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Abstract

In this paper, benefiting from the concept of Fano resonance, a novel metasurface is designed that is capable of performing the second-order derivative
mathematical operator at optical frequencies on an input signal or image without any need for bulky lenses. The structure of this metasurface consists
of a single-layer triangular array composed of equilateral triangular cavities created in a substrate of silicon. The transfer function required for a
metasurface that can derive from the electric field of the radiation wave is presented. Based on these formulations, the process of designing the
metasurface to achieve the desired transfer function is described. Then, by applying different input signals to the metasurface, it will be shown that the
second derivative of the input signals is created in the output. Finally, by applying different images to the metasurface input, the results of optical image
edge detection are presented in the analog domain. The introduced metasurface can be placed directly in front of a standard CCD image sensor and
employed as an efficient and fast spatial filter in image processing applications.
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1-  Short Paper (4-5 lines)

Image processing requires complex operations that are fast and efficient, without compromising the quality and resolution of the images. Optical
metasurfaces, thin layers of nanostructures, are a potential solution to these challenges. Therefore, analog optical computing can offer an alternative to
digital computing, and address difficult problems such as large-scale optimization and probabilistic graphical models that are useful for artificial
intelligence, image processing, and social networks. By using high-index dielectric materials, such as silicon or titanium dioxide, that enable Fano
resonance, one can design metasurfaces that can perform image processing with high-efficiency and tunability in the visible or near-infrared range.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

In this paper, the general requirement of second order derivative metasurfaces is derived in terms of their transfer functions. Then a derivative
metasurface is proposed which is a two-dimensional array with triangular lattice. An equilateral triangular cavity is drilled in the center of each unit
cell. The metasurface is optimized for operation at the visible band, A=643.86 nm. The simulated transmission spectra of the second-order derivative
designed metasurface for radiation angles from # = 0" to @ = 0.37%¢ = 17.44". The simulated transfer function is compared with the ideal state, which
provides a near-ideal second-order derivative response. To examine the metasurface's performance, two input waves—rectangular and sinusoidal
functions—are directed towards it. The resulting output signal from the metasurface clearly exhibits the second-order derivatives of these input
functions. To evaluate the performance of the metasurface in edge detection, two input images are radiated to the metasurface as input waves, which
the detected edges for these two input images are clearly identified.

3-  Conclusion (4-5 lines)

In this paper, an all-dielectric metasurface structure is proposed using the concept of Fano resonance to create the second-order derivative mathematical
operator at visible frequencies. The aim of proposing this design is to achieve an edge detection analog spatial filter of input images in image processing
applications. Therefore, a detailed explanation, consisting of mathematical proofs and simulations, for the proposed unit cell is presented for the
metasurface. The performance of the proposed metasurface is examined either in derivation from input signals or in clear edge detection of two-
dimensional input images.
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