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1. Introduction

In recent years, there has been growing
demand for ultrasound imaging in clinical diagnosis.
Ultrasound diagnosis requires images with high
resolution and high SN ratio. For this purpose,
narrow and high-power pulses must be transmitted.
However, transmission has restrictions on the power
consumption in a living body. Therefore, the
pulse-compression technique (PCT) [1, 2] has been
introduced. In the meantime, the PCT resolution is
insufficient when multiple scatterers are in close
formation. The resolution depends on the sharpness
of the auto-correlation function of the transmitted
signal. Therefore, for FM-Chirp PCT, the time
resolution of echoes is limited by the sweep-
frequency bandwidth.

As described in this study, to improve the
resolution performance, we propose the Super
resolution FM-Chirp correlation Method (SCM).
SCM is based on the multiple signal classification
(MUSIC) algorithm [3, 4]. On the other hand, the
Super resolution Pulse-compression Method (SPM)
[5, 6] has been proposed to analyze the multipath
structure of radiowave propagation. SPM uses a
pseudo-noise  (PN) sequence (actually the
M-sequence) for the transmitted signal. PCT with a
FM-chirp signal, however, might be more
convenient for ultrasonic measurement because of
the bandwidth limitation of ultrasound transducers.
Simulations were conducted using FM up-chirp
signals having a 2 MHz of bandwidth, a 10 MHz of
center frequency, and a 2.0 us of pulse width. SCM
was applied to model signals assuming multiple
scatterers. We confirmed that SCM can generate a
sufficiently high-resolution signal through the
simulation. Additionally, we presented instances of
ultrasound imaging using SCM.
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2. Outline of SCM Algorithm

We review how SCM employs the MUSIC
algorithm to improve the imaging resolution.
Assuming that the received echo signal comprises
multiple echo signals from unknown D scatterers
with different delay times, an impulse response
h(t) is given as

h(t) = ihﬁ(f—q), ()

where {hi} is a set of complex amplitudes and
{7i} is a set of propagation delays required to
be estimated. Furthermore, J(®)is the Dirac delta
function. The correlator output z({) is the
superposition of scaled copies of the chirp signal’s
auto-correlation. It is difficult to separate echoes
having a small delay in relation to each other.
Assuming the transmission of a linear FM chirp
signal s(¢), the cross-correlation of echo with
s(t) is

v(() = Zh,-r(; —7)+n(<). )

Therein, () is the autocorrelation function of
the chirp signal and 7({") is the cross-correlation
of the chirp signal and the noise process n({).
Here, we assume that n(¢)is generated by the
Gaussian white noise process with the variance
equalto o~ .

The received signal is described in the base
band as follws

2 =2 e (G =)+ u). ()

Subsequently, the covariance matrix R = E{zz""}
can also be written as

R=Y E{hh, }ejw"(ff_r")r(ri)r(rj)H +Ew"}.
i

“4)
The noise correlation matrix R, can be expressed as
R, = E{uu"} = 0°Ro, where R, is a Hermitian
matrix whose k/th element is »({, —¢;). SCM
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relies on a generalized eigendecomposition of the
following form:

Re,=ARpe,; i=12,---, M. (5)

To estimate the delay, we use a measure of

. . M

orthogonality of the steering vectors to{e;}. . .
Accordingly, a super-resolution profile S(T) based
on the MUSIC algorithm might be defined as

rE{T)H ROIFIET) . ©)
Zi:D-H V(T) ef‘

where 7(7)" R;'r(7) is a normalizing factor,
which is particular to the present method.

S(7)=

3. Simulation Method

We consider simulations of ultrasound imaging
using the PZFLEX, which is a standard FEM
simulator for ultrasound propagation. In this
simulation, we used an FM chirp signal with a
central frequency of 10 MHz, a bandwidth of 2
MHz and a pulse width of 2us as a transmitted
pulse. Figure 1 shows the simulation model.
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Fig. 1 Simulation model

4. Results and Discussions

The simulation results of one line ultrasound
imaging are shown in Fig. 2. The broken line and
the dotted line in Fig. 2 represent PCT results of the
transmitted chirp signals with 2 MHz (9-11 MHz)
and 4 MHz (8-12 MHz) bandwidth respectively.
The solid line presents result of high-resolution
estimation obtained using the super-resolution
profile S(7). In addition, we assume that the
sweep frequency band is limited to 8-12 MHz and
that the sampling frequency is 1GHz. Figs. 2
indicates that SCM provides higher resolution than
the conventional PCT method. SCM can clearly
detect the delay time from the target.

5. Conclusions and Future Work

This study make a fundamental examination
for ultrasound imaging using the super resolution
FM-chirp correlation method (SCM), which is
based on PCT and the MUSIC algorithm. We
analyzed the performance of the proposed method
for estimation of time delays of multiple echo
signals through simulations. The results clarified
that the super-resolution profile achieves higher
resolution estimation than the conventional PCT.

In the near future, we consider the realization of
multiple line imaging simulation. As another work
aspect we are interested in examination including
an actual vibrator system.
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Fig. 2 Simulation Result of the one line
ultrasound imaging
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