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Short Abstract

The development of metasurface absorbers offers a potential solution to achieve low weight, thin thickness, favorable absorption rate, and acceptable
terahertz absorption characteristics. In order to optimize the absorption properties of metasurfaces, the absorption spectrum is usually used as an
important evaluation criterion, which can show many important characteristics such as the rate of absorption at different frequencies. However, the
analysis of absorption spectra related to a large number of variable structural parameters is required when designing the structure, which consumes a
lot of resources and time, because electromagnetic wave absorption involves the processes of complex impedance matching and electric field excitation.
To address this issue, this study proposes a machine learning approach based on a random forest algorithm to predict absorption rates based on structural
parameters, reducing the need for numerical simulation and spectrum analysis time. With the random forest model, the absorption rate is predicted with
the R? score of more than 0.99. In addition, the proposed absorber design has the advantages of being thin, insensitive to polarization and with a relatively
stable incident angle, due to the symmetry of the structure. This study presents a practical and effective approach for the design of complex systems
related to absorbing, reflecting and transmitting electromagnetic wave propagation.
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1-  Short Introduction (4-5 lines)

In the last few decades, metasurfaces, as a two-dimensional equivalent of metamaterials, are able to freely manipulate the frequency, phase, amplitude
and polarization of electromagnetic (EM) waves . These surfaces offer unprecedented control over light-matter interactions, enabling rapid development
in EM absorber systems. Metasurface EM absorbers have important wireless applications, especially in the terahertz (THz) band, including in the field
of radar and target detection, broadband communications, detection of dangerous objects, etc. On the other hand, the machine learning technique can
be used to predict the behavior of various parameters of electronic and photonic systems. It has already been reported how machine learning enables
access to essential simulations to achieve the same levels of accuracy but be hundreds of times faster. This research has provided a new approach for
the precise design of absorber systems of complex EM waves with machine learning technique.

2-  Proposed Work and Methodology

In this paper, machine learning technique is combined with metasurface absorber design. When designing a metasurface absorber structure, researchers
usually adjust the structure parameters based on experience to obtain the optimal structure parameters. The absorption process of suprasurface EM
waves is usually associated with mixed impedance matching and electric field excitation processes. However, it is difficult for researchers to design
structures based on these physical phenomena and analyze the inherent relationships between parameters to optimize important parameters. The
absorbers that are designed considering these factors are often time-consuming and it is very difficult to determine whether the structural parameters
have reached their optimal values or not. Accordingly, through simulation-based design optimization, a type of metasurface absorber (with an absorption
rate of more than 99%) has been proposed. To investigate the dependence of absorption, parametric analysis has been performed using some structural
parameters. The proposed structure has a simple structural design, very low thickness and compact dimensions, which is very useful for various
applications. Also, the related ideal structural parameters have been trained and predicted using the Random Forest algorithm. The findings of this
research have provided a new approach for the precise design of absorbing, reflecting and transmitting systems of complex EM waves.

3-  Conclusion

In summary, a new approach to predict the adsorption rate based on structural parameters for the design of a metasurface adsorbent has been successfully
tested, which is based on a combination of numerical simulation and Random Forest algorithm in machine learning. For terahertz applications, a
metasurface absorber consisting of four side slits on a silicon dioxide substrate is presented. The absorption peak with an absorption rate of more than
99% can be found at 2.6 THz. With Random Forest regression model, structure absorption rate is predicted with R? more than 0.99. The results show
that using the Random Forest model to simulate the design of the absorber can reduce the simulation time and required resources by 60%.
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