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Universal model of CCS for aperture arrays with multiple shapes based on

two—stage neural network
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Abstract: The Coupling Cross Section(CCS) of aperture is an important parameter to evaluate the
effect of aperture penetration. Using BP neural network to predict CCS has a much higher prediction
speed than full-wave analysis and better accuracy than traditional formula methods. This paper focuses
on the prediction model which can be applied to multi-shape aperture array. Three neural network
models are proposed to predict the CCS of aperture array, including one traditional single—stage model
and two two—stage models. Taking the regular hexagonal aperture array as an example, the performance
of the three models is compared. These results show that the double-level model with the most prior
information performs the best. The Root Mean Square Error(RMSE) of the CCS prediction for the regular
hexagonal aperture array by this model is 0.017 2, and the coefficient of determination(R) is 0.999 1.
When this model is transferred, it can predict the CCS of circular and square aperture arrays, with an
average relative error of 1.94% for the samples. The prediction results confirm the precision, efficiency,
and universality of the model.

Keywords: two-stage neural network; multiple aperture unit shapes; aperture array; Coupling

Cross Section(CCS); universality
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Fig.1 Numerical experimental system model
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Fig.2 Variation of normalized CCS with azimuth angle
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Table3 Prameter settings in a neural network model

neural network models output parameters training function excitation function number of neurons
Wi utput i
Putp ¢ output layer hidden layer I hidden layer IT hidden layer I hidden layer II
single—stage model P xn, trainlm purelin logsig logsig 50 40
(2] trainlm urelin logsi logsi 30 30
two-stage model [ i . P . € 'g ese
P xn, trainlm purelin logsig - 60 -
(29T trainlm purelin logsig logsig 30 30
log(Pn\/Pl) trainlm purelin tansig tansig 30 30
two-stage model IT
€ log(P, /P/) trainlm purelin tansig tansig 30 30

P xn, trainlm purelin poslin - 80 -
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Fig.6 Comparison of relative error distribution histograms of neural network models
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Fig.7 Scatter plot distribution of different neural network models
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Table4 Comparison of different neural network modeling time in hexagonal aperture array

single—stage model two-stage model I two—stage model 1T
modeling time 4h4minSls 54 min42s 2h 18 min26s
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Fig.8 Prediction accuracy distribution of universal samples
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