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Abstract: Predicting the remaining useful life (RUL) of lithium-ion batteries is critical for battery management and
safety. Existing RUL prediction methods mostly rely on a large amount of historical data and are less accurate and
computationally burdensome under complex operating conditions. To address these issues, this paper proposes a
novel RUL prediction method by combining the health indicators (HI) , the Bayesian estimator of abrupt change,

seasonality, and trend (BEAST), and the seasonal autoregressive integrated moving average (SARIMA) model. Dif-
ferent from the traditional method, this paper innovatively adopts HI to replace the maximum dischargeable
capacity, which can reflect the battery decline process more accurately. Meanwhile, the decomposition and recon-
struction of HI in combination with BEAST improves the prediction accuracy and reduces the dependence on a large
amount of historical data. Finally, the SARIMA model for the time-series data of battery decline considerably im-
proves the prediction accuracy and computational efficiency. The experimental results indicate that for batteries under
dynamic operating conditions (CS#7) , the proposed method maintains maximum relative errors below 2% at 5% ca-

pacity degradation and 4.31% at 10% degradation. Compared with the long short-term memory and least square sup-
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port vector machine methods, the method in this paper reduces the mean absolute error by 16.6% and 25.9% and im-

proves the computational efficiency by 55.2% and 22.8%, respectively.

Keywords: lithium-ion batteries; remaining useful life; health indicator (HI) ; BEAST decomposition; seasonal

autoregressive integrated moving average (SARIMA) model
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Fig.7 Battery CS2#7 HI decomposition and reconstruc-
tion results
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Fig.8 Modeling flow process of SARIMA model

SR 2 s

XS AR 71 ) 18] 2 81 104 7 06 B2 A 34 22 73 1
TN ZEP AL IR, FRRPERR A HI PP, e ) d
D, BN

7! =(-B)y, (10)
V>=(1-B)"y, (11)
A B A EHT
T3 MR
f# A Ljung-Box 56 %fF-Fa HI J?ﬁ']ﬂi‘ S
K5, B0 Uk 2500 5 PP A2 A5 R REALME 7S . an a1 A
5, RIS RAT, Efbiiﬁﬁ)ﬁ?i@ﬁ; 0,
[P ER 2, SR A 25 o e g s — 2 AR A .

S8 4 #l4 SARIMA %L,

THEEREAS B ARG B A AH DG RR B, SR A
HH SRR AR SC R B ET IR 2 BT 0 1Y 3
7R, WIEHHE plg . PO {8 R/ ik Ah
TR R 2 R, TS T % 22 A il £ S 7
(Akaike information criterion, AIC)1H, #R{E AIC
4% AIC BURDLIA BT

P 5 BIAGGIE 5P

JEAE SARIMA A5 (137 A4 BE ) IF ik f 2 40
G RN T 15 -

(D) FEALN 3 SR sh 10 - K A S /Y HI 751
K3 RISy 8 - 2 WL, RIHR ST
SR W S22 A T T ASE TR T D R 5

Q)15 BHENHL AL - 3l ad AIC 5 DU B
(Bayesian information criterion, BIC) BE& 1AL , B
BRI L (p + g + P+ 0<6) Lhik il BS54k, 24P
V) HE B S I, OGS 1E Pt A S AT 17 S Y LA AT



2026 41 H Bk 5%, BT ZREMERT-BEAST 5 fl SARIMA R ABIZES AL FH bR A A A ar i - 85 -

T A KU 5

(3) 5% 25 53 H « 38 2 11 Mg P T 0 T ASE T8 114 4 28K
PE, B AR FE A R P A ERAE. AN SRBR 2547 7E F A
S B R AT A B0 TR v , 3R [0 R A R B Rt A 7
HHUA.

2.3 RULFM

HiL ) RUL B0 53 LT 4 2088,

FHB 1 i RUL TS 5 5 B {E.

HL RUL F0 75 S 5 ke o, AR SCHuLfifi
HLIth 90% Cp (Cp i KA FZS ) S RUL Tl i
(A3 PR S R L T

(1) TREFrUES S . MR GB/T 31484—2015 #x
HE, B AR IR 80% Cp A 1k BRI, i
90% Cp A TS 2 AT AR 10% M2 Ui B 1,
B K 0 () TR A A TN 243 i), 3k a7 T - 382
ZEBH;

() B AR BUSANE BT - A TR 90% Cp
iLoHI ERBEEAREMNERBSE, AT
SARIMA HIRIFHHERHLAEL, #RILAfE 90% Cp 4 RUL
TS 5, FARPE A FE R0 5% F1 10% X HI (1948
fhf, HEs =W R 85% Cp Ml 80% Cp FY 9 {8
—~AHI5% F-AHI10% , 1 R 73 fr 2 s 4.

I8 2 g HI B a]F 5 R

S KA LA e Cp 220 10% LAY HI K
P SARIMA BRI E HI AR F4IER HI,., =
f(HI,, H,y, -+, Hl,p) , h< g;

FE 3 Tl RUL.

it SARIMA FrFYEERY HI B JE] e 8RR R 1) J
T 7 25, FIWT HI SO AR 25 5% F110%
B 25 A, /N T B DU S T 4. 333 DA T
T A BN E B FIr 2 D G 8K, RIAS 21 Ha b S /i
RUL.

TR 4 AfE L.

TE#EAT RUL S, £ SARIMA 58U 4 Fi]
gERIRLES 30 YN, F i 95% BEAGE A TN B 5
X [H]. 3%k RUL ToZ5 SR HEAH b, 75 B
AL TN T SR

3 SEIELSIE

ARSCHEHL 3 Ff B R B0 UEA SO 74 RUL
TOUIERE. AP AR SCIS T A R I TS H A A A HA i
B 56 UE1H I T ARG R N A RUL TN,
NASA [ RW17 #il CALCE 1) CS2#7 i it 5 k36

WESIAS TOUEA T 1 RUL .

T VAL i AR A TR B, AR SCRER T
iR 25 (Ep) HIXTIRZE (BR) X450 H o iR 2
(Ema) PEHY RUL FMAERRTE , o] 2052 R 0

EA:|TRUL_PRUL| (12)
Toor — P
ER :| RULT RUL| (13)
RUL
1[0 -0,
E == =i =i
MA nZ ) ‘ (14)

X T, APy, 205000 RUL A ECSEE AN FHNE 5
O, Tl Q, 53] g 7 1) L S R0 1.
3.1 T R RELGIE

Sk B8 IR A5, (90% Cp) FAA BRAE , AR5 DALAR
it CS2#7 (BhAT.00) M, XF ARl s (100% Cp
95% Cp 1 90% Cp) FI TR , 255413k 4 Pk,

*®4 HBEIRMBEIATEM (CS247) RULFINER 5iRE

Tab.4 Battery (CS2#7) RUL prediction results and er-
rors for cell CS2#7 with different prediction star-
ting points

T’Jﬁi)ﬂ\uﬁﬁi ﬁnﬁlﬁjﬁ PRUL/‘YK TRUL/‘&_’\ EA/D/_( ER/%
85%Cp 434 427 6 1.41

100%Cp
80%Cp 530 538 8 1.49
85%Cp 430 427 3 0.70

95%Cp
80%Cp 533 538 5 0.93
85%Cp 428 427 1 0.23

90%Cp
80%Cp 534 538 4 0.74

H 4 AT, L 90%Cr At s i), T xif iR 25
(Ex) FAHXTRZE (Ep) 32 FLT 100%Cp F 95%Ch.
HFA Sy« 3 BRI (A0 95%Cp) B, HI BB i 3 it
KA HAHZRGEHE, RS AT E; m
90%Cp AL, T, HI P & s iRk fE E, Ak
s A X A, $R T T T AT L AN, 90%Ch
P56 T AR UE (GB/T 31484—2015) X Fl 4x F fiw i 1
e . PR, A SO 22525 4 2L 90%Cp A by Tl
.
3.2 ERIAEHRTEM RULTNER

K 9 HiE/RT 25°C-1.0C FH-1.0 C SHLIER
45°C-1.0C FLH-1.0C JFHEIF .45 C-2.0C FH-
2.5 C OB 3 28 RUL TS5 R, £ 405 T X
3 FIIGER AT DI sS AR AR SR 08 S% A1 10%
XoF IO ) S A BR U B TN A PR R B L iR 2 S
RUL. 56K 9 Figk 5 ot fEiEFS T s RUL i
HIERE

FH L 9 T UL, H ot e s A 2 L AR T AT X
T, B2 2 B T R 22 ) (] A RE ), Rt S 0
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Fig.9 Battery RUL prediction results under constant-
current duty cycle

MRPEH 5 AIHL, 76 3 FEERAAIE T, b kst
U 5% AR X 52225351 R 1.06%  1.73%F1 1.38%:;
FL Tt R 22 T k. 109 1) TR AH X R 22 43501 3.84%
3.96%A 1.71%. Z5REH], Frigiiny RUL 7k
FEE AR SR T BA BRI o 5222, H Agag it
EAE DX IR], B R 1t b S e b ) B IR A A

®5 ERIAEHTEB RULTNERSIRE
Tab.5 Battery RUL prediction results and errors under
constant current duty cycle

4 v | Prut/ | Trul/ | Ea/ RUL #
TEERIRAE FER I Ew/% (K]
25C-1.0C7#R 85%Ch 556 | 562 | 6 | 1.06 | [534,556]
H-1.0 C 80%Cp | 731 | 702 |27 | 3.84 | [700,731]
45°C-1.0C 7 85%Ch SI11 | 520 | 9 | 1.73 | [499,511]
H-1.0 C 80%Cp | 682 | 656 |26 |3.96 | [650,682]
45°C20CHR 85%Cp | 292 | 288 | 4 | 1.38 | [280,317]
H-2.5 C 80%Cp | 344 | 350 | 6 | 1.71 | [344,380]

Vs HEER AT BRI IRLFE - FE L AR LA .
3.3 FHEILRMBIATEM RUL ML R
10 A shas THUEA T Atk RUL s R,
Kl 10 (a) ML CS2#7 19 RUL TS5, Bl 10 (b)
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PR TR 55 20 2D 5% 10%%:F 107 A S G ER v
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Fig.10 Battery RUL prediction results under dynamic
duty cycle
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Tab.6 Battery RUL prediction results and errors under
dynamic duty cycle

H S | R A | Prun/IK | Tru/K | EA/IK | Ev/%| RUL BEFIX[H]

oy | 83%Co | 428 |[427.420]) 1 023] [413,444]
80%Cp | 534 |[538,540]| 4 |0.74| [510,540]
rwiy | 85%Co | 201 [[195.198] 6 |298| [177.204]
80%Cp | 218 |[209,214]| 9 |431| [203,220]

H2 6 AL, HiM CS2#7 TETEN 5% A1 10%HT iy
FHXTIR 2 0.23%F1 0.74% , B EMLT RW17 1
2.98%F1 4.31%. i FNE 40T 95%EAF X [H]
P, BHIE T2 o6 shs TR E MR A PR fb e
J1. G5 FFRM, I Iy vk A 43 - SR A HL ) A B
AT R 2 SRR, TR 2450 T 508
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3.4 RUL WA XML

HRAIEASCHT R RUL B 536 HI 40143
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B THIEAR R, 553 f# HI ) SARIMA J7
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Db AT IR A, JUFRFUI ik R it CS2#7
RW17 i) RUL s SR4npd 11 fik 7 s, Ao fE
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HI, MRS s R 2 il HI FLS{E 5 e

ML 11 F15R 7 TLAE H, A SO A TS B
FFERCR BB E T HA 3 Foyik. T s
X HC BT AL CS#T A, AHAS T 5 SARIMA
BRSO 4 xR 25 (EfL ) L 0.0513 B
0.036 1 (B 29.6%) , FfwZe i daxtin 2 (E) H
51 RIEARIEAE I ZE 4 WAGES, 3817 [ 43 n
1.12's, Bk T BEAST 320 i o) T ioasg B $ 7 1) 56
HEVEF. AT LSTM Fl LSSVM ik, ARk

E A BIRIR T 16.6%H1 25.9%; 124 T3R5 18, A3C
SARIMA #AVHE i ZHU b BB TIRE = T MK
ZRINZRid R, B BFERTAHES T LSTM Hil LSSVM
SAEETE 55.2%F0 22.8%. LiARE , ASCIE I AUH
M RUL Ty v e o iiRg B At SR i s,
LI 4 B 22 45 (battery management system, BMS) i/
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Fig.11 Comparison of typical methods for battery RUL
prediction under dynamic duty cycle
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Tab.7 RUL prediction error vs runtime for batteries un-
der dynamic duty cycle

F b S AR SUNUWIRES ENC | ERV k| istTisal s

Hui SARIMA | 0.051 3 51 22.56
b3 0.036 1 4 23.68

287 VNS SRS
BEAST + LSTM | 0.043 3 11 52.84
BEAST +SVM | 0.048 7 13 30.65
Kl SARIMA | 0.068 9 10 13.31

5 i ) 14.1
RW17 ARSI 0.059 7 6 9
BEAST + LSTM | 0.067 3 9 39.08
BEAST + LSSVM | 0.063 4 8 23.56
4 & it

ASCHR B T —FpIEF HILL b2 i S
Zar P 2243 A B1E 8 3 F- 14 (HI-BEAST-SARIMA)
(A HLYE RUL TIN5 3%, A R T T H b 1B 33 )
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