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SoC estimation of lithium battery based on adaptive
fading unscented kalman filter
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(School of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: Accurate SoC is an important guarantee for the safe and efficient operation of lithium batteries. Aiming at the problem that the
traditional unscented Kalman filter (UKF) has poor tracking ability for the abrupt state of nonlinear systems, which in turn leads to the
low accuracy of SoC estimation, a new adaptive fading unscented Kalman filter was proposed for SoC estimation in this paper. First, the
UKF error covariance matrix is weighted by designing a novel fading factor, and the design of the AFUKF is completed based on the
novel fading factor, which reduces the influence of stale measurements on the estimation results, improves the estimation accuracy and
tracking ability of the traditional UKF. Second, based on the test data of the self-built experimental platform, it is verified that the
AFUKEF proposed in this paper, in the presence of the initial error, compared with the traditional UKF, the mean absolute error (MAE)
and root-mean-square error (RMSE) under the ECE condition are decreased by 47.95% and 33.92%, respectively, the MAE and
RMSE under the DST condition are decreased by 36. 40% and 27. 73% , respectively. Compared with the similar improved AUKF, the
MAE and EMSE decreased by 43.36% and 33. 51% for the ECE condition, 39.01% and 25. 63% for the DST condition, respectively.
The modeling results show that, AFUKF has higher accuracy and better robustness under initial SoC errors than the traditional UKF as
well as the improved AUKF of the same type.
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Fig. 8 Localized zoomed-in view of SoC estimation

4 #& g

ALK B G 141 M SoC S H Y, & XFE 58 UKF
BRI T IR e A58, S BUN TR R T Y
R, B — oo LT 208 B 1Y AFUKF B3k, DU
UKF MBRERRE ) AN TR, B F A ELR T A, EA
) T X BT B B B0k 1) SE R R AT T BRI, 36 R4
LW M TAE S8 UKEF 532 DL ) 8 R B0 ) AUKE
Sk, AFUKF B 918 9K B2, HAEM R W) 4R SoC 1R 22
T HAEAF R E R SCREFIE N XS T OR R BT e
RG4S BT EAEEE L, £RMOBES
TENG IR 2 i FetR 2525 B E 3L AFUKF 53519 SoC Al
T, DAt — 254 s AR SO R Bk 138 T
52 Uk
[1] skism, SEUR, Zmam, . ET R R4

BRI SOC i it ik [ 1], (LSRR, 2023,



174 R R % 38 %
44(7) : 161-171. (1] sklde, Boksh, XVEN, 5. 5 T 0 i Re it ik
ZHANG ZH Q, MA S Y, JIANG X Y, et al. State of BiGRU-Dropout 4 HL ith fE HER A 7117, B
charge estimation of lithium-ion batteries using local B 5UENEER, 2023, 37(1) :167-176.
model network [ J |]. Chinese Journal of Scientific ZHANG CH L, LUO L J, LIU H H, et al, State of
Instrument, 2023, 44(7) . 161-171. health estimation of lithium-ion batteries based on

[ 2] MAHESHWARI A, NAGESWARI S. Real-time state of incremental energy analysis and BiGRU-Dropout [ J ].
charge estimation for electric vehicle power batteries Journal of Electronic Measurement and Instrumentation,
using  optimized filter [ J ].  Energy, 2022, 2023, 37(1) . 167-176.

254(B) . 124328. [12] GE CA, ZHENG Y P, YU Y. State of charge estimation

[3] &g, 555, oy, 55, 3T GRU-UKF Wi &1 of lithium-ion battery based on improved forgetting factor
FEL Y SOC A3 i Wigt [ T]. M FIiE 508243, recursive least squares-extended Kalman filter joint
2022, 36(11): 160-169. algorithm [ J ]. Journal of Energy Storage, 2022,
GAO F, JIAJ F, YUAN SH F. et al. Research on SOC 55.105474.
estimation method of lithium-ion battery based on GRU- [13] DANG L J, HUANG Y L, ZHANG Y G. Multi-kernel
UKF [ J]. Journal of Electronic Measurement and correntropy based extended Kalman filtering for state-of-
Instrumentation, 2022, 36(11): 160-169. charge estimation [ J ]. ISA Transactions, 2022, 129;.

[4] YU Q Q, HUANG Y K, TANG A H, et al. OCV-SOC- 271-283.
temperature relationship construction and state of charge [14] WUCL, HU W B, MENG J H, et al. State-of-charge
estimation for a series-parallel lithium-ion battery pack [J ]. estimation of lithium-ion batteries based on MCC-AEKF
IEEE Transactions on Intelligent Transportation Systems, in non-Gaussian noise environment[ J]. Energy, 2023,
2023, 24. 6362-6371. 274, 127316.

[ 5] MOHAMMADI F. Lithium-ion battery state-of-charge [15] SHRIVASTAVA P, KOK ST, BINI M Y I, et al.
estimation based on an improved coulomb-counting Combined state of charge and state of energy estimation of
algorithm and uncertainty evaluation [ J ]. Journal of lithium-ion battery using dual forgetting factor-based
Energy Storage, 2022, 48: 104061. adaptive extended Kalman filter for electric vehicle

[6] XIEY, LIW, HU X S, et al. Coestimation of SOC and applications [ J ]. TEEE Transactions on Vehicular
three-dimensional SOT for lithium-ion batteries based on Technology, 2021, 70. 1200-1215.

Distributed spatial-temporal online correction[ J]. IEEE [16] HEZ G, LI Y T, SUN Y Y, et al. State-of-charge
Transactions on Industrial Electronic, 2023, 70. estimation of lithium ion batteries based on adaptive
5937-5948. iterative extended Kalman filter [ J]. Journal of Energy

[ 7] CHEN]JX, ZHANG Y, WU J, et al. SOC estimation for Storage, 2021, 39. 102593.
lithium-ion battery using the LSTM-RNN with extended [17] SHRIVASTAVA P, KOK ST, BINI M Y I, et al.
input and constrained output [ J ]. Energy, 2023, Combined state of charge and state of energy estimation of
262 125375. lithium-ion battery using dual forgetting factor-based

[8] HEL, WANG Y Y, WEI Y J et al. An adaptive central adaptive Extended Kalman Filter for electric vehicle
difference Kalman filter approach for state of charge estimation applications [ J ]. IEEE Transactions on Vehicular
by fractional order model of lithium-ion battery[ J]. Energy, Technology, 2021, 70. 1200-1215.

2022, 244 122627. (18] #hewiie, KA, WM, 5. T VFIrRIGERIK

[9] MAWT, GUO P, WANG X F, et al. Robust state of SRPE A RS AR T]. T E L TR AR,
charge estimation for li-ion batteries based on cubature 2017, 37(15) ; 4514-4520,4593.

Kalman Filter with generalized maximum correntropy FEI'Y L, XIE CH J, TANG Z B, et al. State-of-charge
criterion[ J]. Energy, 2022, 260. 125083. estimation based on square root unscented Kalman filter

[10] LI K Q, ZHOU F, CHEN X, et al. State-of-charge algorithm for li-ion batteries [ J ]. Proceedings of the
estimation combination algorithm for lithium-ion batteries CSEE, 2017, 37(15) : 4514-4520,4593.
with Frobenius-norm-based QR decomposition modified [19] E¥, SiEH, FEE, &, 3T AUKF B ok

adaptive cubature Kalman filter and H-infinity filter based
model [ J ]. 2023,

on electro-thermal

263 125763.

Energy,

SOC i ik [J]. K& TR, 2022, 44 (7):
1080-1087.
WANG P, GONG Q R, CHENG Z, et al. An AUKF-



53 3

FE A G R /R S8 I AL SoC ATt - 175 -

[20]

[21]

[22]

(23]

(24]

[25]

based SOC estimation method for lithium-ion battery[ J].
Automotive Engineering, 2022, 44(7) . 1080-1087.
CHEN L P, WU X B, LOPES A M, et al. Adaptive
state-of-charge estimation of lithium-ion batteries based
on square-toot unscented Kalman filter [ J]. Energy,
2022, 252. 123972.

CUI X B, XU B W. State of charge estimation of lithium-
ion battery using robust kernel fuzzy model and multi-
innovation UKF algorithm under mnoise [ J ]. IEEE
Transactions on Industrial Electronics, 2022, 69.
11121-11131.

HGE, skibFe, FAPHE, 2. 5T ARWLS-AEKF [
B SOC AT [J]. BFMER A, 2022, 45(17) .
43-50.

TIAN Y W, ZHANG SH J, ZHOU B Y, et al. Lithium
battery SOC estimation based on ARWLS-AEKF joint
algorithm [ J ].
2022, 45(17) : 43-50.

mfs, TR, FIFH, %, RLS # 4 TA0 A&
SERCREA AL )], B T HORER, 2022, 37(16):
4029-4037.

GUO X W, XING CH, SI Y, et al. RLS adaptive
equivalent circuit model of lithium battery under full
[T]. China
Electrotechnical Society, 2022, 37(16) ; 4029-4037.
XIAO R, HU Y, JIA X, et al. A novel estimation of

state of charge for the lithium-ion battery in electric

Electronic Measurement Technology,

working  condition Transactions  of

vehicle without open circuit voltage experiment [ J].
Energy, 2022, 243. 123072.

ZHANG S Z, GUO X, ZHANG X W, et al. An

improved adaptive unscented Kalman filtering for state of
charge online estimation of lithium-ion battery [ J ].
Journal of Energy Storage, 2020, 32. 101980.

XA, PESRR. HeTIol R /R S ug P Y 3 g L g
BRG], EAM FI R 2022, 41(10) -
136-141.

ZHAO Y H, PANG Z Q. State of health estimation of
power batteries based on unscented Kalman filter [ J].

2022,

[26]

Measurement Technology,

Foreign Electronic
41(10) : 136-141.
EE®-N

a5 (O {5 114 ) , 2016 4F T 1R 7
TR ARAF A7, B Ry 10 1 HE TR 2
B, FEWTTET5 1) A ) T SO L b
EELARG BN,

E-mail; gxw@ hpu. edu. cn

Guo Xiangwei ( Corresponding author )
received his Ph. D. degree from South China University of
Technology in 2016. Now he is an associate professor at Henan
Polytechnic University. His main research interests include power
electronics and their applications in battery management systems.

AR, 2019 45 T P TS e AR A o
e 2 VA /SR 2 B BN 23 1 7 e
BEWEFEIT 6] R A BN B RS A
E-mail ; 1_luying@ 163. com

Li Luying received her B. Sc. degree

from Zhongyuan University of Technology in

2019.

Now she is a postgraduate at Henan Polytechnic
University. Her main research interest includes state estimation

of vehicle-mounted power batteries.



