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1. Introduction

Pulse compression technique (PCT) has been
investigated for medical ultrasound imaging in the
last decade[1-6]. PCT using frequency modulated
(FM) linear chirp signals can provide higher
signal-to-noise ratio (SNR) in medical ultrasound
imaging. Higher SNR allows imaging of structures
which are located far from a transducer and also
allows to utilize higher frequencies.

SNR is proportional to the product 7B, which is
called the time-bandwidth product (TBP), where T’
is the duration time of transmitted chirp signal, and
B is the bandwidth of it. Therefore, to obtain higher
SNR using PCT, we should increase 7 because B is
limited by the resonance -characteristics of
ultrasound transducer. However, due to the long
duration time of chirp signal, to distinguish
received signal from transmitted signal is difficult
when transmitted signal and received signal are
overlapped.

In this study, we propose a new method to avoid
the occurrence of the above mentioned overlapping
based on split-and-merge strategy. At first, by
splitting the transmitted signal into N shots, we
shorten the duration time per shot. The split signals
are transmitted sequentially and received with a
single transducer. This technique can realize
near-field imaging with higher SNR.

2. Basic method

At first, let FM linear chirp signal express as:
s(t)=cos[2z(f. + B/(2T ) )] for 0<t<T, (1)

where [, is the start frequency, B is the bandwidth
and 7 is the duration time. Cross correlation
function (CCF) using an echo signal 7(¢f) and a
transmitted signal s(¢), is given as a function of
the time lag 7:

CCF(z)= | r(t)s(t—1)dt . 2)

After PCT, a half-width of CCF is 1/B us and
SNR is 7B times larger than that of a single-carrier
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pulse with a Gaussian envelope. In the proposed
method, the transmitted signal s(t) is divided into
N pieces and the resultant short pulses are
transmitted sequentially for the purpose of
near-field imaging. We synthesize all signals which
are received sequentially.

Each transmitted signal s,(¢) is expressed as:
s;(t)=cos| 27| f; +&tjt , 3)
2T

fi=fo+(fy=)i-D, @)
for 0<¢<T, i=123,---,N,
where f;is the start frequency of i” signal, f,
is the bandwidth of each short pulse and & is the
overlapped bandwidth. Si( f ) is a Fourier trans-
form of s,(f) as shown in Fig.1 (solid line). We
obtain the synthesized signal using frequency

components of each bandwidth, as shown in Fig.1
(bold line).

3. Experiments

Each experiment is conducted with three types
(Type 1, Type 2 and Type 3) using a single
transducer, which is located in water tank with a
stainless steel block. The duration time for Type 1,
Type 2 and Type 3, is 7= 2 ps. Table 1 shows the
conditions of each transmitted signal.
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Fig. 1: Example of normalized amplitude of g (f)

(solid line) and synthesized signal (bold line), 7=2 us, B

=0.4 MHz, N=13, and &= 0.1 MHz.
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Table 1: Conditions of each transmitted signal

T[us] | B[MHz] | £ [MHz] | N | TBP
Type 1 2 0.4 0.15 13| 78
Type 2 2 0.4 - 1| 08
Type 3 2 4 - 1 8

Type 1 consists of 13 pulses. The proposed
method has been conducted on Type 1. The
bandwidth is f;= 0.4 MHz. The start frequency of
each signal is calculated by Eq.4 respectively. For
example, f,=8 MHz, f,= 8.25 MHz, and so on.
Expected TBP of synthesized signal of Type 1 is 78.

Type 2 consists of one signal, where the start
frequency and the bandwidth are f = 8 MHz and
/3= 0.4 MHz respectively; it is identical to s,(#)
signal of Type 1. Expected TBP of Type 2 signal is
0.8.

Type 3 also consists of one signal, where the
start frequency and the bandwidth are f,=8 MHz
and f, =4MHz respectively; the bandwidth is
identical to synthesized signal of Type 1. Expected
TBP of Type 3 signal is 8.

4. Results and discussion

Normalized amplitudes of received signals of
Type 1 are shown in Fig. 2 Envelopes of the
compressed Type 1 signal (solid line) and the
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Fig. 2: Normalized amplitudes of received signals in
Type 1
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Fig. 3: Normalized CCF of Type 1(solid line) and Type 2
(broken line)
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Fig. 4: Decibel representation of normalized CCF of

Type 1 (solid line) and Type 3 (broken line).

compressed Type 2 signal (broken line) are shown
in Fig. 3. This figure indicates that the half-width of
Type 1 signal is approximately half of that of Type
2 signal. Figure 4 is the decibel representation of
envelopes of the compressed Type 1 signal (solid
line) and the compressed Type 3 signal (broken
line). Although both half-widths are almost same,
noise level of Type 1 is 10 to 20 dB lower than that
of Type 3.

5. Conclusion

In this study, we proposed a new method to
avoid the overlapping of transmitted signal and
received signal based on split-and-merge strategy.
This technique can realize near-field imaging with
higher SNR. The method was verified by
experiments. The experiments show that the
proposed method provides higher SNR.

This study assumes that the imaging target is
static. If the imaging target has dynamic aspect, we
can improve temporal resolution of imaging by
effectively using periodicity of the motion, for
example, respiration and heart beat, and it should be
studied in future.
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