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Abstract— There is an increasing interest for sparse 2D 
arrays as an alternative to full gridded arrays used in commercial 
systems. This work presents an effective and straightforward 
solution to perform 3D ultrasound imaging by driving a reduced 
number of elements of a commercial 2D array. The selection of 
128, 192 or 256 elements out of a 32x32 array was based on 
simulated annealing to produce radiated beam patterns with 
optimal tradeoff in terms of main lobe width (resolution) and side 
lobe level (contrast) over a  (± 32°) volume. The aim of the 
present work is to experimentally validate these optimal 
configurations by performing 3D focused imaging on a phantom. 
The performance metrics included the lateral resolution and the 
contrast to noise ratio (CNR), measured on the images obtained 
by scanning a grayscale phantom. The results show that the 
optimized 256 elements array performs, as expected, the best 
among all the compared sparse arrays, presents the same 
resolution performance as the full array and a -6 dB loss of CNR 
while using 25% of the active elements. 

Keywords—3D ultrasound; 2D sparse arrays; focused mode; 
experimental validation; wideband optimization; multi-depths; 

I.  INTRODUCTION 
In parallel with the increasing interest for 3D ultrasound 

imaging, several strategies to design and drive 2D arrays have 
been investigated. The ideal case is a full 2D array where each 
individual element is continuously driven by the scanner. 
However, this solution requires as many channels as the 
number of elements (i.e. 1024 for a 32x32 array) which for 
now is only achieved using heavy hardware available in few 
research centers (the parallelized Aixplorer systems at the 
Langevin Institute in Paris [1], the SARUS scanner at the 
Technical University of Denmark in Lyngby [2], the 
parallelized Verasonics systems at the University of Lyon[3].  

On the other hand, very promising techniques allow 
addressing a large amount of active elements with a reduced 
number of channels: micro-beamforming [4]–[10], row-
column addressing [11]–[14] or channel multiplexing [15]. 
However, even if they allow reducing the cable size, the 
acquisition sequence flexibility is reduced because of the pre-
allocated delays associated to the sub-arrays in the micro-
beamforming strategy and also because the elements are not 
continuously connected to the scanner when using row-
column addressing or multiplexing. By contrast, sparse arrays 
can be defined to have a number of active elements equal to 

the available number of channels which allows a continuous 
one-element-to-one-channel connectivity and reduces the 
system cost, power consumption and the overall computation 
load. Then, given the desired final number of active elements, 
2D sparse arrays can be optimized to obtain the best tradeoff 
on the radiated beam pattern in terms of main lobe width and 
lateral lobe level.  

To design the optimal array, we recently integrated [16] 
wideband acoustic simulations into a stochastic 2D sparse 
array optimization framework based on simulated annealing 
[17]. This optimization tool was applied to the practical case 
of finding the best combination of 128, 192 or 256 active 
elements (opti128, opti192 and opti256) out of a 32x32 fully 
populated array (ref1024) so that 3D ultrasound imaging could 
be performed by a scanner with a typical number of channels 
[18]. The aim of the present work is to experimentally validate 
these optimal configurations by using 4 synchronized 
Verasonics Vantage 256 systems to perform 3D focused 
imaging on a grayscale phantom. 

The paper is organized as follows: section II presents the 
experimental setup used to validate the optimal 2D sparse 
arrays; section III shows the results of the comparison between 
the optimized sparse arrays and two reference arrays; section 
IV introduces some elements for discussions. 

II. METHODS 

A. Experiment setup and workflow 
1) Weighting maps on the 1024 element to implement the 

compared arrays 

The used 32x32 element probe is a 3 MHz array (72% 
bandwidth) having a square footprint with sides of about 10 
mm. The element size is 249 μm and the pitch is 300 μm in 
both the x- and y-directions. Each of the 1024 elements was 
physically connected to the same single channel both in 
transmission and reception (one-element-to-one-channel 
design). A weighting map for the 1024 elements was 
associated to each considered array configuration: active 
elements were weighted with “one” whereas deactivated 
elements in the tested array were weighted with “zero”. No 
other kind of apodization was used except this binary 
weighting map, to reproduce the five array layouts displayed 
in Fig. 1. 
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Fig. 1.  Illustation of the compared layouts: the three optimized arrays opti128, opti192, 
opti256 (top), and the two reference arrays ref716 and ref1024 (bottom). 

The two references are the full 32x32 array (ref1024) and 
the circular dense array (ref716), corresponding to ref1024 
without the corner elements. The optimal arrays of 128, 192 
and 256 elements (opti128, opti192 and opti256) correspond to 
the optimal configurations found in [18] after 1,280,000 trials.  

2) Acquisition sequence and reconstruction 

Once the activation map was defined, the same imaging 
sequence was performed for all the acquisitions. The four 
Verasonics Vantage 256 systems working at 12 MHz sampling 
frequency were synchronized to suitably drive the 1024 
elements of the array in focused mode. The maximum depth of 
interest was 120 mm and the PRF was set at 900 Hz with a 
resulting volume rate of 1 Hz. A summary of the common 
parameters that were used for the acquisitions are listed in 
Table I. In reception, each Verasonics scanner recorded the 
radiofrequency (RF) signals from the active elements to which 
it was connected to, and this was repeated for each scan line. 
After the acquisition, the entire volume dataset was 
concatenated by grouping the four partial data located on each 
scanner. A dataset for an entire volume was made of 2048 16-
bit samples for each RF line, to be multiplied by 899 scan lines. 
Thus, in the case of ref1024, the dataset size is 3.8 GB, while in 
opti256 it is directly divided by four. The volume 
reconstruction was performed (in 22 sec for opti256, 2.7 GHz 
CPU) applying the delay-and-sum algorithm to the RF data set. 

B. Phantom and evaluation criteria 
The comparison criteria were the contrast to noise ratio 

(CNR) and the lateral resolution, measured on the XZ slice 
images obtained by scanning the Gammex (Sono410 SCG) and 
the CIRS (054GS) phantoms respectively. The resolution was 
computed through the full width at half maximum (FWHM) for 

the three wires located at depths 20, 40 and 60 mm. The 
average values obtained for each array are reported in Table II. 
The CNR was computed according to: 

 CNR = 20 logଵ଴ ቌ |ఓ౟౤ିఓ౥౫౪|ට(ఙ౟౤మ ାఙ౥౫౪మ )/ସቍ (1) 

where ߤ୧୬/ߤ୭୳୲ and ߪ୧୬/ߪ୭୳୲ correspond to the respective 
mean and standard deviation of the B-mode image module 
inside/outside the cyst: the inside region was delimited by a 
circle of radius 2.9 mm; the outside region was a ring area 
with inner and outer radii of 3.6 mm and 5.1 mm respectively 
as displayed on Fig. 2. The sector images were interpolated on 
2000 (depth) × 700 (lateral direction) pixels and displayed 
with a 60 dB dynamic range before performing the evaluation. 

III. RESULTS 

A. Contrast evaluation (CNR) 
For qualitative evaluation, the XZ and YZ 3D images 

slices of the contrast phantom are displayed on Fig. 3 (A) for 
opti256 and ref1024. Qualitatively, even if opti256 is using 
only 25% of the elements, it yields a very good contrast, as the 
image of the ref1024 array is very similar. The quantitative 
results are reported on the first row of Table II: the best results 
for the contrast are given by the ref1024 array with a CNR of 
9.1 dB. The CNR of opti256 is 6 dB lower than ref1024 but it 
is 6.2 dB higher than the opti128 array. Surprisingly the 
opti192 array shows a CNR which is 0.3 dB higher than 
opti256. The ref716 is very competitive with the ref1024 array 
as it presents a CNR 0.2 dB below ref1024 while 
demonstrating the same resolution performance. 
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B. Resolution evaluation (FWHM) 
For a qualitative evaluation, the XZ and YZ 3D images 

slices of the resolution phantom are displayed on Fig. 3 (B) for 
opti256 and ref1024. Contrary to the qualitative evaluation of 
the contrast performance, the opti256 yields a coarser 
resolution imaging capability compared to ref1024 as the 
small wire grape located on the top-right of the image (x = 10 

mm, z = -30 mm) is not clearly visible with opti256. However, 
the quantitative results reported on the second row of Table II 
shows that the resolution result (1.9 mm in average on the 
three centered scatterers) is the same for opti256, ref716 and 
ref1024. The opti128 and opti192 arrays show resolutions that 
are respectively +0.5 mm and +1.3 mm coarser than with 
opti256. 

Fig. 3 Phantom 3D image slices for contrast (two left hand columns designated by letter A) and resolution (two right hand colomns designated by letter B)
evaluation comparison between the optimal sparse array (opti256, top line) and the reference array (ref1024, bottom line). The dynamic range is 60 dB.
XZ and YZ refer to the central image planes in the azimuth and elevation direction respectively. 

Fig. 2 Region of interest used to compute the CNR on the Gammex
(Sono410 SCG) phantom: the inside region (red) of the cyst was delimited
by a circle of radius 2.9 mm. The outside region (green) of the cyst was 
delimited by an inner circle of radius 3.6 mm and an outer circle of radius
5.1 mm.  

TABLE I: Common parameters 

Acquisition parameters 
Sampling frequency 12 MHz 
Sound speed 1540 m/s 

Excitation signal 3-cycle sine @3MHz without temporal 
weighting  

Focal distance 25 mm on z-axis 

Transducer parameters 
Central frequency 3 MHz 
Aperture size 10 mm  (~20ߣ) 
Bandwidth (-6dB) 72 % 
Element size 
(squares) 249 μm 

Pitch  300 μm 
Elements apodization 1 (activated) or 0 (deactivated) 

Imaging parameters 

Number of scan lines  azimuthal × elevation: 
 31 × 29 

Sector scan range ±30 ° in both elevetion and azimuthal 
directions 

Grayscale phantoms Gammex (Sono410 SCG), CIRS (054GS) 
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TABLE II Contrast-to-noise ratio (CNR) and full width at half maximum 
(FWHM) at - 6 dB (averaged over three scatterers located at depths 20, 40, 60 
mm) evaluated on the XZ slices of the acquired volumes. 

 

opti128 opti192 opti256 ref716 ref1024 
CNR (dB) -4.1 2.4 2.1 8.9 9.1 

FWHM (mm) 2.4 3.2 1.9 1.9 1.9 

IV. DISCUSSION AND CONCLUSION 
This work experimentally shows that good quality 3D 

ultrasound imaging can be performed by a scanner with 256 
channels without additional integrated circuits or multiplexing. 
Moreover the optimal 2D arrays configurations obtained by 
our stochastic 2D sparse array optimization framework based 
on simulated annealing [18] demonstrates convincing 
tradeoffs between resolution and contrast. In particular, the 
opti256 performs the best among all the compared sparse 
arrays because it presents the same resolution performance as 
the ref1024 and an acceptable loss of CNR. The ref716 array 
is very competitive with only 70% of the active elements of 
ref1024 showing the effectiveness of corner elements 
deactivation. 

As a final comment, the opti128, opti192, opti256 arrays 
acquisitions could be reproduced using a single 256-channel 
system by routing (with an adapter or hardware connections) 
the pin map of the full 32x32 array to directly address the 
active elements. 
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