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Introduction

e Contrast of echographic images has been highly improved by the injection of
microbubbles. However, this contrast enhancement is limited by the nonlinear
acoustic propagation in tissue. To overcome this drawback, sub and ultra-
harmonic contrast imaging can be used, since only microbubbles can generate

these components.

e Nonlinear models like Volterra model has been applied in harmonic imaging
to model harmonics optimally. However, it can model harmonics only.
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e Nonlinear models as Hammertein [1] and Volterra can be moditied for sub and
ultra-harmonic modeling. However, only multiple input single output (MISO)
keeps intermodulation in the model to minimize the error.

e Problematic: MISO Volterra model is time and memory consuming model.

¢ Proposed solution: We propose a modified single input single output (SMISO)
Volterra model based on input demodulation to reduce the computation cost
of sub and ultra-harmonics modeling.
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1. The input signal is demodulated by 3, to include the subharmonic frequency.

2. The new modified input z(n) of the SMISO Volterra model is obtained by

adding the demodulated input x,,,4(7) of frequency and the input x(n) of

frequency fo:

z(n) = x(n) + Xyoq(n)

=x(n)(1+ cos(Znn%Ts)) + X(n) sin(Zﬂn%TS)).

where R represents the real part, ¥(n) = H(x(n)) is the Hilbert transform of
x(n), and T; is the sampling frequency.

3. The modeled output §j(n) is calculated following Volterra equation with input
z(n):

M-1
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where h,(ky, ko, ..., k,) is the kernel of order p with p € {1,2,..., P}.

4. The modeling process is resumed to finding the kernels hp(kl, ko, ...,
SMISO Volterra with input z(n). The number of kernels is given by:

kp)z(n —ky)...z(n —kp),

ky) of the

P
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The vector of kernels h is calculated by a pseudo-inversion solution:
H=(Z2"2)"Z"y.
y(L)],

with L is the length of the signal, M is the memory of Volterra model. H is the
vector of kernels:

— [1(0), ..., (M —
hp(0,0,...,0), ...,

where Y is the output signal: Y = [y(M + 1), y(M +2),...

1),h(0,0),...,
hp(M—1,M—1,...

(M —1,M — 1),
/M B 1)]T/

[ZM—H/ ZNADy e ooy ZL] T, with the vector:

z(n — M+1),z%(n),z(n)z(n — 1),
3(n),z(n)z(n)z(n —1),...,

and where Z is the input matrix: Z =

z, = |z(n),...,
z?(n—M+1),z
z’(n — M+ 1)],

withl e {M—1,M,...,L}.
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Simulation and Results

e Free simulation software Bubblesim [2].

e The incident burst to the microbubble is a sinusoidal wave of frequency fy = 4
MHz, at 1.6 MPa pressure, and consists of 32 cycles.
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Experimention Setup and Results
e Signal transmitted at 10 MHZ

e Responses of a diluted solution of Sonovue
a 5 MHz PZT single element transducer

™ microbubbles were measured by

e Measured echoes were amplified by 30 dB [1]
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Results from experimental signals fy = 10 MHz
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Discussions and Conclusion

e SMISO Volterra model is a simple, quick and efficient method to model sub
and ultra-harmonics

e Significant reduction of the computation cost: time and number of kernels
e Significant gain in the terms of rMSE

e It can be used in sub and ultra-harmonic ultrasound contrast imaging
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