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Abstract

Image quality degradation due to
harmonic leakage was studied for finite

amplitude distortion based harmonic imaging.

Various sources of harmonic leakage,
including transmit waveform, signal
bandwidth and system nonlinearity, were
investigated using both simulations and
hydrophone measurements. Effects of
harmonic leakage in the presence of sound
velocity inhomogeneities were also
considered. Results indicated that sidelobe
levels of the harmonic beam pattern are
directly affected by harmonic leakage. Since
sidelobe levels also increase with the
bandwidth of the transmitted signal, a
tradeoff exists between axial resolution and
contrast resolution. It is concluded that
accurate control of the frequency content of

ERRETHRIEER

the waveform prior to propagation is
necessary in order to optimize imaging
performance of tissue harmonic imaging.

Keywords: Ultrasound, Nonlinear Imaging,
harmonic leakage, image quality.
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Finite amplitude distortion based
harmonic imaging has proven to provide
superior image resolution compared to
conventional fundamental imaging [1]-[4].
The tissue harmonic signal is generated by
nonlinearity of the propagating medium.
Since the propagation velocity increases with
the instantaneous acoustic pressure, the
acoustic waveform is distorted during
propagation and thus harmonics are
generated [5]-[6]. On the other hand,
harmonic signals may be generated by the
imaging system itself. Such signals are
independent of the nonlinear characteristics
of the propagating medium. The leakage
signal produces acoustic beams with different
characteristics and may significantly affect
image quality. It is the primary purpose of
this project to investigate effects of harmonic
leakage on image quality under various
imaging conditions.

The block diagram of a typical
ultrasound transmitter is shown in Fig. 1. A
transmit waveform is produced by the




waveform generator and amplified by the
high voltage amplifier. The transducer
converts the electrical signal and sends out an
acoustic pulse. Several sources of harmonic
signals may be introduced in the transmitter.
First, the signal produced by the waveform
generator may have frequency components
outside of the fundamental bandwidth. The
amount of leakage is directly related to
characteristics of the transmit waveform. In
general, envelopes with a smooth shape (e.g.,
Gaussian envelopes) have lower harmonic
amplitudes than envelopes with sharp edges
(e.g., square envelopes). A wide fundamental
bandwidth may also produce harmonic
leakage since it may have significant overlap
with the harmonic bandwidth. Second,
harmonic leakage may also result from the
waveform distortion produced by high
voltage amplification and transmit/receive
switching. Finally, the transducer may further
distort the waveform during the
electro-mechanical conversion. At a
particular imaging depth, linear propagation
of such a leakage signal is combined with the
finite amplitude distortion based harmonic

signal.
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Effects of various transmit waveforms
on harmonic beam patterns were studied
using simulations. The simulation model is
similar to the one used by Christopher [1].

Simulation results shown in this report
assumed a one-dimensional, 96-channel
linear array. The array had a 0.25mm pitch
and the transmit focus was set to 55 mm
away from the transducer. The propagating
medium was homogeneous. The transducer
had a 3 MHz center frequency and a 80%
fractional bandwidth. A displaced phase
screen was included in the simulations to
model sound velocity variations. Such a
model is similar to the one proposed by Liu
and Waag [7]. Two different media were
included in the simulations. The medium
next to the transducer had a propagation
velocity of 1.45 mm/us, a uniform thickness

of 15 mm. The deeper medium had a
propagation velocity of 1.54 mm/us, a
thickness of 65 mm. The focus was set to 55
mm away from transducer. Time delay errors
resulting from irregular thickness of fat tissue .
were simulated using a two-dimensional
phase screen at the boundary of the two
media.

Hydrophone measurements were also
done to experimentally investigate the
harmonic leakage effects. An arbitrary
function generator was used to generate the
desired transmit waveform. The transmit
waveform was then sent to a power amplifier
to drive a 3.5 MHz focused transducer. The
transducer had a diameter of 19 mm and was
geometrically focused at 70 mm.

Acoustic beam patterns in water were
measured by a PVDF needle hydrophone
with a 30 dB pre-amplifier gain. Position of
the hydrophone was controlled by a
three-axis step motor system with a 5 um
step size. The signal was sent to an ultrasonic
receiver for further amplification in order to
match dynamic range of the analog-to-digital
converter. The analog-to-digital converter
had a 20 Msamples/sec sampling rate with
12-bit resolution. Acoustic beam patterns
were sampled in the focal plane with a
spacing of 0.1 mm. Only one-dimensional
lateral measurements were performed. At
each measurement point, the acoustic field
was measured 1000 times for off-line signal

averaging.
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Simulated harmonic beam patterns of
various transmit waveforms at the transmit
focus are shown in Fig. 2(a). Fig. 2(b) shows
the normalized, lateral integration of the
intensity of the harmonic beam patterns
shown in Fig. 2(a). The integration started
from the center of the propagation axis and
ended at a pre-specified lateral position
15mm away from the beam center. Using
such a representation, a profile rises rapidly
to unity represents low sidelobe levels and
hence better contrast resolution. Fig. 2




demonstrates clearly that the Gaussian
envelope produced significantly lower
sidelobes. The two square waves had similar
sidelobe levels to each other.

For a given type of waveform, the
bandwidth also affects the amount of
harmonic leakage. Harmonic beam patterns
associated with the two bandwidths are
demonstrated in Fig. 3. Similar to Fig. 2, Fig.
3(a) shows the harmonic beam patterns and
Fig. 3(b) shows the normalized, laterally
integrated beam patterns. It is demonstrated
that the smaller bandwidth had less harmonic
leakage and thus producing lower sidelobes.
Although a smaller bandwidth provides
lower sidelobes and better contrast resolution,
one drawback is the degraded axial resolution.
In other words, a tradeoff exists between
axial resolution and contrast resolution.

Beam patterns produced by the Gaussian
pulse, the gated sine wave and the gated
square wave were simulated with sound
velocity inhomogeneities. The center
frequency was again 2MHz and the fractional
bandwidth was 25%. Results are shown in
Fig. 4. Compared to Fig. 2 (i.e., the same
center frequency and bandwidth but without
tissue inhomogeneities), it is observed that
the tissue inhomogeneities offset a portion of
contrast resolution improvement provided by
the Gaussian pulse.

Effects of the signal bandwidth were
also experimentally investigated. Two
Gaussian pulses were used. The center
frequency was 2.25 MHz for both waveforms.
Bandwidths of the two waveforms were 25%
and 50%. Spectra and beam patterns are
demonstrated in Fig. 5 and Fig. 6 respectively.
In Fig. 5, the spectra were measured near the
transducer surface while the beam patterns in
Fig. 6 were measured at focus. As the
bandwidth increased, sidelobes were also
elevated. The experimental results are
consistent with previous simulations.
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Potential degradation in contrast
resolution due to harmonic leakage was

investigated using both simulations and
hydrophone measurements. Simulation
results based on various transmit waveforms
and bandwidths showed that contrast
resolution in tissue harmonic imaging is
directly affected by harmonic leakage. The
tradeoff between contrast resolution and axial
resolution was also noted. The results of this
project help to better understand performance
issues in tissue harmonic imaging.
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