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Prediction of coupling cross section of hexagonal aperture
array based on BP neural network

He Zhibin,  Yan Liping,  Zhao Xiang
(College of Electronic and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: As an important parameter to measure the leakage of electromagnetic energy through apertures, there
has not been a universal, fast and high precision method to obtain the coupling cross section (CCS). For obtaining the
hexagonal aperture array normalized CCS, we analyze the influence of various factors on it under the condition of
vertical incidence. A total of 13 820 sets of CCS data are obtained by selecting appropriate parameters and using full-
wave analysis method. After some input parameters are preprocessed and the neural network is trained, a BP neural
network model has been constructed with seven parameters including the electrical dimension of the aperture unit,
row/column number, the electrical dimension of the row/column distance, the electrical dimension of the aperture wall
thickness and polarization angle of incident wave as the input and the normalized CCS as the output. The model has an
average relative error of 3.8% when the predicted normalized CCS of the hexagonal aperture array has the electrical
dimensions [0.1, 1.2]. A total of 480 CCSs with input parameters not appearing in both the training set and the test set
are predicted by the neural network and compared with the full-wave analysis results, and the average relative error is
7.27%. Finally, the universality and effectiveness of the model are validated further by experimental measurement.

Key words:  coupling cross section, hexagonal aperture array, neural network, full wave analysis method,

prediction accuracy

FLEEHE 5 #UE (CCS) J2 TR X H il AE B 22 L 28 A% G/t T 20 A7 o e v b i) — A B S H0, s SO i FLEE R TR
5SS BT AR B HOAEL o FLAR R 5 1800 P R L ol O e L it s ) 588 553, 1 T X e G R S BE 23 Y
A2 (PWB J5 1) BBy — A SCHES B, O T AR AL S8 M 5 0T, 1950 4F, Levine 4245 i 1 41 X% BIE £L 42 Y

* GRS EEA:2021-12-20; 81T A#A:2022-03-17
HEWME: K ARSI H (61877041)
BRR AR AW, hzb2500199128@qq.com.
BIE1EH: M, zhaoxiang@scu.edu.cn,

053001-1


http://dx.doi.org/10.11884/HPLPB202234.210566
http://dx.doi.org/10.11884/HPLPB202234.210566
mailto:hzb2500199128@qq.com
mailto:zhaoxiang@scu.edu.cn

wmoOoW e 5 K TR

AT TE, IR %07 B MR 5 TE RO A, T B G 2% 1F R TR AL 48 AR5 T 7. 1953 4F, Huang
SR FE S 30 0 5t 3 0 T R TR AL A% RORR A T, RS, Huang 55454 Levine 45 1 26 fE 30T B0 RS 50000 H 75, TH0
A B8] FL R 45 A8 9 3 DL 22 S A0 (58 T AR TR 25 B B LA TR AR ) L 0 5 480 A9 353 T i AN Wt A7 1 AR
AR E I 5 4 22 36 20 X FURE T SRR AL U | H RO 8 rp 7 v /N sl F R DX AR 45 AT , T A
FEHY A3 M I W 75 ZORE 98 R BT AR o AR, BLER SR AT AN AR S S 1 B[ LA (B FL A 5 F) BP A
22 0 2% (NN FRASE U014, Shy B L i 2 AL AR 5 T B2 43 1 BT ik

TEN I AL A d i DAY — 208 AL RS, B 28 Wl W LE A [R) 2% 18 5 A L T B SL I M JE FLIG A % /Y
A AT T E O TS IR AL R A B BT, — BB — A BEAR B0 2 R A T 1 RE S DR
L 3 M S IBCIE 7S T TE AL AR A IR o PR AR SO 5 4 e 7 PR 1 3 A0 R B 2 SR A I R 2, S — g
g Pl TN 75 120 S S 5 AT B BP At 28 ) 6 B 80 A SCIR] IR % BP o 28 I 4 R AT 04K, 3 o 7R 945 i A 2 L
575 T AL G 0 1 O0C R, AR UG T BP A28 I 4 11 25 189 2 B0 L O X SRR s 0 A7 Ak B, L4
T 22 100 45 1A R B8 R ARG 22 R 2 R S L

1 ETEESTERRE R GBI REUR H ik 2
11 R % BRI

A5 2, FLIE L AT A RO L AT 9080 LT R FLITRE | A I A B AR A AR HE 1 A5 A 2 2
S5 LR ORI A T AR SO I A U T T LS A A L, LT R B AW R ST T AT 1 TR
B30 R 20, R FRIOH 2 BP i 22 0 4% 1[5 50

integral surface of
Poynting vector Y

I'____X____ _______ a
- E

evsaan

¥
+
i

| |
| |
| |
| |
| |
| ° |
I e e I
1 o o z |
| e o |
| |
| |
| |
| |
| |
|

Ny . 7
i o S0 0 A L = L h ~ e -
infipite PEC planar |- HH--HH L0 L ______ _ 2bsorbingboundary ,
(a) 10x10 hexagonal aperture array (b) front view of the three views of numerical
model based on FDTD experimental system

Fig. 1 Numerical experimental system model
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Fig. 2 Effect of row/column number on the normalized CCS
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Fig. 3  Effect of polarization angle on the normalized CCS
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