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Estimation M ethod for Battery Capacity Based on Multi-health
Factor LSTM
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Abstract: To accurately determine the battery capacity, long short-term memory (LSTM) neural network was used
to estimate the battery capacity. First, the life-cycle curves for different battery parameters were analyzed. The Pearson
correlation coefficients between the parameters and battery capacity were calculated, and the battery voltage, internal
resistance, equal voltage drop time and other parameters were selected as health factors to construct a battery capacity
estimation model. Then, the Center for Advanced Life Cycle Engineering (CALCE) battery data set was used for
model training and capacity estimation, and the average percentage error of the estimation model was 1.19%. The
causes of estimation errors were analyzed, and the model was optimized by revising the battery’s initial capacity
and aging parameters. The optimization results show that the estimation error of the model constructed using
battery voltage, internal resistance, constant-current charging time and 4.0-3.4 V equal voltage drop time was
about 0.55%.

Keywords: Capacity estimation; battery state-of-health; long short-term memory (LSTM) neura network;
lithium-ion battery
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Tab. 1 Correlation coefficients between battery health factors

fERFEN T R T, T, T, T, Y C, C, T, T, Q
R 10000 -0.9798 -09784 -0.9706 -0.9594 09790 -0.1690 00058 -09823 08656 -0.9822
T -09798 10000 09985 09867 09769 -0.9918 0.1174 -00792 09968 -0.8670 0.9986
T, -09784 09985 10000 09833 09818 -09921 01157 -00766 09944 -08599 0.9964
T, -09706 09867 09833 10000 09343 -09776 00561 -0.1594 09894 -09171 09848
T, -09594 09769 09818 09343 10000 -09691 02135 00551 09649 -0.7624 09749
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Q -09822 09986 09964 09848 09749 -09946 01139 -00836 09987 -0.8735 1.0000
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Fig. 5 Estimation and real curves of battery capacity
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Fig. 7 Fitting curves after model optimization

MACTE RS 1~5 BRI R fl TR 22 B AR/,

3(I)O 4(|)0 S(I)O 6(I)0 7(I)O 860 900
FOBHAEIR RS K
(a) HL{thCS2-35(e=0.37%)

200

3(I)O 460 S(I)O 660 7(I)O 8(|)0
FOR LTI K
(b) HL i CS2-36(e=0.61%)

200 900



1

o, %, T ZEENT LSTM iAok 215

PREE Y%

() I(I)O 2(I)O 360 4(I)O S(I)O 660 7(1)0 8(|)0 9(I)O
FEBCRAR R E K
(c) it CS2-37(e=0.59%)

WE A%

300 400 500 600 700 800 900 1000
FETH AR IR LR
(d) HiithCS2-38(e=0.64%)

B8 HREMRUERESKE

Fig. 8 Stem plots of error after model optimization
TR ZERA/NT 1%, JmKRMIHRZER 1.51%.
Forh sy 1AM R IMER 0.55%, [F]mf i T4
257 CS2-38 i Ayl -5 v LA, i Cs2-
38 ILIHLBH R WA NES 1. 2. 5 AR
BRZETE W AR, 25 5 MR Y152 22 R R B T
Ko UEHT T4 ASE e i S O BE R AR R Y
fEBR2E, T A SER 8D i 2 Al AR
SRR R, TEl 7 AR E poil 5 il
g, HIMHSPINEEENS, PEZLS
FLEh e BEE s 7R 8 BRLAL)S i 2E
IR, R B AR ZETE 1%LAN, X1
A P e it 1) B AR TR 22 AR DAL E D5 1~5
HYNGRA R IR LSS 6 AR, UERH T A
WFFE B A AL RO L G e 0 N U A BN
FEH &

5 &

AR R RS 1 L S AR AR Al T F
TR A5 R HEL TR 5 E R LA T 0 R B L b
Byisl, RIN T ZMERN TR LSTM it A A
Tk o oA e Y A S H A B 2 e v )
PR AT R AR 2k, S BT Rl s fhad
P RRHIE SR, IS 2 2R B AT

S BRI S AL IR, 15345 B
iR 2253910 0.37%. 0.43%. 0.44%. 0.45%f1
0.59%, SR AKX MAERMITEEMLL, B
AR A ARG BE . AR LA Hh 4P iR 225K
WAy, AR ZEFE AR o[RS ) B A
] — FE RO A5 N A a s th & B A, B
25 B 4R 25 B AR B A B B — 2, YRR
RIFEA T 25 i A W A 22, D e 25 A 1
BRIET TR A BB IE BB IE . BRI
JE AR ZE YA g, HoRA R, B
4.0~3.4 /85 JF A i Hhy FsF (V0] 00 97 7 R ) S 1Y
25 m A AR NG P B e, AR RN 45 H Y A A
THRZEFHR 055%. Ak, A SCRFFE AR 2
ZAE Ry AR AN [ T LA R AN [R) TAR IR T Ry
b 72 P A AT A i AT, FEARR BT
H R 2 AN [ 3 R B 3 RN AS TR B6 B T A T A 25
R R AR, B B 2 T T A HL I 2
SRR

Sk

(1] ISCHF, Bk, Wo7. mshiR 4 sh B e 7 it nl ek
KR AREEAR[T. AR, 2024, 22(2): 183-196.
He Wenxuan, Geng Lei, Yao Fang. Overview of key
reliability technologies for power lithium-ion batteries
used in electric vehicles [J]. Journa of Power Supply,
2024, 22(2): 183-196. (in Chinese)

[21 Z5%, sk&de, WIUE, . TR RERA-TA
o0 B8 TS 180 ST D0 45 ) 1 L T 3 A R P A
[J]. HL T4 R4, 2024, 39(13): 4226-4239.
Li Yi, Zhang Jinlong, Qi Hanhong, et al. Ageing per-
formance modeling of Li-ion batteries based on variational
deep embedding-wasserstein GAN with gradient penalty
[J]. Transactions of China Electrotechnical Society, 2024,
39(13): 4226-4239. (in Chinese)

[3] AT, R IHEE i it = e A SR 25
W[, Frisfa 4R, 2022, 45(6): 56-57.
He Yanjun. Review on recycling of waste lithium-ion
battery ternary anode materials [J]. Xinjiang Youse
Jinshu, 2022, 45(6): 56-57. (in Chinese)

[4 T, XU, PhELE, S JETAERS A ) Rk A gh it



216 i, b

s

Eie o5 24 %

(9]

6]

(7]

(8]

e KA R B T i bR R A A T ). T
FeAR 24, 2024, 39(1): 289-302.

Yin Jie, Liu Bo, Sun Guobing, et a. Transfer learning
denoising autoencoder-long short term memory for
remaining useful life prediction of Li-ion batteries [J].
Transactions of China Electrotechnical Society, 2024,
39(1): 289-302. (in Chinese)

JAFEIE, PR, B, BT 2R Conv-
LSTM Ry e FHith SOH A% [J). Ml =4k, 2025,
23(5): 270-277.

Zhou Bentao, Tao Jili, Wang Qingsong. SOH estimation
of lithium-ion battery based on residual connection and
Conv-LSTM [J]. Journal of Power Supply, 2025, 23(5):
270-277. (in Chinese)

FH T 2858, TN 2% DB BE 52 0 14 2% 0% 2 406 1 2 g
T R A TN Uy k). EAMKIE LA 58 42, 2022
(5): 13-17, 21.

Taguchi Yoshiaki, Liu Lijing. Structural degradation
prediction method for lithium-ion battery for railway
vehicle considering temperature variation [J]. Foreign
Railway Locomotive and Motor Car, 2022(5): 13-17, 21.
(in Chinese)

He Wei, Williard N, Osterman M, et a. Prognostics of
lithium-ion batteries based on Dempster-shafer theory
and the bayesian monte carlo method [J]. Journal of
Power Sources, 2011, 196(23): 10314-10321.

e H, B, XK, 55, Heg 1 bR 4R A i E)
HRN ). P ERHE S, 2014, 9(1): 28-36.

Pang Jingyue, Ma Yuntong, Liu Datong, et a. Indirect
remaining useful life prognostics for lithium-ion battery
[J]. China Sciencepaper, 2014, 9(1): 28-36. (in Chinese)

(9] JEI&F. B/ IMEEACKICAE A HE R o 5 i S50 5 VA DF5E [ D).

VA% P92 Tl KA, 2022,

Zhou Meng. Research on lithium battery life prediction
method based on small data sets [D]. Xi'an: Xi’an Tech-
nological University, 2022. (in Chinese)

[10] k—Z. =Pl B Tl IR FHE R SOH FAT5

[D]. 2B U T R4, 2017.

Zhu Yiduo. Study on fading characteristics and SOH
prediction for lithium-ion batteries [D]. Wuhan: Wuhan
University of Technology, 2017. (in Chinese)

[11] Zhang Yongzhi, Feng Xinhong, Zhao Mingyuan, et a.

In-situ battery life prognostics amid mixed operation
conditions using physics-driven machine learning [J].
Journal of Power Sources, 2023, 577: 233246.

[12] F3ifgte, PRIFEAS, BRSHE, . KO RZEHIIIEL

fEA A FE M SOH[J. B MEF A, 2017, 41(12):
4038-4044.

Wei Haiyan, Chen Xiagjie, LU Zhigiang, et a. Online
estimation of lithium-ion battery state of health using
grey neural network [J]. Power System Technology, 2017,
41(12): 4038-4044. (in Chinese)

[13] Li Xiaoyu, Yuan Changgui, Wang Zhenpo. State of health

estimation for Li-ion battery via partial incremental
capacity analysis based on support vector regression [J].
Energy, 2020, 203: 117852.

[14] BABE, #R7KT5, sk T, HE TR i R S A Ty

EFELEARL]. IR, 2022, 20(1): 126-133.
Hu Xiaoya, Guo Y ongfang, Zhang Ruoke. Review of state-of-
hedth estimation methods for lithium-ion battery [J. Journa
of Power Supply, 2022, 20(1): 126-133. (in Chinese)

EEE

O M(1960— ), 5, dEfE1EH,
L, #dz. W) B, Kb
TAE, Pl &Mk, ot St
YR, E-mail : moyimin@whut.edu.cn,,

PRAENE(1999— ), B, Wi-wse
Ao WEFETTI . SR GRETRAE B, AL
HB—{kfb, EEEES, E-mal: rollyu@
whut.edu.cn,

ME(1991— ), B, M. B
Jiml: Bk, EEEEE, Sk
AR . E-mail: yepeng@whut.edu.cn,

JWICfE(1974— ), B, Wit &
QTR AT RRERE, A
JEEE P B 5V L E-mail : Wenjian,
Fan@sgmw.com.cn,

F7(1984— ), B, AR, TH
Ui, BEE I et B2, E-mall:
Jun3.Wei @sgmw.com.cn,

INFRTE(1998— ), B, WEAFS
Ao BEFETTI: HLE ML, PR,
HLENR AR IR AT 3, Emal: 271321@
whut.edu.cn,

TG k)



