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Set initial parameters in RNN for machine failure prediction 

Run RNN based on the initial parameters and calculate a current 

pattern error based on a vector distance between the machine 

failure sequence and a current predicted sequence at the end of 

each predetermined time period 

Update weight values between input and hidden units in RNN 

based on the updated learning rate 

Determine an updated learning rate based on the current pattern 

error if the current pattern error is less than or not greater than a 

predetermined error threshold value 
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Set initial parameters in RNN for machine failure prediction 

Train RNN based on the initial parameters and calculate a 

current pattern error based on a vector distance between the 

machine failure sequence and a current predicted sequence at 

the end of each epoch  

Determine a base updated learning rate based on the current 

pattern error and a first predetermined rule 

Determine an acceleration/deceleration parameter based on the 

current pattern error, whether the current pattern error is less than 

an immediately preceding pattern error in RNN and a second 

predetermined rule 

Determine a bonus acceleration parameter based on the current 

pattern error and a third predetermined rule 

Is the current pattern error less 

than a predetermined error 

threshold value?  

Yes 

No 

Calculate an updated learning rate based on the base updated 

learning rate, the acceleration/deceleration parameter and the bonus 

acceleration parameter if any 

Update weight values between input and hidden units in RNN based 

on the updated learning rate 

Predict future failures by training RNN 
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Retrieve an acceleration/deceleration parameter from a pre-

stored table based on the current pattern error 

and whether the current pattern error is less than the 

immediately preceding pattern error 

Set CAC=CAC+1 if CAC<10 

Determine a bonus acceleration parameter based on the current 

pattern error and a third predetermined rule 

Is the current pattern error less 

than the immediately 

preceding pattern error? 

Yes 

No 

Calculate the updated learning rate based on the base updated 

learning rate, the acceleration/deceleration parameter and the bonus 

acceleration parameter if any 

Calculate the updated learning rate based on the base updated 

learning rate, and the acceleration or deceleration parameter 

Is CAC=10? 

Yes 

No 
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Figure 4 
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Initial learning rate vs sequence irregularity  

Standard deviation of inter-failure gaps 
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