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Introduction to the Special Issue on Novel
Equipment for Ultrasound Research

This special issue is dedicated to novel ultrasound
research equipment and its applications. Ultrasound

research laboratories, especially in academia, are typically
expected to propose novel approaches for, e.g., transmis-
sion or reception of ultrasound, signal and image process-
ing methods, theoretical investigations, or experimental
procedures. Usually less effort is dedicated to hardware
developments. However, available commercial systems do
not always fit the needs for testing the proposed novel ap-
proaches, and dedicated equipment has thus to be made. A
large amount of development work is indeed performed in
many research laboratories, as testified by the large num-
ber of papers (24) submitted to this special issue.

The 15 papers selected for publication report the contri-
butions from several groups, which have been engaged in
a broad range of hardware design. Novel transducers, ded-
icated electronic systems, research interfaces, and devel-
opment platforms are described. In most cases, the novel
systems enabled research which otherwise was difficult or
not feasible with existing commercial equipment.

The issue starts with five papers describing the devel-
opment of novel ultrasound transducers. The ultrasonic
ring transducer system described by Waag and Fedewa
(Rochester, NY, USA) consists of 2048 elements and is ca-
pable of synthesizing arbitrary transmit and receive aper-
tures, producing steered beams as well as spatially lim-
ited plane waves. A new approach for fabricating high
frequency linear array transducers, based on laser micro-
machining, is reported by Lukacs et al. (Toronto, ON,
Canada), who also present a 30-MHz 64-element, 74-
micron pitch linear array design. Two different transduc-
ers have been implemented in the laboratories of Rotter-
dam, Utrecht, and Twente (The Netherlands). One is a
prototype by Merks et al. of a multi-layer transducer (a
PZT transducer for transmission and a PVDF layer for
reception) dedicated to noninvasive bladder volume mea-
surements. The second, by Voormolen et al., is a special
ultrasound transducer based on a 64-element phased array
that, for acquisition of a full 3-D dataset, can rotate with a
maximum speed of 8 Hz. The paper by Harvey and Gacha-
gan (Glasgow, Scotland) describes a novel system employ-
ing laser interferometry and tomographic reconstruction
for field measurements of transducers used inside sealed
vessels.

The 5 papers following describe research interfaces and
platforms suitable for use in a variety of applications.
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M. Ashfaq et al. in Germany (Bochum) and the United
States (Issaquah, WA; Urbana, IL; and Durham, NC) de-
scribe a research interface to a commercial ultrasound sys-
tem which can store beamformed radio-frequency data and
provide additional control over the machine. The paper by
Wilson et al. (Memphis, TN, and Madison, WI) reports on
a complete ultrasound system which provides access to the
data at multiple points in the signal processing chain and
allows control over most imaging parameters. The FEM-
MINA system described by Masotti et al. (Florence, Italy)
can use RF data from a scanner and then perform real-
time processing on it and display the result. The system
is highly configurable and has standard libraries for pro-
cessing. Lu et al. (Toledo, OH) illustrate a general purpose
high frame rate medical imaging system with 128 indepen-
dent linear transmitters and receiver channels, and its ap-
plication to a new limited-diffraction array beam imaging
method. Ricci et al. (Florence, Italy) present a compact
real-time development system capable of simultaneously
transmitting arbitrary waveforms to two probes, storing
the received RF echo data in a file, and/or processing them
in real-time according to programmable algorithms.

Systems developed to test new methods for improv-
ing the quality of ultrasound images are described in the
next two papers. The work developed in Madrid, Spain, by
Fritsch et al. introduces a novel approach for digital ultra-
sound beam forming using programmable look-up tables,
and reports on the implementation of a modular prototype
based on low-cost FPGAs. Dahl et al. (Durham, NC, and
Rochester, NY) present a versatile adaptive imaging sys-
tem capable of compensating for phase errors by updating
arrival time profiles at up to 2 frames per second.

Finally, the last group of papers reports on the imple-
mentation of original ultrasound systems dedicated to spe-
cific applications. Frijlink et al. (Rotterdam and Utrecht,
The Netherlands) describe a prototype intravascular ul-
trasound system that can operate in both fundamental
frequency and second harmonic imaging modes by using
a continuously-rotating single-element catheter (transmit
20 MHz, receive 40 MHz). The cooperation between the
Universities of Leicester, UK, and Florence, Italy, has led
to the development by Fan et al. of an integrated system
for acquisition and processing of both intra- and extra-
cranial Doppler signals, and automatic embolic signal de-
tection. Finally, a different application field is explored in
the paper by Álvarez et al. (Cáceres and Madrid, Spain),
who describe a sonar prototype employing pulse compres-
sion techniques to reduce the collision probability in out-
door operations with hostile atmospheric conditions.
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