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Recognition of optical fiber pre-warning system based on image processing
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Abstract: To reduce the time-consuming and misinformation of one dimensional signal recognition by
the pre-warning system in a Phase-sensitivity Optical Time-domain Reflectometer (®-OTDR), a new
method to acquire two dimension signals by the ®-OTDR pre-warning system and to recognize events
based on Relative Vector Machine(RVM) classifier was proposed. Firstly, the spatial and temporal
two dimension signal was taken as an image and the image processing method was used for the thresh-
old segmentation of different events according to the image characteristics. Then, the proposed fea-
ture extraction method based on morphology was used to extract different signal features by using the
amplitude, area, shape and internal of region as feature vectors. Finally, the RVM classifiers and "
one to one" strategy were used for multi-class recognition. The experiments on three pipeline safety e-
vents show that the feature extraction method proposed in this paper greatly improves the recognition
accuracy with less computation time, the accuracy has been reached to 97. 8% and the computing time
is less than 1 s. As compared with traditional methods, the algorithm has better performance, thus is

very suitable for the pre-warning system online monitoring of ®-OTDRs.
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Fig.1 Two dimensional signals for three events
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Fig. 2 Propagation of waves along fiber in soils
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Fig. 4 Images after threshold segmentation for three events
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Fig.5 Images for events labeled in different colors
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Mean values of 4 features of three events

Event type Amplitude area Centroid interval Shape
Walking  10.287 1 245 271.373 8.104 1
Digging  12.663 4 205 1 000 14.601 0

Vehicle passing 8.508 4 1 461 118.032 6 46. 745 2
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Tab. 2 Mean values of region descriptor

Event type Conves area  Eccentricity =~ Major axis length ~ Minor axis length ~ Equiv diameter Euler number
Walking 279 0.757 4 24.484 3 12.981 2 17.319 2 1
Digging 224 0.875 1 25.914 5 10. 640 7 16.155 9 1

Vehicle passing 2413 0.911 8 84.034 8 40,503 1 43.128 7 —1
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Fig. 8 Accuracy of five-fold cross validation
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Tab. 3 Recognition results of three events

Sample model Walking  Digging Vehicle passing
Sample size 20 20 20
Walking 20 1 0
Digging 0 19 0
Vehicle passing 0 0 20
Accuracy (%) 100 95 100
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Tab. 4 Performance comparison among different methods

Average precision Recognition
Method )
%) efficiency/s
ODR 80 10. 526
RDFE 85.4 2.169
MFE 97.8 0.702 8
e ¢
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