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ABSTRACT: Due to the high costs of long-term testing and
discrepancies between real-world operating conditions and
laboratory environments, labeled data for lithium-ion battery
state-of-health (SOH) estimation remains scarce. To address
this challenge, this study proposes a semi-supervised SOH
estimation method based on self-convolutional neural network
(CNN)-transformer with loss regularization (SCT-LR). First,
health indicators are extracted through incremental capacity
analysis, and a CNN-Transformer hybrid architecture is
employed for establishing a mapping model between these
indicators and SOH. Second, this paper adopts a self-training
semi-supervised learning framework to generate pseudo-labels
for unlabeled samples, enabling iterative annotation and
utilization of unlabeled data. Finally, to mitigate the impact of
label noise in pseudo-labels, this paper introduces a
semi-supervised prediction method incorporating a label noise
learning module with loss function regularization. The results
demonstrate that the proposed method significantly improves
SOH estimation accuracy by leveraging unlabeled data.
Specifically, it achieves a 12.11% or greater improvement in
estimation accuracy compared to supervised learning
benchmarks, while the integration of the label noise learning
module reduces the average error by 14.41%. This work
provides a robust framework for accurate battery SOH

prediction in real-world scenarios with limited labeled samples.
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Fig.3 The proposed CNN-Transformer framework
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Table 1 Parameters of battery capacity degradation datasets
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Fig. 6 Battery capacity degradation curves across

different datasets
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Table 4 SOH estimation results of the NASA dataset

. RMSE/% MAE/% R’

SCT-LR ST-LR ST LSTM GRU SCT-LR ST-LR ST LSTM GRU SCT-LR ST-LR ST LSTM GRU
Grp.l 1479 1774 1947 3.165 2263 1220 1392 1492 2363 1.636 09614 09445 09331 08233 0.9096
Grp2 1156 1.639 1728 2599 2323 0798  1.160 1309 2.149 1903 09788 09574 09527 0.8929 09144
Grp.3 0916 1702 2300 3.006 2408 1259 1259 1.608 2.674 2125 09905 09673 09404 08979 09345

MRPEER 4 nA, ARSCETHEI7VETE NASA HR 4R
WS EAE ISR . FLAE 3 AN ERE S A Y
RMSE 1 MAE A 1.184%%1 1.092%, R* {lH
0.976 9. FHAk 1R B0 T M B 2 2] 7 v I R A
REREF 12.11%8L F. HIE 7 7740, SCT-LR BEALf)
oL 5 At % Bl T v B D Al SR A LT A
umjmlo JEHAEAE Grp.3 4, ThrZpEA S

TRHE D AT AL EAE, (EEAE B I 2Rt fE b
#EQE%%%%E%T,ARM%ﬂMME&“
B ) R A TR ZE BN GRU BRI
61.96%F1 50.75%. %% bRk, 7EEHR A2 IR
R, PRI EE S A BRI SOH fhit

RBOR, HARFAE A7 (7 208 A1 9 JEAR R A AR IR o A

1.0

SCT-LR
— ST-LR

ST

LSTM

GRU
— SOH Bl

091

T L
T 08
w

0.7

0.6 i 1 1 1 1 1 1 1

0 20 40 60 80 100 120
TEIRIREL
(a) 40 1



517 TR A 5T s 4 2 B 4 o) 148 5 7 |t SOH i 177 v 6283
1.0 0.95
W
= 0.85} e
jas %) 2
8 & .-‘,: .
g
0751 3w
o
L 1N
.G
A
0 40 80 120 160 0.65F:" s °, . , . .
TEFF % 0.65 0475a ‘ SOHo.ss 0.95
(b) #4152 © BIS
1.0

SOH

0.6

0 I 4I0 ‘ 8‘0 ‘ 150 l léO
TEFRIREL
(c) 43
7 NASA HiESERM SOH AR
Fig. 7 SOH estimation results for batteries in
the NASA dataset

BIPEREZ A B/ o

PRl SCT-LR 57 ) O AR % 53 &, 41X Grp.3
Hte 21 i R b TEAR S BE SR AR R D AR 2, T
JEH 5 H 50 SOH H M2 54, 45T 8. 1
eI RE A, A Al A ) SOH #2515 JHVEA
FLAE AT f I 25 B B o Bl ) DR 4 (s RV
. FERASIE, hFR%E SOH 5 H.5E SOH 2
7] f7°F- 2 RMSE.MAE 1 R? 43 5124 0.933%.1.281%

0.95} .
0.90 . "!
. \! .
. -»
§ 0.85f . 2
2,
8 R
i 0.80} Loi e
S LA X
= . 3,
075t L
se 0%
‘-'::\“'
0.70 JC

0.70 075 0.80 0.85 090 095
K5 SOH

(a) BO7

8 fh#r%E SOH 5ESL SOH fhitER
Fig. 8 Pseudo-label SOH and true SOH estimation results
F10.989 0. B &l 8 7R Al 1, Py#5%F SOH 5 H 5 SOH
I ARTERT LRI, 2B G o Dy s 25 B LT (1)
HERA I, (HH A0 RO s, RIS A] gt
[F] TS A7 HL it SOH.

IEAk, K ST-LR AL E ST AL TN 45 R 5
AT TTEAT ST b, PABGAIE 1D-CNN BRI g
PRSI A . S5 RE W, 51N 1D-CNN Al
MR e S RIHET i, MR R E R ER. H
o, IR 2R SRS, ST-LR AT 3 NLdE
AT RMSE M1 MAE 73 5 FEA% 14.41%A0
12.41% . 1 BT $& 77 VAAE R NN 1D-CNN A FlT g
PRSI, 3 N B 2 P )73 RMSE fil MAE
FEAI% 40.56%F1 24.69%, R* MEIRTT 3.69%.

K] 9 & & TR AEAN [ 2H A 0 485060 1% 22 53 A
K, 5 ST-LR FiAUA ST BAIAILL, B riksesl
AR 3R 2 DL DR 2 A e [, BAE S
WA TR . 5 TR, BRI ERAE
T SOH Al T+ R IR 57 o 18I B & PRARZEAE A
L BR300 A ) TCAR A, HAMU AR U
R0 AR A HEAS T, bt — A dad b

10+
8_
S o6r
o
oK
' 4T
€
2L
0+

SCT-LR  ST-LR ST LSTM GRU

(a) 49 1



moORE OB B TR ¥ R

46 %

6284
10}
8.
S 6
@
iy
' 4T
®
2_
0F
"7 SCTLR STLR ST  ISTM GRU
(b) #H3 2
10t
8_
S o6p
I
oK
' 4
®
2L
0OF

SCT-LR  ST-LR ST GRU

(c) 43
El9 NASA #iEsErth SOH fAitExtiRE MEERE
Fig. 9 SOH estimation absolute error violin plots for
NASA dataset

S ARARAC TG BEAR Y X 22 S A A REAE 2 AL RE T
34 IEHAREMNEI

T MR D], AR AR TE AR A BT & b
B RAG TVERE B B . oG, R 3.3
TN NASA AR g R, 4% Oxford %k
PR FEIBIGEA BN T HET Cell2 1E NN E
R FHAE R EH 4H I R o B AR A A LUK
DS RIVERE RS . [FIR, ESEA 1—6
BHR PR EFEA L], DALER AR R AR AR 22 A
ELBIAS A5 0 T AR RE R TI. oy, W SRy
A EAS ARt P AR 80305 2 2 PR IR SR A AT )1 o
SRR S Pros.

MRYEZR 5 v, P e s R4 2—6 H13Y
WAS BN EAEN SOH Al ks . JLILAEHHRA 3
W, FTER TR DA VRS B R v T LAt SR AR
F RMSE 5 MAE AHE T M85 o B AE AR PRI
33.19%A1 29.90%LL |, R* EFRTF 2.78%LL I,
KPR T IETERR AR B — 2 Bl 1 1
BUF, LB A TR SRR AR ) s SOH. fik
TFRCR . T Oxford HHEE NI A =BT A 23
DERBEHAENR, KA R R EEKT
NASA ¥4, 52240, ST-LR ALLEAHH T0
NORRER R A THRE 3P ER 1D-CNN i

%5 Oxford HHEE SOH HitHER
Table 5 SOH estimation results of the Oxford dataset

. RMSE/% MAE/% R?

SCT-LR  ST-LR ST LSTM GRU SCT-LR ST-LR ST LSTM GRU SCT-LR ST-LR ST  LSTM  GRU

1 1712 1.631 1715 2013 1955  1.531 1341 1505 1.743 1702 09400 09456 09398 09171 0.9218

2 1.176 1293 1441 1.620 1298 0860  1.062 1.115 1.149 1.020 09717 09658 09575 0.9463 0.9655

3 0354 0907 1294 1386 1321 0257 0801 0994 1047 1.078 09974 09832 09657 0.9607 0.9643

4 1.025 1302 1529 1562 1.607 0906 0997 1206 1223 1362 09785 09653 09522 09501 0.9472

5 1365 1506 1556 1.829 1794  1.145 1236 1344 1374 1504 09619 09538 09505 09316 0.9342

6 0724 1126 1.168 1.101 0.865 0529  0.872 0947 0922 0.640 09893 09741 09721 09752 09847
Yot B BRI P FENBEHAERRZNHR BEREARRZg 5 MBS A S TR A%
ROk PERFAE, @RS SOH vz, I REFH)

SR, TR T VEEAR S AR B AR AT
BL(Grp. 1) NRIIRS 2 . LI, PRB8fEARE = SEUE
T TG S B U AE AR, 3 17 7E B B B
FE I TCAR S FEA I AR RS o (T ITVETE 6 Nk
P 2H A A v R 2 AT IR R LIRS, Y
RMSE #1 MAE 737125 1.059%7%1 0.871 3%,

gE FRTA, MBI SOH flithag B 5 hs
ZEREAR LU AR RIS IEAE SCPE, (B AR R AR
ZE Z st T AR ORRR B YR RE o« T PTR T VAL

THEN 76
3.5 HERXIEX SOH f&itsE RIS

IC b Ze 75 AR F e [X[A] P /2 HUAS 28] 1) 4 R
LR, HZERHERWE SOH fhit4
Feo it 28 3 A L X 1) 46 A1 -5 195 31 61 %)
SOH i Ay EARsZ M, EH Oxford HHEEERT Grp.3
AR AHATIN, HARESITNE BN E IR
WK 104 11 Fias, 347t benl R A7 /e e
ORI . R AT X TR T7 A Grp.3



%174 KRR A S5 e BT IR 7 I e B ST B T b SO Al T ik 6285
[ SOH flitt&s RAEAT 0, HHRAE SR o
e = AN,
1.8}F
=\\°
HoL
S
3 =
g 12t
°
5 L
p
o~ 0.6 ! ! ' ' ' !
0.10 0.10 0.12 0.14 0.16 0.18 0.20
0.12 T [ 7] 25 3 HL PV
4~°3.93_837 16 o e (b) R [RLER E: 3.50V
3.6 35 ’ 5 LR /V
HU X (] et /v~ 34 530-20 Ll
(a) RAARI(E S5 FE I RS RMSE (080 I }
_ ‘ . :
s 12F Lo 1
ey j A\ |
; i | RMSE ?/ Lo
= — m / L R
& | ~ 4
0.8F o—= o !
s 2 'MAE ¥
g ‘ . ‘ :
Z L
E 1
0.4 1

4.0
39
3837 Py y-
MR R (A EEy ~ 34 530
(b) HELIRBIME S5 L X MAE 52
E 10 EBEXEIEE SOH 4R
Fig. 10 Impact of voltage range on battery SOH

estimation
X} Grp.3 HHRARIFEA, 7 3.3~4.2V HLE X [H]
PR 1.2 5 prid Tt AT (e A 79 i, i
96 LR BOE N 3.3~4.0 Ve FRAE ] 72 5 VU I T e
fift b HEE[0.1 V,0.2 V]RGS £, RG7Hr L5 i
JOE XS H il SOH fli 45 SR . iR TiEfE
Grp.3 H5 2H R AN [ H s X 1) S B A5 A et

2.1

|
|
|
1
"
'
'
|
'@t

151

TR ZE Y%

09F

03F

010 012 014 016 018 0.0
PR X 61 5 52 PR/ V

(a) HEX[AMGHEIE: 3.75V

010 012 014 016 018 0.0
PR X 6 5 52 PR/ V

(0) HEXIELSHEE: 3.40V
B 1 REFHERSXIEM SOH &1t RIS
Fig. 11 Impact of health indicator feature morphology on
battery SOH estimation

1) SOH flivtiRZ 43 A il 10 fras, oo i 6 X 35k
FAE4 R RMSE. MAE #, R HERER 59,
W XS N0 AR AR ZE 4R AR, R B SE AR =1
TR, WK, EEXIHSE 1(b)H R Cell8 &
R XIS E A [, TR0
3, [3.55V, 3.65 V& X I8 (1) {115 22 B R %
s, (HIL PRI T R X . X R AN [F] 4y
FEDX 3BT SOH A v FE (M TTBR FEAF(E 3 72

6 UF AR IE 38 36 SRS 1 06 L1 . SOH THMINKG FE 5 L
X ) S H 0 AR N T B 2R R B R R, TR 4E & 1C
LR HEAT B i il 11 B, @ X 10 33
VIR e ml 0, G H 42008 3.754 3.50 Fi
3.40 V I, AR5 BE Vu FEL 6 SOH i tHi% 22 R %
22 MR o ZE ] 11(a)H, Bl S H R 5 S B K
X 8] A 32 U R ARS8 F & o M EL[3.75V,3.89 V]
B X B, RMSE 5 MAE 4398 0.737%H1
0.578%, VLI FTik [X 8] O 56 4 78 25 32 IEFRE X 45
H 2 H R S P 4k 421 & 0.18 V IFF, RMSE A1 MAE
3 RIBEAE 0.354%F1 0.257%, IR ZE$RbR 7k 3



6286

moORE OB B TR ¥ R

46 %

AR B ARAE, XIS e I PV I 45 1R AE
TEZSE. B4 R R E B X (B AL T IC #hek 0
DX I, oAt KA X (] 75 75 56 B 7 5 8 W ARRAIE (1) 2
fit Fodi 247840, BB SOH fhittEaE r ki, %
LR TRIRERTZE B 11(b) D X ] P 43 2INIE B, Ho
AR 2 R BEE[3.50 V, 3.68 V]IX [A] . 3 —J7 1M,
WE 1) AR, 24 X ] 58 42 78 56 I U RRAIE
B, {@EEFETE SOH MRS 5 86 vHiR 2 &
TN IX BT AR B 3 T 3 WA T [X 5 DA
SRECE RE AR E Y SOH it &5 . 45 I, it IC
SrHT 5 R X ) A B s AR 1, o AR
SRR PR SOH Al vk FE SR L0 Hk R =

4 g

B XA BEREARRE Z 35 T HIth SOH Al ik
G ) 8, AR AR AR T B T
SCT-LR 757k, LAFE 40 HI H B35 To b 8 BE AR o 3
SOH itk FHELBIF:

D) Frde 7732 T NASA i £4£31317 SOH Fil it
WAFBAEAGTIREZ, HoF3 RMSE Rl MAE 1CH
1.184%#1 1.092%, R*{EN 09769, ZifrtEaeth T
LSTM S B4 I, B TREMNAME. & T
s 25 W 75 2 3] 1) Bl A 2 LA PR AR AL 9 VR R R K
PRUE ML B AR 7 A2 S FE LA AR 2 g 75 o AL
RO S 22 2B, A 3 MNMERA T )T
RMSE #l MAE 75 7] F#AK 14.41%F1 12.41%.

2) FIFH Oxford £ 7 M 25 N AR FE A
LB AR AR P RE R, S5 SRR, FTIRHIALE 6
ANEHE A P A TR 22 SRR RARAK S, HP 3
RMSE il MAE 4354 1.059%#1 0.871 3%, H.52Fx
JS7FH 17 5 T R B P B 5 R A AR B O R R B
FEIEAH M, — B B AR A A T AL 1 F Tl IR
AR R SRR AE T 5535 0% SOH i THRE FE

3) i E Rl TR U X [E) 6T SOH . il i-45 31
HA BB, ekl Oxford $d 4 NGl %
UIE 5 R SRR X ) 75 76 56 %8 78 55 3 D RRAE 1 L At -
MR, JTREEUS B SOH fitAs s, N T2
SEE A E R IR R S .

S 3Rk

[1] #WH, M AR, % BT R BRI E
JAREEES T et SOH Al i), v B T RE 224,
2021, 41(16): 5661-5669.

(3]

FAN Yaxiang, XIAO Fei, XU Jie, etal. State of health
estimation of lithium-ion batteries based on the partial
charging voltage segment and kernel ridge regression[J].
Proceedings of the CSEE, 2021, 41(16): 5661-5669(in
Chinese).

ZHANG Kaixuan, CHEN Cheng, ER Lixin, et al. Robust
state-of-charge estimation for LiFePO, Lithium-ion
batteries with pronounced voltage plateau regions[J].
Applied Energy, 2025, 401: 126755.

DEMIRCI O, TASKINS, SCHALTZE, ectal. Review
of Dbattery state estimation methods for electric
vehicles-Part II: SOH estimation[J]. Journal of Energy
Storage, 2024, 96: 112703.

PENG Simin, ZHU Junchao, WU Tiezhou, etal. SOH
carly prediction of lithium-ion batteries based on voltage
interval selection and features fusion[J]. Energy, 2024,
308: 132993.

XNTF, RFE, HEE, & TR ARSI
B SCBARASE R IR A Al T D7 0], [ ML AR
. 2024, 44(S1): 202-214.

LIU Fang, LIU Xinhui, SU Weixing, et al. Online joint
estimation method for key states of lithium battery based
on a new electro-thermal coupling model[J].
of the CSEE, 2024, 44(S1): 202-214(in Chinese).
AW, AR, £F, & BT &S E i
LW T LRR[)]. P E L TR ER, 2024,
44(22): 8920-8935.

WANG Ruixi, ZHOU Xing, WANG Yu, etal. A review

Proceedings

of degradation diagnosis of lithium-ion batteries based on
differential curves[J]. Proceedings of the CSEE, 2024,

44(22): 8920-8935(in Chinese).

FU Juncheng, WU Chunling, WANG Jiwei, et al.

Lithium-ion battery SOH prediction based on VMD-PE
and improved DBO optimized temporal convolutional
network model[J]. Journal of Energy Storage, 2024, 87:
111392.

Y1 Zhenxiao, WANG Shi, LI Zhaoting, et al. A novel
approach for state of health estimation and remaining
useful life prediction of supercapacitors using an
improved honey badger algorithm assisted hybrid neural
network[J]. Protection and Control of Modern Power
Systems, 2024, 9(6): 1-18.

BT, Ve, MR, . BIE RS RHE R Rl
R AR R T I EAT T[] b B L TR AR,
2025, 45(16): 6340-6353.



17 M

FRNUARSE: I T 7 N 2 WA B 2 ST R4 5 7 th SOH ikt 7k 6287

YAN Ning, LI Jixiang, LI Xiangjun, etal. Research on

multi-state cooperative estimation method of battery

modules considering electro-thermal coupling
characteristics[J]. Proceedings of the CSEE, 2025,
45(16): 6340-6353(in Chinese).

[10] YUAN Tianqing, ZHU Minhong, BAI Jing, et al. A
GPR-EDM-UPF framework with false data detection and
correction for generalized estimation of SOH in batteries
under cyber attacks[J]. Journal of Power Sources, 2024,
623: 235449.

[11] LI Chaofan, YANG Lin, LI Qiang, et al. SOH estimation
method for lithium-ion batteries based on an improved
equivalent circuit model via electrochemical impedance
spectroscopy[J]. Journal of Energy Storage, 2024, 86:
111167.

[12] FAHMY HM, HASANIEN HM, ALSALEHI, etal.
State of health estimation of lithium-ion battery using dual
adaptive unscented Kalman filter and Coulomb counting
approach[J]. Journal of Energy Storage, 2024, 88:
111557.

[13] MU Xianmin, ZHANG Jiahao, LI Guanlin, et al.
Estimating SOC and SOH of energy storage battery pack
based on voltage inconsistency using reference-difference
model and dual extended Kalman filter[J]. Journal of
Energy Storage, 2024, 81: 110221.

[14] PANG Hui, CHEN Kaigiang, GENG Yuanfei, et al.
Accurate capacity and remaining useful life prediction of
lithium-ion batteries based on improved particle swarm
optimization and particle filter[J]. Energy, 2024, 293:
130555.

[15] £, K/KZE. RTEEHENLE GWO-GPR 4T

BF I SOH i TH[T]. g RERl = 5HA, 2023, 12(11):
3508-3518.
WANG Chen, MIN Yongjun. SOH estimation of
lithium-ion batteries based on capacity increment curve
and GWO-GPR[J] .
Technology, 2023, 12(11): 3508-3518(in Chinese).

[16] KIM S, LEEPY, LEE M, et al. Improved State-of-health

Energy Storage Science and

prediction based on auto-regressive integrated moving
average with exogenous variables model in overcoming
battery  degradation-dependent  internal

variation[J]. Journal of Energy Storage,2022,46: 103888.
[17] ZHANG Ji’ ang, WANG Ping, GONG Qingrui, et al.

SOH estimation of lithium-ion batteries based on least

parameter

squares support vector machine error compensation

model[J]. Journal of Power Electronics, 2021, 21(11):
1712-1723.

[18] WEN lJianping, CHEN Xing, LI Xianghe, et al. SOH
prediction of lithium battery based on IC curve feature and
BP neural network[J]. Energy, 2022, 261: 125234.

[19] Z5EE5R, HK, AR, 55, JE T HBRIeh A 25 i) 81

FHLE SOH fh4[J]. H LH AR, 2020, 35(19):
4106-4119.
LI Chaoran, XIAO Fei, FAN Yaxiang, et al. An approach
to lithium-ion battery SOH estimation based on
convolutional neural network[J]. Transactions of China
Electrotechnical Society, 2020, 35(19): 4106-4119(in
Chinese).

[20] Z=00, BARE, EAF, 5. HETHE Transformer 14

FR LA 20 R LSS, SOH Al J77 )], Ml SR,
2025, 51(6): 2945-2954.
LI Peng, GE Ruzhe, DONG Cun, etal. Adaptive SOH
estimation method based on the transpose transformer
model for electrochemical energy storage[J]. High Voltage
Engineering, 2025, 51(6): 2945-2954(in Chinese).

[21] YOU G W, PARK S, OH D. Real-time state-of-health
estimation for electric vehicle batteries: A data-driven
approach[J]. Applied Energy, 2016, 176: 92-103.

[22] SHAO Kui, ZHAI Chao, ZHANG Chaolong, etal. An
FE-S-BILSTM  and heatmap-based state-of-health
estimation method for lithium-ion batteries[J]. IEEE
Sensors Journal, 2025, 25(10): 17727-17738.

[23] ZHANG Chaolong, LUO Laijin, YANG Zhong, et al.
Flexible method for estimating the state of health of
lithium-ion batteries using partial charging segments[J].
Energy, 2024, 295: 131009.

[24] YE Min, WANG Qiao, YAN Lesen, et al. Enhanced robust
capacity estimation of lithium-ion batteries with unlabeled
dataset and semi-supervised machine learning[J]. Expert
Systems with Applications, 2024, 238: 121892.

[25] YAROWSKY D Unsupervised  word  sense

methods[C]//

Proceedings of the 33rd Annual Meeting of the

disambiguation  rivaling  supervised
Association for Computational Linguistics. Cambridge:
Association for Computational Linguistics » 1995 :
189-196.

[26] CHE Yunhong, STROE D I, HU Xiaosong, et al.
Semi-supervised self-learning-based lifetime prediction
for batteries[J] . IEEE Transactions on Industrial

Informatics, 2023, 19(5): 6471-6481.



6288 ST £ N =< 1 R B =3

46 %

[27] XIONG Rui, TIAN Jinpeng, SHEN Weixiang, et al.
Semi-supervised estimation of capacity degradation for
lithium ion batteries with electrochemical impedance
spectroscopy[J]. Journal of Energy Chemistry, 2023, 76:
404-413.

[28] LI Yuanyuan, SHENG Hanmin, CHENG Yuhua, etal.
State-of-health estimation of lithium-ion batteries based
on semi-supervised transfer component analysis[J] .
Applied Energy, 2020, 277: 115504.

[29] LIN Chuanping, XU Jun, MEI Xuesong. Improving
state-of-health estimation for lithium-ion batteries via
unlabeled charging data[J]. Energy Storage Materials,
2023, 54: 85-97.

[30] LEE G, KWON D, LEE C. A convolutional neural
network model for SOH estimation of Li-ion batteries
with physical interpretability[J]. Mechanical Systems and
Signal Processing, 2023, 188: 110004.

[31] J7dbntt, xes, fLignR, & TR HHCZM
2% 5 A FR AR AR K EE FB I SOH f1H[I]. I R&iH
ik, 2024, 48(4): 160-168.

FANG Sidun, LIU Longzhen, KONG Laigiang, et al.

State-of-health estimation for lithium-ion batteries
incorporating indirect health indicators based on
Bi-directional long short-term memory networks[J] .
Automation of Electric Power Systems, 2024, 48(4):
160-168(in Chinese).

[32] ZHOU Zhihua, LI Ming. Semisupervised regression with
cotraining-style algorithms[J]. IEEE Transactions on
Knowledge and Data Engineering, 2007, 19(11):
1479-1493.

L& WARBEED: 2026-02-06,

Wi BHA: 2025-05-29,

EE BN

TKFAR(1997), 55, WLEHTAE, A

&
J5 TAL N i e HL T R G g RS S R 2
i Wr, zyt ncepu@163.com;

7K FI A EEEE: WEW98S), H, L,
BIEFE, WA, RTINS R

EHEEIZWE, junxie@ncepu.edu.cn.

(4REE IR, KT)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


