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The paper describes the synthetic transmit aperture (STA) imagingvsygta a single
element transmitting and multi-element reception in medical ultrasoundh&jamaperture
method allows to achieve high electronic signal-to-noise ratio and goodasomésolution.
A laboratory setup for acquisition of RF signals from linear transdugayawas built. Sim-
ulated multichannel acquisition by multiplexing individual transducer wafopaed. In ex-
periments 32-element linear transducer array with 0.48 mm inter-etespaaing and a burst
pulse with time duration 100 ns was used. Single element in the transdutaniting aper-
ture was used to generate a spherical wave covering the full imagenrddie echo signals
were sampled independently by individual elements for each transmiggie comparison of
2D ultrasound images of wire phantom obtained using STA method andhsthlimtkar array
scanning with commercial ultrasonograph is given. The results shoellert image resolu-
tion of the STA method and its robustness to refraction, attenuation and mudflgetion of
ultrasound waves.
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1. Introduction

Medical ultrasound imaging is a technique that has become prevalent niethcal
ing techniques since it is easily accessible, less expensive, safe, sinugke amd pro-
duces images in the real time. However, images produced by an ultrasougichgma
system, must be of sufficient quality to provide accurate clinical interpretalibe
most commonly used image quality measures are spatial resolution and imagetcontr
which can be determined in terms of beam characteristics of an imaging sysam: b
width and side-lobe level. In the design of an imaging system, the optimal sgs-of s
tem parameters is usually found as a trade-off between the side-lobartelv#ie beam
width of an imaging system.
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In conventional ultrasound imaging system, when only one transduceeds te
guality of images directly depends on the transducer acoustic field. Alsoientonal
ultrasound imaging the data are acquired sequentially one image line at a time that
puts a strict limit on the frame rate that is important in real-time imaging system. Low
frame rate means that moving structures (e.g. heart valves) are nettheréproduced
and diagnosis may be impaired. This limitation can be lifted by employing synthetic
aperture (SA) imaging. Here data are acquired simultaneously from aitidine over
a number of emissions, and the full image can be reconstructed from thiStat&A
method aspects are discussed in [2, 8].

In SA method as well as in conventional method the peak acoustic power limits
the signal-to-noise ratio (SNR) in ultrasound images. This limitation can be @werc
by using long wide band coded transmitting sequences and compressinigteshon
the receiver side [1]. Longer signals allow to obtain the results similar to titatreed
using single short pulses but with much higher amplitude [3, 9]. Therecaega papers
in literature concerning similar boundary-condition problem of signal cesgion in
medical diagnostic imaging [4—7]. In comparison with other coded excitatioarnses,
such as chirp, pseudo-random sequences and Barker code$ $alldwed virtually
side-lobe free operation.

In this paper a STA method for medical ultrasound imaging system was imple-
mented and tested by using radio frequency (RF) data from wire phantwresults
obtained using STA method were compared with the results obtained usirgntiomal
composite transmit focusing method. The investigated STA method increadeaitiee
rate and allowed to obtain the significantly better image quality.

2. Synthetic aperture ultrasound imaging

One of the important processes in ultrasound imaging systems is beamforming.
There are many different beamforming methods. In this paper the STA mistuisl
cussed only. In STA imaging, at each time one array element transmits a pdisd a
elements receive the echo signals. The advantage of this approachagutatynamic
focusing can be applied to the transmission and the receiving, giving thegtiguality
of an image.

The method for acquiring synthetic aperture ultrasound images is shown.ifh.Fig
A single element in the transducer aperture is used for transmitting a spiveaica
covering the full image region. The received signals for all or part@tiflements in the
aperture are sampled for each transmission. Using the STA, dynamidrfigaan be
performed on the synthetic transmit aperture and the receive apeduve]la

In STA method focusing is performed by finding the geometric distance frem th
transmitting element to the imaging point and back to the receiving element. The stru
ture of the synthetic aperture and geometric relation between the transme@aider
element combination is shown in Fig. 2.
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Fig. 1. Principle of STA imaging method.
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Fig. 2. Geometric relation between the transmit and receive elemenimation and the focal point.

When a short pulse is transmitted by elemenand the echo signal is received by
elementn, as shown in Fig. 2, a round-trip delay is

Tmmn = Tm + T, D)

where (n, n) is a transmit and receive element combinatiors, m, n < N — 1.
According to Law of Cosine, the distances from the point tostléh elementy,,,,
and to then-th elementy,,, are

T = /42, + 12 — 22,7 sin 6, o = /22 + 12 — 2x,7sin 6, )

wherez,,, x,, are the positions of the:-th andn-th elements, respectively andis
distance between synthetic aperture centre and the poit
The delays fom-th element ana-th element are
1 1

Tm:E(r—rm)u Tn:g(r_rn)' )

For an N-element array for each point in an image, the A-scan signal can be ex-
pressed as

N—-1N-1 o
a(r,0) =" ymn — ~Tma ) (4)
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wherey,, () is the echo signal angd,, ,, is beamforming delay for the:(, n) receive
and transmit element combination given in (1). The first and second sumsatae-
spond to transmit and receive beamforming.

3. Ultrasound imaging system

A simplified ultrasound imaging system is shown in Fig. 3.

ECHOSON RF—data Real time scanline data
scanline PC
SG3 processing
image
data
[TTTTT] transducer
pulse Monitor
wave —

Fig. 3. Block diagram of the ultrasound imaging system.

Transducer transmits pulsed ultrasound waves, and receives mibette signals.
Echoson SG3 (Echoson, Putawy, Poland) analog beamformer enalbtasitrol of se-
lected 32 consecutive channels/transducers of a linear array trams@arameters of
transmission and reception are programmable from a PC using a seriéRgeR32).
Using the beamformer one can switch on arbitrary transmit and receivenelsain
the selected 32 channels aperture. The second block, real time scaolesging, is
responsible for steering of the ultrasound waves. This block extraciREh#ata, ac-
quires it and send to the PC. Next, the collected digital data were proocef§iass and
displayed on the monitor. All post processing and display is done on theutemos-
ing Matlad® routines. The processing creates 2D ultrasound imaging focused in ever
point of image.

The system enabled us to perform simulated multichannel acquisition foresignth
aperture imaging. Using a single channel digitizer and switching receiangducers
we were able to collect RF data for up to 32 lines. The data acquisition in synthe
aperture imaging is radically different from a normal ultrasound systeoe slata have
to be stored for all receiving transducers and for a number of emisstapeating this
procedure for each of the 32 transducers we obtain 1024 RF linesréhtteainput to
the synthetic aperture algorithm, Eq. (4).

4. Experimental results and discussion
The 32-element linear transducer array with 0.48 mm inter-element spacthg a

a burst pulse with time duration 100 ns (a half-cycle at nominal frequeMi®) were
used. The inter-element space is aboltAll elements are used for both transmitting
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and receiving. One single element in the transducer transmitting apertaresed to
generate a spherical wave covering the full image region. Each time oalglement
transmits the probing signal and all elements receive the echoes. Thaitrand re-
ceive elements combination gives a total3af x 32 possible RF A-lines. All these
possible A-lines echo signals were sampled independently at 50 MHz aid.sto

The wire phantom, used in the experiments, consisted of 24 wires 0.1 mm in diam-
eter positioned every 2 mm axially and at an angle of 75 degrees. Thitopmaliows
to examine the axial and lateral resolution at various depths in the ultragnage as
well as focal and dead zone registration.

Three of 1024 %2 x 32) received RF echo signals which were digitized and stored
in the PC are shown in Fig. 4.
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Fig. 4. The recorded by PC RF echo signals: a) element #9 is transmitéhgment #12 is receiving,
b) #18 transmitting — #24 receiving, c) #32 transmitting — #32 receiving.

All these RF echo signals are different and echo time position and signdi- amp
tude in every case depends on sound field and geometrical position eiteed and
received transducers. After all emmissions the full set of the RF A-lichs signals
needed to reconstruct one 2D B-mode ultrasound image is obtained. Fainthibe
RF lines are input to the synthetic aperture algorithm which calculate the timefdelay
every imaging point.

As was mentioned above, a single element in the transducer aperture ifoused
transmitting a spherical wave covering the full image region. The receaiggtls for
all or part of the elements in the aperture are sampled for each transmigkisn.
data can be used for making a low resolution images (Fig. 5a-5c), whichyisamn
cused in receive due to the unfocused transmission. Focusing isrpedday finding
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the geometric distance from the transmitting element to the imaging point and back to
the receiving element and can be obtained from Eqg. (2). These lowtiesoimages
need to be added coherently to form the final high resolution image (Fig. 5d)
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Fig. 5. Low resolution images combined to produce a high resolution in@age element transmit at the
time, while all is used to receive. The images are then added into one isiglatien image.

The comparison of the reconstructed wire phantom images obtained usikg ST
method and standard linear array scanning with commercial ultrasonographes
(Siemens, Mountain View, CA, USA) is shown in Fig. 6. The 128-elementsilinaas-
ducer array with 0.3 mm pitch (VF13-5) and a burst cycle pulse at nomiequéncy
10 MHz were used in ultrasonograph.

The maximum quantity of focal points, which is equal to 8, was chosen in the ul-
trasonograph, they are marked by triangles in the bar. It needs to b# tizeframe
rate in that case dramatically decreases down to 4 fps (in the case of cateéint
it is equal to 30 fps). Such frame rate is definitely insufficient to normainéxa the
dynamically moved organs, such as heart, where high frame rate everb0ps is
requirement.

In Fig. 6 it can be easily seen, that axial and lateral resolutions at thentbatdahe
bottom parts of the image are different and depend on the focal pointityuia these
regions.
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Fig. 6. 2D B-mode images of the wire phantom obtained using STA methftfgtel commercial ultra-
sonograph Antares (right). The bar shows the focal points.

The images show the performance of the STA method. It allows to obtain better
resolution than the conventional ultrasound system with an increased feaenél he
results obtained show the effectiveness of the STA method and its robsigméhe
refraction, attenuation, and multiple reflection of ultrasound waves.

5. Conclusion

The work concerns the development and investigation of the STA methodlthat
lows to increase system frame rate and thus to improve the image quality. Tée pap
explains how SA ultrasound imaging can be acquired and processe&TRhmethod
was investigated experimentally. The phantoms, which contain wires, wetda$est
general image quality.

The image reconstructed using the STA method gives a better image resolation th
standard ultrasonograph, while frame rate is not decreasing. Thevdigade of the
STA system is that storage and processing requirements are higher teaovémtional
beamforming, because the RF data must be stored for every combinati@nsinit
and receive elements, and later recombined.

The synthetic aperture method can be applied in standard ultrasonoghatpby
duction of STA method in medical ultrasound increases effectivenesguaiitly of the
ultrasound diagnostic.

Acknowledgments

The paper is extended version of the paper presentaed at Open SAcooatics
2008, September 8-12, Wroctaw—Piechowice.



580 I. TROTS, A. NOWICKI, M. LEWANDOWSKI

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

References

FURGASONE.S., NEWHOUSEV.L., BILGUTAY N.M., CooPERG.R.,Application of random signal
correlation techniques to ultrasonic flow detectidfitrasonics,13, 11-17 (1975).

JENSEN J.A., NIKOoLoVv S.l., GAMMELMARK K.L., PEDERSENM.H., Synthetic aperture ultra-
sound imagingUltrasonics44, Suppl., e5-e15 (2006).

KLIMONDA Z., LEWANDOWSKI M., Nowickl A., TROTS ., Direct and post-compressed sound
fields for different coded excitations — experimental res#itehives of Acoustics30, 4, 507-514
(2005).

LITNIEWSKI J., Nowickl A., KLIMONDA Z., LEWANDOWSKI M., Sound fields for coded excita-
tions in water and tissue: experimental approaditrasound in Med. & Biol.33, 4, 601-607 (2007).

MIsARIDIS T., Ultrasound imaging using coded signaenter for Fast Ultrasound Imaging, Tech-
nical University of Denmark, August 2001.

Nowickl A., KLIMONDA Z., LEWANDOWSKI M., LITNIEWSKI J., LEWIN P.A., TROTSI., Com-
parison of sound fields generated by different coded excitations —riEwgal results Ultrasonics,
44,1, 121-129 (2006).

Nowickl A., TRoTsl., LEWIN P.A., SEcoMmskIW., TYMKIEWICZ R.,Influence of the ultrasound
transducer bandwidth on selection of the complementary Golay bit codéhjesitrasonics47, 64—
73 (2007).

O’DONNELL M., YA0 W., Coded excitation for synthetic aperture ultrasound imagiBdEE Trans.
Ultrason. Ferro. Freq. Contb2, 2, 171-176 (2005).

TROTSI., Nowickl A., SEcomskl W., LITNIEWSKI J.,Golay sequences — side-lobe — canceling
codes for ultrasonographyrchives of Acoustics?9, 1, 87—97 (2004).



