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SOC Estimation of Lithium-ion Battery Based on
Fractional-order Model and FOSVD-MIAUKF
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Abstract: To characterize the working characteristics of batteries more accurately, a second-order fractional-order
model (FOM) is established based on the fractional-order calculus theory, with a Samsung power lithium-ion battery as
the research object. Aimed at the nonlinear and multi-extremum characteristics of the second-order FOM parameters, an
adaptive genetic algorithm is adopted for parameter identification. Based on the traditional unscented Kalman filter
(UKF) algorithm, a fractional-order singular value decomposition-multi-information adaptive UKF (FOSVD-MIAUKF)
algorithm is proposed. Simulation results show that the improved FOSVD-MIAUKF algorithm combined with
second-order FOM can better estimate the state-of-charge (SOC) of lithium-ion battery. The root mean square errors
under both the dynamic stress test (DST) and federal urban driving schedule (FUDS) conditions are less than 0.5%,
which verifies that the improved method has better adaptability and higher accuracy.
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FOMIUKF 0.008 1 0.009 7 0.998 2 0.0118 0.0139 0.996 6
FOSVD-MIAUKF 0.003 1 0.003 4 0.999 8 0.002 2 0.002 4 0.999 9

AR SCHENT () FOM. S520 H, (A58 ) f4 i oL, 1
R SHR 22 HITE 0.025 V LA, $i5 TR
RGEE o HeAh, ANASEE:AE DST il FUDS 2 # T
LT BYXT LS 25 R 3R B, FOSVD-MIAUKF J7

L REAS A 0 B B U kAT SOC Akt TE
DST T.#% F, MAE 4 0.31%, RMSE # 0.34%,
R* 4 0.999 8; £ FUDS T.40 F, MAE Jy 0.22%,
RMSE 7 0.24%, R*70.9999, ¥:iE T FOSVD-
MIAUKF S35 X 2 L i 47T SOC AT ipb
R HE ek RAr. SR, T ikt R % g
T EE A AL SE IR, AR AT SR R A 5
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