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State of charge estimation of lithium-ion batteries using local model network
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Abstract ; State of charge (SOC) is the key parameter of the lithium-ion battery management system, which needs to be estimated accurately to
ensure the battery’s safe operation. The traditionally used data-driven SOC estimation methods (e. g. , neuro-network ) have limitations on
interpretability and parameter tuning. This article proposes a novel method by combining the local model network (LMN) and the beetle
antenna search (BAS) algorithm. Firstly, LMN, known as a grey-box model that can model complex non-linear systems with some extent of
interpretability, is employed to partition the working condition space into some sub-regions that can be represented by simple models. Then,
they are combined by validation function. Secondly, during the training of LMN, BAS optimization is utilized to find the optimal splitting
location and orientation globally, which reaches a good trade-off between the model identification accuracy and the computation complexity.
Finally, the proposed SOC estimation method is compared with two existing methods on a lithium-ion battery dynamic characteristic dataset.
The RMSE is less than 0.4% on the training set under simple test driving cycle, and less than 0.9% on the testing set under complex test
driving cycles. The performance on different temperatures is relatively stable too. Therefore, it shows an excellent identification accuracy and
generalization capability of the method. The advantage of the proposed method is verified on real measured dataset too.
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F3 HEBFENSEEMNRELRRE, URESTHE[4-5] FRERILE
Table 3 The performance of the model, compared with the results in [4-5]
- B RMSE/ % PRI {E IR 2E MAE/ % XL o3 iR 2E MAPE/ %
TH BE/C
- LMN-BAS BPNN-BSA LS-UKF LMN-BAS BPNN-BSA LS-UKF LMN-BAS BPNN-BSA LS-UKF
25 0.39 0.81 = 0.30 0.48 — 0.93 7.15 -
DST 0 0.29 1.47 = 0.20 0.76 = 0.55 9.84 =
45 0.25 0.48 = 0.22 0.32 = 4.85 5.07 =
25 0. 89 0.91 0.36 0.77 0.59 0.30 3.94 12. 61 =
FUDS 0 0.56 1.74 2.78 0.36 0.87 2.58 0.95 20. 09 -
45 0. 46 0.57 0.83 0.40 0.38 0.73 0.83 9.63 =
25 0. 64 = 0.50 0.45 = 0.39 5.26 = =
US06 0 0.78 — 3.11 0.73 - 2.79 2.05 — =
45 0.38 = 0. 64 0.29 = 0.56 6.93 = =
25 0.61 = 0.39 0.46 = 0.27 1.29 = =
BJDST 0 0.75 = 2.34 0. 66 — 2.02 2.46 ~ =
45 0.29 - 0. 63 0.25 = 0.54 0.96 — -
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Fig.9 The result of model training and testing
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