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Track profile estimation using a half car model and unsupported sleeper detection considering train
vehicle weight difference (Proceedings of Symposium on Applied Mechanics)
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This study presents an efficient approach to estimate the track profile and detect the unsupported sleeper using train
vehicle responses. A half car model is used to represent the bouncing and pitching motions of the train vehicle, and an
extended state-space model is defined that includes the track profiles at the front and rear wheels in the state vector.
Kalman filter and Rauch-Tung-Striebel smoothing are then employed to estimate the track profiles using the vehicle
response observations. In the Kalman filter procedure, both the process noise covariance matrix and observation noise
covariance matrix are obtained sequentially using the Robbins-Monro algorithm. The half car model parameters can also
be calibrated by solving an optimization problem based on constraints on the estimated track profiles. Furthermore, the
unsupported sleeper is detected as a large difference between the track profiles estimated using train vehicles with different
weights. A statistical index is proposed to quantitatively identify the unsupported sleeper and distinguish it from random
errors between two track profile estimates. The proposed approach is demonstrated on a numerical example.
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Fig.1 Half car model
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Table 1 Half car model parameters and their estimates.

Parameter I, My my, ks k,

kbf kbr Cf Cr be Cpr Lf

Estimate/Target value | 1.08 0.67 0.62 2.04 0.79
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Fig.2 Track profile estimation results
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Fig.3 Track profile differences and standard scores
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