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Surrogate Model Using a Multilayer Perceptron for the Fast Estimation of
Chaff Dynamic RCS
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Abstract

Chaffs, as radar countermeasures, are widely used to protect targets by deceiving enemy radar systems. The position, orientation,
and density of the deployed chaff clouds vary depending on the frequency, launch conditions, and environmental variables. Consequently,
the radar cross-section (RCS) of the chaff cloud exhibits time-varying characteristics. In prior studies, the dynamic behavior of chaff
was predicted using the computational fluid dynamics-discrete element method, and a model for predicting dynamic RCS was
implemented using the generalized equivalent conductor method, an approximation technique. In this study, instead of relying on
numerical analysis methods, we developed a surrogate model capable of real-time prediction of the dynamic RCS by training a multilayer
perceptron on the results and environmental variables obtained from existing methods. The proposed surrogate model achieved a mean
square error of 0.0016 and an R2 score of 0.9307 and obtained results approximately 8.59 s faster than the existing methods.
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Fig. 1. Previous RCS estimation method.
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Fig. 2. MLP architecture.
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Fig. 3. Proposed RCS prediction method.
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Table 1. Input dataset and ouput dataset.

Parameter Dataset Steps
Wind velocity (m/s) 0~10 1
Wind angle (*) 0~90 45
Cartridge angle (*) 0~45 1
Time (s) 0~5 0.1
Total 1,518%50 (casextime)
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Fig. 4. Architecture of the hidden layers.

714 yi= 2 dofE, y& e dlole e B,

y= dEgolth

Skl Al AlME Wel tist /35 MSE, R2 score®t 2
g AIZHE 1 20 YERNIQIEE 22813 O" 5E FEHWY,
wind velocity), %3 (WA, wind angle), 7}FE&]A] 27| 7}
%(CA, cartridge angle)ol] o g A7k WE RCS o5 1
ghzolt), Wk 3 9] Actual> CFD-DEM & GECE
3l AE RCSE UERA ZolH, A €]
Prediction> MLPE &3l &3 RCSolth & 29} 7o)
7122] CFD-DEM & GEC g Xt} E =5 A z¢te
MLPE o] 43 Rdo] 7|EHT} oF 44 % T WEr, =2

AREE HAFE AS ¢+ At

= —
71EdE A]8]4] 7%l CFD-DEM¥} ZA}3} 71 ¢l
GECE E3 RCSE dg02H A7+ d&alqnh A=
-9 55 2} 1A 9} kS AAtsled B HF

H2 299 4% B2 20 A2

Table 2. Model performance and computation time.

Model MSE R2 score Time (s)
MLP 0.0016 0.9307 10.69
Preprose model - - 19.28
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Fig. 5. Predicted RCS using MLP.
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