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Abstract. Medical ultrasound data suffers from blur caused by the volume expansion
of the pressure field of the mechanical wave. This blur is dependent on the used excitation
signal and focusing of the ultrasonic wave and can therefore be examined and manipulated to
compute a set of better parameters for deconvolution on the data in order to improve overall
system resolution. Looking at the ultrasound transfer function we can focus on the
examination of the “point spread function” and ways to influence its size especially in the
lateral direction. A method of simulating sound pressure with the aid of the impulse response
is applied to a various shaped ultrasonic radiators. We focus our attention on the peak
appearance in the pressure response of the transducers.
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1. INTRODUCTION

In the late 60’s, early 70’s, Tupholme and Stepanishen [1, 2] introduced the impulse
response method theory to model acoustic fields. This method is based on linear acoustics and
can be used to model acoustic fields and responses for both single transducer setups and for
array imaging. The imaging system is divided in two parts: the first one accounts for
acoustical wave propagation effects from the transducer surface to the observation point, and
the second one accounts for the electro-acoustical effects. By convolved these two parts are
then obtained a model for the total imaging system.

The impulse response method is based on the assumption that the transducer can be
treated as a baffled piston. This assumption implies that is only need to consider the active
area of the transducer when modeling the wave propagation. The pressure at an observation
point r is described by the Rayleigh integral formula which simply states that the acoustic
field at an observation point is the sum of the contributions from all points of the active area
of the transducer.

Pt = oo 2o, () hlrit 1) 1)

where v, (¢)is normal velocity, uniform on the transducer’s surface, h(r,t) is spatial impulse

response (SIR). Since the normal velocity depends on both the input signal, u(z), and the
electro-acoustical properties of the transducer, it can be described with the electrical impulse

response 7 (t).
The pressure at » can be expressed by the convolutions of the input signal and the two
impulse responses

p(r.6) = h(r,t)*h? (r,t)*ulr) (2)
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Double-path (pulse-echo) responses can be treated in a similar way by convolving the
forward response with the backward electrical (acoustic-electrical) response and the backward
SIR for a point source at .

For a circular disc (Fig. 1) the spatial impulse response supports an analytical solution
[3] which can be obtained for both two situations: when the observation point is inside the
aperture of the disc and when is outside the aperture. The disc is assumed to be located in the
xy plane centered at x = y =0 and the distance in the xy plane from the center axis of the disc

to the observation point is given by » =+/x* + y* . The earliest time that the wave reaches the

observation point r is ¢, = Z the propagation time corresponding to the edges of the disc that
\%

are closest from ris ¢, = " and the propagation times corresponding to the edges of the disc
\%

N2
that are furthermost away from ris #,, =¢. 1+(a+ rj :
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Fig. 1. Geometry of a circular disc source.

For the first case, when the observation point is inside the aperture of the disc, » <a,
the circular disc spatial impulse response is given by:

0, t<t,

v, t.<t<t
h(r,t)=1v 1 —t2 +12 —a/v? (3)
() —cos™| v? S+t —a L <t<t,

7f 21 \J1* — 12

0, t>t,

For the second case, when the observation point is outside the aperture of the disc,
r > a, the circular disc spatial impulse response is given by:

0, 1<y
2 2 2 2
v — t"—t_+t, —alv
h(r,t) ={—cos™ v24 n<t<t, (4)
™ 21,4[1% =12
0, t>t,

Since the on-axis SIR has duration 7, —¢ with the constant amplitude v in the time
intervalz, < <¢, the pulse amplitude is constant regardless of the distance to the observation
point. At z =0the duration is ¢z, =a/v. As the distance increases the duration of the SIR
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becomes shorter, and for large z it approaches to the delta function. The transducer size effects
are therefore most pronounced in the near-field.

For many transducer geometries there exist no analytical solutions. Hence this
situation supports numerical methods, and was developed programs which permits simulation
and modeling complex transducer shape. One of this is The DREAM Toolbox [4] which can
simulate ultrasonic measurement systems for many configurations including phased arrays
and measurements performed in loss media.

2. SIMULATION RESULTS AND DISCUSSION

For two different value of sound speed (for tissue is 1450 m/s respectively 330 m/s in
air) and for three different distance z: z;=5 mm, z,=10 mm, z;=20 mm it was calculated the
pressure response from a single transducer. In this study were considered three types of
transducer geometry: circular disc with »=10 mm (Fig. 1), spherical concave with » =10 mm
R=100 mm (Fig. 2) and cylindrical concave with a=10 mm, b=20 mm and R=100 mm (Fig.
3).
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Fig. 2. Geometry of a spherical concave source. Fig. 3. Geometry of a cylindrical concave source.

In Figs. 4 and 5 are presented the pressure response for a circular disc. This situation
corresponds to analytical solution: a main lobe with many side lobes.
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Fig. 4. The pressure response at z;=5mm(a), z,=10 mm(b), z;=20mm(c) from a circular disc (1450m/s).
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Fig. 5. The pressure response at z;=5mm(a), z,=10 mm(b), zs;=20mm(c) from a circular disc (330m/s).

Magnitude Spectra of Pressure Response (Normalized) Magnitude Spectra of Pressure Response (Normalized) Magnitude Spectra of Pressure Response (Normalized)
1 1 1
09 0.9 09
08 0.8 08
T 07 T o7 T 07
S S S
I I b4
z 06 3 0.6 3 06
8 3 3
2 2 2
5 05 5 05 % 05
& &
E 04 5 0.4 E 04
& o3 & o3 &os
02 0.2 02
0.1 0.1 0.1
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Frequency [MHz] Frequency [MHz] Frequency [MHz]

(@) (b) (©

Fig. 6. The pressure response at z;=5mm(a), z,=10 mm(b), zs;=20mm(c) from a spherical concave source (1450m/s).
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Fig. 7. The pressure response at z;=5mm(a), z,=10 mm(b), z;=20mm(c) from a spherical concave source (330m/s).

For more complex geometry such is cylindrical concave source, the pressure response
spectra presented in Figs. 8 and 9 is different.
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Fig. 8. The pressure response at z;=5mm(a), z,=10 mm(b), zs;=20mm(c) from a cylindrical concave source (1450m/s).
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Fig. 9. The pressure response at z;=5mm(a), z,=10 mm(b), z;=20mm(c) from a cylindrical concave source (330m/s).

Figs. 8 and 9 shows the frequency response calculated at various distances from the
front of the transducer. It is noteworthy that the existence and the number of dominant peaks
are different to the measured data in Figs. 4-7. The side lobes are lower and indicate that
energy is concentrated in the main lobe.

3. CONCLUSIONS

Using simulation tools, we investigated a method for analyzing the pressure response
of ultrasonic transducers. Optimum geometry of transducers to improve performance is
analyzed. As important remark we highlight: at an ultrasonic speed, one dominant peak (main
lobe) was seen in the sound pressure response of the transducer, and many secondary peaks
(side lobes) were seen in the transducer with simple geometry. For complex geometry (i.e.
cylindrical concave source) we obtain a better pressure response of the transducers.
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