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Abstract: To solve the problem of gradient dispersion in stacking auto-encoder (SAE) with large
number of parameters, we analyze the distribution of encoding values in each hidden-layer of
network. It is found that most of them are distributed in the saturation area of the activation
function, which directly leads to a weight gradient loss, thus a normalizing strategy is
introduced. The node is normalized according to the sample, then two parameters are introduced
to scale and move the encoding values. Then the modified values are passed to the activation
function to next layer. The fault diagnosis of rolling bearing is carried out by the normalized
SAE, and the spectrum of vibration signal is input into the network. Compared with ordinary
SAE, the encoding values of normalized SAE are more well-distributed. For example, the
entropy of encoding values in the first level is increased from 0.88 bit to 16.29 bit. The

normalized SAE has higher anti-noise ability and faster training rate. When the signal to noise
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ratio (SNR) is 0 dB, the recognition accuracy is increased from 16.18% to 100% on the rolling

bearing data sets of Case Western Reserve University. On laboratory data sets, the training time

is decreased by 37.22%, and the recognition accuracy is increased from 97. 93% to 99. 95%. The

introduced normalizing strategy provides a reference for subsequent research on the construction

of SAE, and also provides a strategy for fault diagnosis of rolling bearings.

Keywords: fault diagnosis; stacking auto-encoder; normalization; rolling bearing
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