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Interval Estimation of State of Health for
Lithium Batteries Considering Different Charging Strategies

ZHANG Xiaoyuan, ZHANG Jinhao, YANG Lixin
(College of Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: State of health (SOH) estimation of lithium-ion (Li-ion) batteries is of great importance for
battery use, maintenance, management, and economic evaluation. However, the current SOH estimation
methods for Li-ion batteries are mainly targeted at specific charging strategies by using deterministic
estimation models, which cannot reflect uncertain information such as randomness and fuzziness in the
battery degradation process. To this end, a method for estimating the SOH interval of Li-ion batteries
applicable to different charging strategies is proposed, which extracts multiple feature parameters from the
cyclic charging and discharging data of batteries with different charging strategies, and automatically
selects the optimal combination of feature parameters for a specific charging strategy by using the cross-
validation method. In addition, considering the limited number of cycles in the whole life cycle of Li-ion
batteries as a small sample, support vector quantile regression (SVQR), which integrates the advantages
of support vector regression and quantile regression, is proposed for the estimation of SOH interval of

lithium-ion batteries. Li-ion battery charge/discharge cycle data with deep discharge degree is selected as
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the training set for offline training of the SVQR model, and the trained model is used for online estimation

of the SOH of Li-ion batteries of different charging strategies. The proposed method is validated using

three datasets with different charging strategies. The experimental results show that the proposed method

is applicable to different charging strategies and the estimation results are better than those of quantile

regression, quantile regression neural network and Gaussian process regression.

Keywords: lithium-ion battery; state of health (SOH); interval estimation; charging strategy; support

vector quantile regression (SVQR)
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Fig.1 Flow chart of the proposed SOH interval estimation method
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Fig. 6 Comparison of four methods for estimating SOH interval of CS35 battery in CALCE dataset
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Fig. 8 Comparison of four methods in estimating SOH interval of b0c32 battery in TRI dataset
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Tab.3 Comparison of SOH estimation of three single cells in CALCE dataset 10°°
HLAHL F: AIS MPICD MAPE
CS35 QR —0.147 2 1.679 12.39
QRNN —0.1499 3.792 11.05
SVQR —0.0582 0.97 6.62
GPR —0.052 4 3.109 16. 32
CS37 QR —0.1211 1. 816 12.07
QRNN —0.126 2 1. 575 10.78
SVQR —0.0513 0.707 5.46
GPR —0.0416 0. 959 14.57
CS38 QR —0.1256 4.773 12.39
QRNN —0.1285 2.773 11.03
SVQR —0.086 8 1. 64 7.29
GPR —0.0567 2.232 18.1

& 4 Oxford HiFEE 3 M HAKE M SOH it L &R

Tab.4 Comparison of SOH estimation of three single cells in Oxford dataset 107°
LRGN RS AIS MPICD MAPE
Cell3 QR —1.946 1.91 105. 36
QRNN —1.614 1. 68 87.19
SVQR —0.43 1.34 19. 892
GPR —0.698 2.49 32.63
Cell7 QR —1.904 11.19 104. 17
QRNN —1.567 3.96 84.75
SVQR —0.402 3.75 18.99
GPR —0.651 2.12 32.48
Cell8 QR —1.929 2.709 105. 35
QRNN —1.611 2.57 87.51
SVQR —0.4 0.322 20. 54
GPR —0.705 3.218 32.56

F5 TRIHIEE 3 AN HAMKEMA SOH it 3L 45 R

Tab.5 Comparison of SOH estimation of three single cells in TRI dataset 107°

HLAHL i AlS MPICD MAPE
b0c32 QR —0.0312 1.934 12.39
QRNN —0.028 3 1.2 11. 05

SVQR —0.0234 1. 811 6.62

GPR —0.0411 0.035 16.326

b0c34 QR —0.0304 2.274 12.07
QRNN —0.027 3 1.51 10. 78

SVQR —0.0198 2.67 5.46

GPR —0.0368 0. 416 14.57

b0c35 QR —0.036 2 3.49 12.39
QRNN —0.034 2.561 11.03

SVQR —0.0331 3.972 7.29

GPR —0.

050 8 1.13 18.1
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