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State-of-charge estimation of lithium-ion battery based on a
temperature-dependent dual-polarization equivalent circuit model
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Abstract: Accurate state of charge (SOC) estimation of a lithium-ion battery is of great significance for prolonging
battery life, improving battery utilization, and ensuring battery safety. An SOC estimation algorithm based on a
temperature-dependent dual-polarization equivalent circuit model was established after the basic performance test
and dynamic condition test of the lithium-ion battery were performed at different ambient temperatures. The
traditional extended Kalman filtering algorithm was replaced by the H-infinity filtering algorithm, and accurate
SOC estimation was realized without assuming that the process noise and measurement noise obeyed Gaussian
distribution. The proposed model was verified considering the temperature change and the battery model error.
The results show that the maximum error of SOC estimation under different temperature conditions can be kept
within £0.03, which proves that the proposed SOC estimation algorithm has higher temperature adaptability and
robustness.
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TR A FL b T IR 25 (state of charge, SOC) fli 112 Fi 1 45 # 22 4% (battery management system, BMS) ) 5
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Fig.1 Structure of the temperature-dependent dual-polarization equivalent circuit model
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Fig.2 Battery test system
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Table 1 Main performance parameters of 18650PF cell
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PRt 6 9 00 30 A 22 % (Freedom C AR 3 i B B4 9 5 L 5y 47 At b 00 3T+ ) AT (US ABC Electric
Vehicle Battery Test Procedures Manual) . B, it ) J& A P 5 32 96 0 355 5 25 25 & 4 (static capacity test, SCT) .
Rk wpim 3t |38 & Dk wp 2 2R 44 g (hybrid pulse power characteristic, HPPC) & M zh 25 T. 00 86, Hopsh 25 T
AR K 32 T ARG 3 A N S 3K T % (dynamic stress test, DST) 15 3 36k 17 %5 3 T /% (federal urban driving
schedule, FUDS),
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Fig.3 Fitting curve of the maximum available capacity and temperature
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Table 2 OCYV measurement results at 25 °C

soc Upevdl V Uy V Upeo/V
0.1 3.34 3.45 3.40
0.2 3.46 3.52 3.49
0.3 3.57 3.59 3.58
0.4 3.62 3.64 3.63
0.5 3.69 3.74 3.72
0.6 3.75 3.82 3.79
0.7 3.86 3.90 3.88
0.8 3.94 4.00 3.97
0.9 4.02 4.10 4.06

FIH I8N (S) LA SOC H Upey Z 8] B I R LR, 25 A 4 Frs .
Uocy (SOC )=c, +CZSOC+c3ﬁ+c4 In (SOC)+c¢s1n (1-S0C), (5)
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Table 3 SOC-U,, fitting parameters

& BE /°C c ¢, s Cy cs
5 3.0100 1.009 7 -0.0413 -0.307 1 -0.094 4
15 2.6367 1.798 2 ~0.056 3 ~0.509 8 0.0819
25 29510 0.998 1 -0.0515 -0.399 4 -0.085 6
35 2.72717 1.617 8 -0.073 8 -0.5052 0.049 0
45 2.3629 2.162 8 -0.113 9 -0.790 6 0.100 4
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Fig. 6 HPPC test current and voltage curve
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Fig.9 Simulation and test results under constant temperature and FUDS condition
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Fig. 10 Accuracy comparison of two models under variable temperature DST condition
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Fig. 11 SOC simulation and test results under DST condition
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Fig. 12 SOC simulation and test results under FUDS condition
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&R 4 DSTHMFUDS TH TAMIRKEZNSOCHITRE
Table 4 SOC estimation errors of two filtering algorithms under DST and FUDS conditions

SOC fili it 2
T PR AR R 2 Uk H TC 55 I8
KRR B iR 2 RRIRE Y A iR 2%
DST 0.038 0.011 0.019 0.006
FUDS 0.040 0.013 0.019 0.007
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Fig. 13 SOC simulation and test results under DST condition with variable temperatures
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Table 5 SOC estimation errors of two filtering algorithms under variable temperature DST condition

. SOC fii 1% 2%
fhx IRk Y7 R R 2%
IR IR 2RI 0.060 0.018
H JC 55 I8k -0.023 0.009
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Fig. 14 SOC simulation and test results based on constant-temperature dual-polarization model

under DST condition with variable temperatures
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Table 6 SOC estimation errors of two filtering algorithms based on constant-temperature dual-polarization model

SOC fliihiR 2
Bk
4 S PN YRR 2
Y RRI/REUEN -0.092 0.028
H It 55 38 I -0.030 0.012
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