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Improved particle filter algorithm for remaining useful life prediction of lithium-ion batteries
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Abstract: A prediction method based on improved particle filtering is proposed to improve the low accuracy and poor
generalizability of the remaining life prediction of lithium-ion batteries. First, a double Gaussian model is taken as a
degradation empirical model to fit the capacity degradation process of lithium-ion batteries. Then the initial parameters of the
degradation model are set by using a priori knowledge, and the particle filtering method is used to update the parameters. The
Gaussian mixture method for particle resampling is proposed to solve the particle degradation problem. This fits the complex
nonlinear distribution and long-tailed distribution of particles in the resampling process, and ensures that the probability density
distribution status of the prediction results is uniform and concentrated. Finally, experimental validation is carried out on different
datasets, and the results show that the improved particle filtering method proposed has high accuracy and strong robustness.
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Fig. 1 Decay curve of battery capacity
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Table 1 Comparison of fitting before failure threshold

for different models
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Table 3 Initial parameter setting for the degradation equation
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CS2-35  0.8940 0.8529 0.9001 0.9009
CS2-36 0.9533 0.9388 0.9756 0.9801
CS2-37 09607 0.9305 0.9608 0.9610
CS2-38 09592 0.9436 0.9561 0.9554
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Fig. 2 Capacity degradation data fitting curve
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Table 2 Experimental setup for parameter estimation
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€S2 35 €S2 36, CS2 37,CS2 38
€S2 36 €S2 35,CS2 37,CS2 38
€S2 37 €S2 35,CS2 36,CS2 38
Cs2 38 €S2 35,CS2 36,CS2 37

CS2-35 1.204 -351.13 860.5 0.516  622.5 4433
CS2-36 1.209 3438 860.5 0.515 626.933 423.466
CS2-37 1.195 -314.03 812.83 0.521 600.166 414.033
CS2-38 1.175 29483 78496 0.528  589.6 413
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Fig. 3 Flow chart of RUL prediction using particle filter method
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Table 4 Experimental results when prediction start point is 350th cycle
No. Fik E, Eya Equs R? P, T 18 90% B 15 [X [] tls
RPF 19 0.0113 0.0144 0.8948 0.0368 535 [534.36, 535.57] 37.4648
CS2 35
- SPF 27 0.0128 0.016 0.8699 0.0523 543 [541.33, 543.68] 36.6569
(516)
GPF 13 0.0118 0.0151 0.8837 0.0252 503 [502.11, 504.14] 43.4258
RPF 13 0.019 0.0252 0.8333 0.0269 471 [470.05, 472.45] 43.4208
CS2 36
- SPF 9 0.0175 0.0236 0.8531 0.0186 475 [474.95, 476.22] 37.6692
(484)
GPF 6 0.0152 0.019 0.9049 0.0124 478 [476.68, 478.44] 37.9704
RPF 16 0.012 0.0141 0.8318 0.0288 571 [570.54, 572.61] 39.3188
CS2 37
- SPF 8 0.0107 0.0126 0.865 0.0144 547 [546.60, 548.13] 37.8268
(555)
GPF 4 0.0085 0.0104 0.909 0.0072 551 [550.18, 552.72] 45213
RPF 14 0.0187 0.0234 0.3056 0.0255 563 [562.29, 564.58] 39.0884
CS2 38
- SPF 12 0.0189 0.0233 0.3116 0.0219 537 [536.85, 538.57] 37.5266
(549)
GPF 3 0.0142 0.0174 0.6146 0.0055 546 [545.07, 547.24] 44.0681
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Fig. 4 RUL prediction of 350th cycle
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Table 5 Experimental results when prediction start point is 450th cycle
No. Tk Ey Eyia Erys R P, TR 15 90% & 15 X [l tls
cs2 35 RPF 6 0.0258 0.0341 -0.3551 0.0116 522 [521.10, 523.12] 35.3106
s 1;) SPF 12 0.0172 0.0237 0.3475 0.0233 528 [526.97, 528.61] 329158
GPF 5 0.0179 0.0251 0.269 0.0097 511 [510.30, 512.45] 39.1606
cs2 36 RPF 5 0.0206 0.0259 0.6681 0.0103 489 [488.24, 480.96] 36.4744
(48:1) SPF 13 0.0267 0.0312 0.5191 0.0269 497 [496.24, 498.17] 32.8683
GPF 2 0.0183 0.0238 0.7204 0.0041 486 [485.08, 486.90] 39.2859
cs2 37 RPF 7 0.0064 0.0079 0.9427 0.0126 562 [561.64, 562.73] 37.7158
(55_5) SPF 8 0.0069 0.0085 0.9333 0.0144 547 [545.89, 547.84] 37.1779
GPF 7 0.0087 0.0105 0.8977 0.0126 548 [546.74, 548.90] 38.2466
Cs2 38 RPF 5 0.0203 0.0234 0.3105 0.0091 544 [543.04, 545.12] 34.3271
(54;) SPF 5 0.0199 0.0227 0.3533 0.0091 544 [543.40, 544.95] 32.8204
GPF 4 0.0197 0.0231 0.3274 0.0073 545 [544.84, 546.10] 359732
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Table 6 Comparison of prediction results of other methods

No. Tk Ey Erus B,
UPF-OCS 2 0.040 0.971
ALF-PF-LSTM 2 0.018 0.971
B0005
AUKF-GASVR 0 0.023 1
GPF 1 0.016 0.990
UPF-OCS 3 0.044 0.944
ALF-PF-LSTM 7 0.029 0.868
B0006
AUKF-GASVR 10 0.051 0.689
GPF 1 0.016 0.992
UPF-OCS 7 0.048 0.911
ALF-PF-LSTM 3 0.005 0.961
B0007
AUKF-GASVR 3 0.013 0.961
GPF 2 0.014 0.976
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