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Research on Estimation of Lithium Battery SOC Based on
Second-order RC Equivalent Circuit and SR-DUKF Algorithm
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Abstract: The state-of-charge(SOC) of lithium-ion battery is an important parameter for the operation and
maintenance of a battery management system(BMS), and its accurate estimation is related to the real-time monitoring
and safety control of lithium-ion battery. The traditional unscented Kalman filter(UKF) algorithm has the risk of
making the covariance matrix negative when estimating the SOC of lithium battery, and the estimation accuracy is not
optimal. To solve the shortcomings of this algorithm, a ternary lithium-ion battery is taken as the research object, and a
second-order RC equivalent circuit model is established to describe the working characteristics of the battery. Based on
the traditional UKF algorithm, a square-root double unscented Kalman filter(SR-DUKF) algorithm with double
unscented transformation is proposed, and it is verified under multiple working conditions. Experimental results show
that the improved SR-DUKF algorithm can better estimate the SOC of lithium-ion battery based on the second-order
RC equivalent circuit. The average errors under HPPC and BBDST conditions are 0.59% and 0.52%, respectively, and
the convergence times are 60 s and 110 s, respectively, which verifies that the improved SR-DUKF algorithm has a
higher estimation accuracy, better convergence and better robustness.
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Fig. 1 Second-order RC equivalent circuit model
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x1 SEIHRER
Tab. 1 Parameter identification results

SOC/100% U, /V R /Q R/Q C /F R /Q C,/F
1.0 4.188 35 0.003 351 3.06x10™ 1.22x10° 6.56x10* 3.82x10*
0.9 4.056 60 0.003 272 7.68x10™ 3.05x10* 2.99x10™* 1.34x10°
0.8 3.940 45 0.003 178 1.11x1073 3.06x10* 3.02x10™ 1.51x10°
0.7 3.837 50 0.003 134 0.001 380 2.99x10* 2.98x10™* 1.53x10°
0.6 3.729 65 0.003 071 2.96x10* 1.57x10° 0.001 028 3.18x10*
0.5 3.658 05 0.003 053 2.92x10* 1.55x10° 0.000 996 4.33x10*
0.4 3.623 50 0.003 033 8.45x10* 4.30x10* 0.000 268 1.78x10°
0.3 3.595 55 0.003 022 1.08x10° 4.28x10* 2.78x10™* 1.73x10°
0.2 3.541 60 0.003 411 0.002 431 4.62x10* 2.40x10™* 1.36x10°
0.1 3.462 75 0.003 289 0.000 304 1.44x10° 0.001 033 2.65%10*
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Tab. 2 Estimation error of SOC by EKF, UKF and
SR-DUKF algorithmsin HPPC test

BEA4H FIREN BoRIREY%  WsitE/s
EKF 3.83 4.60 130
UKF 2.47 3.56 80

SR-DUKF 0.59 0.92 60

#* 3 BBDST it ™ EKF. UKF & SR-DUKF
Xt SOC KfhEiR%=
Tab. 3 Estimation error of SOC by EKF, UKF and
SR-DUKF algorithmsin BBDST test

FOEARE CFERZE Y% EORIRZE % WU TE)/s
EKF 3.47 4.21 290
UKF 2.28 3.12 200
SR-DUKF 0.52 0.85 110
3 4iE

BEF SOC MHERA Al 112 BMS R i 4 i) ¢
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