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RUL prediction of lithium battery based on particle filter and GRU
neural network fusion
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Abstract: As lithium-ion batteries are widely used in mobile electronics and electric vehicles, accurate prediction
of their remaining useful life (RUL) is of great importance for health management of lithium batteries. A prediction
method based on particle filter (PF) and gated recurrent unit ( GRU) neural network fusion method (PF-GRU) is
proposed to predict the RUL of lithium batteries. This fusion method combines the advantages of PF in estimating
the probability distribution of RUL and the ability of GRU to perform long-term prediction of time series to obtain
the fusion prediction result. Using the capacity prediction results of each prediction period, the GRU model is
retrained by iteratively updating the training dataset with a sliding window, which improves long-term prediction
performance of GRU. The above prediction steps are iteratively performed until the capacity decays below the
lifetime threshold. Finally, prediction results represented by particles are extrapolated to the lifetime threshold, and
RUL distribution histogram of the battery is obtained. The lithium battery data provided by the NASA prognostics
center of excellence (PCoE) laboratory is adopted to verify the proposed method, which compares the proposed
fusion method with GRU, PF and fusion method without sliding window for RUL prediction. Experimental results
show that the proposed fusion method has good performance, which is obviously better than PF and fusion method
without sliding window in terms of state and parameter estimation and RUL prediction accuracy.
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Tab.5 RUL prediction results of four kinds of lithium batteries
b5 T 5 i RUL H3H RUL T { Py Rruseg
GRU 78 37 0.067 3
PF 33 8 0.049 4
# 41
PF-GRU( T EIH M) 47 6 0.034 2
PF-GRU(H#sh#in) 38 3 0.019 8
GRU 33 8 0.063 9
PF 19 6 0.826 0
#6 25
PF-GRU( i sh#ii 1) 30 5 0.049 3
PF-GRU(H#3h# 1) 23 2 0.024 6
GRU — — 0.076 5
PF 50 13 0.038 5
#7 63
PF-GRU( L zh#i 1) 72 9 0.027 5
PF-GRU(HE#BIE M) 62 1 0.017 0
GRU 18 13 0.045 9
PF 26 5 0.058 5
#18 31
PF-GRU( R Bh#E 1) 35 4 0.043 4
PF-GRU(H %3 1) 31 0 0.029 3
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Tab.6 Prediction accuracy and required time results of #5 battery
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