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SoE estimation of lithium—-ion batteries based on improved
BPNN-MPF algorithm
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Abstract: The State of Energy (SoE) of lithium—ion battery is an important evaluation index for the energy
optimization and management of electric vehicles. In order to improve the accuracy and reliability of battery
SoE estimation, a SoE estimation method based on the combination of improved Back Propagation Neural
Network (BPNN) and Model Predictive Filtering (MPF) was proposed in this paper. Considering the
accumulated errors of current or voltage sensor noise, a first—order RC equivalent circuit model was
established in this paper. Based on this model, the MPF algorithm was used to estimate the battery SoE. In
order to make the estimated results more accurate, the improved BPNN was used to compensate the errors
of the estimated results of MPF algorithm. Finally, the accuracy of the proposed method was verified under
New European Driving Conditions (NEDC). The results show that the SoE estimate based on the
improved BPNN-MPF algorithm well converges to the real SoE value, compared with traditional MPF
algorithm and BPNN-MPF algorithm. The Maximum Absolute Error (MAE) and Root-Mean—-Square
Error (RMSE) of the estimated values are all within 1%.
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Fig.1 Schematic diagram of first order RC circuit
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Fig. 12 Estimation results of terminal voltage and SoE
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Table 1 Statistical results of estimation error when initial SoE error is 0

(RIS RKRIEE  FHIRZEMAE)  HHRIEZE(RMSE)
AR /mV 1.7 1.4 1.4
SoE(MPF)/% 0.62 0.52 0.52
SoE(BPNN—MPF)/ % 0.61 0.51 0.51
SoE (B¢ BPNN—MPF)/ % 0.1 0.02 0.02
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Table 2 Statistical results of estimation error when initial SoE error is 0.2

IRIRIES kiR PHIREMAE)  HHRIRZE(RMSE)
H1 R /mV 2.1 1.5 1.5
SoE(MPF)/% 1.46 1.05 1.05
SoE(BPNN—MPF)/% 1.45 1.03 1.04
SoE (it BPNN—MPF)/ % 0.95 0.53 0.54
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