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ABSTRACT: Aiming at the problem of low accuracy when the traditional particle filter (PF) algorithm is applied to the predic-
tion of remaining useful life (RUL) of the lithium-ion battery, Kendall rank correlation coefficient (KCC) is introduced into the
resampling process of traditional PF to solve the problem of particle shortage, and a method of RUL prediction of the lith-
ium-ion battery based on KCC-PF is proposed. Firstly, the battery capacity degradation model was established to verify the ac-
curacy and effectiveness of the model and determine the model’s initial parameters. KCC-PF algorithm was used to update the

model parameters, and the prediction sequence of capacity was calculated step by step. Finally, the prediction results and uncer-
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tainty expression of RUL of the lithium-ion batteries were obtained according to the failure threshold. Based on the data of the

NASA PCoE battery aging test, the RUL prediction test of the lithium-ion batteries based on PF and KCC-PF was carried out.

The calculation results show that: when the prediction starting point is the 60th cycle, the relative error of RUL prediction based

on KCC-PF is less than 10%, and with the prediction starting point moving backward, the relative error can be reduced to less

than 3%. KCC-PF algorithm solves the problem of traditional PF particle shortage, and has high prediction accuracy and ro-

bustness when applied to the remaining useful life of the lithium-ion battery.

KEY WORDS: lithium-ion battery; state of health; life prediction; particle filter; correlation coefficient

BB EA RS R PR L RBUIN L TR R
Ak A B LA KR TR AT ARV BBl R &R, HAG
B FF A R A 25 U0 it E 1 4 o B 25 FE O AG ER Y
ARWrtEAT , #EEL R RE S W T, H b 2 0 S
e B o B H T AR G R A B R ) A — RE
KR, AR TR EASECTRETEIER T/E, ¥
SO E L RO E K2k, bR A
ffi 7y ( Remaining Useful Life, RUL ) J&XfHi i
D s TAERBL TGN 2, 256 I WL it ) fidt Rtk
2 ( State of Health, SOH ), #EffR) RUL Fl o] LS
Bl T3R5 TN B3O 75 4 A 42 TR A R Y ) T AR
B, KRS DEGRER SR T SEME, L TF A
i RUL i AR 57 B E 2 L,

H AL =S 1 f vt RUL F0 7 32 n 43k 3 T 55000
UK ) FHI R0 5 TR R TR 2 R SR Sl i e b 0
it BEERE, MR REEY B, WAZYEH It
7 S R B BRI AR I 5 Rl A B ke T
RUL. HETEA AT HZMLE 3 e b e g
T v o A ] 09 V4 2 b Bk s ) T L RUL
T, Wu ST Lt e S TRV G PR R B 78 FE E
FE Rk PR BCRE I Wk RUL BIAMNSASIES B, 3R T
— Rl T2 M ARG B R G AR L RUL ff310
PEE - o ST N BT S € SR RS
1 SRR T R T E ( SVR ) AR M FT 4 A7 1
RUL T 5 ¥ . Qin Z7VFN Wang 251173 51| % F KL T
FEOLfE (PSO) AN THERERTL (ABC) EEMMLIL
SVR BN S8, S8l T F M RUL B . Liu 250
PEUL 3 FhA SRR T, I PR AR SR 3 X
G, iU HT GPR BN, ZEA T SRR
B PRI 5 P A1) o (LR SR IR ) 3 0 i R Y
e Jo R O A R R T TR 0 R A AR E M, HL—
RNEAGHEFRIBRE ST, B BGE D PEERA R -

FEF AR TR %, AR P 4 Bk 2 5 B e 1o e
A3 MR 7 2 ST R T Y 22 50 B A AR AR T D B0k
SR OB R R, HEDT MR RE RIS, R e AR
RUL T, H i STk b foff i A0 S AR fa 5 2R 5 )
XG2S R A gl Rk Uk T g D
( Particle Filter, PF) &) ¥, {H2{L45 PF &
RIBATHY, AN ATkt A b A7 78 BUELR Ak Rk ¥ 58 = (7]
U, N TR EH RUL TR A, ™ 5 5 ) 1 0 4%

SR MER PRI AT S — Ao T R R EA A
N BE T B RERY AT AR R A A R AR, LASRAR
PF Bk [ B ABRE . XH R A MGR L2 A5 R A
F, MG 2R | AR ORI A A s A, B
TS B (IMM ), fEARE R ZH B,
AR AR ARSI TG 6 -8 % ( Unscented
Particle Filter, UPF ) SZ3 SOH il . 55 —Fh e by
PRI R g A AR B . Miao ZUMF ] 28 i
MR BOR AL, 454 UPF BAHER RUL. 45
B, UPF AJ DU 41 it A ), (F HAS e ik
iR . Xie LR HIEMLR T I8N (RPF) #I
T v 25 H, SR)E ] EFIR JEI% 28 12 Wi H16 1 iR 22
SR WIHI0 WA, 5 e i R 2 {315 RUL /Y
LA T 25 4

DL R 58 DR 25 255 (1) J7 8 R 28 14 M R % B R
BONF- b Bk, SRR B Hb Ak 5% s} 55 4k T R 1 3=
=z, IFHUR T AR BRI . SR Se i S ER 20 T
SRAE e T EORL T B2 AR IR, A8 i etk E R AR
RRACBUE 7077 , BE T 4 fif Yok 1B = [ml AL, 55 Ak,
IARFET PF YRR HL e RUL T 77 A AR i S H 10
IR R A3 A TG T, ISR RUL il
DUDHRS B2 AR Ry MR 25 e AR AR TR () E A 1, T A % 1
Dy S B SRR XA T Y AR S AR 1 R S EL . FEXT
Ph b 2 AN, AR SCR FH—Fh 38 15 3R BRI G &R
% (Kendall Rank Correlation Coefficient, KCC )
FORFERE PR AN T AR I i ff e TR
B2 55— 7T, FF A n s s s 5 1A Y G
WA, T SR A SRS, RAS SRR ) 2
HEWONE, MRS TR E L RUL 9 TR

1 ERBFEREER

AR SCAE A B R Tt AR IR B B S ] NASA By
ST AL (PCoE), iXIeXT 2 iy Fw WY
18650 Li-ion YK HL{h, MLTFRFRELE N 3.7V, e
PRI TR 4.2 V, BEREN 2 Ah, EikE%
5 ¥k R A E RE B R R R N 45 I AR A AT RS
P JCFE B BEL BT e 4 A S0 e R v i i e b A
FL 3 B B A A S AR SRk I 45 BS. B6. B7



- 88 - k& W B TR

2022 4 4 A

I B18 1y 4 ZH s R At AT B0 H 48, s (1)
JF 728 B B2 AR R o b 2 1 i A

Py
Crar = te ik Cr + Brg exp[—A—’ (1)
by

Ak FOR T REIREG CFRRSE k5T
TR A FE A i A FORH kN EEEE k1
AN JEL S Bty s 18] (] B o ISR ST AR AR P 1 B s B4R R
SHELE, B PRS2 A Cpy .
HLff 5 RS HIBH Ror. Warburg BHAT Ry TG fiff ot L BH
Reo MARRRERIA AORCE (e s, AU, I,
R EALERLYTE ) PSR BURFEE, I T B
W ERKISE, B WA EA, Coo il Ry 21k
L, 0 Rer+Re -5 HL A A 5 008 R 2R PEAT S 1
FERLHL PRI R A, E I AR A B e T R R AT
SRR BN, A S — O TR P 7y e 7% FL BELRIT R
i BRI K oy —T5 T, JHAETS TERE RS 1, 1
WA RN, MMRE M A sl S A 3
1) FEERBCR per L 1A BT

CDL

Re
Rer Rw
B B H i RS E R

Fig.1 Lumped parameter model of lithium-ion battery
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Tab.2 Comparison of prediction results of PF and KCC-PF
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Fig.4 RUL prediction results at different prediction starting points
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Tab.3 RUL prediction results at different prediction starting points
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