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Abstract : Time of arrival (TOA) is a key feature utilized in localizing impacts, with the ongoing advancements in signal processing
technology, a variety of time-frequency models can be found in the literature for its measurement, but the selection usually depends on
human experience. In addition, considering the systematic error of the measurement model and the uncertainty caused by measurement
noise, the traditional TOA-based impact localization method is insufficient. Therefore, an impact localization method for composite
structures based on Bayesian estimation and data fusion is proposed in this paper. First, a variety of different time-frequency models are
applied to obtain the TOA data of the impact response signal. Then, according to the uncertainty of measurement error of TOA data, the
posterior probability density function of impact position is constructed by using the Bayes theorem. Afterward, the posterior distribution of
the impact position parameters is estimated using the Markov chain Monte Carlo (MCMC) sampling method, and the normal distribution
is used to fit the posterior distribution. Finally, the impact position probability distribution obtained from different TOA data is fused,
and the final decision is made by using the fused probability distribution. The feasibility of the proposed method is verified by the drop
weight impact experiment on the composite stiffened plate, the average localization error is only 0. 94 cm, which is more reliable and
accurate than the traditional TOA-based impact localization method, and also has advantages in robustness and localization time.
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Fig. 1 Framework of impact localization based on Bayesian estimation and data fusion
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Table 1 Sensor coordinates on the composite panel

F5 ABFR/ mm F5 A FR/mm
Pl (110, 95) P7 (430, 225)
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P4 (590, 95) P10 (270, 355)
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Fig.4 Drop hammer impact test on the composite stiffened panel
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Table 3 Impact localization results and errors between traditional method and proposed method
. l2W a7 ES'@pS
WSS SRR mm
T s 437 B/ mm R2/mm O s 57 B/ mm R2/mm
1 (179, 255) (166, 208) 21.40 (174, 250) 7.07
2 (216, 156) (190, 166) 27. 86 (208, 163) 10. 63
3 (317, 173) (330, 176) 13.34 (316, 181) 8. 06
4 (330, 102) (344, 86) 21.26 (318, 106) 12. 65
5 (342, 358) (342, 340) 18. 00 (347, 357) 5.09
6 (355, 245) (350, 268) 23.53 (353, 255) 10.20
7 (501, 277) (512, 254) 25.50 (503, 265) 12.17
8 (510, 160) (531, 159) 21.02 (504, 167) 9.22
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method and proposed method at eight impact points
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