Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2013, 5(12):332-337

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Ultrasound lateral displacement and lateral strain estimation using
atwo-step strategy

Congyao Zhang?, Dequan Guo®®", Hao Yin? Dong C. Liu®and Xiaoming Zhou®

#College of Computer Science, Sichuan University, NBd#h Section 1, Yihuan Road, Chengdu, China
®Control Engineering, Chengdu University of Informatibechnology, No.24, Block 1, Xuefu Road, ChengdR, Bhina
‘Department of Mechanical Engineering, Neijiang Vimadl and Technical College, No.42, Dongtong Roadijdve, P.R.
China

ABSTRACT

Ultrasound elastography has been shown to be usefhinique in imaging information about the tissuelastic
moduli, which plays an important role in early diagis of several kinds of tumors. Usually, elastogs display
only axial displacement and axial strain. Laterémlacement and strain estimation is difficult besa there is no
phase information and the precision of data is iagktoo. Most of the lateral estimation methodsvjesly re-

ported are based on cross-correlation function (C&nd several kinds of interpolations of high comagional

cost are often used to obtain more accurate resiidtshis paper, a two-step method combining twaoeatisional
sum of squared differences (SSD) and cubic spépeesentation for lateral displacement and stragtireation is
introduced. This method can result directly in aate and continuous estimates with no need forpatation.

Computer simulations and phantom experiments arfopeed to investigate the performance of proposedhod
in terms of bias and jitter errors and image qugalit
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INTRODUCTION

Elastography, or ultrasound strain imaging, is refag interest and has been well developed in gastdes [1-4]. In
this technique, tumors or cancers are distinguightbm normal tissue by their different magnitudssstrains,
which reveal the change of the pathological tisse&sstic properties. In quasi-static strain imagian external
mechanical pressure is applied to biological tis3iren displacements and strains are estimated gremand post-
compression ultrasonic signal to represent thdielpsoperties of the tissue [1]. By displaying skedisplacements
and corresponding strains, some pathological infbion of the tissue could be observed in earlyicdindiagnosis.

Typically, only axial displacement and strain pregiag are performed, which are in the same dire@®the exter-
nal compression and the ultrasound transmissiomeder, most of the biological tissues are neartpmpressible
[5], which means axial compression will cause #ssupanding in lateral direction which is perpentiic to the
beamlines but parallel to the 2-D linear probe.tl$®» imaging of displacement and strain in lateiegadion can
provide important additional information.

The accuracy of ultrasonic data in lateral directi® much lower than in the axial direction duethe lower sam-
pling rate. Hence, most of the lateral displacengstitmation methods use interpolation to get higidgurate re-
sults. An iterative method based on weighted linetarpolation was proposed in [6]. In this methtte original
beamlines were interpolated before lateral dispiesrg estimation so as to obtain more accuratealagstimates.
However, their interpolation operation results imenous computational load and data space requiteme
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In this paper, a two-step method was proposedaitk tcontinuous lateral displacement rapidly. Twaelhsional
SSD of windows in pre- and post-compression datads are utilized to calculate integral level dispment. Then
the accurate lateral displacements are estimatéihding the minimum of the sum squared error (S8HEhe later-
al data segments presented by cubic spline. Simmotaand phantom experiments are performed to atalithe es-
timates.

EXPERIMENTAL SECTION

2-D coar se displacement estimation

Our method begins with a block matching algoritnhte@arse scale. Consider a pair of ultrasound fiataes,

representing sampled ultrasound echoes beforeftardlzde compression applied. A reference kesiéf] of size J

x K within the pre-compression frame is processét w comparison window,[i,j] of size M x N within the post-
compression frame to find where the best matcB$D was generally used as a preferred similaritgsme func-
tion than normalized cross-correlation (NCC) beeaofits balance between performance and computticost

[7-8]. A smaller reference kernel is used in outhod to track 2-D motion, i.e. J < M and K < N. TBED matrix

is calculated while the reference kernel is shiftedugh the comparison window. This 2-D matrixiéfined as:

M N

Rsso(kl) =" (sl i1- Sz[|+kJ+|])
i=1 j=1 (1)

k=0..M-J+1]1=0.N-K+1

In this matrix, the position of minimal 2-D SSD walindicates where the best match is, and alsoem»ar 2-D
coarse displacement estimate is.

2-D recorrelation

The complicated 2-D in-plane motion of tissue uraldal compression can result in dramatic descérgdmelation

between windows in pre- and post-compression franvbgh is so-called decorrelation. To improve aacy of

estimation, several method has been proposeddingsligning ad stretching [3,9]. Realignment eference ker-
nel and its corresponding dataset with respecath ether is an important way to improve correfatibhis can be
done by translating the center of reference kenstle the comparison window using integer displaeat results
from 2-D SSD.

Continuous sub-sample lateral displacement estimation

Our aim is to obtain directly continuous and actaifateral displacement from lateral discrete sltrac data seg-
ments. Cubic spline is used to continuouslyrepretiem discrete segments. Cubic spline is choseausecof its
balance between convenience and accuracy [10].r&8esgline-based methods were introduced to perfimma
delay estimation (TDE) [11-12]. However, the penfiance of spline-based method used in ultrasouedaladis-
placement estimation has not been studied thorgu@linsidering the lack of phase information anth@d&curacy,
spline-based method is expected to be particuleelysuited for ultrasound lateral displacemenineation.

Assuming g and g are two discretely sampled lateral ultrasonic aiggegments (i.e. pre- and post-compression
segments). They are denoted as:

giln] = g:(n- 1), (2)
g2[n]l = g2 (n - %), 3)
wheren is an integer, gnland g[n] are with the same length K, agpds the spatial sampling interval in lateral di-

rection (i.e. the distance between axial beamlinEisg¢ pre-compression segment is represented déiswons func-
tion using cubic spline, which is:

x<xs<20y f,(x)=ax®+bx? +gx+d,

G(x)=1 nDysx<(n+1)y f.(x)= a,x® +bx? +gx+d, , (4)

(K-D)Dr<sx<sKDy fya(x)=a X +b X+ x+de
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wherefi(x) is the polynomial representation which is imposete continuous at joining points, including thed-

tion, its first derivative and its second derivativi he coefficients can be determined through séweethods, in-
cluding matrix pseudo inverses and infinite ortBnimpulse response filters. In this paper, spluretion in MAT-

LAB is used to calculate them.

In our method, SSE of the continuous reference segind the discrete comparison segment is usiuldtevhere
the best match is. The SSE of these segments caplesented as:

K-1

£(x) = Z (G (nx +x)- 92[“])2 : (5)

n=1

A continuous SSE function can be obtained by sultstg the cubic splines representatiorgpinto (5).The mini-
mum ofe(x) can be found at a value which is also our estimate of lateral motion betweeference segment and
comparison segment. In this paper,xtie calculated simply by finding the zero point loéffirst derivative of(x).

In traditional displacement estimation methods, rifference kernel is shifted through the comparisordow to
find the minimal value of a pattern matching fuontisuch as normalized cross-correlation, SAD, dd §4-12].
Usually, this is a process of high computationatda3].However, the first step (i.e. 2-D SSD) ofr anethod has
low computational density. After aligning of thedeal segments, the second step (i.e. SSE) is detedee per-
formed only once to obtain the sub-sample and naoatis result within the range ef-+x. After the lateral dis-
placement is estimated, the lateral strain is cdatpusing a 1-D low-pass digital differentiator (313 described
by Luo in [14]:

)= s P 0~ X0=K)

M
K=

(6)

x 10° Bias Jitter
0.02
—6— ss
6l —H—Lss
—f—— sss
4; —F e 1 0.015
—</— SAC
~ 2 =
1S
£
E 0 T 0.01
3 g
m 2 =)
-4 0.005
-6
8 : : : : 0 ‘ : :
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
lateral displacement (mm) latearl displacement (mm)

Fig. 1. Bias (left) and jitter (right) asa function of varying lateral displacement. The pitch is0.2 mm. Ultrasound envelope data was used
in five different methods. Lateral and axial 1-D kernel length in estimation is 2.4 and 2.5 mm, respectively

Lateral rigid motion simulation

To evaluate the performance of our method, a latayial motion simulation is performed. The sim@dtphantom
is displaced only laterally with respect to theh@oln each position, ultrasound data frame is igded by convolv-
ing random scatterers inside the phantom with cerpbint spread function (PSF) [15].The RF datthén con-
verted to its complex analytic representation aechadulated into a baseband 1/Q signal. The scamiaré0 mm
deep and 40 mm wide. The total amount of scattésesst to be 2xf0Based on the characteristics of the imaging
ultrasound system Saset C21 (Saset medical Ltndgthe Sichuan, China), which is used in experiments MHz
center frequency is assumed and a 40 MHz sampleguéncy is used to digitize the RF signal. Toz0 Beam
lines are simulated. This resulted in a line spgacih200um, which is also called as the pitch. The speesbahd
in the medium is set at 1540 m/s. The phantomspglated laterally at a sub-pitch step of 0.02 mhis procedure
is repeated 11 times until a maximum motion of (&8 is reached.
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Fig. 2. 2-D experimental setup: (left) the photo of agar-based phantom. The surrounding area was colored by red ink to distinguish the
harder inclusion more clearly, (right) a sample sonogram acquired by iMago C21 ultrasound system

Lateral displacement and strain estimation

In previously proposed 2-D displacement estimatorsss-correlation function was used as patterrehiag func-
tion between 1-D or 2-D kernels [3] and [16]. IDlaxial kernel case, original signals were usuaitgrpolated
first. After the best match was found, sub-samaterhl displacement estimation was obtained bygusi cosine
fitting or polynomial interpolation [2,3,6]. The sime fitting was confirmed to outperform the polymal interpola-
tion. Hence, only cosine fitting is performed instipaper. These estimators which perform 16:1 firzewl spline
interpolation first on original envelope data asdled as LAC and SAC hereafter, respectively. Tal@ate the ef-
fects of different interpolation methods, proposeethod, which is referred to as SS (SSD and Splineje im-
plemented using interpolated data also. The intatpd versions of proposed method are referredsthSS and
SSS, respectively.

In this paper, the performance of each estimatapissidered in terms of its bias and jitter. Bmsléfined as the
mean of error of calculated lateral displacementjater is defined as the standard deviation efélktimation error
[12].

RESULTSAND DISCUSSION

Simulation results

Figure 1 presents the results from different estinsain lateral rigid motion simulation. In caselafferal rigid mo-

tion, bias and jitter of lateral displacement esti@s undergo periodic variations with a period etputhe pitch [13],
which is 0.2 mm in our simulation. In Figurel, e lateral displacement estimates are calculadedywltrasound
envelope data. In left plot, it can be seen that&Ss, and SAC have nearly the same level of Biad.the spline
interpolated version of proposed method has reve@gnitudes with respect to the other two. LAC shdavger

biases, whereas LSS shows the worst. In right plbthree versions of proposed method show aliessame and
much smaller jitter than the axial 1-D methods.wesknown in strain imaging, jitter has a much msigmificance

than bias [13].

Experiment results

A number of experiments are also performed on an-bgsed phantom. An inhomogeneous phantom [118l)&x
80 (lateral) x 30 (elevational) mm] made of gelgaigar) was generated. The concentration of the iaghe sur-
rounding regions is 1.0%. Two harder cylindricatlirsions both with a diameter of 10 mm and agarceantration
of 3.8% are embedded at depth of 15 mm and 55 espectively. The phantom is immersed in a tankdtivater
and placed on the bottom of the tank. A linearagitiund probe is immersed in the water too, whigtarallel to the
phantom but had no immediate contact with the wmbary of the phantom. The phantom is compressdabtn
lateral boundaries with two plate compressors whighforced freehand.
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Fig. 3. Lateral displacement and strain image of part of the phantom. The size of imaging areais 3.0 mm * 3.8 mm.They are obtained

using: (a) and (b) proposed method; (c) and (d) proposed method with 1:16 splineinter polation; (€) and (f) 1-D axial method with 1:16
linear interpolation. All results were calculated on envelope data.

Ultrasonic data are collected using a Saset iMagb @trasound system with a 128-element SH7L38&lir@ray
probe. 64 elements are used for transmit and recaivd a 7.5 MHz center frequency is used. A sitrglesmit fo-
cus is set at 20 mm, and dynamic receive focusngniployed to acquire the signals. A frequency®MHZz is
used to sample the ultrasound echoes for a de@b aim. The data frames are composed of 264 lorea fvidth
of 38 mm (i.e. a line spacing of 144n).The photo of the phantom and a sample of B-nimdges acquired by the
ultrasound system are shown in Figure2.

The estimated lateral displacements and straingllasérated in Figure3. Because of the experimeateor and
electronic noise in the system, experimental resuié noisier than those in simulation. The refezenindow size
and comparison window size used in the first steproposed method were 2.25 x 5.2 mm and 1.96 26 re-

spectively. Figure3 (a-d) show that the hardernclical inclusion is revealed clearly in the straimage obtained
by proposed method. Furthermore, results showtkigaperformance of the proposed method does nabwepfor

the implementation of spline interpolation, whishin agreement with the simulation results repoittezbction 3.As
illustrated in Figure3 (e-f), the results from a@al 1-D axial method are highly corrupted by sigmise, resulting
in erroneous values. Although results estimate@AZ are not presented here, they show a compapaltiern to
LAC.

CONCLUSION

A two-step method for ultrasound lateral displacetrand strain estimation is presented in this papee to the
lacking of phase information and data accuracyhoug using cross-correlation function result inmpoerformance.
In simulations and experiments, proposed splinedasyorithm is shown to outperform the traditiooaés in bias,
jitter and image quality. It is shown that thesgiovements are accomplished with the absence efpolation,

which theoretically results in lower computing cobbhe comparison of computational efficiencies iffedent me-

thods is in our scope of future work. Moreover, dations based on finite element method (FEM) andh\io expe-

riments will be performed too. Although this pageesents a preliminary work, we believe that thisthnd has
great potential because of its directly continuang highly accurate results.
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