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Abstract

Lithium-ion battery is considered as one of the most efficient energy storage devices so far. The
electric vehicle with lithium-ion battery as its core has been very popular with users because of its
energy conservation, environmental protection, economic benefits, quiet and comfortable cha-
racteristics. However, with the increase of the number of electric vehicles used, the reduction of
vehicle mileage caused by battery charging and discharging and the safety problem of battery use
have attracted more and more attention. Therefore, this paper proposes a method to estimate the
state of health (SOH) and remaining useful life (RUL) of lithium-ion batteries using variational
mode decomposition (VMD) and multi-head attention mechanism (MHNN). This method combines
the excellent characteristics of VMD in processing data and the advantages of MHNN in extracting
the interaction between different variables, and solves the problem of inaccurate prediction of
conventional methods when encountering fluctuating data. The parameters of MHNN are opti-
mized using variable mode decomposition (VMD) and grid search algorithm (GridSearch). The
experimental results show that the VMD-MHNN method proposed in this paper is superior to the
traditional neural network model in predicting the remaining service life of lithium-ion batteries,
and has higher robustness and more stable prediction performance.

Keywords

Variational Mode Decomposition, Multi-Head Attention, Prediction of The Remaining Useful Life

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FE GeiR A BT LR ASCHE ORI A e AT FE TR PR 7= 2 2 P A R, DR AT TN GRS R
KA GV IR BB S AR . BEE RS T r i DA R, B i R B Ol ke, (8
o= B2 1] [2] [3]. HBHAEEVBMNEGR E AT BN . BURFATKEATILLE
AR P LETHENRERENBILER. (B2, BEIRENEBATAT ERELE, Lh RN
BB RRIRR B R I AR bR, AR A3 5 BOE R 1) e kR (4] RS T H R R R R
SRR R AR, I A OB, TS B i R AR T . MR S SR EA SR,
Wi Ay MR At 2 BIREM[S]. a1, A R S R T S B K R FHOUR [6], X R
TR R AR T LA T B T AT . (R, Lk R EhR A R E R b S O S R
RAFMTM, X PR SO E AT RENE, (RIFHRINRE R AeBITE REE,

"R LTI BRI (10 77 ¥ 0,5 S 0 Ry R i T AR AR vk o v SO0 I SRt FRL AR IR RS
BTG A AR AN B PRV AR B B SRAR i, JF A e B S50 PR B8 A0 B 25 R A T 7 FE R A6, T
T B RO AR AR BT B S T RO O 22 K o T AR A v, R A R R 2 B 28 (K alman
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IXSNAE AN BT R T A B AL, S A TR AR A 1 D7 SR AR B B, R 3 P A i S R R R SG
F, M SZAH SRR, A &SIl B i R A5 A T o rp R B 50 07 v SCRFm & EIE
(Support Vector Regression, SVR) [10]77%%, BAIFHI 4087732, KEIHILIZHZ M4 (Long Short-Term
Memory Network, LSTM) [11], {E¥f#H% M %% (Recurrent Neural Network, RNN) [12], &4 4%
(Convolutional Neural Networks, CNN) [13], XA fE ¥ ## £ % 4% (Bi-Directional Gated Recurrent Unit, BIGRU)
(14153 HT 75158 o R FA 2030 SR Bl AN AT DASE FitsE A4 6 Sz A5 AR BN K 2 0, 5 HL BB AE B THSRL A X
R R A TR R R IR BINLES 5 ) O VEAE R T B R R A e TN, LR e S IR A R T
W75, ARAEE BB AN BRI EARE T s, AAGPLa I BRERA A T IZR B ITEREER, §
FRONH I LT PR HICHE WIS i S R IS R R 22, AT S U ST i 26 i mAS . RIS, th T s2iEAT
FAFARA . PREEMERS L MR ZES R, BibRREaSENTA o mAEE SR, EaER. B
B HLAS 22 21 7V N T80 7 51 ) B AN 22 77 A R A I Tt 45

N TR B R R, AR v T (ARG R AN BT R, AR SCER Y — M AR 73 BEAS 43 fif (Variational Modal De-
composition, VMD)A1 % i3 5 74 £ % 2% (Multi-Head Self-Feedback Attention Neural Network, MHNN)#H
G55 T B T FLVB R R A A AR AR . SR FE 5 0 WK 7 i —— S 7 i (VMD), BT LAREAIC IS 18] 7
PRI AR, SR 50 (] B o B b AT BT, f o K o TR 25 R A S AE — it . AR RS 73 i (VMD)
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FANEE LA RIBCEMNTIAE R ZATE, &EET RSP TSI ERBTNES R . 55 PLEEY
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Attention (Q, K, V) softmax [ \/Z ] V. 8)

%3k B R BHE R S 2 M 2% 1 TAENLH A B W A RS — 4 E AT UL, DU E e TR
Pho BRI RARS —AMERREECT, JFH4 S EW i aeE O, AR R AR RTLE S
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SOftmaX(ao,a]s“"an)J (9)

(ao’an"'aan):( \/Z

Hrbd, RN, 82 KRR 2 kiR B AR AN Tk AR 72 G
Blo X—MaREWT:
MultiHead (Q, K, V) = Concat (head1 ,head,, -+, head, ) (10)
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HHE . SRS b NSk B4 PF e R AT 2 1A 4t J S I FUI AR s

head, = Attention (QW,, KW, V"), (11)
b WO Wh WY e Rémia s | 3 H " e RM<mi Jg e b 2 ORUEE . TEARVIFAL AR, TRAT8E
do=d, =d, ., /h=8. %FEE I RYBR FREZORE 2 M B RHER T2 M0EE. FIHE
TALGN AR5 2 JPVE A R S HLH], MHNN fe 5 A7 SR AR 205 8, AT s A g 21 i th 3 A 75 A
HEE, BB E LR TRIN AR .

2.3. HEENTMFRAE
2SO I BV 2 F R AR R AT T, RN S SR AT Le xS . BT DA PR E VRN
Y5 iR 22 (RMSE) .« 48 %1% 2 (MAE) 2651 5 43 EL iR 25 (MAPE) MR X 15 2 (RE)E A U 4 1

TR AR
RMSE = [-3(3, -5, (12)

1 & .2

MAE =—>"|y, -3, (13)
m -

MAPE = L 3|2 1] (14)
mi-| Y

Heb, i NMERERERANE,  p, AP, 200l 27 B S 4 75w SRR TN S0 i 43981 4R 7 i o
3. VMD-MHNN =83t
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Figure 1. Framework of VMD-MHNN prediction model
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Figure 2. Capacity degradation at ambient temperature of 1°C
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Figure 3. Decomposition results of VMD of CS2_37 battery
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Figure 5. SOH fitting diagram on CS2_37 battery with eight methods
5. J\#753ATE CS2_37 SHEith EAY SOH & &
Table 1. Prediction results of CS2_35 battery
< 1. CS2_35 Hith M4 R
HIhgR Jii: MAE RMSE MAPE
VMD-LSTM 0.088 0.127 0.129
VMD-RNN 0.040 0.070 0.061
VMD-CNN 0.131 0.173 0.188
VMD-CNN-LSTM 0.139 0.183 0.199
CS2 35
VMD-GRU 0.040 0.067 0.062
VMD-BIGRU 0.041 0.066 0.061
VMD-Attention 0.026 0.041 0.039
VMD-MHNN 0.018 0.027 0.026
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Table 2. Prediction results of CS2_36 battery
5% 2. CS2 36 HMFUNLER

W ith g 5 Jii MAE RMSE MAPE
VMD-LSTM 0.090 0.124 0.132
VMD-RNN 0.037 0.067 0.058
VMD-CNN 0.185 0.258 0.272
VMD-CNN-LSTM 0.155 0.191 0.218
CS2 36
VMD-GRU 0.033 0.056 0.051
VMD-BIGRU 0.028 0.051 0.044
VMD-Attention 0.026 0.042 0.039
VMD-MHNN 0.023 0.032 0.033

Table 3. Prediction results of CS2_37 battery
5% 3. CS2 37 HhFuNER

W ith g 5 Jii MAE RMSE MAPE
VMD-LSTM 0.085 0.125 0.124
VMD-RNN 0.058 0.108 0.089
VMD-CNN 0.132 0.173 0.186
VMD-CNN-LSTM 0.143 0.186 0.201
CS2 37
VMD-GRU 0.029 0.047 0.043
VMD-BIGRU 0.024 0.041 0.036
VMD-Attention 0.036 0.048 0.051
VMD-MHNN 0.019 0.032 0.028

Table 4. Prediction results of CS2_38 battery
< 4. CS2 38 HEthFMLER

CEMiE R WARrS MAE RMSE MAPE
VMD-LSTM 0.073 0.099 0.102
VMD-RNN 0.026 0.048 0.039
VMD-CNN 0.120 0.152 0.164
VMD-CNN-LSTM 0.132 0.165 0.181
CS2 38
VMD-GRU 0.024 0.039 0.036
VMD-BIGRU 0.021 0.036 0.031
VMD-Attention 0.017 0.025 0.023
VMD-MHNN 0.016 0.020 0.019

RN T YRR A SC TR H ) I B TR 3, AR SOk — 2D 5 B W 48 2R B (Grid Search, GS) i
%4 GS-VMD-MHNN #8, iZ AR Rl I ZrE I 254 VMD-MHNN #8 J5, Falid GS ByERT B

DOI: 10.12677/aam.2023.124164 1600 IR Esid


https://doi.org/10.12677/aam.2023.124164

YA

JEMZTCNEOIAT T, e T IR 58 TN o Ao 2 ) 4 AR i AN 2 RS RO [ E 1Y
WP IE ) Z AL B Z 5 i B, AEAR KRR R UM 22 I 2% (O P BE . X A0 AR AR
KA D FAE AT T AL o, o XN SR — RAP 2 u i L Y BN SR R AP 2 n i AN 4L
R BTN 48 5 RMSE 383 SR TR HOR s, R R R 0L 5 SR BT

HWRERWE 6 Piow, 25 RMAMEITCANEL FER R 2o Eor A VU it p AT IR . 30iiE
LRI 5 P ARSI S5 RRY], IR R L JE 0 e th R By — € (3Tt

Table 5. Results of Verification
=5 WEER

HLith g5 Jiik MAE RMSE MAPE
GS-VMD-MHNN 0.016 0.024 0.021

CS2 35
VMD-MHNN 0.018 0.027 0.026
GS-VMD-MHNN 0.021 0.030 0.029

CS2 36
VMD-MHNN 0.023 0.032 0.033
GS-VMD-MHNN 0.018 0.029 0.024

CS2 37
VMD-MHNN 0.019 0.032 0.028
GS-VMD-MHNN 0.015 0.017 0.013

CS2 38
VMD-MHNN 0.016 0.020 0.019
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Figure 6. Thermal diagram of grid search algorithm
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