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Abstract: Lithium-ion batteries are the most commonly used batteries in an energy storage system, and their
state-of-health (SOH) is an important battery parameter monitored in a battery management system. In addition to the
accuracy of prediction, the simulation of auser’s random charging behavior for realizingreal-time evaluation at any time
is also very important. Based on the user’s random charging behavior and from the perspective of obtaining the data
integrity, the SOH prediction methods are divided into three types, which are based on complete charging cycle data,
segment of charging data and segment of charging data restored complete data, respectively. The mean and variance of
battery capacity changes during the charging process of NASA battery aging experimental data are used as feature
inputs of different prediction models, and the prediction results obtained using three methods are compared and
analyzed. Results show that the complete charging data features have high prediction accuracy, and the quality of
features extracted from segment data is related to the segment collection time. The complete data features can be
obtained in a short time through the restoration network, but the prediction accuracy is affected by the restoration
network. In addition, the actual prediction needs to take into account the randomness of charging behavior and the
real-time performance of prediction results.

Keywords: Lithium-ion battery; state-of-health (SOH); random charging behavior; data integrity; machine
learning
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Fig. 2 Curves of relationship between capacity and voltage

in different cycle periods
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Fig. 10 Prediction resultsand errors after restoration of
charging segments
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Tab. 4 Model evaluation of restoration
ER7S R RMSE/% MAE/%
MLR 0.9605 45812 2.1095
GPR 0.9349 3.2170 19797
RFR 09167 3.9420 2.0857
LSTM 0.9338 2.3683 19924

HAHZ IR MLR AR B B i) F9T 000 1 i)
AL R IR ZENGE

3 Wi

P58 2 g 3 ROy ik #EAT LB AT,
& 12(@) 7~ , MiRZE(RMSE)f /T, 56875
JEL S B B ) AR 2o T P B B A 3 Ry
e Rk, BRI EAR, 4t B BRI
D5 TR R 25 AR v, UE B T R0 o S R
TR R, ERR DI, AR R B
TERRAE T B R AR AE R I), 1Ks e BB AT
AP AR, TR0 2 SR A2 B3 S AR A ) A
w2 ASEALRI S, R AR iR E R, H
Hr, LSTM AEIAE 4 Fofr FT 00 AR50 v T30 o Affy 4
SRR, X2 T LSTM R 7E b 33K H 4 1+t
RO EST, BT SOH py i, H—JH
W1 SOH TR 25 525 22 31— J&T HATROI 25 5 11 5
M, PRI 25 B IR

IR AR 11(b) B, SEHE TR JE )
MR AR IR, Bl R G SR, e



150 i, b

E 4 o5 24 %

fb, REERFEIH 3 178 s B #if4MKE 1953 s, RIF
P2y 05~1.0 h MR RAER] . F B sE Al
FERT T 58 3 R PRSCHE (0 R o (R4 /0, fh T r b
TR L AN [ LA AR AIE 25 S ST, Efe
R 14 i BORARIS TRl o A IR R4, B
PRUFFE 1 236~2 520 s, 24 20~40 min, EidT =
FoHL A BOI TOC A IR, KRR T T R R AR
(R ARIETE R T REAE Y 200 mV (4 HLHE F BER
IR 7E 5~155 s U BeR AR, DA TR EEt
W FEAEAR BRI TR

B MLR
4r GPR
mEm RFR
S 3r LSTM
H
K 2+
| -
0
SRR HTH B Fr Bed R
HREUT 1%
(@) A (5] J7 2 BOASE R ) b g
3178
3000}
2500 —— - 20
= 2000k
= 1953
# 1500F
e
1000 1236
500
155
| et htestesstesiter P n— o
TERFAE  BETHE FBERIR
BT %

(b) A Rl J7 ¥ 4 R AR I ]
B 11 3#FGEMEERS
Fig. 11 Comparative analysis of three methods

4 ZHig

ARSCRGR T 3 e i P 1o A R R AR A
FAIESRIU Tk, FEREAT T PR R T00 o B AR 22
P, 3FOTIEAILER AT o

(D585 A R S RE R Lt e i i 7
PEATRFAESRIBCHIIN R 5 , (R ZEAE AT N ] Y

BllERE, NG SLEPRRHRAT RN,

(i B e e BE E A TRR AR, T DAASE LT
AR BEATL S FA TR, (R TR 5 R AR 19
B X, MFRBAET, @Rt B 24
b TR [ () B R A

() BB 255k DNIN [0 4% 3 J53 122 i e i
Bl , e T o s R R AR I TR A TRl AT
DA A AR i ) P A A v v A TR, (L 0 o
B BT DNIN 4538 J5 1) S8 B 500 A RS 0

% BT B A SER TN , R BeRdE U T o8
A SR () 2 S A, BRIV S e AN B
P T 7 A LR 2E AR 8, R RS FE L AT
BB TR, > T BRI R, ST
FEHATAWIAT TARGF BB, 222748 Kt n] LA
P20 o TR SR TN, RIS A5 (1Y

05, LSTM FEAL B ELA B ] 75370 A Fi b e Jr T

AR AR, ATVE R e AR i SE PR AR
TEOUT , TEREAR D HSEBRER S A AR 2R 1 R 2R 5
ML, BERE GPR AR LA 5 h R A F
FE HBAR TR, v LATEEE s TR AS AR 17
KT, AR EAE R nER . MLR il RFR 2
TR DIERRE 5 SOH ZRPE 56 22 AR FIAH X 42
A TEOL T BE LIRS

Sk

[1] Li Jianlin, Tan Yuliang, Li Yaxin, et a. Electrochemical
energy storage technology and its application analysis
[C]/I 2021 |EEE 5th Conference on Energy Internet and
Energy System Integration (El2). Taiyuan, China, 2022:
3764-3767.

[2] 2%, EFm, L0, 5 BE T bR aE 2 i i
bR, fEReRlE S5 4R, 2023, 12(7): 2282-2301.
Li Jin, Wang Qingsong, Kong Depeng, et a. Research
progress on the safety assessment of lithium-ion battery
energy storage [J]. Energy Storage Science and Techno-
logy, 2023, 12(7): 2282-2301. (in Chinese)

[3] &Pz, BU/ME, s, 55 BREIA A8 it
AR BUTHT S R EEIR]. BRI, 2025, 23(3):
354-362.



5534

P, S ST REYLICHAT iR 1 i b AR RS PP AL O vk LU 151

(4]

(9]

(6]

(7]

(8]

(9]

Shu Junhao, Wu Xiaohua, Yang Jialuo, et al. Review of
analysis and improvement trend of new energy vehicle
power battery safety issues [J]. Journal of Power Supply,
2025, 23(3): 354-362. (in Chinese)

Shu Xing, Shen Shiquan, Shen Jiangwei, et al. State of
health prediction of lithium-ion batteries based on mac-
hine learning: Advances and perspectives [J]. iScience,
2021, 24(11): 103265.

2R, FAE, SO, A BT EIRIRE A R T
T Ay 75 A W 25 R[] R PR 2R 4R, 2025, 23(7):
253-265.

Li Yin, Wang Jianfeng, Mo Weiquan, et a. Review of
data-driven remaining useful life prediction for lithium-
ion batteries [J]. Journal of Power Supply, 2025, 23(7):
253-265. (in Chinese)

Vatani M, Szerepko M, Preben Vie J S. State of hedth
prediction of Li-ion batteries using incremental capacity
analysis and support vector regression [C]// 2019 IEEE
Milan PowerTech. Milan, Italy, 2019: 1-6.

Oyewole I, Chelbi M, Chehade A, et a. A polynomial
regression model with Bayesian inference for state-of-
health prediction of Li-ion batteries [C]// 2022 |EEE/
AIAA Transportation Electrification Conference and Elec-
tric Aircraft Technologies Symposium (ITEC+EATS).
Anaheim, CA, USA, 2022: 970-974.

AT, LWL, BE. REEE T IHF-IGPR HEARAYHE S
R A AR A TN U5 4[] M R SRR, 2021,
36(17): 3705-3720.

Han Qiaoni, Jiang Fan, Cheng Ze. State of health estima-
tion for lithium-ion batteries based on the framework of
IHF-IGPR under variable temperature [J]. Transactions of
China Electrotechnical Society, 2021, 36(17): 3705-3720.
(in Chinese)

WEAS, WOKTE, B3, . ST g i L E X
) RFE S A 4 B i v (@ R S A B ). i TR
224k, 2021, 36(11): 2277-2287.

Y ang Shengjie, Luo Bingyang, Wang Jing, et a. State of
health estimation for lithium-ion batteries based on peak
region feature parameters of incremental capacity curve
[J]. Transactions of China Electrotechnical Society, 2021,
36(11): 2277-2287. (in Chinese)

[10] #affiat, Ezi, FLRF. 5T GWO-SVR IR i it )

A AL, AR, 2023, 21(2): 154-162.
Y ang Zhanshe, Wang Y unhao, Kong Chenzai. Prediction
of remaining useful life of lithium-ion batteries based on
GWO-SVR method [J]. Journal of Power Supply, 2023,
21(2): 154-162. (in Chinese)

[11] Choi S, Jang H, Han H, et a. Artificial intelligence-based
battery state-of-health (SoH) Prediction through battery
data characteristics analysis [C]// 2022 |EEE/IAS 58th
Industrial and Commercial Power Systems Technical
Conference (I&CPS). Las Vegas, NV, USA, 2022: 1-6.

[12] Xiong Rui, Zhang Yongzhi, Wang Ju, et a. Lithium-ion
battery health prognosis based on a real battery manage-
ment system used in electric vehicles [J]. IEEE Transac-
tions on Vehicular Technology, 2019, 68(5): 4110-4121.

[13] Deng Zhongwei, Hu Xiaosong, Xie Yi, et a. Battery
health evaluation using a short random segment of cons-
tant current charging [J]. iScience, 2022, 25(5): 104260.

[14] Lin Chuanping, Xu Jun, Shi Mingjie, et a. Constant
current charging time based fast state-of-health estimation
for lithium-ion batteries[J]. Energy, 2022, 247: 123556.

[15] Tian Jinpeng, Xiong Rui, Shen Weixiang, et a. Deep
neural network battery charging curve prediction using 30
points collected in 10 min [J]. Joule, 2021, 5(6): 1521-
1534.

[16] Lee P Y, Kim J. Impact analysis of deterioration and
SOH estimation based on multiple regression analysis
[C]// 2019 |EEE Transportation Electrification Conference
and Expo, AsiaPacific (ITEC Asia-Pacific). Seogwipo,
Korea, 2019: 1-6.

[17] Wang Geng, LU Zhigiang, Li Xiaoyu. An optimized
random forest regresson model for Li-ion battery
prognostics and health management [J]. Batteries, 2023,
9(6): 332.

(18] J& #%3F, B35 A, . B TR 2ZEEHM Conv-

LSTM R FHith SOH fh5E[J). HIJR“#4ik, 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)



152 i, T Eid o5 24 %

s

[19] A, X, UL, 55, JET K ECHKE 7 Hr-
FRTI T i 25 0 26 1) S0 5 1 el el A ROIR S A ).
L T AR 244, 2022, 37(23): 6065-6073.
Zhou Caijie, Wang Yujie, Li Kaiquan, et a. State of

fEE BT
BE(1999— ), F, miHiFsEA,
C R A HBWEH RS, E-mal .
yippeezea @mail.nwpu.edu.cn,
BE(1986— ), B, mfEfEHE, 1l
+o, BIEEZ. D5 R RERN S
AEF A 25 SOCHEROR , BT RBIRH F 2%
P& KR . E-mail : hzhao@nwpu.
[ikes edu.cn,
KPS (1990— ), B, B,

health estimation for lithium-ion battery based on gray
correlation analysis and long short-term memory neural
network [J]. Transactions of China Electrotechnica Society,
2022, 37(23): 6065-6073. (in Chinese)

[20] EPHETE, BTN, 2, S5 AT Dropout fLIEF Ik

In LSTM Eg%ﬁﬁﬁ%‘@‘z&gﬁfﬁ?ﬂu[ﬂ EEA?‘{/}?\%%&] 2023, Uﬂio ﬁ%ﬁm: 1ﬂﬂ&§%ﬂ—%ﬁﬁgﬁi@%ﬁ%ﬁ
21(5): 173-181. A, E-mail: gczhangls@163.com,
Shu Zhengyu, Zhai Erjie, Li Zhenhan, et al. Prediction of ZREiR(1982— ), W, i+, #

£ WHFET5 o) < ARIARAE il Sl R
BB RIHAR , s EoR, &
MWEAR S AR E . E-mail: libing
giang@nwpu.edu.cn,

lead-acid battery capacity based on Dropout optimization
algorithm and LSTM [J]. Journal of Power Supply, 2023,
21(5): 173-181. (in Chinese)

ARG FNIEA)

/ / / / / /

[ Hi0i& M4 - XEHFHS ]

MEZAMSE. EENEHE, SEFETFRER

O gRST AR AL



