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Intrusion event identification for fiber optic perimeter
security based on VMD and MFE

JIANG Hong,ZENG Qing-long, LI Jia-cheng
(School of Electrical and Electronic Engineering, Changchun University of Technology , Changchun 130012, China)

Abstract : To improve the recognition rate of perimeter intrusion events,a fiber optic perimeter intrusion event recogni-
tion method based onultra-weak fiber Bragg grating( UWFBG ) arrays is proposed in this paper. The intrusion signal by
variational modal decomposition( VMD ) is decomposed. Then,the best component is selected and its multiscale fuzzy
entropy (MFE ) is extracted ,and combined with the signal zero-crossing rate( ZCR) to construct a feature vector,which
is fed into a support vector machine ( SVM) fitted with a Sigmoid function to achieve recognition of five different e-
vents ; waggling, cutting , winding , raining , and non-intrusive. Experiments show that the method can accurately identify
five common event signals with an average recognition rate of 98 % . In addition,the method can output the probability
valuesfor the occurrence of each type of event along with each intrusion event category.

Keywords : fiber Bragg grating; perimeter security ; feature extraction;intrusion event identification ; probability output
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Tab. 2 Identification results of five events

by three algorithms

Event EMD/ % EEMD/ % VMD/ %
Waggling 98. 63 100 100
Cutting 91.02 94. 14 98. 40
Winding 87.97 96. 18 99. 34
Raining 87.69 90. 66 95.96
Nonintrusive 98. 68 97.47 97.76
Average 92.75 95. 63 98. 30
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Tab. 3 Identification results of four classifiers
Waggling/ % Cutting/ % Winding/ % Raining/ % Nonintrusive/ % Average/ %
KNN 100 98. 58 99. 49 83.54 76.50 91.58
PNN 99. 72 100 97.51 83.05 91. 05 91.78
RBF 100 98.33 98. 59 97. 81 93.53 97. 62
SVM 100 98. 40 99. 34 95. 96 97.76 98. 30
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Fig. 8 F1 scores for four classifiers
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Fig. 9 Time consumed of 500 sets of sample identification test
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Tab. 4 Probability of 5 events in case of misclassification
Real event Recognition result Waggling/% Cutting/% Winding/% Raining/% Nonintrusive/%
Winding Nonintrusive 4.22 4.78 17.61 3.24 70. 15
Cutting Nonintrusive 4.22 17.61 3.20 4.81 70. 16
Nonintrusive Raining 1.02 1.03 0.94 92. 04 4.97
Cutting Winding 1. 96 10. 05 76.29 8.37 3.33
Raining Nonintrusive 1.17 3.21 1.32 32.74 61.56
Winding Cutting 4.18 45.68 21. 15 15. 40 13.59
6 & i on perimeter security signal recognition based on PSO-
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