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Research on Identification Method for Equivalent Circuit Model of
Lithium-ion Battery Based on ISBO Algorithm
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Abstract: The parameter identification method for the equivalent circuit model of lithium-ion battery has a great
impact on the model accuracy. To solve the problems of low convergence accuracy and slow convergence speed in a
satin bowerbird optimization (SBO) algorithm, an improved satin bowerbird optimization (ISBO) algorithm is proposed. The
inertial weights, Cauchy mutation, Gaussian mutation and greedy selection strategies are used to improve the
convergence accuracy of the ISBO algorithm, and its convergence performance is verified by standard test functions.
Based on the battery charging and discharging data, the proposed ISBO algorithm is applied to the parameter identification
of the equivalent circuit model of lithium-ion battery. Experimental results show that compared with the SBO and
adaptive weight particle swarm optimization algorithms, the ISBO algorithm has a higher accuracy when it is used in

identifying the model parameters and the identification accuracy is not affected by the working conditions of battery.
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Tab. 6 Values of OCV of two batteries in different states

A T B Uitk
SOC/% TR i TR i
OCV/V OCV/V OCV/V OCV/V
0 3.176 3.176 3.161 3.107
10 3.588 3.575 3.485 3.403
20 3.736 3.721 3.569 3.506
30 3.778 3.769 3.620 3.574
40 3.785 3.777 3.657 3.621
50 3.803 3.796 3.708 3.663
60 3.865 3.857 3.797 3.729
70 3.932 3.927 3.900 3.833
80 4.000 3.995 4.008 3.940
90 4.091 4.087 4.078 4.055
100 4.190 4.189 4.185 4.185
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based on ISBO algorithm
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Tab. 7 Average error statistics of output voltage in

OCYV experiment

CERl GRS MSE/V. MAE/V  MAPE/% R?
AWPSO 5.230x10* 0.0129 03440 0.990 3
%?j SBO  2.710x10* 0.0102 0.2750 0.994 7
ISBO  2.220x10* 0.009 4 02547 0.9956
B AWPSO 1.666x10° 0.0296 0.791 6 0.986 8
EE?(TE SBO  1.404x10° 0.0279 0.7574 0.9893

ISBO 1.391x10° 0.026 7

A RV R R S g6 3 R R AE OCV SL56 T

A 37 A AR 4 LA 3 B e s R % i L TR 1R 25
MU S s,

0.740 4 0.989 8
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Tab. 8 Average error statistics of output voltage under DST and US06 conditions

Ha Tt T8 RS MSE/V MAE/V MAPE/% R?
AWPSO 2.820x107 0.032 4 0.846 4 0.947 0
DST T.#% SBO 1.177x107 0.023 7 0.617 5 0.967 9
A ISBO 5.130x10™ 0.016 5 0.428 8 0.9859
- AWPSO 2.305%x107 0.032 5 0.866 7 09519
USo6 L SBO 1.338x107 0.026 8 0.717 0 0.965 3
ISBO 9.930x10™* 0.021 5 0.581 3 0.979 7
AWPSO 5.201x10° 0.058 9 1.5821 0977 5
DST T %L SBO 2.351x107 0.043 8 1.176 2 0.991 9
B A ISBO 1.356x107 0.031 6 0.847 7 0.992 4

=9 Y

AWPSO 4.546x107 0.053 8 1.448 9 0.981 1
USo6 T.74%L SBO 1.816x107 0.037 2 1.001 6 0.993 1
ISBO 9.550x10™* 0.025 5 0.684 8 0.993 6
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Tab. 9 Average error statistics of parameter

identification under DST and US06 conditions

Bk MSE/V ~ MAE/V MAPE/% R?
HITH
ST AWPSO 2.161x10° 0.0240 0.6322 0.967 6
.- SBO  2.200x10* 0.0101 0.2640 0.993 2
{

ISBO 1.110x10* 0.0082 0.2157 0.997 2
US06 AWPSO 1.236x10° 0.026 0 0.6917 0.9755
’ SBO  1.071x10® 0.0237 0.6323 0.9756
T

ISBO  7.590x10* 0.018 1 0.4895 0.9870

R 10 HERGIFTRHHBERESIREST

Tab. 10 Average error statistics of output voltage under model verification conditions

SRHFR T O AN IE T GRS MSE/V MAE/V MAPE/% R?
AWPSO 5.600x10 0.013 8 0.368 1 0.989 7
OCV 5256 SBO 3.080x10 0.011 6 0.311 2 0.993 9
ISBO 2.890x10™ 0.011 3 0.302 9 0.994 3
DST T.4%
AWPSO 2.816x107 0.036 1 0.969 8 0.966 5
Us06 T4t SBO 1.418x1073 0.027 5 0.745 5 0.985 8
ISBO 1.294x1073 0.026 0 0.706 4 0.989 3
AWPSO 4.430x10* 0.012 5 0.3321 0.991 5
OCV 5246 SBO 3.750x10* 0.0119 0.316 7 0.992 8
: ISBO 2.330x10" 0.009 6 0.2570 0.995 4
US06 T4t
AWPSO 1.320x1073 0.027 7 0.722 0 0.975 1
DST T.i%¢ SBO 1.175x107 0.026 5 0. 691 1 0.978 2
ISBO 3.500%x10 0.015 8 0.408 9 0.994 8




92 H, S 27 Eire 502 %
T Thevenin A58 2 H00E R ) B @ M, Hrp S &R
K FH 1SBO 83 # 37 ) Thevenin 5 YA FF 45 5 H. [1] KA, Dp, 3067, % 0 db i o PB4

BERURE AN 32 fa it 0 B 520
H1 % 10 A1, £ LA DST A1 US06 T i AF k2

B iR T, Hofl 2 Fh T B B R BGIE TR
il 3 ISBO 557 # 57 19 Thevenin A5 5 4% 701 % 25 45
PRI F SBO 1 AWPSO 5%, FIH DST T4 T
HENT 1 Thevenin 8 REGS 5 HLHLHFE OCV 5L 46
1 US06 T80 Ay A8 P A AL B4 F HH US06
T F @S Y Thevenin #7565 {f L A 3t 75
OCV S5 Fil DST IRTH@%%?M%MM&ME%O

A LA RS, £ OCV LI N &
Thevenin f5 1 | ﬁbﬂzmﬁﬁwﬁﬁ DST F1 US06 T4
TSR R AL S . ZR LA AT, R —Fh T
B R @571 Thevenin A7, B A% (5 LA i 75 JL A
TAEZM T B SRR AL I 52

6 it
JEF SBO F 3 i SOKS 1 15 1 iS40 1 1 G

R ARTCR AR AU o] 76 A 57 o 7 4% S 1 5 4
BEPE SRS Ok ik SBO Bvk, 42T ISBO ;é;yzt I

) R v 0 42 p %&B\HET ISBO B im0, X
TR 08 R UEAT T OCV 225 DST 1 US06 T4

S5, ,\EMIJﬁH OCV S50 (Y 508 o £ 25 - Ha i
Thevenin 15 81 #4172 8098 1, FI ] DST #1 US06 I
LT 11 52 56 B 56 F 2 RO L2 SR v 3l M i
AR DL S58 .

(1)FHIARAED 3 s B I IE T ISBO 31 %) T+
RS pRAL 22 B2 R A3 AR 4 255 [ A g 4 4 ) 2 L
AHEBNE, 5 SBO SHAH L, ISBO F7k (U S50Ks
I AR

(2)AWPSO .SBO £ ISBO %" X 41 55 -+ Hi tb
Thevenin #5575 2 BOpE iR ¥ BoA 8 A pE, AR A
ISBO J7#: 757 1Y) Thevenin A5 BUAE 2 4 w5y H S RIS
JEEAS 32 H it T 000 (R 5 )

(3)F FH—Fh T80 F #3719 Thevenin #5275 | G
% 7 R b 7E A T A RS R AR LS

PAFE S T[], B4R, 2019, 17(2): 171-177.

Jiang Shuisheng, Ma Long, Jiang Guangjun, et al. Analysis
of transient heat generation characteristics for lithium-ion
batteries during discharge [J]. Journal of Power Supply,
2019, 17(2): 171-177 (in Chinese).

[2] XA HE, T /NG, (Tl os, 45 HES 7 F Jt A Y A T 5

BA[)]. B, 2019, 17(1): 95-103.
Liu Anhui, Gan Xiaoyan, He Peiyun, et al. Progress of re-
search on thermal models of lithium-ion battery [J].
Journal of Power Supply, 2019, 17 (1): 95-103 (in Chi-
nese).

[3] Sun Daoming, Yu Xiaoli, Wang Chongming, et al. State of
charge estimation for lithium-ion battery based on an in-
telligent adaptive extended Kalman filter with improved
noise estimator [J]. Energy, 2021, 214: 119025.

(4] w5 3CHL, FBE A, VERR AR, E. ZE TR RLR R R 2R

e Bk 4 DX IR HECIRAS A T[T LR A4, 2019, 17(5):
162-169.
Gao Wenkai, Zheng Yuejiu, Xu Shuangshuang, et al. En-
tire range state-of-charge estimation based on incremental
error using Kalman filtering algorithm [J]. Journal of Power
Supply, 2019, 17(5): 162-169 (in Chinese).

[5] Liu Changhe, Hu Minghui, Jin Guoqing, et al. State of
power estimation of lithium-ion battery based on fractional-
order equivalent circuit model [J]. Journal of Energy Stor-
age, 2021, 41: 102954.

(6] VEWE, 550k, g &, 5. 2% PR iR 4 52 i 1 £ B 5 v

Tl A RS A A 7 B HC A PR S A D] H DR AT,
2021, 36(10): 2178-2189.
Pang Hui, Guo Long, Wu Longxing, et al. An improved
dual polarization model of Li-ion battery and its state of
charge estimation considering ambient temperature [J].
Transactions of China Electrotechnical Society, 2021, 36
(10): 2178-2189 (in Chinese).

(71 ShBE, SR, SRR BE, 2. BT = UORE A4 (E 1 1O fik i
AL RS S ROIERJ] RS IR, 2023, 21(1): 133-
141.

Ma Rui, Jia Xuecui, Zhang Yongkang, et al. Modeling and
parameters identification of Li-ion battery for energy stor-

age based on cubic spline interpolation method [J]. Journal



%1

P, A — Rl T ISBO B30k i 4T i 7 HL T A0 R R R B U 1 T 93

of Power Supply, 2023, 21(1): 133-141 (in Chinese).

[8] Zhu Yanlong, Yousefi N. Optimal parameter identification
of PEMFC stacks using adaptive sparrow search algorithm
[J]. International Journal of Hydrogen Energy, 2021, 46
(14): 9541-9552.

[9] Chen Xu, Xu Bin, Mei Congli, et al. Teaching-learning-
based artificial bee colony for solar photovoltaic parameter
estimation [J]. Applied Energy, 2018, 212: 1578-1588.

[10] Li Shuijia, Gu Qiong, Gong Wenyin, et al. An enhanced
adaptive differential evolution algorithm for parameter ex-
traction of photovoltaic models [J]. Energy Conversion and
Management, 2020, 205: 112443.

[11] Huang Kai, Guo Yongfang, Li Zhigang, et al. Development
of accurate lithium-ion battery model based on adaptive
random disturbance PSO algorithm [J]. Mathematical Prob-
lems in Engineering, 2018, 2018: 1-13.

[12] Moosavi S H S, Bardsiri V K. Satin bowerbird optimizer: a
new optimization algorithm to optimize ANFIS for software
development effort estimation [J]. Engineering Applications
of Artificial Intelligence, 2017, 60: 1-15.

[13] /B, BB . 2T CEEMD-SBO-LSSVR 4 # % 11 )X
LIRS W] AR, 2021, 45(3): 855-864.
Zhou Xiaolin, Tong Xiaoyang. Ultra-short-term wind power
combined prediction based on CEEMD-SBO-LSSVR [J]].
Power System Technology, 2021, 45 (3): 855-864 (in Chi-
nese).

[14] EAHCEE, sk, B, k508 5 iy R B 3& 7 4% i

b T S AL 5], IFEAL TR SR, 2020, 42(12):
2233-2241.
Wang Yirou, Zhang Damin, Fan Ying. A mutually benefi-
cial adaptive satin bowerbird optimization algorithm based
on non-uniform mutation [J]. Computer Engineering & Sci-
ence, 2020, 42(12): 2233-2241 (in Chinese).

[15] Zhang Xinming, Wang Doudou, Fu Zihao, et al. Novel

biogeography-based optimization algorithm with hybrid mi-

gration and global-best Gaussian mutation [J]. Applied Math-
ematical Modelling, 2020, 86: 74-91.

[16] B, sk4: 4k, T, & 5F HiE A E PSO 1k

B4 1 o e B LA BT[] BB B R A 4z, 2017,
25(6): 799-803.
Lii Zhifeng, Zhang Jinsheng, Wang Shicheng, et al. Opti-
mal design of magnetic shielding device based on adaptive
weight PSO algorithm [J]. Journal of Chinese Inertial Tech-
nology, 2017, 25(6): 799-803 (in Chinese).

[17] Lii Zhigiang, Gao Renjing. Li-ion battery state of health es-
timation through Gaussian process regression with Thevenin
model [J]. International Journal of Energy Research, 2020,
44(13): 10262-10281.

[18] Chen Zewang, Yang Liwe, Zhao Xiaobing, et al. Online state
of charge estimation of Li-ion battery based on an improved
unscented Kalman filter approach [J]. Applied Mathematical
Modelling, 2019, 70: 532-544.

[19] FRiF, A, PN, 5 ips st i ] 0 4 s 7 e v

LN SOC Ak T[], M 2E4H, 2019, 17(1): 87-94.
Cheng Ze, Li Zhi, Sun Xingmian. Modeling of lithium-ion
battery considering relaxation and hysteresis and state of
charge estimation [J]. Journal of Power Supply, 2019, 17(1):
87-94 (in Chinese).

EEE N

L (1980-), 5, [ L I 2 2 &
BUBAEAEE WA BIUR . DRI T
i ] HE M O R A I AR S RE LB i
T 2 B IR 2 T 5 A A AL AR, E-
mail : huangkai@hebut.edu.cn,

MV (1995-), %, mi+wos 2k, F
GETTI : HL AR e SR I A ik
AE FL T 2 A A T A% . E-mail ; 1843
718316@qq.com,

THE(1997-), 55 WL WFsE A, AESY
J5 1) . HL A% T A R R KOk I B R Aiff g
WL A B 7 i B 4 o E-mail : 137775
2790@qq.com,




