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Hybrid Filter Based Expectation Maximization Algorithm for
High-speed Train Modeling
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Abstract For the special high-speed train model structure with hidden variables in the form of the single mass-
point, a hybrid filter based expectation maximization (EM) algorithm is proposed. By employing the hierarchical
identification theory, the high-speed train state-space model is decomposed into a linear subsystem and a nonlinear
subsystem. Furthermore, the Kalman filter and the particle filter are provided to estimate the velocity and displace-
ment, respectively. Finally, the parameters of subsystems are identified by using the EM algorithm. Compared to
the classical methods, the proposed algorithm can produce high accuracy estimation with less computational effort.
The simulation results verify the effectiveness of the algorithm.
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Table 1  Parameters and their estimates (Hybrid filter)

d da db dc 5 (%)
5 0.00920012 0.00491263 0.00003991 0.00000098 0.33063
8 0.00920015 0.00492316 0.00003992 0.00000098 0.37553
10 0.00920314 0.00494321 0.00003991 0.00000097 0.59953
20 0.00920287 0.00494295 0.00003987 0.00000097 0.58897
30 0.00919972 0.00483822 0.00003846 0.00000099 0.74688

HAH 0.00920000 0.00490000 0.00004000 0.00000100
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Table 2 Parameters and their estimates (Extended Kalman filter)

k d da db dc 0(%)

5 0.00921632 0.00548236 0.00003124 0.00000086 5.52150

8 0.00921594 0.00544469 0.00003262 0.00000089 5.19838
10 0.00921621 0.00545321 0.00003173 0.00000091 5.22873
20 0.00921845 0.00546151 0.00003292 0.00000091 5.39818
30 0.00921706 0.00545076 0.00003189 0.00000091 5.31865
HiE 0.00920000 0.00490000 0.00004000 0.00000100

® 3 BMSERMET (K IEETTE)
Table 3 Parameters and their estimates (Particle filter)

k d da db de 8 (%)

5 0.00917652 0.00502136 0.00003865 0.00000096 1.14182
8 0.00919138 0.00498754 0.00003973 0.00000098 0.82781
10 0.00919141 0.00498763 0.00004016 0.00000098 0.85850
20 0.00919136 0.00501627 0.00004098 0.00000096 1.02914
30 0.00919139 0.00490032 0.00004074 0.00000097 0.94999
FAH 0.00920000 0.00490000 0.00004000 0.00000100
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