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SOH Estimation of Lithium-ion Battery Based on IMOCS-BP
Neural Network

WANG Xue, Student Member, CPSS, YOU Guodong, FANG Chengxin, ZHANG Shang
(College of Electronic Information and Automation, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract: As the number of charge and discharge cycles of a lithium-ion battery increases, its state-of-health
(SOH) will degrade to some degree accordingly. Aimed at this problem, a method for estimating the SOH of lithium-ion
battery based on an improved multi-objective Cuckoo search (IMOCS)-BP neural network is designed, which adaptively
changes the update probability and search step size of the Cuckoo search(CS) algorithm while avoiding the algorithm from
falling into the local optimum, thereby solving the problems of slow convergence speed and low solution accuracy in the
CS algorithm. The IMOCS algorithm is combined with BP neural network to conduct a global search in the node space,
reduce the influence of initial values of weight and threshold on BP neural network, and realize the parameter optimiza-
tion. Through Matlab simulations, it is verified that the SOH estimation algorithm based on IMOCS-BP neural network
has a low error and a strong performance, thus realizing an accurate SOH prediction of lithium-ion battery.

Keywords: Lithium-ion battery; state-of-health(SOH); Cuckoo search(CS) algorithm; BP neural network
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based on IMOCS-BP neural network
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Tab. 1 Evaluation indexes for BP neural network with

different numbers of hidden layers

R )2 )2 4 MSE MAE MAPE/%
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12 7.6117 27159 141.29
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Tab. 2 Evaluation indexes for algorithms

H ¥l
Sk MSE MAE  MAPE/%

R
BP 7.203 9 26448  143.12
5# MOCS-BP  2.178 1x10°  0.003 9 0.54
IMOCS-BP  1.520 2x10°  0.003 2 0.43
BP 4939 8 2.1890  147.09
6# MOCS-BP  5.285 5x10°  0.004 8 0.80
IMOCS-BP 1984 7x10°  0.003 2 0.52
BP 7.459 6 26842 14533
T4 MOCS-BP  1.593 3x10°  0.003 1 0.40
IMOCS-BP  6.936 4x10°  0.002 1 0.27

25 I, IMOCS-BP #1228 Bk 1) i 2 AR 1
e T 4T | T i BE R T A T SR

4 LEig

B X BP it 25 9 4% i I 27 L 3t SOH 333k 5 [
AN SR BB L BIR . AR SCH Y T — T IMOCS-
BP #1259 2% A9 £ i th SOH W03 5 4 | K 15 46 A 4%
1958 oP R A B AE SR AN B AL A A KO ) A
R5 HE A K TE AR UE A FORS B 1 W] et T T 5
PR, i Matlab X SOH #0088 2k 64705 &
B, 25 SR W], IMOCS-BP #ft 28 X 45 53k 50 Bl 7
Do 18 0 A5 SR LA B 1 R R B 5 AT A M
FLAT AR SRR A B S e 1 R BT Sk
Xt R L SOH HEAT H0M , SC 8 T AE Ao, B o
B B4 1o AN

AR AN R E P9 BELAN [ R TR R A A
E%M%Téﬁiﬁﬁ T T 3 2 R ZR A
ST R B Al R Y HT BRI

S % 30k
(1] Wko5, skhl, sl #0 e 7w i RS 55 5 25 d DO 5 04
[J]. WA= 4R, 2020, 18(3): 175-183.

Yao Fang, Zhang Nan, Huang Kai. Review of state estima-

tion and life prediction for lithiumion batteries [J]. Journal
of Power Supply, 2020, 18(3): 175-183 (in Chinese).

[2] Meng Jinhao, Cai Lei, Stroe D I, et al. Lithium—ion battery
state-of-health estimation in electric vehicle using optimized
partial charging voltage profiles [J]. Energy, 2019, 185: 1054-
1062.

[3] Singh P, Chen C, Tan C M, et al. Semi-empirical capacity
fading model for SoH estimation of Li-ion batteries [J].
Applied Sciences, 2019, 9(15): 3012.

[4] Wu Ji, Zhang Chenbin, Chen Zonghai. An online method
for lithium-ion battery remaining useful life estimation us-
ing importance sampling and neural networks [J]. Applied
Energy, 2016, 173: 134-140.

[5] Zhao Lin, Wang Yipeng, Cheng Jianhua. A hybrid method
for remaining useful life estimation of lithium-ion battery
with regeneration phenomena [J]. Applied Sciences, 2019,
9(9): 1890.

[6] Wu Yi, Li Wei, Wang Youren, et al. Remaining useful life
prediction of lithium-ion batteries using neural network and
bat-based particle filter [J]. IEEE Access, 2019, 7: 54843-
54854.

[7] Fang Linlin, Li Junqiu, Peng Bo. Online estimation and er-
ror analysis of both SOC and SOH of lithium-ion battery
based on DEKF method [J]. Energy Procedia, 2019, 158:
3008-3013.

[8] Yang Duo, Wang Yujie, Pan Rui, et al. A neural network
based state-of-health estimation of lithium-ion battery in
electric vehicles [J]. Energy Procedia, 2017, 105: 2059-2064.

(9] fhouH, BEbk, RECM. 2T SA-BP #1248 [ 2 5k 1

Hi it SOH HU[T]. i diH AR, 2020, 44(3): 341-345.
Xu Yuanzhong, Cao Hanlin, Wu Tiezhou. Estimation of
SOH for battery based on SA-BP neural network [J]. Chi-
nese Journal of Power Sources, 2020, 44 (3): 341-345 (in
Chinese).

[10] Jel . Fy 2l 3 4 B0 v vt g BREER 25 7 R Al 55 7 1B A 5 [D).
MR IR Lk K, 2020.

Zhou Di. Research on the online assessment of state of
health of lithium-battery in electric vehicle [D]. Harbin:
Harbin Institute of Technology, 2020 (in Chinese ).

[11] i, A SCHi . R 5 T H vl 4 A i Jo] 400 P9 O A6 2 80RO

T kiR (). tERERE = SR, 2020, 9(3): 657-669.



100 25 b

27 Eire 5502 %

Lu Ting, Yang Wenqiang. Review of evaluation parameters
and methods of lithium batteries throughout its life cycle
[J]. Energy Storage Science and Technology, 2020, 9 (3):
657-669 (in Chinese).

[12] Wang Lin, Zeng Yi, Chen Tao. Back propagation neural
network with adaptive differential evolution algorithm for
time series forecasting [J]. Expert Systems with Applica-
tions, 2015, 42(2): 855-863.

[13] Yang Xinshe, Deb S. Cuckoo search via levy flights [J].
Mathematics, 2010: 210-214.

[14] ZE0, W25, /N, AR B 0L 5 ) BH0 A 43 15 18 R
Bk B v ). A6 s Es it K R #2444, 2016, 42(1):
94-100.

Qin Qiang, Feng Yunwen, Xue Xiaofeng. Global-best
guided fuzzy cuckoo search algorithm and its application

[J]. Journal of Beijing University of Aeronautics and Astro-

nautics, 2016, 42(1): 94-100 (in Chinese).
[15] Abd Elazim S M, Ali E S. Optimal power system stabilizers
design via cuckoo search algorithm [J]. International Journal

of Electrical Power & Energy Systems, 2016, 75: 99-107.

EER T

EE(1996-) , %, [ e o 2 o A
S0 BT . DRSS ) T
A FALE . E-mail : 1398576721@qq.com,,

I E AR (1973-), 5 5 WL,
R . BT - BT RE IR 9 e R 4 o)
AR . E-mail . yougdong@tust.edu.cn.

B AR (1995-) , 55 it LWk 5e 2k . BF

= FEOT 1] B REAL F B L R 53 B E-mail ;

fangexin@163.com,

iKW (1994-), 5 i+ AF 58 A4 . W9
Jrial R REAE 2 L E-mail : 756068653@qq.

com,

\D R

g

EESNRETMSE

sapokeimn0.8%,

Rl IR VT 8 354

St
it
=



