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Fig.1 One-order Thevenin equivalent circuit model
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Fig. 2 The fitting curve of SOC-OCV
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Tab.1 Specifications of the test battery

%3 SOC-OCV % A M4 # %
Tab. 3 Polynomial fitting coefficients of SOC-OCV

KW OBERR/(Ah BERE/V Wk E/V
LiFePO, 7.8 3.2 2.5/3.6

E i RAHW/A R/ (Whe kg™ D) TEIFREL
LiFePO, 30 120~160 1 000~2 000

% 2 DST I 3R 5% o
Tab. 2 Testing strategy of DST

S ORE BE/A 0 K /s | BB RS BE/A 0 BEK/s
1 #E 0 16 11 ik —7.6804 12
2 fitH —3.839 3 28 12 7 3.8500 8
3 ftH —7.680 4 12 13 #H®E o 16
4 FH 3.8500 8 14 k. 3.8394 36
5 #E 0 16 15 R —30.724 0 8
6 JHHL —3.8395 24 16 JiH —19.2020 24
7 Rk —7.680 4 12 17 7 7.6885 8
8 FHL  3.8495 8 18 jkH —7.6805 32
9 #E 0 16 19 7 15.3700 8
10 Jtf —3.849 5 24 20 #E 0 60
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Fig. 3 The voltage and current of battery
under DST test
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Tab. 4 Evaluated items of SOC-OCV fitting curve
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Fig. 4 Parameters identified results of battery model
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Fig. 7 SOC estimation deviation of five filtering

algorithms under DST test
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State of charge estimation of power lithium-ion battery
based on improved particle filter algorithms

LIU Shujie®, HAO Kunkun, WANG Yong. DENG Weiwei

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: In the process of traditional battery state of charge (SOC) estimation, the extended
Kalman filter (EKF) and unscented Kalman filter (UKF) methods commonly used are only suitable
for linear system and Gaussian environment, although particle filter (PF) algorithm can be applied to
non-linear and non-Gaussian systems, there is particle degradation phenomenon in PF algorithm when
updating the filter, which makes the particle set unable to truly represent the actual posterior
probability distribution, and reduce the estimation accuracy. The improved particle filter algorithms,
extended particle filter (EPF) and unscented particle filter (UPF), are used to estimate battery SOC,
which can improve the estimation accuracy reduced by particle weight degradation. These algorithms
are based on Thevenin battery model, and the least square method with forgetting factor is used to
identify the model parameters, combined with the improved particle filter algorithms, the battery SOC
is estimated. The experimental results show that the mean error of SOC estimation with UPF using
UKEF as recommended density function to resample is 0. 71% , which is lower than the value of 1. 06 %
obtained with EPF using EKF as recommended density function, these two mean estimation errors are
lower than the value of 1. 36% under PF estimation, and the effect of restraining particle weight

degradation is the most obvious.

Key words: lithium-ion battery; state of charge; equivalent circuit model; parameters identification;

particle filter; Kalman filter





