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Abstract 

Up to 40% of global crop production is lost to plant pests and diseases. Pests monitoring is vital since it provides 
ecologists and entomologists with migration information, which can be used to pest control strategies and 
reduce the use of pesticide. This aerial bio-flow has important implications for ecological, physiological and 
genetic studies of insects, with applications in pest management, conservation and environmental change 
programs. Millimetre-wave frequency modulated continuous wave vertical-looking radar systems are one of 
the feasible ways to monitor high-flying insects. 

In this seminar, we would like to share our experience in using machine learning methods to design surface 
wave antennas providing the required radiation pattern. The proposed antennas are designed for the vertical-
looking radar (VLR) systems for better pest monitoring. Wasserstein generative adversarial network (WGAN) 
and bidirectional gated recurrent unit (Bi-GRU) neural network prediction method were utilized to predict the 
distribution of the metallic cells on the low-profile surface wave antenna. The proposed neural network 
prediction method consists of two parts, which are i) from the far-field radiation pattern to the near-zone E-
field and ii) from the near-zone E-field to the on-surface metallic cell pattern. In the first prediction part, the 
average prediction error among Ex, Ey and Ez components on the surface wave antenna of 50 test cases is 4.3%. 
And the average prediction accuracy achieves 99.54% in the prediction of the metallic cell pattern from the 
near-zone E-field. A dual-sided 30° cosecant-squared radiation pattern serves as the input for the neural network 
prediction model in the surface wave antenna design. The predicted antenna geometry shows less than 1 dBi 
variation in radiation pattern when compared to the input dual-sided 30° cosecant-squared radiation pattern. 
The fabricated surface wave antenna works in the frequency band 33.77 – 35.05 GHz, which covers the 
frequency band of the mmWave FMCW VLR system. With the help of the turntable of the mmWave VLR 
system, such antenna provides a circular observation area with a diameter of 9.8 m. 
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