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Forecasting Model of Hunting Instability of High-speed Train Bogie Based on Modified Ensemble
Empirical Mode Decomposition and Least Squares Support Vector Machine

YE Yun-guang, NING Jing, CHONG Chuan-jie, CUI Wan-Ii, LIU Qi
(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: To forecast hunting instability state of high-speed train bogie, a new forecasting model which combines
modified ensemble empirical mode decomposition (MEEMD) and least squares support vector machine (LSSVM) was
presented in this paper, it focus on the normal, transition and hunting instability states of bogie vibration signal. Firstly,
the vibration signal will be decomposed by MEEMD. Then, the Hilbert transformation (HT) will be used to analyze the
time-frequency-energy features. Meanwhile, the energy feature of intrinsic mode functions (IMFs) will be extracted to be
used to train by LSSVM. Finally, hunting instability state will be forecasted by recognizing the transition state. The
results show that forecast accuracy up to 93.33%, and the accuracy and calculation time are superior to ensemble
empirical mode decomposition- support vector machine (EEMD-SVM) when the train at 350km/h. The validity and
rapidity of the forecasting model were proved.

Key words: high-speed train; hunting instability; modified ensemble empirical mode decomposition (MEEMD); least squares support

vector machine (LSSVM); forecasting model
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Fig.1 Track shift after a test run with an older diesel engine
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Fig. 5 Time-speed and time- lateral acceleration of bogie frame
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Fig. 6 MEEMD results of vibration signals of various States
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Tab. 1 Energy features of various states of bogie

BATIRE e N ST E
IMF1 IMF2 IMF3 IMF4 IMF5 IMF6
TS 1 0.0854 0.1233 0.0578 0.0276 0.0098 0.0082

IEHIB1T

2 0.0926 0.1164 0.0663 0.0282 0.0132 0.0067
SHER A 1 0.1223 0.2866 0.2345 0.0233 0.0092 0.0004
2 0.1378 0.2654 0.2138 0.0281 0.0122 0.0013
KATIED) 1 0.9823 0.8623 0.1045 0.1135 0.1762 0.0085
2 0.9798 0.8435 0.0933 0.1322 0.2098 0.0121
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Tab. 2 Recognition results of various States by different methods

T R
MEEMD-LSSVM 15 14 15 97.78%
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EEMD-SVM 15 9 13 82.22%
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Tab. 3.Accuracy and computation time of different forecasting

models
TR YR THELRENT (5)
MEEMD-LSSVM 93.33% 0.7753
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