Ultrasonic Strain Image Made by
W Speckle Tracking of B-mode Image




Introduction

= Elasticity imaging can provide a significant
adjunct to current diagnostic ultrasonic
methods

= Most elasticity imaging is derived by RF data
and few by envelope data.

= RF data elasticity Imaging is more sensitive;
envelope datais less noisy under larger strain



Strain estimation by RF data

Cross correlation of consequent A-line




Strain estimation by envelope data
--Speckle tracking of B-mode image

= 1D-cross correlation of conseguent column of
pixels (like A-line of RF data)(Ophir) : lateral
displacement is hard to detect.

= 2D-Block matching algorithm (Levinston,
1994; Y eung, 1997), time costing
full search and multi-level methods



Goal of this project

= Studying the differences of 1D and 2D methods

= studying the differences of full search and
multilevel speckle tracking method

= Searching other possible strain estimator



Materials and Methods

= Target: B-mode images
= SSmulated data set
= breast phantom
= clinical breast tumor

= Method: 1D and 2D speckle tracking
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= Comparison of Elastograml (1D and 2 D)
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2D
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Result-|

= Comparison of correlation coefficients
distribution (1D and 2 D)
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= Comparison of arrow direction distribution
(1D and 2 D) 1D 2D

99-95% 99-95%
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Improved Speckle Tracking
- Multi-level

= Multiple levels, 9 points estimation in each level
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Result-I|

= Comparison of full search and mult-level
speckle tracking method

Full search Two level
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= Comparison of full search method of sum of
difference and correlation coefficient

Sum of difference (1-5)
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Result-I|

= Interpolation (1pixel --> 5 pixels)
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LSQSE(Least Square Strain
Estimator)

Homogeneous Strain Image obtained by
gel phantom taking the gradient
From 1% applied of the displacement field

compression

The middle column
from the LSQ strain
image

=\ After LSQSE




LSQSE(Least Square Strain
Estimator)

Origin Image
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FFT-based Speckle Analysis

= —FFT
= —Temporal Stretch Method
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Temporal Stretch
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FFT-based Speckle Analysis

B-mode
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FFT-based Speckle Analysis
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FFT-based Speckle Analysis
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£ mas displacement image

strain~=1%




L pxis displacemant image

strain~=1%
displacement




£ axis displacement profile
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Discussion

1D method has higher sensitivity, but also higher
noise (lower correlation coefficients).

More diffuse distribution of strain signal than 2D
method

2D method has higher precision rate (high correlation
coefficients) and best X direction displacement
estimate.

Band like strain signals were estimated for ssmulation
and phantom images, the cause may be dueto
guantitative error (accumulated of tiny strain relived at
the smilar row)



Discussion

For clinical breast tumor images, 1D and 2D method
could detect the strain both.

Multiple level speckle tracking method would produce
obvious error and 1s not suitable for ultrasonic strain
estimation.

Full search sum of difference method has near ssimilar
high precision rate as the correlation coefficients
method

Interpolation could increase the sensitivity but also the
noise, long time period was used in calculation.



Future work

Try the least square strain estimator proposed by Ophir group
for smoothing the images(denoise?) in 1D (1 method?)

Applying pyramid method for fasting the calculating speed of
sum of difference method.

|mproving the interpolation method for reducing the noise.
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