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Remaining useful life prediction for lithium-ion
battery based on CEEMDAN and SVR
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Abstract ; Estimation of lithium-ion battery remaining useful life (RUL) is the key to lithium-ion battery health. Achieving accurate and
reliable remaining useful life prediction of lithium-ion batteries is very vital for the normal operation of the battery system. Proposes a
lithium-ion battery RUL prediction method based on the combination of complete ensemble empirical mode decomposition with adaptive
noise (CEEMDAN) and support vector machine-regression (SVR). First, a measurable health factor is extracted during the discharge
process, and the correlation between health factor and capacity is analyzed by Pearson and Spearman methods. Then, the health factor is
decomposed by CEEMDAN to obtain a series of the relatively stable components. Finally, the health factor decomposed by CEEMDAN is
used as the input of SVR prediction model, and the capacity is used as the output, so as to realize lithium-ion RUL prediction. The
lithium-ion battery data published by NASA PcokE is used to carry out simulation experiments, and compare it with the standard SVR
model, the experimental results show that the proposed method can effectively verify the effectiveness of the proposed RUL prediction
model, and the prediction error is controlled below 2%.

Keywords : lithium-ion battery ; remaining useful life ; support vector regression; complete ensemble empirical mode decomposition with

adaptive noise
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Table 1 Correlation analysis of HI and capacity
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Spearman 0.9995  0.998  0.8713  0.9999
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Table 3 Comparison of different prediction models

Bl #5 #6 e #55 #56
M1 0.003 1 0.007 1 0.007 9 0.002 7
M2 0.014 4 0.0119 0.0430 0.003 7
M3 0.284 8 0.056 0 0.020 1 0.071 4

R, Horb#s #6 B 25 B R 8k 1.4 Ah, EOL
RN A B I 0500 R 124 (107, #55 #56 HLMZE
TR 2 < 1. 4 AR A e HTRIN#SS #56 1Y
R B TIE JT S ST AR AL RS

&7 B 4 A E b 7E S 8] B0 A5 F ML AR
TR, WA T, BN 6 a5 T 45 AR E 7 42
TSR, AS [ 4 F0 000 A iy X 39000 5 SR A 95 A ) ik )
SO FRBIAS SCRTER i M A T B AR s FRORS B R
ek,

it 5 EOL BIE Y Hdse, ol LIAS 3] RUL T 25 5%,
AT LA 3] T 0 A o5 s, FOUI 25 SR A AR, R4 ST
M1 FERIZEHS #6 HL it i AS [F] L 4R 4 ) 25 501 RUL 1503
SEHL FI#SS5 #56 FL A A [R] RS 4 A i 25 5 T 45 51, T
PAEF],#55 Hi il iy 10 B 520, FI0ORS BE AR T 59 40 3 A4
HL 3L, (LAY M1 A2 00 oS5 P9 55 M R X 50/ T

—— FE
—>— T 271
THAE 81
171 —— TR A 91
’ —e—TIIA A 101
= 16} ¥
e e ¥
® sl 1.390 S
1.385}
1.4+ 1.380
1.375 ~
1.3}F
1.370
127.0 127.5 128.0 128.5 129.0
12 : : : : : : : : .
0 20 40 60 8 100 120 140 160 180
PEERFE
(a) #5

—*— FLE
—>— TP R 71
ToE A 81
—— T A 91
—e— T AL 101




55 12 1 T CEEMDAN F1 SVR FA#E B H Tt T 4% (8 FH 5 i T30 - 203 -
14¢
1.3} :%ﬁgﬁﬂ 3 % i/k\.
[ FE A 61
12} R B T3 9 RUL HUU 2 PHM 1 HEAL 5 4
=11 ' e, ALY VR TR AR B 1 B M 1Y RUL 7] DURSIE R 581847 19 2 4
" y - PR E M, B, A SCHE Y T —Fh 5T CEEMDAN Fi
e ‘ SVR 1Y J5 % > 1l U 4 2§ + Fa b 9 RUL, Utk #h, I
0.9111.00 NASA &R 53 H M 8O 2647 1 0 B, B0k 1 AR SCU7 iy
08 9‘”' ; RUL FiillPERE, 5 S SVR I CEEMDAN 5 RVM %54
0.98 5T To2 B A L, S5 3R 207 R4 = B B - F T Y RUL
07 2 10 60 80 100 120 PR TR B
e SR 7 L e B S AL
L4r PR — 25 A URE0RE F S 0 B A SEBR R 50 ) F Tt
Lal FERCHL A (1 NASA P RW 28RS0 A , 85 4R
Shy i 3k B ATL A= 5P F U T 00 T 3 49 A 1 i b A 4 )
”Mﬁ S T Y RUL B0 e — 105t
£ 11 <l S & 3k
Bl 110 [1) XUKR, PR, S0, S T A
‘135' \ e R G TINLSE [1]. DRI, 2015, 36(1)
09 1130 \\ —— s 16,
1.125 &
0% gl —+ ARERTL LIU D T, ZHOU J B, GUO L M, et al. Survey on
07 ) ) ) ) ) ) lithium-ion battery health assessment and cycle life
0 20 40 @‘é}%})ﬁ%ﬁ 80 100 120 estimation [ J]. Chinese Journal of Scientific Instrument
(d) #56 2015, 36(1) . 1-16.

PL7 DO H A [ e T 235 2R
Fig.7 Results predicted by different models

PEREAHXS RS E . HEARTTIEA L, g HI i At
ATTI , S T RS B, 9600 1207 A R

x4 MIEBRAREBBAREERERSHT

Table 4 Analysis of different starting points

of different batteries in M1 model

MRS WIS ESERUL B RUL AR RMSE
71 54 49 5 0.004 9

81 44 43 1 0.003 1

" 91 34 33 1 0.002 6
101 24 24 0 0.002 1

71 37 38 1 0.013 8

81 27 27 0 0.007 1

# 91 17 17 0 0.007 0
101 7 7 0 0.003 5

51 - - - 0.018 6

#55 61 - - - 0.016 8
71 - - - 0.015 3

51 - - - 0.009 8

#56 61 - - - 0.004 8
71 - - - 0.002 7

[ 2] i, A&, 20k, 58 JET EKF 8RSl 18 i
MR RA AR (1], PSR, 2016, 39(12)
85-88.

LEI J, DENG L, LI X, et al. Accurate SOC estimation
of the power Li-ion battery based on EKF [J]. Electronic
Measurement Technology 2016, 39(12) . 85-88.

[ 3] Fow, B0, RIEFE. T ANIHLE K L R

BoRBESE [T]. EAME TR SOR, 2016, 35(8):
94-98.
WANG W J, LIANG X, WEN F F. Study on fault
diagnosis technology of UAV airborne generators [ J].
Foreign Electronic Measurement Technology, 2016,
35(8) : 94-98.

[ 4] PENG]J, ZHOU Z B, WANG J Q, et al. Residual
remaining useful life prediction method for lithium-ion
batteries in satellite with incomplete healthy historical
data [J]. IEEE Access, 2019(7) : 127788-127799.

[5] Ep2eds, KRR, XIHE, 5. JeF 2 ) ROEE 1941 8
THMCR SRS M (1], AR E R, 2018,
39(8) . 118-126.

YIN X H, SONG Y CH, LIU W, et al. Multi-scale state
joint estimation for lithium-ion battery [ J]. Chinese

Journal of Scientific Instrument, 2018, 39 ( 8):



- 204 - G R - C I T 5 34
118-126. [16] DONG H C, JIN X N, LOU Y B, et al. Lithium-ion

[ 6] ZHANG Y, XIONG R, HE H, et al. Lithium-ion battery battery state of health monitoring and remaining useful life
remaining  useful life  prediction  with  box-cox prediction based on support vector regression-particle
transformation and monte carlo simulation [ J]. IEEE filter [ J]. Journal of Power Sources, 2014, 271
Transactions on Industrial Electronics, 2019, 66 (2) . 114-123.

1585-1597. [17] ZHANG X, MIAO Q, LIU Z W. Remaining useful life

[ 7] ZHANG X, MIAO Q, LIU Z. Remaining useful life prediction of lithium-ion battery using an improved UPF
prediction of lithium-ion battery using an improved UPF method based on MCMC [ J ]. Microelectronics
method based on MCMC [ J ]. Microelectronics Reliability, 2017, 75. 288-295.

Reliability, 2017, 75: 288-295. [18] M, LA FETARSRAS oA it F [ H

[ 8] LONG B, LI X, GAO X, et al. Prognostics comparison P B T HL R A R A IO vk L)L RS B
of lithium-ion battery based on the shallow and deep 1k, 2020(2) . 83-88.
neural Networks model [ J ]. Energies, 2019, WU Y, WANG Y. Remaining useful life prediction of
12(17) :3271. lithium-ion  batteries based on VMD and GPR

[9] HU XS, LI SB, PENG H. A comparative study of algorithm [ J]. Computer and Modernization, 2020(2) :
equivalent circuit models for Li-ion batteries [ J]. Journal 83-8.
of Power Sources, 2012, 198. 359-367. [19] LIU D, ZHOU J, LIAO H, et al. A health indicator

[10] LYUC, LATIQZ, GETF, et al. A lead-acid battery’s extraction and optimization framework for lithium-ion
remaining useful life prediction by using electrochemical battery degradation modeling and prognostics [ J]. IEEE
model in the Particle Filtering, framework [J]. Energy, Transactions on Systems Man Cybernetics-Systems,
2017, 120. 975-984. 2015, 45(6) ; 915-28.

[11] DONGGZ, CHENZ H, WEI ] W, et al. Battery health [20] ZHOU Y P, HUANG M H, CHEN Y P, et al. A novel
prognosis using brownian motion modeling and particle health indicator for on-line lithium-ion batteries remaining
filtering [ J ]. IEEE Transactions on Industrial useful life prediction [ J]. Journal of Power Sources,
Electronics, 2018, 65(11) ; 8646-8655. 2016, 321. 1-10.

[12] ZEBE, Xk, B2, % SRR A4 ELM [ [21] CHENL P, XU L J, ZHOU Y L. Novel approach for
WM (7], BFIE 508, 2016, 30(2): lithium-ion battery on-line remaining useful life prediction
179-185. based on permutation entropy [ J]. Energies, 2018,
JIANG Y, LIU ZH, LUO H, et al. ELM indirect 11(4) .820.
prediction method for the remaining life of lithium-ion [22] ZHAO Q, QIN X L, ZHAO H B, et al. A novel
battery [ J]. Journal of Electronic Measurement and prediction method based on the support vector regression
Instrument, 2016, 30(2); 179-185. for the remaining useful life of lithium-ion batteries [ J].

[13] sk#k, wEF, . 2 REA SR TR0 MK- Microelectronics Reliability, 2018, 85: 99-108.

LSSVM (Rl A A WUl [T]. (XA 03R4, 2016,  [23] FBiife, ZBPEEK, MMk, %. 3T CEEMDAN 5it
37(11) : 2489-2496. TR SRR LA L g S AL A B (0] A
ZHANG Y, TANG B P, XIONG P. Rolling element 145, 2017, 54(1): 16-21.

bearing life prediction based on multi-scale mutation JIA'Y, GONG Q, LI'J, et al. The power load combined
particle swarm optimized multi-kernel least square support forecasting based on CEEMDAN and QPSO-SVM []].
vector machine [ J ]. Chinese Journal of Scientific Electrical Measurement &  Instrumentation, 2017,
Instrument, 2016, 37(11) ; 2489-2496. 54(1) . 16-21.

[14] ZHOU Y P, HUANG M H. Lithium-ion batteries [24] COLOMINAS M A, SCHLOTTHAUER G, TORRES M
remaining useful life prediction based on a mixture of E. Improved complete ensemble EMD: A suitable tool for
empirical mode decomposition and ARIMA model [ J]. biomedical signal processing [ J]. Biomedical Signal
Microelectronics Reliability, 2016, 65, 265-273. Processing and Control, 2014, 14. 19-29.

[15] QU J, LIU F, MA Y, et al. A Neural-network-based [25] TORRES M E, COLOMINAS M A, SCHLOTTHAUER

method for RUL prediction and SOH Monitoring of
lithium-ion battery [ J]. IEEE Access, 2019 (7):

87178-87191.

mode
2011 IEEE

International Conference on Acoustics, Speech and Signal

G, et al. A

decomposition with adaptive noise [ C ].

complete ensemble empirical



12 3

FF CEEMDAN Al SVR (41 B B it T A% o8 FH 75 i 000 - 205 -

[26]

(27]

(28]

Processing (ICASSP), 2011.

TR, Eb e XU, 4F. 2T GA-SVR KAL)
PR TR MR R AR [J]. R F R,
2016, (10) . 53-56,62.

WANG SH K, HUANG M H, LIU AN K, et al
Prediction of li-ion battery’ s remaining capacity based on
GA-SVR  algorithm [ J ].
2016, (10) . 53-56,62.
TBAAE, BEEETY. 2t PSO 4k ELM T 41 &+
MR A A [J]. TS AR E A, 2019,
33(2): 72-79.

DING Y ZH, JIA J F. Improved PSO optimized extreme

learning machine predicts remaining useful life of lithium-

Automobile Technology,

ion battery [ J]. Journal of Electronic Measurement and
Instrumentation, 2019, 33(2) . 72-79.

JIA'J, LIANG J, SHI'Y, et al. SOH and RUL prediction
of lithium-ion batteries based on gaussian process

regression with indirect health indicators [ J]. Energies,

2020, 13(2) :375.
LI P, ZHANG Z, XIONG Q, et al.

estimation and remaining useful life prediction for the

[29] State-of-health
lithium-ion battery based on a variant long short term

memory neural network [ J]. Journal of Power Sources,

2020, 459.228069.
EEE N

BEE, 2018 4F F b 550l K i

B BE AT 27 Lo, B b e R
WA, JE BT T ) O R T S
R A BB B R T B TR AR 0 T
T
E-mail : 764999306@ qq. com

Yang Yanru received her B. Sc.

degree from Beijing
Jiaotong University Haibin College in 2018. Now she is a M. Sc.
candidate at North China University. Her main interests include
prognostics health management and prediction of the remaining

life of lithium-ion batteries.



