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A fast anti-lifting detection method for trains based
on improved BP neural network
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(1.Shanghai Investigation, Design & Research Institute Co., Ltd., Shanghai 200335, China;
2.Institute of Logistics Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: In the railway container yard, there are few mature intelligent anti-lifting solutions
available for train flatbed loading and unloading operations due to the poor detection accuracy or
speed of traditional detection methods. This paper proposes a fast anti-lifting detection method for
trains based on an improved back propagation (BP) neural network. By acquiring weight data from
the four locks of the hoist, a flatbed lifting detection model is established using a BP neural network.
During weight adjustment, a momentum factor and an adaptive learning rate are incorporated to
optimize the model’ s performance. Through practical tests, this method demonstrates that this
model achieves a high detection rate and fast detection speed, making it suitable for providing
intelligent safety protection for automated rail mounted gantry in the railway container yard.

Key words: container train; F-TR lock anti-lifting; back propagation (BP) neural network;
momentum factor; adaptive learning
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Fig.1 Schematic diagram of BP neural network
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Fig.2 Weight data waveforms from the four corner

points of the hoist during jogging operation
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Fig.3 Curve about the number of hidden layer

neurons and network output error
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Fig.4 Training process of BP neural network
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Fig.5 Schematic diagram of the system equipment
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Tab.1 Experimental results of the train anti-lifting detection method based on improved BP neural network
MAEAR 20 RS 4 20 RUE A 40 =54 40 RUEA
TH B G E/ms  BEE RlE/ms BEE S RDIHE/ms B & I B 8] /ms

IEHR 0.319 4 161 0.203 1 133 0.659 4 117 0.156 8 164
IEFE 0.316 4 119 0.550 4 127 0.569 4 162 0.638 8 147
IR 0.286 6 132 0.609 3 118 0.412 4 145 0.322 5 129
IEH 0.145 1 118 0.408 9 120 0.544 4 127 0.404 8 141
EH AT 0.276 5 153 0.482 3 133 0.523 3 121 0.3887 134
) i 0.968 6 114 0.879 3 151 0.910 8 135 0.9117 110
R 0.874 2 116 0.918 8 105 0.886 4 114 0.936 5 125
LR kais 0.992 9 150 0.851 3 114 0.852 6 155 0.881 1 162
AR 0.914 6 143 0.998 3 139 0.957 6 106 0.937 2 147
Lt ap 0.826 3 113 0.891 2 127 0.957 4 122 0.948 6 130
U R) 3% 0.978 2 108 0.844 4 156 0.9119 121 0.882 1 140
KU ) 0.960 4 145 0.9135 128 0.943 7 137 0.887 3 119
XU B) 3% 0.872 4 124 0.815 7 153 0.903 1 137 0.908 3 126
XU ) 14 0.954 8 126 0.855 1 148 0.8105 151 0.883 0 129
XU A) % 0.8399 103 0.922 6 153 0.942 2 142 0.835 1 158
=X Yaped 0.900 8 156 0.889 8 121 0.9457 115 0.8617 136
=) % 0.9312 136 0.953 3 119 0.943 0 138 0.624 1 131
A% 0.860 3 155 0.962 7 138 0.7214 111 0.874 8 155
A% 0.973 9 118 0.926 4 152 0.841 4 135 0.942 6 146
=t VA 0.991 4 113 0.701 7 106 0.935 6 119 0.505 1 125
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Fig.6 Schematic diagram of experimental

results and weight data waveform
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