents was made and revealed that there was a patent application for utilizing REC-
FC which has the application number 20090209858 and is titled “System and method for
ultrasonic image processing” by Dr. Michael L. Oelze. This was incorporated into a previous
U.S. Provisional Patent Application, Ser. No. 61/029,479, filed Feb. 18, 2008, by Dr. Oelze,
entitled “Ultrasonic Imaging Speckle Suppression and Contrast Enhancement Technique.”

Equipment List

In order to facilitate the project’s continual progress, a computer dedicated solely to this project
will be used. The computer is a Dell Optiplex 760, Round Rock, Texas, which has a quad-core,
64-bit processor and 4 GB of RAM. The software necessary for completing the project would be
MATLAB and Field 11 [1-2].
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