2020 &£ 3 A
Mar. 2020

®10%E £3H 2 B8 it E M5 M A

Vol.10 No.3 Intelligent Computer and Applications

FE 4SS TP202+.1 XkERER: A

B A B IR R R & 7 oy Bl B pY Rz A

FHHE, R
(B TREARKYE BT TR¥EE, B 201620)

XEHS: 2095-2163(2020)03-0040-05

B . AR AR S LR (ICS) A THhikHa % & EH(RVM) #4942 & o) 4 &4 Fml (RUL) 5 ik, A8, &
LHFWMANBT RVM BER R ABBA R 0 RS X, FI T4 8 RVM AR o) £ 2782, B4, B3 REAHEH
BB CS Hik A1 A ICS H k5 RVM A P g AL R 8 0 34T T HAL, REdE £ BATALK B TR 2 5 P42
B AR T 424k RUL T £ 25 % S RABTERERE — AR Z4FBE T AL H 49 ICS+RVM 7 :H &
F Z 942 % 3 RUL TR0 5 B,

KW, b, REARLSEH %, MASEI,; FAEREFG; MESF BH, WAKFSAK

Application of Improved Cuckoo Search Algorithm in
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[ Abstract] In this paper, an Improved Cuckoo Search Algorithm (ICS) is proposed to optimize the Relevance Vector Machine
(RVM) for the prediction of the remaining useful life (RUL) of lithium—ion batteries. Firstly, the principle of RVM model and the
probability distribution of weight coefficient w are introduced in detail, and the main process of RVM prediction model is given.
Then, CS algorithm is improved by two parameters dynamic adjustment strategy, and the weight coefficient @ of RVM model is
optimized by ICS algorithm. After that, the main steps of lithium—ion batteries RUL prediction are described through the data of
lithium—ion batteries in the open source database of NASA. Finally, the actual experiment and a series of error indices verify that the
proposed ICS + RVM method in this paper has a higher accuracy of lithium—ion batteries RUL prediction.

[ Key words] lithium —ion batteries; Improved Cuckoo Search Algorithm; relevance vector machine; remaining useful life;

probability distribution function; two parameters dynamic adjustment
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Fig.1 4 sets of lithium—ion battery degradation data

T AR R RUL 0 ) B R , AR SR
F 4 2 B H 59 RWO B il 25 B e i
RUL FlUP B EAR I

BB S, R A R AR AR
SRR L AR R b s R A RVM B AL 171
PRI 1CS Bk A TRUE R AL o BI04, H
SRS RVM AR 4T RUL 500

W]2 ARG, SRR E , R E PR
FRAUETA AR it 25 f iR AL B W6 25 1 1) 70% ~ 80%
DUITA AT R LR A, I A 1 itk 2 (B AR A A 2R 30 1
{H ( Failure Threshold,FT) . T 2448 & yth A Wr 47 78
JHRCHLAE A, LA A Ji) 30 1)k 18 2 A0 1) 1L 1) I 4 Bsf



53

EUEE, A5 WO A S B R L Y R A A A S B 43

2, BVFR A 45 15, (End of Life, EOL) ,

HB,3 R RUL WS RE, A
[7] DX [i] (4 D11 A A A 5470 2 0000 BsF i) AN [] , 5 00
SRR E R fh £k

WA, TR AR R R U
AT A RUL, 24 7 1500 38 Ak i 28 3 31 fir i 22
FR) S5 AL IS, SR T B o B 3 A5 e Y RUL,
PRI A B S AL I BE R 25 2 ( Probability Density
Function, PDF) Jf-H22 H A& 2 J 7R (A 256 5% 13 ok
Boor i, HtHE AR RN

PUL10n) = Y wdll, -1,).  (12)

o, 0, F i BB LB R A i, 1, 3

Tk LA TR 20 B SRR L RUL; L, F677% b

ST 220 1 U 1 8 H s RUT;8 S 2k B 74
%ﬁo

2.2

2.0 RW9
IR e St P

1.8

16 RUL

s EE RUL TN PDF 434

w4t i (EOL)

F b 7S 1/ A hr
N

1.2 Bk
S A B
o PRASRG
T
08 ot
0.6
0 20 40 60 80
(DGR ¢
2 {2 RUL WREREER
Fig. 2 Schematic diagram of lithium—ion battery RUL prediction

process
4 XWHRESHH

AR AT IR AR L RUL 0 52 56 5 2%
OB, MR 15 A R 2R A R B o, R AR
YR S 6 T 0 P S 2 A I A A S B 2 Y 70%
TEFE RW12 ZH A v th 1R A 808 >k i 47 RUL il 5
56, BRI Ay S R AR Ak R R A 2 70% 11 B 2 i
8 Wi NP, Sk, 2R RVM AR Y
ICS+RVM A 78 X RW12 £ 8 e vt 1B 1k 504k ik A7
RUL T, BE#E 12 AN 148 46 0000 A5 0 Sl 54 7
RUL T, 155 H A T 25 5 241 PDF JR223 31 1
sy L TEILE 3 FTE 4,

R T AN B 4 b JR S T bR A
YY) RUL TR AR A SOl F T 21 A T 00 4 i
1% 22 28 f F8 bR . 8 7 1% 2% (Mean Square Error,
MSE) 5 ] 77 R 1% 2% ( Root Mean Square Error,

RMSE) Wi =, X Bk HEI I FHE AR

S (RUL, -RUL),  (13)

MSE=i
N =

1 &
1MBE=J%{Z(RM{—RMDZ. (14)
i=1

o NV 7R ISR ) 4 E b AR AR A TR T 5 R
(AT R U S 18] S5 A58, RULL 3R 58 @ ANk 4 i
st ] 25 2 T 0 A9 EOL 22 ] A 41 Hi it RUL; RUL,
FERG § AR TR I E) A B SE BRI EOL 2Z [i] 141
Hth RUL, BRI SR ILE 1,

0.10 HSL i PDF
PR RUL
0.08 RVM Hiilli) RUL
« 0.06
Q
& 0.04
0.02
0
44
42 19
& 16
@%# 40

, 13
2 Ay N T\
Iy 38 ; 10 %\““\\Lm

B3 7/ RVM #1T RUL BB R E
Fig. 3 Results of RUL prediction using RVM
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