HSTHH 2
201743 H

X % ® L K ¥ ¥ B
Journal of Dalian University of Technology

Vol. 57, No. 2
Mar. 2 0 1 7

XEHES: 1000-8608(2017)02-0126-07

KT e 2l i P 4 B o o R A T

F A, xR &,

& A

(1LLAEHFTAZ FIMIBFK, A7 K%
.HEMMETEANT FLNOMKP, A7 K&

4 4w g, IR o3t

116024 ;
116013 )

WE: 3TN B L WAL ZNRPHA ELEARR AL REA R HELAZWE
A, e A ERMRAF LB E AT ERATRATEBEE FAN S HERASL R
SHEENEE T HEASHERE 2 E A EE FRMAEN R IR AR 8B
ERBEBRAIFTSHMBE AR LA NERTURAER AN LA, B/ 2 HEY
LGHEEWH T E BFRETHEG 2N S EREMRSFAHE I I RER T L EY
WA BT AT o o B R R . AR BIIR AL T 7k e B M A e R

B0 i vh oy A TUI A 15 5 R L

KER: 2FTwu; WA Fa; FNTE S HE T ETRK

FESES . TMI12

XEKFRIRAD . A

doi:10. 7511/dllgxb201702003

o Hl

P Y R AR RN B R BB R L D
((CUENER=INTTYE SERE NANIED | G S I EA R T N
2R BT 2 N T A8 TR =S i K
] 77 4% = A5 Q. B 1 vt e R Y Ak 2 T
V7 A i AR T H BB 7 552 B 1 v BE B Ak o S
AUEAT M N B 2 R — R 2B 4 T
FOH g BRI E BB k. BN 2 E =0 R 5
A% LR R AL 23532 i A RGBT IRES.
B AP = S e S (VNN Fr i i 2 N
(remaining useful life, RUL) M & 5 by — 4~ A
A RIS 3 SR S Bl A (R B4 B[]

BB - F Y 7 S H Ao AR R AR 2 ) B
W AR A N 2 H i A 7 ek R Y B AL M R AR R A
R 52 1] 5 75 P, Y 7 i — I 2200 1) 1 B AR Ak o 2 Bl
BLEY s PRI FT A5k P 4 29 2o 5 R 41 348 v vib 1) 1 B
AL B2 AR OR H Y g o T 4 A Ak
A i PEREIR A ok B EAT AL R 4R E — M LR G
PEAG J7 12 00 465 T A 55 H 7 % AT RE MR E AT DR AR L A5
BB i N LY (o SR LIS B R A E IR ¢

KB 2016-07-25; {EEBEH. 2017-01-11.

flivh )l b, 78— B bR T ROR
Wang 55508 2k 98 0 72 b 19 B AR R B0 R ok
& A Kalman 380K 8 BEAT A5 11, 15 20K 2
P B A A A o AL Si N R T IR RS Y
AN E P 4R T AR A A A R AR A R L [
AR T T A A i 23 A6 BB E P Tin S5 R IE S
O3 AT RAN R i B A N i AR AR IR S
BOMY™ S B, % SR T3 ar gt AT B L s T
RO, DL BB % 8 T 7 6B AL i 2 v A A
8 5 ARG R 28 2 ) R o 2 80 o A (ELJE R
X 2 B5 B o3 A B AR A BEAT VR 2R L.

Xof B T Y R A% A7 i S A R R AR
JE AR R AR 2 A by sl A S T A b ) G B
) RS 1 R v IR Al AR R S AR AR R 1Y
AH ) R AR 208 90 0o R 8 1 R el R A 40 B A i AT
T4 2] T N A 1 R T Goebel 1R
MYl R T L Sy R AE AR A v 1t TR A% A i T
N7 %736 R At 3B A D o s i S B 2
H VLA AL A OG 1) 45 BIL 25 6 kL 1 0B 1Y O A AR
1) v 1t F) SR A A7 i 5 (H32% 5 0k B R R N O B T

E£TH . “Jut ="HEKE SR R B B0 H (2011CB013401).
EHEB N ZIHBE1990-) , 20, il + 4 , E-mail : liyuexindut @ 163. com; X A * (1977-) , 2o, YE0f , i + A& 5 Ui, E-mail ; liushujie @
dlut. edu. cn; KB (1953-) , B, 4% , 18+ 4= S0 , E-mail : hongchaol8@163. com.



%2

s, ETHENTIBENEZTFRRFLF TN 127

2 FH . FLBE Bt i 2 B FE B S B Bt He 465 AN
Miao 20 3% H Dempster-Shafer 1iF 3% #1 i 15 1k
AR R g IR AR AR AL, 7R Al B R ] T
778 ¥ Cunscented particle filter, UPF) 28 T
PR 1 L R A A e TN DL R SRUE R TR
L U8 I AT LA S S0 B el T A A A SN
B | TR

AR SR FH A 2 24 20y 3o o 4 3 vt 25 AR Ak
1 R B S ASBEAILYE L SRS S AR A AR g it
PR IR R B B R EO AR S5, T X
AT 28T S50l T 0 O R RS S 80
FE 0 53 A RIS B 70 A, A SCIA R dE 9 72 5 B0
e AL 30 3 A 1 Bl AL A8 . AR ) 3L B 2 56 0 A 1Y
SR AT TR AR S EUR M IEZS 404, R
JE SRR AN 53 A5 SR 5 A A Bk 3R A SE 5
O3 AR S BRI AR, vh 2R B8 S A M T LA B IS
B3 AT B 28 AR, Hy A B B8 09 S Bk T kL &
IR AR AR T HORL T 08 60 05 VR AR A L AR 42
152 2 1A AR 28 1 AT LA 50000 b 114 3 4% 77 i

1 L Joki 1 DE P ib gkl i FEAN T

1.1 ARZe kg gh ik f gt B
A 23k T — P i LB ] fE AL AR, T P
i AR B - R P R, R U
() =mp+op B [@D)
by M AEG SRR RS R B o0 R A WIS B 1Y
P HUREGB (O bR AT IE 3), B() ~N0,0).
N7 AR LR Tk G g i B A
() =2(0) +9A(0) +0, B(A()) (2)
K SH g Moy YW RHBEPLE &2 (0)=05A0)
S A] ¢ AR 21 R 2K
8 S B R Ao AR b, DR SR 0 R Bk AR
B 5 L AR ME B2 R g B R IRIR .
P T I W 8 A7 L R ] LR
y(0) =z () +oge(t) 3
Forf o JZ LTS e () ~ N0, D).
[F1] 8 SR T g S 3 B ) RS 28 TR AR R A

X, =X, 1+t topW,

Y, =X, +tor.V,
Ho,=AG) —AG, )W, FIV, BArdEES
A b, R S BCNHG PT R
1.2 SESS 5 A r

XiF T4 gt B R SR e R A

D

IS8 504 .98 w0 (9505 50k K aoh ok IR E
T A T REM S EE AR ARE S Z
2 5] fr B AR 0 B 5 25 AR () PR 3R A 52 o R3S 7
TR R A MY R R of AHC HA 2 RGE
BAGIRZS IS8 7 i of, AhST T4 38 I 5 0 AR Y
ZH ok BURAG SE 5 43 A T AR 3 0
7o (505 s0r) =mo.1 (g501) KXoy (o) =
mo.1 (o) X o2 (glot) X (03) (5)
RS 56 A 5 S S 2 A [R5 HL 2 T RY
Je 56 53 A AT AR S R — I 2 1 [R) B S 5 g3 A, A AR
PSR L R 2 P s S B Y (T 4
F g S e i o i qn 2k 1 B,

x1 ¥RARER A

Tab.1 The commonly-used conjugate prior distribution
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Fig. 1 Particle filter algorithm flow chart
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Fig. 3 Battery capacity degradation curve
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Prediction of lithium-ion battery’s remaining useful life

based on Wiener process
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( 1.8School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China;
2.No. 760 Research Institute, China Shipbuilding Industry Corporation, Dalian 116013, China )

Abstract: Lithium-ion battery has a complex internal structure and is easily affected by the external
environment, which makes its capacity state degrade with uncertainties and randomness. State space
model is used to describe the degradation process of battery capacity which obeys nonlinear Wiener
process, and the parameters of state space model are subject to conjugate distributed random
variables, which adds the uncertainties of the model and makes it more consistent with the degradation
process of the lithium-ion batteries. Bootstrap method is used to obtain the initial parameters of the
prior distribution. Besides, due to the property of conjugate distribution, the posterior distribution
type is the same as the type of prior distribution, therefore, a simple parameter estimation method can
be obtained. Particle filter (PF) contributes to estimate and update the parameters and degradation
state at each time. According to the state threshold set in advance, remaining useful life (RUL) of the
battery can be predicted. The accuracy of this method is verified by an example. It is shown that the
proposed method can provide reference for remaining useful life prediction of batteries with high

reliability and small sample applications.

Key words: lithium-ion battery; remaining useful life (RUL) ; Wiener process; parameters estimation;

particle filter



