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1. Introduction

In the last decade, very active research in the field of ultrasound medical imaging has brought to
the development of new advanced image formation techniques and of high-performance systems able
to effectively implement them [1]. For years, Brightness (B)-mode, one of the mostly used ultrasound
imaging modalities [2], has been based on a time-consuming process, in which focused beams are
iteratively sent into the body and the received waves are used to form an image scan-line, covering
line-by-line the region of interest.

“Image formation” refers to the whole process of image reconstruction, starting from the
transmission strategy to the reception of signals, beamforming, and image processing. The role
of the so-called “beamformer” is central in this process, as it manages the ultrasound beam generation,
focusing, and steering [3]. Image quality is in fact deeply influenced by the beam shape, and thus the
beamforming optimization plays an important role in maximizing the signal-to-noise ratio, contrast,
and resolution of the final image, while limiting as much as possible off-axis interferences to reject
clutter and noise. Additionally, an important goal is to improve the acquisition frame-rate, which, as
mentioned above, is limited by the line-by-line acquisition process [4].

Image enhancement methods play an important role during both the image pre- and
post-processing phases [5]. In the former case, these techniques aim at improving the quality of B-mode
frames by directly operating on the image generation process, as for example in spatial/frequency
compounding, pulse compression, or harmonic imaging. The latter category instead refers to
approaches aimed at reducing noise/artifacts, making speckle more uniform, detecting edges,
and consequently facilitating the following processing steps, like segmentation or measurement
of quantitative parameters.

Given the above premises, this Special Issue was launched to collect novel contributions on
both ultrasound beamforming and image formation techniques. Twenty-one interesting works were
consequently submitted and, among them, 10 were selected for publication (i.e., 48% acceptance rate).

2. Ultrasound B-Mode Imaging

The Special Issue opens with a review paper on the main ultrasound beamforming techniques [6].
The classic beamforming method for linear/phase array imaging is first introduced, before presenting
advanced methods: from multi-line transmission and acquisition to synthetic aperture imaging,
passing through plane wave, and diverging wave imaging. The stress is on the peculiarity of each
method in terms of spatio-temporal resolution, contrast, penetration depth, aperture size, and field of
view. The paper may represent a useful handbook for users who need to choose the most appropriate
beamforming method for the specific application of interest.
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The following nine papers are grouped in three main groups, dealing with novel beamforming
techniques, non-conventional image formation, and image enhancement, respectively.

2.1. Novel Beamforming Techniques

High frame-rate imaging techniques [4] have recently gained increased interest for their capability
to detect fast dynamic events. However, the improvement of temporal resolution comes at the
expense of image quality, thus pushing researchers to recover it by developing smart strategies. Four
papers have been published in this Special Issue presenting advanced transmission sequences [7,8]
and beamforming schemes [9,10] applied to either plane waves [7,10] or multi-line transmission
imaging [8,9].

Bae and Song [7] analyzed the grating lobe artifacts due to the compounding of images obtained
from the transmission of steered plane waves with a constant angle interval. Additionally, they showed
that the use of non-uniform angle sets is a smart solution to keep the frame rate high, while limiting
the level of image artifacts due to grating lobes. Tong et al. [8] studied the effectiveness of orthogonal
coded excitations in multi-line transmission imaging in suppressing crosstalk artifacts. They showed
that Golay codes enable higher crosstalk rejection (and better contrast) compared to linear chirps.

Two papers focus on the so-called coherence-based beamforming methods. Spatial coherence
of ultrasound backscattered echoes is affected by contributions coming from off-axis regions, noise,
and interferences. Matrone and Ramalli (Guest Editors) presented a new formulation of the Filtered
Delay Multiply and Sum (F-DMAS) beamforming, namely Short-Lag F-DMAS [9]. They provided
new insights into the relation between the performance of the F-DMAS algorithm and the coherence
of backscattered signals in multi-line transmission imaging. Polichetti et al. presented a generalized
and extended formulation of the F-DMAS beamformer, referred to as p-DAS [10]. They applied the
proposed method to plane wave imaging and showed the achieved improvements in terms of lateral
resolution and artifacts rejection.

2.2. Non-Conventional Image Formation

Non-conventional imaging systems have been proposed to improve the B-mode image quality
and its diagnostic content. As an example, Inagaki et al. [11] designed and built a multi-modality
(ultrasound and magnetic resonance) system to estimate the ultrasound propagation speed in the
region of interest. The estimates were then used to correct the beamforming delay, both in transmission
and in reception, thus enhancing the image resolution and signal-to-noise ratio. Liu et al. [12] proposed
a multi-perspective ultrasound imaging system based on four 3.5 MHz linear arrays. These arrays
were placed, in a cross shape, on a motorized rotatory table to perform 3D ultrasound computed
tomography of a breast model with different inclusions. The boundary of the breast, as well as the
inclusions, could be clearly seen from all the perspectives, hence potentially improving the specificity
and sensitivity of ultrasonic diagnosis.

2.3. Image Enhancement

Image quality enhancement can also be obtained through post-processing methods for image
filtering, deconvolution, tracking, segmentation, and tissue characterization. In this Special Issue,
Jabarulla and Lee [13] proposed a technique for liver images based on a signal reconstruction model,
known as sparse representation over dictionary learning. This technique allows filtering the speckle
while preserving the image features and the edges of anatomical structures. Guo et al. [14] presented a
novel super-resolution reconstruction method. They developed a low computational load technique for
microbubble localization and trajectory tracking. They showed that the proposed method improves the
image resolution by using fewer frames than other reference methods, thus moving super-resolution a
step forward to real-time imaging. Makūnaitė et al. [15] showed how advanced segmentation and
tracking techniques can be exploited to develop new predictors of cardiovascular events. Specifically,
they tracked arterial wall movements for the evaluation of arterial stiffness and showed that the
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average value of the intima-media thickness, during the cardiac cycle, is statistically different between
healthy volunteers and patients at risk of cardiovascular disease.

3. Future Perspectives

The different contributions published in this Special Issue confirm that the research of new
strategies to improve the image formation process keeps on being a hot topic in the ultrasound imaging
community. In this sense, it is also worth pointing out that efforts have been recently devoted to
objectively evaluating and comparing novel beamforming methods, by creating development/test
platforms and datasets [16,17] to be shared by all research groups working on ultrasound beamforming.

Further active research is thus expected in this field, where many challenges still persist, especially
when dealing with the difficult-to-image patients. For this reason, efforts should always be supported
by real clinical needs, and image enhancement should be aimed at increasing visibility of anatomical
structures and easing image interpretation and clinical parameters extraction, towards a more and
more effective diagnostic process. An increasing involvement of clinicians in the in vivo evaluation of
real image quality from a medical point of view is thus desirable.
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