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An IPSO-GRU-Based Prediction of Remaining Useful Life of Lithium-Ion Batteries
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Abstract: In view of an improvement of the accuracy of remaining useful life (RUL) prediction of lithium-ion
batteries, a prediction model of lithium-ion batteries has thus been proposed based on the improved particle swarm
optimization (IPSO) as well as gated recurrent unit (GRU) neural network. Firstly, the optimization ability of PSO
algorithm is improved by changing the inertia weight and the update rules of learning factors. Next, the parameter
selection of GRU neural network is optimized by IPSO algorithm, with an IPSO-GRU model built. Finally, the accuracy
of IPSO-GRU model is to be verified by using the experimental data of lithium-ion battery published by NASA. The
experimental results show that compared with the single GRU model, the proposed IPSO-GRU model helps to reduce
the capacity prediction error and effectively improves the RUL prediction accuracy of lithium-ion batteries.
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Fig. 1 GRU neural network structure diagram
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Fig. 2 IPSO-GRU model flowchart
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Fig.3 Capacity degradation curves of B5, B6, B7 and B18
batteries in NASA data-sets
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Fig. 4 Experimental prediction results obtained with the

sample data at the first 40% of the total cycle
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Table 1 RUL prediction results of IPSO and GRU
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W s RUL IPSO-GRU GRU
hacaLE! Py E. PE/% Pry.  E. PE/%
68 43 48 5 11.6 66 23 535
B3 84 27 29 2 74 37 10 370
68 31 36 5 161 23 8 25.8
B6 84 15 11 4 267 33 18 1200
68 78 85 7 90 — — —
B7 84 62 67 5 81 49 13 210
53 30 34 4 133 51 21 700
BI8 66 17 19 2 118 37 20 1180
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Table 2 Comparison of prediction results between
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B6 84 00176  0.0261 00428  0.0496
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B7 84 00090  0.0147 00376  0.0410
53 00195  0.0244 00478  0.0539
BIS 66 00219  0.0307 00333 0.0385
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