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Figure 1 Schematic diagram and parameter-containing cross-sectional view of the ultra-thin planar meta-lens. (a) Functional schematic. (b) 3D model

of the planar meta-lens. (c) 2D axisymmetric x-z cross-sectional view
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Figure 2 Topology optimization design process based on the genetic
algorithm, where the two dashed boxes represent the finite element
simulation and the genetic algorithm optimization, separately
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Figure 3 Focusing effect of the ultrasonic planar meta-lens based on the genetic algorithm. (a) Normalized intensity distribution of the transmitted
field. (b) Intensity distribution at the dashed line I along z direction. (c) Intensity distribution at the dashed line II along x direction
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Figure 4 Generation of the acoustic bottle beam based on the genetic algorithm. (a) Normalized intensity distribution of the transmitted field. Insets I-
IV represent the field intensity distributions along the dashed lines of I-IV in the field map. (b) The 3D simulation result of the acoustic bottle beam.
Insets (I-1V) show the intensity field distributions on the four selected cross-sections arranged along the z direction
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Design of functional ultra-thin ultrasonic planar meta-lens
based on genetic algorithm
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Ultrasonic meta-lenses are artificial planar structures that utilize the phase and/or amplitude modulations of ultrasound in
gradient or changed media to achieve the anomalous beam manipulation effects, such as perfect focusing or vortex effects.
Functional meta-lenses feature various applications in different domains of medical imaging, ultrasonography, non-
destructive assessment, and underwater communication. Note that most work on generations of functional acoustic fields
utilizing active and/or passive meta-structures relies on forward design methods. In real conditions, these methods often
ignore the effects of nonlinearity, viscosity, and fluid-solid interaction in the fluid environment, resulting in certain
limitations to the forward design strategy. As an optimization tool based on natural selection and evolution, the genetic
algorithm (GA) is based on iterating the structural parameters for the optimal design. This study utilizes GA combined with
the finite element method to design various functional ultrasonic meta-lenses from a global optimization perspective.

In this study, we design ultrasonic meta-lenses by using ultra-thin aluminum sheets and adjust the thickness of metal
sheets via high-precision metal processing technology to achieve the optimized phase distributions for projecting the
designed acoustic field. We use the commercial finite element software (COMSOL Multiphysics) and MATLAB in
combination of genetic algorithms for implementing the topology optimization design. The genetic algorithm includes
three steps: Selection, crossover, and mutation, incorporating different strategies such as roulette wheel selection, uniform
crossover, and bit-flip mutation. The thickness difference between adjacent unit cells is set to be larger than a threshold to
ensure smooth meshing. We employ binary encoding to represent the structural parameters (such as the width and height)
of each unit cell. Here we focus on two cases. In the first case, we perform the GA-based optimization design to achieve
ultrasonic focusing with suppressed side-lobes. Numerical simulation results show that the designed meta-lenses meet the
expected targets with a full width at the half maximum (FWHM) of around half the sound wavelength and a sidelobe
suppression ratio of approximately 1/10. In the second case, based on the optimization of side-lobe-suppressed focusing,
we optimize the design of meta-lens for achieving acoustic bottle beams. To improve optimization efficiency and reduce
computational resources, here we only optimize the structural parameters of unit cells 1-3. The objective function is set to
maximize the surrounding high-intensity region and minimize the central low-intensity region at a specific location. After
obtaining the optimal solution through GA and finite element simulations, the structural parameters of unit cells 1-3 are
obtained via the decoding process. The simulation results indicate that the meta-lenses designed using GA can produce
compact acoustic bottle beams that provide a novel approach for realizing selective confinement and manipulation of
micro-particles, as well as other important applications such as ultrasound treatment of tumors behind an obstacle.

Our work pushes forward the application scenarios of functional meta-structures in ultrasound imaging, ultrasound
ablation, non-destructive testing, underwater communication, etc., facilitating precise, efficient, and integrated meta-
device design.

acoustic meta-structure, ultrasonic planar lens, genetic algorithm, beam focusing
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