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Estimation of lithium battery health state based on optimal
reconstructed health factor and RIME-SVR
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Abstract: In order to improve the estimation accuracy of lithium battery state of health (SOH) , a novel estimation method combining the
optimal reconstruction of Health Indicators and RIME-optimized support vector regression ( RIME-SVR) is proposed. First, three
measurable Health Indicators are extracted from the charging and discharging process of lithium batteries, and their correlation with SOH
is verified using the Pearson method. Subsequently, the complete ensemble empirical mode decomposition with adaptive noise
(CEEMDAN) algorithm is employed to decompose and reconstruct the health indicators. The optimal reconstruction method is
determined through experimental validation, effectively reducing the interference of data noise and capacity recovery on SOH estimation.
Finally, an SVR estimation model optimized by the RIME algorithm is established. The experiments are conducted using NASA battery
degradation data. The results show that compared with particle swarm optimization (PSO) and artificial bee colony (ABC) algorithms,
RIME exhibits faster convergence speed and stronger global search capability when optimizing SVR parameters, significantly enhancing
model performance. Moreover, the lithium battery SOH estimation model based on the optimal reconstruction of health indicators and
RIME-SVR outperforms other models in the comparative experiments in terms of three indicators, achieving higher estimation accuracy
and fitting degree. When the optimally reconstructed health indicator Diwl+Til + Tdvl is used as input, the model’ s average mean
absolute error (MAE) is below 0. 37, root mean squared error (RMSE) is below 0.55, and the coefficient of determination is higher
than 0. 92, indicating good universality and robustness.
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Fig. 5 Comparison of prediction results of different models
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Table 4 Reconstruction model prediction

results evaluation index

SERTILA ENTRY MAE RMSE R?

D, 0.304 52 0.448 43 0. 900 93

505 Dw, +Ti, 0.313 55 0. 448 33 0. 900 97
Diw, +Tdv, 0.300 20 0. 449 01 0. 900 67

D, +Ti, +Tdy, 0.324 93 0.441 55 0.903 94
D, 3.068 70 3.99089  -1.173 30

506 D, +Ti, 0.539 92 0.740 53 0. 922 00
Diw, +Tdv, 0.589 01 0.801 24 0. 908 68

D, +Ti, +Tdv, 0.514 66 0.678 83 0.933 06

D, 0. 180 55 0.23563  0.967 77

807 Dw, +Ti, 0.199 75 0.279 10 0. 956 50
D, +Tdv, 0.167 98 0.260 21 0.962 19

Div, +Ti, +Tdv, 0.166 35 0.203 90 0.976 01

D, 0. 636 09 0.918 04 0. 658 06

B1s D, +Ti, 0.658 19 0.941 27 0. 658 19
Diw, +Tdv, 0. 635 69 0.919 78 0. 635 69

D, +Ti, +Tdv, 0.525 12 0.905 20 0. 667 56

x5 BREEHMNIKEEMRES
Table 5 Model average test accuracy

and standard deviation

LA/ MAE RMSE R?
BO5 0.324 93 0.441 55 0. 903 94
B06 0.514 66 0.678 83 0.933 06
B0O7 0.166 35 0.203 90 0.976 01
BI8 0.525 12 0.905 20 0. 667 56

204 0.365 02 0.543 89 0.920 57
Frifi2s 0.174 84 0.330 65 0. 144 49
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4 g:ln: 'L/[,: prognosis for lithium-ion battery under vibration stress
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