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Estimation Method of Vertical Track Irregularity Using Independent Component Analysis

Hiroki NAKAMURA, The Univ. of Tokyo 4-6-1, Komaba, Meguro-ku, Tokyo
Kimihiko NAKANO, Institute of Industrial Science, the Univ. of Tokyo
Masanori OHORI, Institute of Industrial Science, the Univ. of Tokyo

This research introduces a method to estimate vertical track irregularity from accelerations of the bogie using ICA (Independent
Component Analysis) and examines the performance through the experiment using test track and an actual bogie. The authors
propose to apply ICA to monitor the railway system. It is a method to identify the signal sources from the multi data sets of the
mixed signals. The vertical accelerations of bogie frame at several points are measured, and the velocities and the displacements
at those points are calculated by integrating and double integrating the measured accelerations, respectively. They are treated as
parts of the observed data sets as well as the accelerations. By using ICA, the vibration of front and rear wheels are separated.
From this result it is expected to separate some disturbance mixed to the track irregularity such as bias of wheels.
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Fig.1 The scheme of ICA
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Fig.2 the bogie constructed with
two degrees of freedom vertical vibration model
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Fig.4 The straight section of the test track: the dashed line
represents start line and each number represents the seam.
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Fig.5 Seams of right rail: the seam at 4311 mm from start
line is shown on left and the other seam at 8810 mm is shown
on right

Fig.6 The seam of left rail: the width is shown on left and
the vertical gap 1s shown on right.
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Table 1 Specifications of the test bogie

Bogie type Minden
Overall length 4040mm
Width 2600mm
Height 930mm

Mass 4950kg
Wheelbase 2100mm
Wheel diameter 762mm

Type of body support Swing hanger
Axle box suspension system | Horizontal beam spring
Brake system Clasp Brake
Manufacturing year 1966

Fig.7 The bogie used for the experiment
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Fig.8 Places of accelerometers on bogie frame

Fig.9 An accelerometer set on bogie frame
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Fig.10 Measured Accelerations
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Fig.11 Calculated velocities
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Fig.12 Calculated displacements
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Fig.13 Independent Components
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