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ABSTRACT

The knowledge of the size and positions of the measuring volumes of a multigate Doppler ve
locimeter are often difficult These difficulties arise from many factors. The precise knowledge
of the ultrasonic field is seldom known. Moving or fixed interfaces affect the shape of the ultra
sonic field.

In order to profit from the main advantage of pulsed ultrasonic Doppler velocimeters, which is
a depth resolution, it is of utmost importance to have a good understanding of a~ousticalphe
nomena which generate the echoes.

1. Acoustical field

In Doppler echogmphy, the object is not to make use of a plane longitudinal wave, but rather an
ultrasonic beam that is as thin as possible throughout the measurement depth. The geometry of
the acoustic field generated by the ultrasonic wave determines the lateral resolution. The char
acteristics of the acoustic field depend on the size and shape of the piezoelectric element for a
single element transducer, and on the combination of the individual emissions in the case of a
multi-element transducer. Using Huygen's principle, one may theoretically predict the geometry
of the acoustic field. In this approach, the transducer is modeled as a combination of several ad
jacent point sources, each generating a spherical wave. For a circular transducer operating in a
piston-like manner, the acoustic field possesses two characteristic regions, the near field and the
far field.

Figure 1: illtrasonics field
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The geomeny of the acoustic field in the near field is basically contained in a cylinder having
the same diameter as the transducer and a length equal to:

where r is the radius of the transducer and Athe wave length. The zone lying beyond zo is called
the far field. In the far field, the intensity of the acoustic field varies approximately as the in
verse of the square of the distance from the transducer. In the far fieid, the acoustic field may
possess intensity lobes as one moves away from the axis of the transducer. The angle of diver
gence of the main lobe yis given by:

. -1. (0.61 A)Yo = sm --
r

The acoustic energy contained in the secondary lobes is always much smaller than that con
tained in the main lobe. For a circular transducer, the acoustic energy contained in the secondary
lobe is 18 dB less than in the main lobe.

2. Influences of interfaces

The above simplified approach shows that it is possible to have an approximate knowledge of
the acoustic. field generated by circular ultrasonic transducers when no interfaces are present.
Or this situation rarely appears. The interfaces reflect and modify the acoustic field. The inten
sity of the acoustic field received in a point, which depends on the material, the shape and the
number of these interfaces, is very difficult to evaluate. This lack of knowledge does not allow
a preci$e determination of the size of the measuring volume.

These interfaces may generate, in certain situations, artifacts and induce modifications in the
velocity profiles as presented in the figures 2 and 3.

The ultrasonic beam Be reflected by the far interface of the figure 2 transforms this interface in
a transmitter. The same particles contained in the liquid will backscatter a second time energy
in the direction to the transducer. The depth associated to the path ABC is located outside the
flowing liquid. Imaginary velocity components are added to the real velocity profile. The mea
surement of velocities near the far interface is affected by this phenomenon. The size of the ul
trasonic beam determines mainly the level of this artifact

The figure 3 displays another situation often founded. The reflected ultrasonic waves inside a
wall enlarge the ultrasonic beam inside the liquid and modify its shape. These reflections disturb
the determination of the size and the shape of the measuring volume. The thickness, the acous
tical impedance and the attenuation coefficient of the interface determines the level of this phe
nomenon.

The interfaces often give strong reflections. Despite of the many reflections which are necessary
to reach the transducer, the energy reflected by these interfaces is often stronger than the energy
coming from the particles flowing with the liquid. Most of the algorithms used to compute the
Doppler frequency shift do not allow stationary components. The elimination of these stationary
components by high-pass filtering implies an increase in the dynamic of the analyzed echoes
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and a reduction in the sensitivity in the measurement of low velocities.

Figure 2 Figure 3
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When some interfaces are in movement the correct estimation of all the velocity field is very
difficult. The echoes generated by such interlaces may affect the velocity profl1e in many places
due to the combination of many reflections. The Doppler frequency shift induced by these mov
able interfaces can not be removed if their values have the same values as the flowing particles.

3. Spatial resolution

For an unlimited bandwidth receiver and if no interlaces are present, the duration of the impulse
determines the depth resolution by determining the longitudinal size of the sample volume. The
other dimensions are determined by the beam pattern of the transducer.

Figure 4: Longitudinal resolution
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Consider an impulse of duration 'te as illustrated in the figure 4. The impulse propagates in time
along a straight slanted line, with the slope being the speed of sound. Consider a measurement
time Tm on the time axis. By drawing a straight line which is perpendicular to the propagation
line and which passes through Tm' the depth resolution may be determined by the projection of
the intersection of these two lines on the depth axis. The corresponding resolution is the maxi
mum attainable resolution for this type of emission.

The demodulated Doppler signals must be filtered in order to eliminate unwanted frequencies
generated by the demodulation process. This fl1ter acts as an integrator and reduces the depth
resolution, as shown in the figure by the broken line. There is an optimum value for the product
of the bandwidth and the impulse duration which will give the maximum SNR, provided the
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frequency and temporal characteristics of the noise are known. This value also depends on the
characteristics of the fIlter and the signal to be fIltered.

4. Conclusion

In order to be able to correctly use the results of an ultrasonic pulsed Doppler velocimeter it is
of utmost importance to have a good understanding of the generation process of the echoes. This
understanding is much easier when the velocimeter can:

- adapt the emitting frequency to the analyzed medium,
- adapt the acoustical level emitted,
- adapt the amplifIcation level of the echo in relation to the depth,
- visualize the modulus of the echo versus depth,
- visualize the Doppler energy versus depth,
- have a powerful Doppler frequency shift estimator, which gives the fIrst moment order of

the power spectrum density,
- adapt the number of ultrasonic bursts emitted used to compute the Doppler frequency.

shift.

5. References

[1] Willemetz J.C.
Etude Quantitative de l'Hemodynamique de Vaisseaza Profonds par Echographie
Doppler Ultrasonore
These No 893, EPFL Lausanne, Switzerland,1990

[2] Willemetz J.C., Nowicki A., Meister J.J.
Bias and Variance in the Estimate ofthe Doppler frequency Induced by a Wall Motion
Filter. ' :

Ultrasonic Imaging, No 11, 1989

[3] Newhouse V.L.
The Dependence ofUltrasound Doppler Bandwidth on Beam Geometry
IEEE Trans. on Sonics and Ultrasonics, Vol 27, 1980

[4] Y. Takeda, W.E. Fisher, J. Sakakibara
Measurement ofEnergy Spectral Density ofa Flow in a Rotating Couette System
Physical Rewiev Letters, Volume 70, Number 23, 1993

[5] M. Teufel, D. Trimis, A. Lohmiiller, Y. Takeda, F. Durst
Determination ofvelocity profiles in oscillating pipe-flows by using laser Doppler veloci
metry and ultrasonic measuring devices
Flow Meas. Instrum., Vol. 3, No 2, 1992

[6] Gordon S. Kino
Acoustic waves
Prentice-Hall, Signal Processing series, ISBN 0-13-003047-3025 (1987)


