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Abstract—The use of 2-D array probes to perform 3-D ul-
trasound imaging is still investigated in many domains. The
extension from 2-D to 3-D imaging causes problems because of the
need to control a very large number of elements on the probe. It
might be overcome by using 2-D sparse array. This problem has
been recently shown that sparse 2-D arrays can be used for 3-D
fast ultrasound imaging based on the transmission of Diverging
Waves (DW). The aim of this work is to experimentally analyze
how the distribution of a given number (25) of Virtual Sources
(VS) over a predefined area affects the images obtained with one
fully populated probe and two sparse array probes, respectively.
In order to do that, gridded and spiral distributions of virtual
sources have been implemented. The results show that with the
spiral distribution there is a general improvement of the contrast
despite of a degradation on both lateral and axial resolutions.

Index Terms—3-D Ultrasound imaging, 2-D Sparse array,
Diverging waves, Virtual sources.

I. INTRODUCTION

3-D real-time ultrasound imaging by using 2-D array
probe is still widely investigated in both academic and
industrial domain [1]–[3]. In the medical field, 3-D ultra-fast
imaging is also studied because of its interest in cardiac
applications [4]–[7] such as for heart strain estimation.
However, it is currently not possible to acquire volumetric
data at adequate temporal and spatial resolution in a single
heartbeat on current clinical scanners [8], because of the huge
amount of channels that a fully populated probe would request.

Several strategies have been studied to reduce this number
of channels. On one hand, techniques based on addressing a
large number of active elements while reducing the number of
channels include: micro-beamforming [9]–[17], row-column
addressing [17]–[23] and channel multiplexing [24]. Each one
promises good results but leads to a lack of control on the
individual elements and reduces the flexibility. On the other
hand, sparse array [25]–[30] can be designed to fix the number
of elements, individually controlled by an equal number of

channels, to match with up-to-date scanners. This approach
may be used to have a full control of the transmitted waves
despite of Signal-to-Noise Ratio (SNR) and contrast losses.

In previous studies [31], [32], it has been experimentally
demonstrated that sparse 2-D arrays can be used for im-
plementing fast volumetric ultrasound imaging based on the
transmission (TX) of Diverging Waves (DWs). With any kind
of 2-D arrays (sparse or fully populated) the ideal location of
virtual sources (VS) for DWs is still undefined.

The aim of this work is to experimentally analyze how the
VS distribution affects the images obtained with a reference
2-D array, a random 256 elements sparse array and a 256 ele-
ments sparse array initially optimized for focused transmission
[25], [31], [33].

II. METHODS

A. Probes configuration

A 32 × 32 elements 2-D array probe (Vermon™, Tours,
France) was connected to four synchronized Vantage-256
research scanners (Verasonics™, Inc., Kirkland, WA, USA).
Once they were synchronized, up to 1024 elements of the
array may be monitored [34]. The piezoelectric elements have
a 3 MHz center frequency and the Vantage-256 works at 12
MHz sampling frequency.

Three configurations have been established (Fig. 1): the
fully populated probe using all the 32 × 32 elements
(Ref1024) which acts as a reference, a group of 256 el-
ements randomly selected among the 1024 (rand256) and
the optimized version (opti256) using 256 elements selected
according to an algorithm optimized for focused wave trans-
mission.

B. Diverging Waves and Coherent Compounding

Each image was computed using a standard beamforming
technique. The term “Virtual Source” (VS) refers to the
position of a point source producing a desired diverging
wave. Each VS produces one image. Such waves cover proper



Fig. 1: Probes used: fully populated (ref1024), random generation of 256 elements (rand256) and random 256 elements
optimized (opti256) [32]

volume, as necessary in echocardiography to cover the heart
and “pass” trough at probe, whose dimension cannot be too
large with respect to the human intercostal space, as requested
by the clinicians.

By making several radiofrequency, from different virtual
sources, an improved image can be obtained after a coherent
summation of all of them. This coherent compounding [4],
[35] takes advantage of constructive and destructive interfer-
ences (speckle) present in ultrasound images to smooth the
resulting image while preserving the acoustic contrast.

C. Virtual Sources Distribution

The set of VS can be seen as a virtual probe. Two VS
positioning strategies have been considered (Fig 2): distributed
on a regular grid and on a spiral grid, with the aim of
increasing the SNR and reducing grating lobes of the virtual
probe. In both cases, the VS were located at r = 25 mm or
r = 40 mm from the 2-D array center, with angle ranges
of 60° or 120°. The number of VS was set to 25 in all
configurations.

D. Phantom and Evaluation Criteria

The images were performed on a Gammex™ (Sono410
SCG) or a CIRS™ (054GS) phantom. The performance met-
rics include the lateral and axial Full Width at Half Maximum
(FWHM), Contrast Ratio (CR) and Contrast to Noise Ratio
(CNR) as follow:

CR = 20 log10

 |µbck − µcyst|√
µ2

bck + µ2
cyst

 , (1)

CNR = 20 log10

 |µbck − µcyst|√
σ2

bck + σ2
cyst

 , (2)

where µarea and σarea are the respective mean and standard
deviation of the beamformed signal envelope (before log-
compression) values on the background (bck) and inside a
cyst (cyst).
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Fig. 2: Virtual sources distribution strategies

III. RESULTS

The resulting images in the xz plan are shown in Fig. 3 for
r = 40 mm, the resolution and contrast measurement are also
shown in Table I.

In Ref1024, a general improvement of CR and CNR is
obtained by using the spiral VS distribution rather than a
regular one. The axial resolution remains the same while
the lateral resolution is worse (up to 0.4 mm coarser). For
Opti256 the trend is similar: CR and CNR are better with
the spiral VS distribution but both resolutions are worse (up
to 0.3 mm coarser for the lateral and up to 0.1 mm for the
axial). In Rand256 the results are similar to Opti256: the
spiral VS distribution gives better CR and CNR but worse
resolution (up to 0.4 mm coarser for the lateral and up to 0.2
mm for the axial). Table I provides an overall comparison
among all the 3 probe configurations. Results suggest that,
compared to a gridded VS distribution, a spiral one increases
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Fig. 3: Compounded images with experimental data acquired with 25 VS on 40 mm, on the Gammex™ phantom. The dynamic
is set to 60 dB

TABLE I: Results for r = 40 mm

REF1024 VSs d. 40 mm
Mean Lat. Res. Mean Ax. Res. CR CNR

[mm] [mm] [dB] [dB]
Grid 60° 1.98 0.47 −8.8 −10.2
Grid 120° 2.13 0.44 −2.3 −10.2
Spiral 60° 2.39 0.47 −11.5 −8.8

Spiral 120° 2.29 0.45 −6.4 −11.0
Rand256 VSs d. 40 mm

Grid 60° 2.06 0.45 −3.0 −16.2
Grid 120° 2.06 0.58 0.4 −31.0
Spiral 60° 2.46 0.67 −5.5 −12.7

Spiral 120° 2.49 0.75 −1.1 −24.7
Opti256 VSs d. 40 mm

Grid 60° 3.11 0.44 −2.5 −17.5
Grid 120° 2.78 0.49 0.6 −27.9
Spiral 60° 3.35 0.55 −4.6 −16.6

Spiral 120° 3.14 0.47 −2.2 −19.6

the contrast but reduces the lateral resolution.

CONCLUSION

A general improvement of the contrast was noted by using
the spiral arrangement of the VS rather than a gridded one,

but both axial and lateral resolution are deteriorated. We
assume that contrast improvement is linked to the diminution
of grating lobes when using the spiral arrangement and the
deterioration of resolution is due to the lower density of VS
at the edges of the virtual probe.

In further studies it will be relevant to determinate the
optimal number of VS which should be a trade-off between
the resolution and contrast and the frame rate required for the
considered application. The determination of an optimal VS
location, using an optimization routine, may be realized in
order to further compare the results with a deterministic way
(regular and spiral distribution).
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