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(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255049, China;
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Abstract: The state-of-health (SOH) of a battery is difficult to be directly measured, so an accurate estimation of
SOH is critical for ensuring its safe operation. Aimed at the problem of SOH estimation of lithium-ion batteries, an
SOH estimation method based on improved sparrow search algorithm-Gaussian process regression (ISSA-GPR) is
proposed. First, ISSA is used to optimize the parameters of a GPR model, and the GPR model based on ISSA is constructed.
Then, the capacity increment curve is analyzed to extract the health factors that characterize the battery capacity degradation as
the input of the model, the optimal voltage interval length with the peak as the center area is determined by ISSA, and the SOH
of batteries is obtained to perform estimation. Finally, the public experimental data sets are applied to verify the proposed
method. Experimental results show that the proposed ISSA-GPR method can accurately estimate the SOH of batteries.
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Tab. 1 Experimental information about batteries

" o FoHL R,
B - SR = HEI
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Celll 40 074 074 78
43t SLPB533459H4 Cell2 40 074 0.74 73
K BRPEES T cells 40 074 074 76

Bolese AR cen7 40 074 074 77
Cells 40 074 074 76
NASA 18650 %  B0005 24 1.50 2.00 166

Bt mmFHM B0006 24 150 2.00 166
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Tab. 2 Correlation coefficient between health factor and capacity

T Pearson FH56 2%k Spearman ¢ R %
Celll Cell3 B0005 Celll Cell3 B0005
H, 0.995 1 0.996 8 0.997 5 0.990 7 0.995 4 0.994 7
H, 0.995 3 0.996 4 0.996 0 0.999 4 0.999 6 0.993 9
H, 0.999 2 0.998 9 — 0.999 3 0.998 5 —
H, 0.999 5 0.999 4 0.993 3 0.999 7 0.999 7 0.986 4
dv-dt," 0.999 0 0.998 5 — 0.999 2 0.998 3 —
CCR-CVR!Y 0.9879 0.874 2 — — — —
x£3 MiREE
Tab. 3 Test functions
3 PR AL BE A wMAE
30
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30
F,(x) =Y ix* +random[0,1) [-1.28,1.28] 0
i=1
30
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i=1
R4 EEMRGER L
Tab. 4 Comparison of test result among different algorithms
i F F, F;
wAME A FrifEZ= wAME A bRz wAAE YA bRifEZE
ISSA 0 0 0 1.67x107  1.56x10*  1.49x10™* -12569.49 —12569.49 0.0037
SSAMY 0 5.05x107%%  1.77x1077  2.70x107°  5.34x107*  4.69x10™*  -9240.70 -8 141.44 629.29
WOAM  7.73x107%  2.17x107°  8.91x107°  2.96x107° 420x107° 4.42x107° -12569.47 —11040.03 1 730.89
HPORY  594x107%  2.06x10717 0 1.92x107°  3.52x107%  4.00x10™%  —9922.17 -884291 656.77

PSOPY  1.44x107°  1.01x107*  L.11x10™*  521x107° 2.04x107% 9.62x107°  -3163.29 -2610.70 310.18
GAPY  1.96x107°  420x107°  4.65x1072  6.81x107* 3.83x107° 2.23x107°  -1894.89 —1324.84 240.83
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Fig. 3 Convergence curves
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Fig. 4 SOH estimation results of batteries
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Tab. 5 Evaluation indexes for SOH estimation results of
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fhitoreE HmigwsS  MAE/%  RMSE/%  MAPE/%
Cell2 0.34 0.52 0.14
ISSA-GPR
Cell3 0.18 0.20 0.21
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Cell3 0.60 — —
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Fig. 5 SOH estimation results of batteries (dataset size)
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Tab. 6 Evaluation indexesfor SOH estimation results of
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EEMIR R MAE/% RMSE/% MAPE/%
Cell2 0.82 1.41 0.19
Cell3 0.31 0.30 0.06
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Tab. 7 Estimation time
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Fig. 6 SOH estimation results of NASA batteries
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Tab. 8 Evaluation indexes for SOH estimation results of

NASA batteries
SR A
Hi4S MAE/% RMSE/% MAPE/% BT/
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B0005 0.57 0.67 0.18 206
B0006 0.75 1.10 0.10 224
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Tab. 9 Comparison of performance among different SOH
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