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Physical Field Inversion Method of Smart Skin Based on BP-IGWO and
Distributed Sensors
LONG Yan-zhi'?, ZHENG Bo-yu', ZHAO Xin®>, ZHENG Lu-jun', CHEN Ren-wen'

(1. Aerospace College, Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China;
2. Chengdu CAIC Electronics Co., Ltd., Chengdu 610091, China)

[ Abstract] The smart skin of an aircraft is realized by integrating distributed sensors, actuators, and controllers into the composite
skin, thereby enabling it to monitor its own state and detect damages. The physical field inversion algorithm plays a key role in the
signal processing of the smart skin. However, due to factors such as the low sensor density, traditional inversion algorithms exhibit
limited accuracy. In order to enhance the monitoring precision of the smart skin, a back propagation(BP) neural network-improved
grey wolf optimizer(IGWO) inversion algorithm, which combined a BP neural network with an IGWO-optimized Kriging model, was
proposed. A prototype of the smart skin was subsequently fabricated, and wind tunnel tests were conducted to validate the proposed
algorithm. The results demonstrate that the BP-IGWO inversion algorithm achieves higher accuracy and superior detail representation
compared to traditional inversion algorithms, and can better monitor the state of smart skin.

[ Keywords] smart skin; physical field inversion technology; neural network; back propagation-improved grey wolf optimizer ( BP-
IGWO) ; Kriging
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Table 1 Chordwise position of pressure sensor
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Fig. 2 Optimizing Kriging model with improved grey wolf optimizer
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Fig. 3 Neural network 1 regression effect diagram
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Fig. 6 Retrieval of pressure field using different algorithms
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Table 2 Mean square error between inverted pressure field and original pressure field under different operating conditions

T A RS 5 R RS )7 1% 2%/ Pa
Yo/ (°) W/ (mes~') SRR MR FIRE 251 A IGWO fifb e 475 BP-IGWO R HH

-6 30 2.86 x10° 1.05 x 10* 3.24 x10° 2.67 x10? 2.92 x10°

-6 60 6.3 x10* 1. 66 x 10° 5.25 x 10* 4.32 x10* 1.83 x10°

0 30 2. 64 x10° 6.60 x 10° 3.58 x10° 2.61 x10° 9.49 x10°

0 60 4.70 x 10* 1.03 x10° 5. 86 x 10* 4.06 x10* 9.11 x10°

6 30 2.74 x10° 3.43 x10° 3.84 x10° 2.50 x10° 6.30 x10°

6 60 5.07 x 10* 5.62 x 10* 6.03 x 10* 4.40 x 10* 3.69 x10°

*x3 SEERBREZEMLE
Table 3 Chordwise position of pressure sensor

i 1 2 3 4 5 6 7 8 9 10 11
AR 5% A AT B % 3.0 4.5 6.0 10.5 15.0 22.5 30.0 45.0 60.0 78.5 97.0
S B/ mm 12 18 24 42 60 90 120 180 240 314 388
3 B/ mm 21 27.5 34 53 72 102 132 242 352 377.5 403
T ELAE AL E/mm 18 24.5 31 49 67 97 127 187 247 341.5 396
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Fig. 7 Assemble the internal structure of the sample
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