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Improved fuzzy method of removing abnormal spike data from
track’s geometric irregularity of high-speed railway

LIU Jin-zhao, LI Guo-ging, SUN Shan-chao, ZHAO Gang, GUO Jian-feng

(Infrastructure Inspection Institute, China Academy of Railway Sciences, Beijing 100081, China)

Abstract: According to the mutation property of abnormal spike data for track’s geometric
irregularity of high-speed railway, an improved fuzzy method of removing abnormal spike data
was designed. The point with unexpectedly increasing or decreasing forward difference was
defined as the starting point of abnormal spike data, the following point being close to the
starting point and with reversely changing forward difference was extracted as the end point of
abnormal spike data, and the abnormal spike data were removed and replaced by the linear
interpolation between the two endpoints of the minimum interval including the abnormal spike
data. The membership functions were constructed by using the unit decomposition principle, and
a pre-judgment was proposed to avoid calculating the forward differences, the functions of firing
degree of rules and the fuzzy basis functions when the track geometry data were normal.
Calculation result shows that the improved method has the same accuracy as the previously used
fuzzy filter method, but its computation time is less than 0.33% of the original one when the
computation distance is longer than 500 km, so it is more easily achieved online. The errors
between the analog signals and the measured track geometry irregularities are less than 10~ * when
the improved method is used for detecting and removing the abnormal spike data. The improved

method is able to not only accurately identify the locations of abnormal spike data and
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automatically restore the signals, but also retain useful information such as the large alignments

and gauges around the switches. 1 tab, 26 figs, 25 refs.
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method; unit decomposition principle; ranked order mean filter method
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Fig.1 Noise-imposed signal of track geometry irregularity
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Tab.1 Comparison of computation times

BB/ | AP E%
km R /s

R U8 D 1
A /s

5 PR RN B D T
e AN IVE

0.5 0.06 0.73 0.02

1.0 0.11 1.49 0.03

5.0 0. 56 7.39 0.03

10.0 1. 11 14. 80 0.05

50.0 5.56 73.63 0. 20

100. 0 11.17 146. 52 0.39

500.0 55.42 735.98 1. 95
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