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E T SMoE R B f it 5t A& 2R R
SOH #1 RUL BE &

woAb, REA, B S, WY

(AR HEEARAE, LI EHE 226000)

WE. & beg e Bk 0L (SOHD) Ao o 6 5 4048 A & 4 (RUL) A 478 o8 b 5 0 A F) 448 A B R) 69 R 423547, TR
Mo d SOH A= RUL £ SR E AT RAAETEEN, @F A0 8B FRERINENEF T Lk, odh 2 W4 R
S S], A kI d e SOH A= RUL #9 EALHAE S HATTAM , AN EF IR 2R A LM RE R
BABEE XL AL LEAZEF ARG HFETRED TS, H—ANFN B AR E AR, A | 4 fe
YRR G, R RRAE A (SMoE), M &b SOH fo RUL #9B AT AL R, # A &, 3 fk A 5038 , B ot
Fm % SOH #= RUL, /£ NASA(E B B ZMEFo F HFMATE) AT B HE A LMXAR, ZREAN. R BHRS
TR AL 48 95 AR AT M TR ¥ e SOH A= RUL, SOH TRM AL 4G 3 77 3% £ 4 0. 069, RUL ML 6934 77 % £ A 2. 042,
A AL LA (EIS) A FF 4038 58 4 Ll X A0R B A TR AL AL 69 SOH FRMAA 4939 75 % £ 4 0. 118, RUL R 1A 89

W iR E N 3072, B A K& FEFIT,

K : MoEGRA+ FAEA) ; SMoE(F s k&% RAEAD) ; SOHUERARIL) 5 RULGH A48 & 40)

FESHES: TMI12.9 XHAIRER: A

XEHS: 1671—1807(2025)11—0091—09

FE M A BRR S (state of health, SOH) 2 fi 7 H,
AR T RS B PR BB AT 8 b, T W 00 R, vl
e B N B T 7 o N (= s 2l 2 ' I o 1
Bl FE P Al b SR e e 5 L %oF Rt ) 0 A feft P R 2 4
HEAHEEEN.

H Yt ) 4% {87 & 4 (remaining useful life,
RUL) J& Fii e 78 S iR A T ik el FH 2 A 148
b EA B T 347 555 4E 3 O A A | AR B
A RGBT AR iR IR R G AT SRR K
P b T 38 DA R SR I T H A [T AT R
FIHEEAEE T . H UL A Lt RUL Ay o i) R 916 26

O e SOH A RUL EA AR &5 14 i A
FE Tt A A TR G R O L R H R R i ) gt
FRRAR (SOH) B %5 A8 ¢, PR tL , 1] 3¢ 26 45 45 o i
W SOH & — A5 al AT %A%, R A F vl 1 9 4% £ 1
F7r (RUL) 5L F BH AN B B0 5 S 500 5 25 1
R XA B 90 3 0 3 2 S50 A 5 RUL 1Y
75 = I L 0 e e )R S AN A O -

i EE: 2024-10-16
1EZ R/ #4976

FEL RELRT BHATC A% 508 > I 2RIl 2 2 S B, S 5 1)
AL R PN 8 RTR B 2 > A5 DA 4 412 - T
Lt SOH Al RUL B2 fk#a s,

ML AL 2= PH #1 3E (electrochemical impedance
spectroscopy » EIS) J& — it ] F & 4E /i jth (N # 1 {b
ESSu SRz I (1B = SRRy v = 3 R
PEREAE 22, EIS 4 23 A0 i el A2 , PRt T ETS
Wi SOH Hl RUL L2 — & A AT g AR0

RGN s 2 > BB MO R — BT UL 5
J A A ME LA BT 2 | S B PE v A AR . R
— A AL RE T A BR A S i A . AT
A BRI HRASEER s B SR A1

RA % Z A (mixture of experts, MoE) f&—
FBLER 7 AL B A G T 2R RN L Z A,
T FRATE RS 1 3725 ] E R B
TmEE S,

MoE A5 #1 f) e A JELAEL 2 6 o A K8 i — 4>
[T 4% (gating network) 43Tt 45 A [R) & RAF B,
BT FARI A 5T 5 ) Bl 1) — D REE AR AT . AR

Vo F BRI R, SR IR B @A e Tk 3 ER (1984, F A wAEA LB

. R IARIF AR @ A ik kok 3% EIS,SOH 43t :3% 218 (1991—), B,k T A A, Mt , SR IAZN AT
F AR S AR AR AL ok B AR R IR 4k SL(1990—) , L, Bk 0B A AL, AR -, PR TARIT A 5 e A A AR R AR,
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BLE A=Y

Fos 11

Jo » X B L SRR f B o B AL A R R L T R Y
o &4

MoE HERL# it 22~ FRA (FHEAD (A5
B8 TR 10 T 40008 B AS [R50 43 BE % B 4 M
THEREIE 00 Z R A J b L 48 B L A R R SR A
fEST. B ZAL FAR YL BEIE I /D B — A5
RUT LA R RURSS: , 412 e AR B TR 1 32 Ak R )
PEo LZBIRA] LI AT U0 25 R0, 45 S E S AL
R, JUHAEA IR F S A 55 if B 3

iR & & FAE (sparse mixture of experts.,
SMoE) & — i B Xt 52 2% 100 [) U5 3 () AL 2 27 2
Wy, ZBEI DT R Z AR KT TR,
TEASFRIAY L TR X B0 4 vh (9 5 o 38 4 sl e o
FEAI B A VEAT AL B, X B 15 IR Y T 2% SR
T AN TR W45 AT AL L DT A5 e Y
e

SMoE () “Fiigh " Fr AR IR AE , 76 A5 U T s, 5F:
BP0 L R TR RUER 2 900 . i e A — &85
B S 5. 1Rk R 08 O B R IR R
R TIFR A, - T TR A2 BRCR, Gl X
Pk #eigi it Top-K HREESCILM . B H Hkk HhACGE
e K ASFRADES 5 1 .

SMoE #E R i E g . OB AR T
WIS DL R G TR R IR FE. O
fbfe e om ., BRI & 2% B, A 2B 1k UG
OFFEEZEMPUN . 28 1 OCHEARAE , A5 Bl 3 i 254
UKBhHZR ., O IR rE. W B o hd 0 W 5
Wi, B N A 1 . ©Sh AT N M. AR R A B
o VR P T 5% 3 o B ARk

IO HEAR 2210 B0 AR R Sl 1 L L LR
UREE BHAT LA B X I A SOH Al RUL 83 5 EIS
DL ) SOH F RUL I, S5 31 SR 42 W B AN [H]
FIBRSE A o B AR I S Bl A7 AE — 2 1 I M L HL
P &R TN - ae e o0 AN & | I T o N 101
H bR ER 2 U 2R — 1> S A T AR A, 58 A FH 0%
At B YN 2R e AR 8 5 . SE 3 SOH Al
RUL FOIEAAb T AT LSS 1943 R0F] L B 4
oA

AR SCH Y —Fh 3 T SMoE R, i i il 45 S [
THL T /Y F Tt 2 7 B0 5 EIS %l DA SR B i)
SOH # RUL %l , # g it SOH A1 RUL A
THOMIAS Y , £ — AN 455 80 v fiff A bl 5 L 16
AW SOH A1 RUL, {8 7545 75 Y11 25 F 4 371 1l
RRKEEAR . T340, Jg T B FHA5E R [ T30 004 3, A%
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U T ZFPIR B 2 SRR SRy B TR

AR ST AR B 2 2 B K HAE A : OB
#22 W 2% (convolution neural network, CNN) .,
CNN A] DU T 42 B A 080 1 25 (R 4R AR . @ R3]
£ 5 W12 12 ™ 4% (bidirectional long short-term
memory, BILSTM), BiLSTM #] L M iF [a] 5 %1 Fi1
J7 1) 3 80 [ B 2% = L F R 3R R LT %) s (1]
JF A LA

25 bR, CNN Fl BILSTM (404 7 LL2E >
B AR5 SOH A RUL 22 [6] il 52 Z2 A 5T ¢ 22
ASCAE FH DA L 0 FhoRE 0 A 4 4 A4 A B A TN A
AU At T F T 5 B R IS I H b SOH i RUL,

A5 E B . O 2 BirEk A 1%k, A5
P ) s X6 R Sl 7 £ B R 2 (SOHD R 4y i FH 7
AT (RUL) HEATHUN L 33 A Bh 45076 B 4 if b B i e
kR IR SR, OZEAMEM S, Sl s
AN AT BRI it 3z 17 50 sk e AL 2# BT
T CEIS) B i - BE 0% 07 o 1 b 5 22 10 H b 7o 3 A 1

ARSCHAHT ST,

(D Z BAaB A BUHESLAET . O H AR Bt
AR, 8 ) T I0 R Y S R R U SOH BY
RUL, MZA A8 o1 551 25, g 98 [R5 18 SOH
1 RUL Z [H] () 7R 3R 3R OCHK M A A B T
VR A PR AR s M RE R b s B L AR . OB AR
B AR, FENZRad FE v, BORY AT R A% B A
KALSER A # f SOH A1 RUL T 2 [a] 5 A1 2
PEASEN FE 53 T o DA T 4 i T 0 %) v 1

() Z VARG Tl & FAR B . © 548 Bl b
5o Rl T A% e i L s AT BE Can
b % 5 R SO R Al fE b RS Can ETS %
Pl 3 5 S 1 1 85 T A B FIVRR AR S BB AR L FE AR
[FIE RN s h 4 S0 B T E i A AR . O %
PFEEIE R RLG . 2%07 15 AT RE R FH 2% 1 A i sE 7 5
Hofth 7 318 WAL St Ab BEAS [R) 254 T 4R B A 508 1
PRABEARIFEAS [F] FREE N A T B

(3)SMoE BRI ZE R AIHT . D& SBR[ 1E £
S5RESEL . SMoE 738 i Fk BEAIL ] 2024 b 7
TCAS () & A Y () RLER o 33 o 245 ) o 1 A5 78 AR 4 i
ABHE R REVE B Shik £l 1y L FZAR AT I
W, OBRIZEES ZHE, BddG2 TR
BiAY, SMoE Z5F 3 LA A 25 dt v, Bfifi B s 4
FRRIAE FLL G BT R AR, oAb A AL L BB b 72
AR PR AR T P A 1



W % T SMoE AL AT gl & 2 ) SOH # RUL B4 Tt

(4) CNN-BILSTM T % X #5 £l 4 & 41 87,
O 2 FFAER L, CNN-BILSTM 41 45 #5651 75 45 1F
PRI T HA BT . CNN REAS A7 %50 KR 32
B [ RFAIE , 17 BILSTM 68 %4l 412 i 1] ) 51 540
(AR B B S 2, P I 25 5 R T i
EIRER R . Qi i > . x4l A AR S
i A > DG BRCE B A T B T
WD TARGRIE TR TR $ i 1 2% 2 R A
AUz AL RE

WX SOAIHT 5 [ F  T — A kA e ELE
AL SOH A RUL ToUIMA Y , Sy H il fit R4 P 4
HETERA TR R

25 L PTiR . SMoE B Ful A B it T 2 & 5 .
Z HbR 2B IR NG SCR S RS A
# A mE AR E AR R HL I SOH A RUL
R AR SCHY S M AE T $2 48 T —Fp i SOH
A RUL WA T 77 .
1 HEith SOH 1 RUL il 7% 72

Fith SOH A RUL fitil A antal 1 iz .

(DI TR 2 Ha, w85l H Y s A7 808 0 &%
fEORFR T rEL U L B IR B L FLBHL A EIS 4%, DL R Xt
M) SOH il RUL,

(2) XFAS [m] 1) Ha, iz 47 B0CE DL Kt g i SOH
A RUL BdsiE 174 .

() HE SMoE #i# , SMoE # Bt Z 6 5
TR —AN [ 1458 R 2 A

(DO YNFLE: SMoE F7Y, YI ZRdiati 8: 211
LU o3 N 2R 4R & R SR 6 RN EE & I 25
B PR AR S gAY 5

(5) T e v SOH 1 RUL, 7£ SMoE 45 &1 )I|
GrovReZ Ja  FERBCAIACR R AP A4 R, n] DL &

SMoE &1, 3f:{# | SMoE ¥t 83t iy SOH F1 RUL

HEAT I
2 Hjith SOH #1 RUL Filli¥ 40 i 72
2.1 FREHMEE

2SR AR L AE A7 R I 30 3% e A R O L R
R RE A 5 DA K v it 75 2 B0 SOH. 1 4bh, 18
s FEL L ) F O L R BEL R BEL T ARCHE . DA R H il
RUL %#s .

MORAE LI E1S B i 75 208 L lk i BT
TR RS, I HL 7 R 55— 5 AR ] AR
JEEEI AT LA 1072 ~10° Hz, 7580350 il b 1]
it — 7 [B) PR E B AN W R A L 75 B0 S B R X
7 14 BELATC 1 S 0 e F A5 » LA B 75 22 Tl 1 B A
AL, 3 B AH D A9 L3t SOH AT RUL,

2.2 HUERE

FEIR A TIINAS RY v, A [7) of Y8 1 B a0 7 2 A T
fle s DARR DRSS ) g A B LA A R A B, ARk
£ B s TR B EIS DL ARR 9 SOH #1 RUL
i 30 5 30 S B S AN [ B S 1R AR Y, R B
FIrASEE R M A . A T —A
165 TOUINARE 8 , 5 2 aff O A A B A R — B [
ARSI SRt U ) B0 Bt T DR R — . TRk,
0% 3 S [) 0 4k 2 05 1) H b A2 A T O HE B0 ETS
Bl S CHAR S SOH A RUL Bdls kiR & .

BGan A R I LR A5 O R A 5L
P AR B 1 SR/ N A B @38 2 8 7 1) 5 g A
BE A ECRY E 2E XA /N REEG OFF AN R 8L
A G SR Fi 9 HEA T DR A BN i dl
2.3 HJE SMoE %%

2.3.1 SMoE B4&-TRm ££ A

FF SMoE 455 #1 fy ff FH H b il 75 5 408 750 30
SOH F1 RUL R4 TR AL AL 54 an & 2 B .

B NS 2 L e 5 SR A R B AN TR] A 5
WA B 2 hLL 2 M ABHRES B, BT i
REIZABIEES . T RELRZA M %
2, L 34 CNN-BILSTM & % FHRU S ], DL 3T
ZJZBAIHLMLP) A1 135 /2% 451

oy AR 3 A% K FAAL b PO [ £
JEPRIUHRL RRIE . 3 AN KRR 6 43 32
outputl,output2 Fl output3, iX 3 >4 i )& = 4
i, L 32 e M, 5l e om B A F & R R
B ANBE ORI F R . TR B A BN i A B T4
Mz, T AR R BRI AL, []45
25 It R A = R 3 AT KR
RIBALEE . 3 MU EZ AN 1. SRJG , BRI 145 M 2%
By b R RARE R B i 1 2 AR R AR B o
FARFIE 2 7 5 1] 45 0 28 X g i 11 1) & AL 2017

> Y| Z:SMOoETH |

PURNGIP S
o HIZESMOoE
Eﬁiﬂlﬂ%ﬁi&ﬁ —> |

TR HE

IGIFSMOoETR T SOHAI

BRI BOR RUL

bl eI

B 1 ET SMoE #EIE & il SOH #1 RUL E{ iR 12
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B

F258 H11H)

| son

linear

linear

I full connecting

[veighied s ]

outputl output2 output3
i [ t TTROT I o0 1
: b b b :
! BiLSTM| 1 1} BiLSTM| 1+ 1} BiLSTM| & } !
1 expert] 11 expert2 11 expert3 i1 gating network '
: b o P :
: (o ] i [ow ] | | [ow ] | 5
L ey Ll L e pep—— R [N ———p——— i B

inputl 1 inputl_»n

input_1,++,input2_m F/RHAZIE ; expert] . expert2 Fl expert3 FR & Z TR ; CNN /R E M2 M 45 s BILSTM 278 X ja] 4 45 1]
JCIZ M 45 s gating_network F/R [ THE AR s mlp o 2 2 ALY s outputl ,output? Al output3 Frm & K FHERI Y i i H 5
top_K F/RIETE T K % K TR ; weighted_sum F/RIABCK A full_connecting F/n 414352 ; linear F/n &M 5

& 2
TNBCRAN, 15 B 28 B4R IE IR . 25 - 25 B R AE
U | R oS U = I =R BU IS S e A CI = )= M
i 4 SOH #it RUL,

2.3.2 SMoE % ZF A A fo 145 W L AEA

SMoE #E R4 Z A~ L G BRI F— A1 45 W)
YRV

DB R PRI

B TR ) 2 CNN-BILSTM #%1, CNN
AT LA A sl > i A B0 0 2 TR Sk , $2 50 2 4
BERE, ARSCH CNN g5 a5 3 MERZE. B
JE R PRECIS N relu PR, iSRS B IR E N
32 AR RS R 1.

E 3 IERZH A —A 1 X6 X6 BHIEIEN
s AU AR M A FRAE ] Input, B Z8ad —4> 3<3
AP A Filter (WAFR N B #1727,
HIM Input 22 L ff 32X 3 {32 BF X FF4f 315 Hogk
L R 58 — U S m A R Bl PR 1, S8 BT
B &5 — A 1 X4 X 4 B B R AE E
Bl Result,

BiLSTM HiFf 1] LSTM F1J5 1] LSTM 41 1.
LSTM & —FP 455k 19 RNN, 7] L2 > K W48 i ¢
R BT R F B B 1) sh A AR Ak

LSTM H5 R ) 25 k6 G &) 4 i s, 40 A0 5
O AT, PeE 21 B 205 A {E S iy BRLe 3 43
ARFHEARERIT, ORI, o RE R
(IR LE (5 BTG B e s A BBk, OREHIT. H
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T SMoE #2/BX & il SOH #1 RUL RI#E R 4544

Input Filter Result
aflof2]s|8 3T e 2
il || @ =i ?
s5|16[2]4]0]3 f
x il || @< -
2|4|5)45]2
il || @ =1
s|le|ls|al7]8] - ;
Parameters: ;
S|7f7]9]2|1 Size:  £=3 [2)=4x149x042x(-1y'
Stride:  s=1 Sx1+6x0+2x(-1)"
o S E (8 0 I Padding: p=0 2x1+4x0+5%(-1)
n xn =6x6

Input F/RH ALYE ; Filter F/R IS ; Result TR il 2520
E3 HRITERERE

Y,
~4
(+) : >C
:
il—b
[o o, :
: L,
X, AT i

(OF-TAN TatvA STV G u N I 2] il it e R N R L Y (=B = N T2 L3
TRV RS SR BB 5 o FORE A T L R S R
W INRREE 5 C') Fon e AN IR AS , A7 6% 24 BT I 220 A e 5242 5 b,
FR LSTM f 1) t , TG 80 T — i (B 25 By e 2 1
O, FenHn 11 42 ) BRORIR 25 B A2 i s 0 7R Sigmoid PRER . i
IREAE (0,12 [8]; tanh Fe7m SUHME ) oA B ZE(— 1, D 2
] s EDFe ™ RAN ; QF R TR
4 LSTM &R ZEHy

TAAE D LS B LA, OflT, RiE

RN — AR RE R . @IS pR%L(Sigmoid,



W % T SMoE AL AT gl & 2 ) SOH # RUL B4 Tt

tanh) . TRt 4., Ofh)Z. SHA
BHRAHGT A LSTM % B

LSTM sl it i A 1T 3t ] B oh 171 A I FAT
R lE B O B R L U Bl S BN
HEMICIC AL, AH E R A RNN, LSTM 3
REAH B AT 50l v A SO AR, Ach 3 A 1 B ]
G, PA R R RE ) .

BiLSTM Hi§f 1] LSTM F1J5 [ LSTM 40 i,
A5 A ] BRARAS AN 1] PR RS . A ] — I 20, Hif[n]
LSTM 4bH 1E 7] 7 51, J5 7] LSTM 4b B Jz ] 751
oS 1 AT P42 8 O 1 BROIR S AR R iz st )
4 AR

& 5 X ERkin AL, BILSTM fAfH LSTM
55 m LSTM 41 A 1 i S & BB 25 @ 4
hi=[hfi-hbn—1], [« |Z/RPHERAE, IR LSTM
W R 2 4EE 2 16, B4 BILSTM BY4EREE Iy 32,

BiLSTM M4 . O] LU R B &2 FF SCfs
B 8 A X B o 4 s @ B B AT LA PR AT
B I 3 R B AR OC R O U R AR — et T
B pa) LSTM, fiff e J3 31 2% 0] 5 @D X} P 91 45 4 2
A ARSI R AR B2 HURE T s © BB 18 A7 852 ) B s 1)
B ] 1R SC 5 © X S 4 B 1) ) 5L AT O A A 0
PERE.

ASCH) BILSTM J25 B #4501 %k 32, Bil-
STM JZ ] L2 2] g A i I ¢ & L R sf
] 3 51 ) sh A AR it

2) 14 X 45 A R

14 W 5 AR SR FH 22 S22 TR R MILASE AR 1] 4 o) 46
FERIGERY N 6 F7N .

I I 45 B R SR 22 2 TR N LA B, Ry — A
3 JERMIM 2% 25 1), B )2 B A BE R 2 R

Output /;

Layer

Activation
Layer

Backward
Layer

Forward

Layer
hy

Input
Layer

32 Y fa) i, PO PR BCH relu PREL, 22— 3
A [, B BRECH softmax, 23 BRI 3 ML H T
RARY AR , 3 M ZFIN 1,

3 E KT EEAL ) i i 43 2 outputl , out-
put2 Fll output3, iX 3 >4 4402 32 4 ) &, 43 5l
FRBA T L FRAN T ABHE N RERR

VAR B = 1 2 A& K TR 5T #2885
AU IO A HEA T IR AT 15 B 25 A R AER R

TELR B RIER R ZJ5 B — D i 522 W iR
BN linear PREL, 15 H)2 Z 5 P Ltk [n] I 452
Y TR 73590 2 P b 7 A B SOH. AR AR 0 3R 1k
BN RUL, #4005 PRSI A linear PREL, R 1%
FRBCH I 7 1% 2% (mean square error, MSE) ; fifk. 2%
optimizer i rmsprop; PEAL 8 #8 metrics 4
XtiR 22 (mean absolute error, MAE) , Bl H #R {8 Fil Tl
WIMEL 2 22 W 4a XHEL 2 Fl,

2 1. n RN ABE s relu Fm BUE PREG node_1, -0+,
node_ 32 F/R BT M 5 softmax 78 05 PRSI output 1,
output_2 Fl output_3 FE/RFi A
6 IIEMBEBILEY

Input Layer F/REIAJZ ;20 21+ 2 3o i ABE s Forward Layer 78R )2, h{FE R H1 M LSTM BYE 7 255 Hi 1 & ; Backward Layer 3
NG shh— R 1) LSTM 9% n—i 4 15 i 5 Activation Layer /R #4075 )2 ; Output Layer F/RHTHZ 5 yo w1 oo sy e i BE
5 BIiLSTM R4
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BLE A=Y

Fos 11

2.4 lZANELE SMoE &3

A CAE Keras F 6 52 SMoE #5 B AR A5 5 )I]
SR RV R LA & optimizer 2 adam 5.7,
KRB TR 2% (MSE)

YIBHRHE 82 2/ LA o3 B 2R 46 5 Fnill i 4R
G NGRS LN, AEAAE & PAS AR,
2.5 Tt SOH 1 RUL

TE SMoE #2556 5 2 J5 , TEAL R RIOR R4
BIRTHE T, 7 LA S8 SMoE #15, 3 Jff SMoE #
RUXFE ) SOH F1 RUL #EA7 T
3 TR ETR
3.1 EFHEMIEITHENE M SOH #1 RUL BX&
BB ES
311 wbiEATHE

ARSI ER S R IR A P . — & NASA HL it
BREEA Ty Bo018 Hi it iy HL (type= discharge) By
Bt o Aot P %) P Tt R I R IR BE T SOH
T J& NASA Hi 4R & v Y Bo018 Ha vt iy HATIR
AT (type = impedance) F4 £ 5 , 487 FH JH: o %) e He
it HUBE BT A RUL, Hv, f s oL 3 H e L RLEE
F1 SOH %48 A3 34 866 5%, H AL 3t . AL BHLL BHLAC Al
RUL $liA 2 544 %%, B HLTE U R AT SOH
BRI 5 ANMRFER 1 AT B AR RRAE AT H bR
H 2 FRATE ULER 1. FUil H FR Capacity 37~ HL 45
I SOH, HARIEHRF:FI L% 2.

P 9t R 3 L FELBEL L BT AN RUL 38 5048 30
TAYRAERN 1 AT H AR S FREE SCILER 3, Bk
MR L3R 4.

# 1 HEFEEREM SOH HIBMIHEARME X

FHIE £ R P LA
Voltage measured W ) \4
Current_measured W ) IR A

Temperature_measured W 119 7 C
Current_charge TEGUZRT o () L 3 A
Voltage charge TEZR T IR A H \Y%

Capacity T ZE 2.7 VR A & A<h

®2 ABIMBIETEIEF SOH #F)

Voltage_measured

Current_measured | Temperature_measured

4.188 108 651 0. 000 130 667 23.819 520 25

4.188 195 943 0. 001 459 081 23.828 807 16

3. 477 276 739

Current_charge

—0. 001 940 069
Voltage_charge

34. 581 659 54
Capacity

0. 0006 0 1. 855 004 521
0. 0006 4. 203 1. 855 004 521
0. 0006 0 1. 341 051 441
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*3 HtBEREHEER RUL BHEMNSFEZRIRNES X

IR A FR X
Sense_current & B S LI
Battery_current P Tl 57 f P U

RS S L U L Y S L D A LR

Current_ratio

R AR S5 A 9 e e BEL T

Battery_impedance

FHEFIT- 8 14 v o LA

Rectified_impedance

Re A 1 HRL S HhL B
Ret e i L B L pH
RUL PEIRIREL

* 4 HEMIEITEIEN RUL #6)(E45)

Sense_current_real | Sense_current_imag | Battery_current_real

832.749 572 8 —27.377 193 45 327.527 618 4

826. 062 866 2 —41. 281 600 95 331. 814 27

803.516 357 4 443.114 929 2 98. 716 178 89

Battery_current_imag| Current_ratio_real Current_ratio_imag

—90. 784 202 58 2.382 645 118 0.576 834 847

—78.227 035 52 2. 386 236 081 0. 438 156 484

158.175 430 3 4.297 792 306 —2.397 684 157

Battery_impedance real | Battery impedance imag |Rectified_impedance real

0. 165 409 535 —0.129 054 344 0.095 314 82

0. 165 409 535 —0.129 054 344 0. 095 314 82

0. 164 978 108 —0.126 231 668 0.091 522 433

Rectified_impedance_imag Re Ret RUL

—0.001 691 894 0. 065 158 152 | 0. 095 553 696 1

—0.001 691 894 0. 065 158 152 | 0. 095 553 696 2

—0.002 372 766 0. 066 068 503 | 0. 088 958 851 | 314

i : Sense_current, Battery_current, Current_ratio, Battery_imped-
ance fll Rectified_impedance ZE45FHE 3440 5 T 52 30 5008 A1 R S8 55040
PL“_real”8% B 1 R A 2 SEEBBCHE » LA _imag” &5 B2 1) R AIE 2 1

3.1.2 wEfTHAERRS

1 F UL B P ERE AR IR 8= 208 e ] 43 il
GRAR G TIRAR G 0 A5 21 r v rL I PR L S A
SOH K 27 892 s ZREHE I 6 974 M . 15
I/ v s FL 3 L BELBEE R RUL 19 2 035 45V 504
H1 509 M EE .

T PRUE DN SR A e AN A sS4
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Joint Prediction of SOH and RUL Based on SMoE Model and Battery Integration Data

CHANG Wei, HU Zhichao, PAN Duozhao, SHI Jiwen
(Nantong Le Chuang New Energy Co. , Ltd. , Nantong 226000, Jiangsu, China)

Abstract;: The state of health(SOH) and remaining useful life (RUL) of a battery are key indicators for measuring battery performance

degradation and remaining useful time. Predicting battery SOH and RUL is of great importance in practical applications. Usually, battery

operation data is used to train machine learning algorithms, such as neural networks or deep learning. to capture the changing patterns of

battery SOH and RUL and make predictions. Traditional machine learning models often use a single model to adapt to the entire dataset, which

is inadequate when dealing with complex and highly heterogeneous data. Building a model for each prediction target incurs high training and

maintenance costs. Sparse mixture of experts (SMoE) was used to construct a joint prediction model for battery SOH and RUL, and battery

fusion data was used to simultaneously predict battery SOH and RUL. The results of testing on NASA’s public dataset show that the proposed

joint prediction model can effectively predict battery SOH and RUL, with a mean square error of 0. 069 for SOH prediction and 2. 042 for RUL

prediction. Tested on the EIS public dataset, the mean square error of the SOH prediction value of the joint prediction model was 0. 118, and

the mean square error of the RUL prediction value was 3. 072, indicating a significant improvement in accuracy. The models and methods

proposed in the text have certain reference and application value.

Keywords: MoE(mixture of experts); SMoE(sparse mixture of experts); SOH(state of health) ; RUL(remaining useful life)
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