Adaptive beamforming technology for
flexible ultrasound array patches:
simulation study
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Abstract

In recent years, advancements in technology and increasing demand have driven the de-
velopment of flexible ultrasound array patches, bringing 24-hour wearable ultrasound imaging
closer to realization. This innovation offers new possibilities for continuous health monitoring.
Unlike traditional rigid ultrasound probes used in clinical settings, flexible ultrasound patches
are designed with soft materials that adjust their curvature in response to human movements or
postural changes. This characteristic makes it challenging to directly apply conventional ultra-
sound imaging techniques. Specifically, traditional Delay-and-Sum (DAS) beamforming meth-
ods cannot accommaodate the geometric shifts caused by changes in curvature, resulting in the
loss of delay calculation reference points. This leads to degraded imaging quality, making it

impossible to produce high-resolution and stable ultrasound images.

To address this challenge, we conducted a series of simulation experiments using the ul-
trasound simulation software tool Field II. In the MATLAB environment, we first defined the
geometric configurations of the ultrasound probes and selected different array types based on
research requirements, including Linear Arrays and Convex Arrays. We simulated the process
of pulse waveform emission by the probes and set spatial positions and dimensions for target
objects to replicate real-world clinical scenarios. Subsequently, we generated and received ul-
trasound data (Channel Data) and used the DAS algorithm to perform beamforming, ultimately

producing the corresponding imaging results.

During the research process, we initially used a Linear Array to simulate and generate an
idealized reference image, serving as the benchmark for evaluating image quality in subsequent
steps. We then conducted simulations using a Convex Array, which better resembles the design
structure likely to be adopted by future flexible patches. For the Channel Data obtained from
the Convex Array, we further employed autocorrelation analysis and aimed to incorporate JAX
to accelerate the optimization process, enhancing image resolution and stability. Preliminary
results indicate potential, but improvements in image clarity and clinical applicability are still

needed to achieve more efficient and stable imaging with flexible ultrasound patches.
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