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Abstract: Accurately estimation of the state of health (SOH) of satellite lithium-ion batteries using in orbit measurable parameters is
crucial for the safe and reliable operation of satellites. For the SOH estimation of satellite lithium-ion batteries, both performance
degradation characterization and assessment should be self-adaptive to different operating conditions. Therefore, to address the
insufficient validity of characterization parameters and the reliability of assessment results caused by uncertainty in the model and data for
satellite lithium-ion batteries under different operating conditions, this paper proposes a probabilistic SOH estimation method based on
BNN-PF. Extracting different health indicators ( HI) from measurable parameters during satellite lithium-ion batteries charging process to
characterize performance degradation, combining Permutation Entropy with principal component analysis to improve feature recognition
ability for different tasks. Furthermore, a Bayesian neural network ( BNN) is applied to infer the SOH of lithium-ion batteries and
quantify uncertainty. The uncertainty obtained by integrating empirical model with particle filter ( PF) algorithms further enhances the
adaptability of the proposed method to different operating conditions. The experimental results illustrate that the method proposed in this
paper demonstrates good adaptability and universality for SOH estimation of satellite lithium-ion batteries under different operating
conditions. The cross-validation test results show that the maximum estimation error is less than 0.01, and the estimation interval
coverage of most results is higher than 0. 95, indicating that the method has good prospects in spatial application scenarios.
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Fig. 1

Schematic of the proposed SOH estimation approach
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Fig.2 Schematic of HI selection and optimization
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2 LR | Hfk2 k3
BEA R 2200 mAh
U B 3.6V
7o LA L F 4.2V
il F AR L AL 2.7V
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LA 0.5C 1.0 C 1.5C
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Fig. 6 Lithium-ion battery degradation reflected

in different discharge conditions
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Table 3 The PE results and ordering results of each HI
k1 Bk 2 Hik3

HI PE HEF Eil352 HERF
i 53R B
TIE-CCD 0.805 1 1 0.856 8 1 0.839 2 2
CCCT 0.826 6 2 0.899 6 4 0.894 6 5
VRMS 0.836 8 3 0.892 1 3 0.892 9 3
CVR-CCR 0.863 1 4 0.880 3 2 0.807 8 1
CCR-CVR 0.882 8 5 0.923 7 5 0.922 7 6
CVCT 0.9351 6 0.938 8 6 0.892 9 4
VSTD 0.946 7 7 0.964 9 7 0.972°5 7
TIE-CVR  0.977 2 8 0.988 9 8 0.979 5 8
MGC 0.998 7 9 0.994 9 9 0.982 3 9
MSV 0.999 2 10 0.996 7 10 0.999 9 12
VSE 0.999 9 11 0.999 9 11 0.999 9 11
CSE 0.999 9 12 0.999 9 12 0.999 9 10

R4 AEHEM HI &£ PCA 1458 PE 70 Pearson 5 R
Table 4 The PE and Pearson results after PCA

fusion for different amounts of HI

e PE Pearson

Bkl fk2 k3 k1 Bfk2 k3
2 0.7315 0.9979 0.9757 -0.9958 -0.9293 0.8132
3 0.7639 0.9895 0.9849 -0.9956 -0.9293-0.8130
4 0.7480 0.9814 0.9531 -0.9958 0.9216-0.9619
5 0.7639 0.9690 0.9123 0.9954 0.8301-0.972'1
6 0.8051 0.7861 0.7883 -0.9935 -0.996 1-0.997 2
7 0.7995 0.7747 0.8006 -0.9935 -0.9961 0.997 2
8 0.7791 0.8132 0.8617 0.9970 0.9962 0.999 1
9 0.7791 0.8080 0.9153 0.9970 0.9962-0.999 1
10 0.8051 0.8132 0.817 0.9973 0.9962 0.999 1
11 0.8051 0.8106 0.9337 0.9973 0.9962 0.999 0
12 0.7791 0.8080 0.9363 0.9970 0.9962 0.999 1
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Fig. 9  Evaluation for results of different models ( Celll ~Cell2)
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Table 5 Evaluation of different cross-validation test results

RMSE MAE PICP PINAW
B |~ BfA 2 0.001 9 0.001 4 0.9703  0.0422
BALR 1~ BAfA 3 0.002 3 0.001 4 0.9853  0.0383
PR 2~ A | 0.002 0 0.001 5 0.9588  0.0389
P 2~ BAfA 3 0.002 2 0.001 3 0.9838  0.039 1
AR 3~ LA L 0.005 8 0. 004 4 0.8694  0.067 0
BAfR 3~ Bl 2 0.005 6 0.004 5 0.8284  0.067 4
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