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Abstract A recognition method for multiclass intrusion events based on zero-crossing rate feature extraction is
proposed; in this approach, the intrusion signal is processed by segments, and the zero-crossing rate of each
segment is used as the input feature vector for the pattern classifier. The support vector machine (SVM)
classification and recognition algorithm is adopted to classify and train numerous intrusion data and save the model
parameters. In unknown intrusion events, the feature vector is extracted and fed into the trained SVM model to
realize high-efficiency and high-accuracy pattern recognition. A Michelson interferometer-based fiber perimeter
security system is developed and a 2-km-long fiber optic cable is installed in the outdoor fence for experimental
verification; 120 groups are used with a total of 600 experiments being performed under five different cases:
shearing cable, climbing fence, swaying fence, tapping cable, and no intrusion. Experimental results confirm that
the proposed method can quickly and accurately identify the tested types of common event signals; the average
recognition rate reaches 97% and the response time is up to 0.1 s.
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Fig. 4 Segment zero-crossing rates of five events. (a) Cutting; (b) waggling; (c) climbing; (d) knocking; (e) no intrusion
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Table 1 Extraction time of zero-crossing rate for four events ms
Event t ty t3 Zy ts ts Lave
Cutting 0.057 0.045 0.045 0.044 0.130 0.006 0.055
Waggling 0.050 0.046 0.044 0.062 0.156 0.009 0.061
Climbing 0.048 0.045 0.048 0.057 0.180 0.008 0.064
Knocking 0.047 0.047 0.048 0.061 0.129 0.008 0.057
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Table 2 Comparison of event recognition results of two methods %
Event Cutting Waggling Climbing Knocking No intrusion
SVM recognition rate 98.75 99.17 92.08 100.00 95.58
RBF recognition rate 85.10 99.70 87.30 70.90 —
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