Fosk F13

# X A F 1 Vol. 25, No. 13

2025 4 7H Science Technology and Industry Jul. , 2025

HS-MoE #1 MH-MoF # % 5 it SOH #0
RUL U /o #9 %5 b B 5%

WO, MER, B LB, Y%
(HHE R FRIBEARANT, ILH BHE 226000)

HE: b eh 4k Bk A (SO A= # 448  & 4 (RUL) L3R 4% b, b 4k 1R A fo ik 48 ) BATR 69 AZ S $5 47, & LR R
AP EATAM s SOH 42 RUL £ % F%, 4 T30 b 4889 AL AR T, 38 4R 81 T & e 89 3347 238
RNGIEFET R, e EMEREEEIEE, R RO NEZIRBEERINE—RHRE D EME
£ AEREE e BB KHIB BAF R L, KRR ik 20 E S R it A0 R, B R K 4035
WL BAKT, A, A S EHHERA LT ZRY (HSMoE) A % kA + R A (MH-MoE) 2 5| #1 2 &5
SOH #= RUL #9FRM AR, £ NASA (£ B B £ME Fo F G AATF) A= EISCRAL S FAALHE) 2 TF 64 B8 & B 47 x¢

gy, R B R AERAHIEE L, MH-MoE & & £ fm SOH #= RUL 7 & # & I3tk F HS-MoE & |
KGR RAEFREA(MoE); % E#HHRRAS T ZEA(HSMoE); % ks + ZEA (MH-MoE); b &R

A (SOH) ; # 44 A &4 (RUL)
FESZES: TMI12.9 XEFRER: A

XEHRS: 1671—1807(2025)13—0122—11

F, T P 45 1 540 4 H L P R R B, 5
WA R (state of health, SOH) %] 4H &, #i
M7 38 3 3% S 5 4 o Tl SOH J& —Fh A 88 i 5 ik .
BEAb, H it i 76 4% £ B 75 4 (remaining useful life,
RUL) 5 AL AL B ATBET AR P 3R 2 A O iF e
PRIy 3ok S PR 2 00 0 RUL Y 2246 bR, WF5E
FI R P L H R TR B2 R BEL AR BEL T S5 AR R
YIGRBLAR 2~ S Q0 S 1] & BIL L A 28 1) 4% AR
JE 2 2] AFUEL R A B2 O BN Al SOH. AN
RUL #2854k, ABGE AL AR 2% S BRI AT R AT A
PR 3 7 4 AR o X A T X A2 2% HL S Jo P i 1Y)
REHRAE B 5 AT T AN s, SR A B — ST A 2
1be ) FAFTE R IR 25 5 B 5 R R, JF B AR
VISt NS C IR & =T

IRA L ZF A (mixture of experts, MoE) f&—
FRLas2 AL, B4 T 2 D ARB L R,
A BRI RS 1 S A~ 725 (0] B B B 1)
O EE S,

MoE #5420 W G 2 o i A B d 3 o — 1>
[T I E AN W] 1Y & R, R A& RAAL &

FE HE: 2024-10-24

BOSAR ) — DR 5 T . BT 3X 28 R 0
I, DR B A TN 25 5 . MoE #5280 58 1+
AT FRAY B A L 13 T4 (R [8) 7
T o AT B A 2040t A7 2 5090 1) 52 e kR 22 L 3
SRR AR R I ), XA 2R 5
REAR T B — AL 405 i XURS: S0 TSR iz Ak
RE I AEME, £ KBRS R IR AT N SR T, £2
o TP A A PR R RN & %A T 45 Bif o
WALH . T MoE #AY, B st 1 & el 7 2
ik, R Z R RIE G T X2 LG
R,

iR & & FAEHA (sparse mixture of experts.,
SMoE) J& 2k 1 fiff th 52 Z= Pt [n) 80 i 5 1+ A AL o
JBERE BRI 24 R KA, A RALER X
B 1Y 4 T BORE E i A R BT AR B, 3X
SRR P TN 3 2o DA R AT AL S T, AR
AT, SMoE 1 “ #i i ” 4¢P R BLAE Bk I3
DB A B 534 R R AIBON » X FhbIL ] I 25
TR A R TR R X RO 2 i
it top-K B 58 L, B E AN fe i 19 K >

EER AN F44H0976—), B . dKkiTA AL, R TANT AL F oA Bk Tk ;30 548 (1984—), B, 4 Z A, R
T EB BT, RS G A B R EIS.SOH 4&#;i% 488 (1991—), B, %, i MY AA, SR LEF, AL T aH
AL SRR LA Al ok A E AR P4 L (1990—), B, B E A, A, PR TAZIF, B 5 @) A HT AR R AT A,
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RERY AT T

Z 2 Wi 5i 1R & % F B (hierarchical sparse
mixture of experts, HS-MoE) /& SMoE #5 %l (1) i#F
— R JE Bl 5 Z E R T4 M 4%
B TR 2 BRIR B RS WRE . HS
MoE L5 T AR ZE ), B — R & 2
P ATE T WE TN

HS-MoE #8119 2 WA 1 33 fu i L A AN
]2 RS i AN [t 5 200 ) el 3 3o 7 i
PR R ORI B RCR AT fif e

HS-MoE #8240 45 . O m 2k 3 52
ZAE55 . Z)ZAGE R T A5 44T 55 Ak R fig
O ERCE & . Ws sG> T E R, O
fhRe ik, 2R FEBMA GRS TRz,
@RS LA Fsn kA BT w0 i S5 KU
QS WP, BEE AR ISR R e S S R e K
TR

23R A T F A (multi-head mixture of ex-
perts. MH-MoE) J& MoE ## J —Fp A8k, & 2 —
b 28 ) 2 R4 5 A 4 o A5 80 1) 3R 9L ) A

MH-MoE )% Z M 45 th 241 M4 4 il 45 A
AN TF) # A By A ERCHTE 5 1 1) 48 ) 28 i P A —
AN BN SR MRS S A B T PR A L Y &
KN AT T4 W28 ] JEAT 88 4E s 2 L HL e i
ZAT MR R 3B AE 2 A BUBUE 23 A LA R 4
NGR AT

23R A T FEAL(MH-MoE) Y = B 45 0
i OIFAT L IREE S, 24 k7 A] LA [A] i 4 2R AR
B REA ISR, OWRRIERE S . BAK
220 BCE B A 8] 5 T, 2 B A T B fE R R R
QELFIZALRE 1. N2 BE 27 2 B, vl /b i
AN, @RGP AP vk, MAIEE 5 oK
PSR . O B ER . AE 2
ST A B R A5 OR

H¢ MoE BRI H] T it SOH Al RUL Y
B, 2 — A B AR R F HS-MoE Ml MH-
MoE #8173 I T i SOH #1 RUL #Y F5t v,
JEXFLCA AT T RS AY YRR . i 4h, R TR TR
Y THOINRE BE o 1 T 22 b I B2 2 2 5, e ) At
LR T,

A TR BE 2 S B AL S HAR A : OB
B2 ™ 4% (convolution neural network, CNN),
CNN " DL T 42 B dm A B4l 19 =5 18] % 4k,

@Transformer (¥R J&F 272 2] B #Y) . Transformer AJ
DI 223k v 78 77 AL R A 15 I 2 27 2 g A B0 1)
FRIERIR

2% TR, CNN Hil Transformer FIZH-E 0] LL2#
Sk ABUE S SOH Il RUL 22 [6] 4 52 2% 1 Ik 5 ¢
(T DL 9 o A A8 1) 4 B A AR Ol B T
AL, #5758 HS-MoE 1 MH-MoE ## , i F B 35 17
B 0 A T F b SOH F1 RUL,

SCARIBIH SR

(1) HS-MoE #8187 s : D 22 JURFfiE 32 B,
BRI TE 5 22 22 Uk 45 4 35 J2 B TRURN 4 A Fi Tth 32 17 4K
PERRAE , B X5 s 22 ORI A . O 1 DR AR AR
FikGE 1. 22 RS 18 TH AL X it SOH Fl
RUL A LRHE I HERE T . OISR & . b
PEREALG T3 5, 42 U SR A T 50 . @k
Gt PG . i En BRI By 1k B RV 6 T A &
Fh i R R B RIATA A

(2) MH-MoE R4 i 45 O 2 L AL =
TEHEERAE ST . 241 145 P 2% O 7 Ak B A A B8 42
e X EEL Tt fEE DR A5 AR b ) SRR B . O B AT
FHHRRCE . W T L, RAh B R e b BH
PidE. OTHEMELETARKEL., BHEHK
W 2% L TR BB, S T A ). DR T
TN AT 55 PR . TR A I O R A A 3 1Y I 4%
SEFRISEL 38 VAN [R) LT AN

(3)CNN 5 Transformer 454 0% 2% T A5 1 .
23 8] 5 i (AR AE SR, CNN $2 5028 [a] 45 1E , Trans-
former FHFEA ] AR 2, 2H A A 700 7 R 11 £ BT
Fafder: Iy R B 5T

ARSI 1 BRI XS F 2 M. HS-MoE
MH-MoE #4351 38 Jin 1 AR 78 (1) R 8 70 5 B X6
KT T HS-MoE F1 MH-MoE #% % 7 i il H, it
SOH F1 RUL F %R,

ARSCH S AR T, S48 T W FP L . SOH 1
RUL B30 75 i .

1 HEith SOH #1 RUL iz 72

Hth SOH A1 RUL fiil i f2 il 1 frs .

T M I SR 2 H Tt 5O  Fl b B AT B
FARANBR T HL 30 L L L LR L BEL AT B B 4 DA R
R SOH Ml RUL; Hk, #4 8# HS-MoE £ 5 il
MH-MoE #8828 HE Keras EG AL 205,
YR DL AL 56 HS-MoE £ %1 Fil MH-MoE ##4, i|
AR HE 8= 21 LA o3 BN 2 4R 5 AN AR 5 7E
YIRS LN AR, 7e iR 4 & AL SO A A s oy
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| g mResens-Mosk | |

RFIRAE Fa iz
i \ FIEHS-MoERLRL AN
‘Tﬁﬁﬁgggﬁﬂ / > MH-MoEAER!

FIMH-MoEA# FMISOHARUL

B 1 b SOH #1 RUL FilifR i2

Jii . P H i SOH AT RUL, 7 HS-MoE #5 %1 F11
MH-MoE Y| 58 ¥ 2 )5 , 7R R R0 SR B4 19 i 42
T, AT LAERE YN Rbr ARy, X e it i SOH F RUL
HEAT TR

2 Hith SOH #1 RUL il 1 48 i 782

2.1 RERMEE

R A LGB AT B B 90 SR R Y ) HL I L R
JEFIR R . DL R i 25 B 5l SOH. 3 4b, if
FLC S A Tt (%) R AL L R BEL AT B BT BRHE , DA B R
RUL ##s .

YA H L Ak 2A FH T35 Celectrochemical im-
pedance spectroscopy, EIS) £ ¥ Bt , 75 B &l
BR300 A O B B 5 — 8 I R
Bl T B AT DA 102 ~10° Hz, 7545050
T[] 48— [ Bk B 22 00 38, 75 800 sk g
N I 1) BELAE 178 S35 0 R R A5 i » DA B 75 2 T 14
H bR X B AR R 4 L e SOH A1 RUL,

2.2 MEEER
2.2.1 #MzE HS-MoE ##&

HS-MOoE 5 Y 26 #4) 38 5 43 % LA R JLAS G
H R

(DERZE, HENLRNEAR BHER
W26 1147 3 2% 20 B 1) — A 42 3R A R AE
XL GENT LL R fRT B 1) o 28 I 8% kg At ] 2% 2] 1Y
LAY

(D1 M 2% (gating network) . - NEIRANAE
—ANTTHE 2 T RIAE R B A 5 AL ,
P g R & KA S A BOE EROTER R, 1T]4E
DOF) 245 388 Bt S P A 2 X 4% A L LA 1 R — AR
AR AR BB R IRTE TR

(D 7177 54 % N ¢ o W B e L o ) | R e 4
B ORAE AT AT 25 5 1) (8] N AT /D80 R .
TXAT D3 ik % bR 1 5 S R R S, L1 1 D)
AR E AL

(D JZREER, HS-MoE Y J2 Uk 4546 25 bk 25 45
R Z A ZRA R A ZRAA A C L R
M 24 AR IZ Gy i T IR N B 2 2
A IR B2 U AR A B R

HT HS-MoE fifi 1 ¥ iz 47 8 il SOH Al
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RUL {4 5. HAR TR R 25 A an ] 2 T

g ABCHE 2 F T s AT A, S AR T
i LR TR L FLBEAIBEAT EIS %5,

BT REZEHNERKZMI ML ZE, i
2 R RIZRTHENG)Z  BA 2R E 34
CNN-Transformer & 5 FARAY 5 7] 4 X 28 455 70 i
ZJZIBAHL(MLP) ; 554 J2 9 359 18 BUE 3% B = 1) 2
MR PR S 51158,

B M ABWE A B — R 3 A&
KB D[R] A B SR I R RRAIE

5B HN 3 AT KB S o 2
output_1.output_2 Fl output_3,3X 3 /i H 4 &5
Y i, A SCIREE 32 4k, 43 RN AT L FAE A
X T AU 0 RRAE 227 5 () B i A 8080 i A )
51 R AR

o I T E T P W e AT
FIXFR 3 AR R PRI ACE , 3 MLEZFIH 1,

VEE AR = 1) 2 B % 5 0 R (AN
AT IBCR AL SR — 29 L RZ LB RHIE R

SRIGHEEE 1 B R RIZMLGERFRERRN AEN
BB ARG 2 J2 GG A RURN ] 4 ) 4%
BAI

M0 H AR SOH B 565 2 N2 3 MR R
TR B 439 SOH_1,.SOH_2 MISOH_3,3iX
3R 1 AN ES A, A IR AT K
M SOH AyZ5 3,

W Hbroh RUL B 268 2 A2 3 NG
FRERV A 43 908 RUL 1.RUL 2 MIRUL _3,3X
3R 1 AN ES A R IR RS AT K
I RUL 45

55 2 2RI LR 1A =Yk L o)
FIXFR 3 AR R FAHRIALE , 3 MUEZFIH 1,

TR i (1 2 L G0 s 5 %60 1 A AL
AT ALK AN, 45 ) e &R B SOH Bk
# RUL,

2.2.2 ##% MH-MoE ##

MH-MOoE [ ABIZEH T,

(DERMY, L ZR ML (experts) & 24l
ST 4, B KI5 A [ £ 2 A 3 A
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SOH or RUL

[ weighted_sum ]

)

top_K

SOH 2 orRUL 2

SOH_1 or RUL_1

1
-
expertl : :
-

Transformer

I
I
|
I
|
i

__________________

........

weighted_sum

A

SOH_3 or RUL_3

Transformer

|

| i

: gating_network 2 mlp :
P !

----------------------

top_K

output_1

Transformer

1 | |
| | |
| | |
| I expert2 |
| | |
| | 1
| | |

output_3

input_m

input_1, -+, input_m F/RHIALE ; expert] . expert2 Fl expert3 F/R L K FHIAY; gating_network F/R [ THE LB ; mlp Fm £ )2 A
BT s outputl soutput2 Fll outputd KR & R F R FH HE ; top_ K FRBAETHT K R FHR; weighted_sum FR7R AR
2 E-TF HS-MoE #E #iifll SOH #1 RUL K% B 2544 [

DML, 1148 M 2% (gating network) 14
AT R4 R — A3k MR 4 i A BSCHE 28 3 R
WYL Z M, 2T TR M2 G aT LR T AL
P AR

(3) Z 3k, £ 3%HLH (multi-Head mecha-
nism) SCRFZ AT 45 ) 46 ) I AR S A T 45 ) 4%
A2 i A AR S A7 SRR AN AN R L KN4

CAHETF MH-MoE 9 H H iz 47 4 T iy
SOH H1 RUL Ay 5 H b 95000 45 7 45 #4614 3
Fis .

iy A\ 2 Lt i AT B A S EOR R T
it FURE R L FR BB BT ETS 4%,

BT RELRZMITEMEZ, A LWL 3 A
CNN-Transformer & ZFAH R ], L 3 NHET £
JZEFIHLAMLP) 11 1M 28 A 1

B ANELE 3 AR 3 BRI 3 A
I R g R

3B TR DA [ £y B 4 SBCRH 7 19 4P AE
3 T4 IR 28 AR 43 ) ik S b B3 S T ST AR

(AN EE

M H AR 2 SOH I, 3 4S8 51151 il i
A3 SOH_1.SOH_2 F1 SOH_3, 3% 3 M i 14
SIS, R OR B TR FAEAX T
SOH K TAE

T H AR RUL B, 3 4% KRR 4
SAJE RUL_T.RUL_2 f1 RUL_3,3iX 3 M ih3
B AT, AR &AL Z i RUL 1Y
iR

3 AN W 28 R TRk 7 M A A B TR R
IAER , BT T8 I 45 1 i th R — > = 4 ) i,
BIXFRE 3 N FRFIINEE, 3 MEZ N 1,

R K 3 DB RFRIA SOH st RUL il
B335 3 AT 14 M 28 4 R 1) & AR A T IR
A, 4535 3 4~ SOH 5 RUL FYIAECR A .

5 o 34> SOH 85 RUL By AR e 647
LR IR TN, A5 2 A A BU{E SOH 5t RUL,
2.2.3 EFRFEAE oI MEER

DB ZHFRR

HAFRLARIYE S CNN-Transformer 7,
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linear

SOH or RUL

weighted _sum 1 I I weighted_sum 2 |

weighted _sum 3

SOH_1 or RUL_1 SOH_2 or RUL_1 SOH_3 or RUL_3

input_1

input_m

input_1,-+,input_m FRk ABHE ; expert] , expert2 Fl expert3 FRn%E R TR gating network 75 [ 145 R AR R 5
mlp 7R Z )2 BHPUAR AL ; outputl ,output2 I outputd Frn % K FHEA K4 H A ; weighted_sum FR TR AN
3 E-TF MH-MoE #E71i SOH #1 RUL KR 2544 [

CNN AT LA H 327 > i A B 00 25 ) AH G, 32
B B R AHIE

ASCEHE CNN 545 1 M BREM—1
B MAR)E B BUZ B0 sR AN relu PREL 2o
IEAR BRI E N 32 L MRS 1,

LR E R EEMAE 4 s, B4 BEBZE
oA 1X6 X6 BHIEAE Jy i A B0 B4 A
FRIEIE, B —A~ 3 X3 8 A% (g FR b 5
O AT B RUS S, BN input Z2 - F1 3 X3 (21
IF bR T3 ok B AR 4 58 I — 3R 1) 4 B 5
HWER 1, S8 RS SR — A 1 X4 X4 1
B ERIE AL B Result,

WAL JE X A AT AR ZeME T R, 3 HUR) 3
RN B e KAE (B it Ak Max Pooling) 85F- ¥ {H
CEEt k. Avg Pooling) /E M Hi .

BMAEE U —
4 9 2 5 océ-- ..3-. ............ 2
1| o]-1
5/6|2f4]0]|3
111 - Ol -
sle|s|al7]g] —
Parameters: :
5 7792 Size: =3 :‘s‘xiigxgﬁx miH
. . = X o xC
S ERERERERR ]S);rég?ﬁg: ;:(1) 2x 1+4x0+5%(=1
n,n,=6x6

B4 BRITETER
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AR R E 5 Fras. Hodr, e A
FEREE /N R 4 X4 S R A R 243 A 4 AR R
INER 22X 2 Ak AR RN 22X 2,

A ARZ AT LA B A B 00 75 2 R AT
ACIZ ST KA 4 /NI 2 5 . A SR Y e Kt
6751 . Transformer BEBIZERGEIANIE] 6 FT7s

Transformer BRI FZZEFGFIVERAIT .

(DA B 4w % (positional encoding) . N AP
FIERE T A5 8., 35 B Attention 2% 2] ¢ 41 JIil ¢
FHIE,

(2) 23 1E & 57 (multi-head attention) L.
AR T2 20 i A 9 R B 2 [a) i A DG
1335 AR RIERR

(3) Al i5t 4= 1% 32 W 4% (feed forward network)

Bs5 wiitETER



¥ 5% . HS-MoE Al MH-MoE #87 Hi s SOH Al RUL FU i 5 5% ELATF5E

output
1
/r—’[ Add & Norm ]\
|
feed
forward
‘—I *N
— Add&Nom |
[ multi-head ]
attention
R —
N——— A

4L

input positional
encoding

input F/RHi AJZ ; positional encoding F/n v B 4% ; multi-head
attention F/RZ k11 J) s feed forward Fe/mHii 4 1% 2 M 45 5
output ZE/R%Hi )2 Add & Norm /R 5% 22 1% M
Layer Norm 2
Bl 6 Transformer 15 £ 14 &

YO T AT AR e R e, L2
R IRINFER IR

(4) %% 22 % 3 1 Layer Norm JZ (Add &
Norm), FR2E% 4 Add F i 5o U BE N 2% rh (i
FETH S A ; Layer Norm JH 2 1E WAL AR AL, inpe |
SRR AN RS R VE .

YK 1 )2 Transformer 4544, 250 d_model
A 32,num_heads S~ 4, dff S5 1, d_model FE/RFHF
# A (embedding) FI4EFE ; num_heads £/Rn L% E=E
TIWLEI K NG dEf a2

2 M 2 A Y

I T4 W 28 B 2R ] 22 2 SR RN AILASE Y , A5 R 45 4
FInE 7 fiw .

142 o 25 B AL R ] 22 2 OB A, Sy — A
3 JRWIM 2% 5 ), B N )2 200 A BUE TRl 2 R
32 Y] &, PG PRECH relu PREL b 22—
=4kl G BRECR softmax. 43 BRI 3 ANE S
TR A , 3 MAEZFIHN 1.

2.3 IR EE

ARIHTE Keras ‘6 S8 HS-MoE #& %1 1 MH-
MoE BRI I YN 25, BRI ZR A AL 2% optimizer
A adam B, 12 BRI Y J5 iR 22 (mean square er-
ror, MSE)

WIZREHEE 8.2 1 H 4 il 2 4R & Al i
GRS B AL, 7e il il R & B AL
B
2.4 FRilEE SOH #1 RUL

£ HS-MOoE ##1 il MH-MoE # ALl 2k 5858 2.
J&  AEBBIROR R AF B FT 32 T n] DLER 2 I 2R b 1Y

2 1. n RN ABE s relu Fm BUE PR node_1.+++,
node_32 7R BT 54, 5 softmax /R PG PREL; output_1 .
output_2 Fil output_3 FE/RFi A
7 ITEMEER A E

FERL, I XF BB A SOH F1 RUL $EA 70
3 WMNMRER
3.1 HBMEERTR
3.1.1 NASA Wiz 475 3 & =

SRR B SR IR A 2 4, —J& NASA (3£
] 02 A i ALAT R i B A P
B0018 Hi, b 1Y L H, (type = discharge) B B 1 04 »
et FE G FP G R L R R L TR R SOHL, 2
NASA HEEES 1 H Y Bo018 H it ¥ BHHT Ik
AT (type=impedance) FIEHE , {57 FH A 0 L HE
Uit HLBH L BHPTAT RUL,

o, vt LU U S TRLBE AN SOH 46 A134 866
25, FELMLHL I LB BHBL AT RUL 08 A 2 544 45, HL
M HL I L R L TR A SOH B Ay 5 MEREFT 14>
Tom B bR, FRAE IO B AR 0 A PR L 1,
T H AR Capacity 2R IR B SOH, HAR
BRI WLk 2.

P EEL S L R BEL L BB AT RUL 038 %5 9 St A
7 AVRHERN 1 AT B AR S FRFN S SR 3. Bk
BRI 3R 4.,

F 1 HEREEEREN SOH BIEMFLEATRI S X

AL B RS L

Voltage_measured BRSNS

Current_measured ) 1) R I

Temperature_measured

E AT P L

Current_charge

\%
A
e A 2 C
A
\%

Voltage_charge TESZR T I A L R

Capacity BHE 2.7 VIS | Ach
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T2 HiIiZfTEIEF SOH #H5)

Voltage_ Current_ Temperature_ Current_ Voltage_ . .
Capacity
measured measured measured charge charge
4. 188 108 651 0. 000 130 667 23.819 520 25 0. 000 6 0 1. 855 004 521
4. 188 195 943 0. 001 459 081 23.828 807 16 0. 000 6 4.203 1. 855 004 521
3.477 276 739 —0.001 940 069 34. 581 659 54 0. 000 6 0 1. 341 051 441

*R3 HBEMERBEEESM RUL #ENSTELEHRMNEN

A 45 B CB
Sense_current lFRE TR
Battery current FE I S R

e AR S H U L T S L DR R R
AR R B T A9 B B

Current_ratio

Battery_impedance

Rectified_impedance | 5 ¥EFIF- 3 14 H {tb BHLAT
Re AT H A TR B
Ret it FE R B
RUL IRV

3.1.2 EIS & 53R =

ARSCAEA TR AR A L INAROR (i
R %5040 Sk 75000 B b SOH #1 RUL, Hirfr, e it
EIS #il SOH ¥t¥54 1 358 4%, Hiith EIS fil RUL %
Hih 525 &5, EIS B4 120 NMEF . HRE T SR i
J& 11~1120, HI 60 REAE I3 A =5 B R 9 BH
PUBE B ST EIE . 5 60 ANERAF AR M = 2R
Jo7 1) BELBTESCHE ) HE BB . F it EIS A1 SOH 54
EEFHINLE 5,

F 5 f1~1120 FR EIS BREFE, X B AY

HL 9 2 o IR A (M 1. 584 1, bRy
224 0. 157 1, BUAEA HISEN 1. 567 0. iy 22
SR 0. 128 5,3 & B TN 45 SR 0 85080 43 A 5 B S8
(B o3 A AR — 2L

L SOH 19 T30 4 A AT AE & 19 35 5 i i
25 VA 0,087 77, Ud BAREHY B T 85 R R 47, T
SRR 7, TG RGN E 8 ran. MIE 8 H
ATLAE H BORCR BAF

2 EIS B & SOH Fill SR s

HL 2 o AR 5 A A 30. 624 9, FRifETy

5 Ei EIS #1 SOH ##B & &6 (58 4y)

f1 f2 120 Capacity
0.384 7 0. 391 56 0. 327 95 37.202 7
0. 388 86 0.393 43 0. 323 00 36.223 0
0. 390 38 0. 396 00 0.329 55 35.589 3
0.391 94 0.396 43 0.336 73 35.108 1
0.392 25 0. 397 60 0. 325 62 34.767 3

% 6 Eith EIS #1 RUL $B & & #E61 (3 %)

1 2 . 120 RUL
CapacityZ /s Bt K@= B SOH., 0.384 70 | 0.391 56 0.327 95 234
%{,@‘ EIS %ﬂ RUL é&jﬁ%%#ﬁﬂﬂ% 6, /ﬁ\: ,:F, 0. 388 86 0.393 43 0. 323 00 232
N . o 0. 390 38 0. 396 00 0.329 55 230
RUL 3575 H MR ARG PR UL : : : .
3.2 HS-MoE #E & R ER 0.75114 | 0.757 14 0.296 80
3.2.1 SOH Fam| 2 %%ﬁ? 0.753 21 0.758 79 0.298 27
" ) N . 0.752 11 0. 760 74 0. 291 80
DNASA Sl SOH Bl e s -
F 4 HBMIZITEIEFR RUL #4) (FB45)
Sense Sense Battery_ Battery_ Current_ Current_
current_real current_imag current_real current_imag ratio_real ratio_imag

832.749 572 8 —27.377 193 45 327.527 618 4

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

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

—178.227 035 52 2. 386 236 081 0. 438 156 484

803.516 357 4 443.114 929 2 98. 716 178 89

158.175 430 3 4.297 792 306 —2.397 684 157

Battery_ Battery_ Rectified Rectified
. . . . . . Re Ret RUL
impedance_real impedance_imag impedance_real impedance_imag
0. 165 409 535 —0.129 054 344 0.095 314 82 —0.001 691 894 0.065 158 152 0. 095 553 696 1
0. 165 409 535 —0.129 054 344 0.095 314 82 —0.001 691 894 0.065 158 152 0.095 553 696 1
0.164 978 108 —0.126 231 668 0.091 522 433 —0.002 372 766 0. 066 068 503 0.088 958 851 314

1 : Sense_current, Battery_current,Current_ratio,Battery_impedance I Rectified_impedance ZE4FAEY 23 T SR ECE A B8 , LA _real” 45 R RO 1L 2 523

Bl DL _imag" 45 R RYRFT A HE R RS o
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Comparative Study of HS-MoE and MH-MoE Models in
Predicting SOH and RUL of Batteries

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 core indicators for evaluating battery performance
degradation and potential lifespan. Accurately predicting the SOH and RUL of batteries is crucial in practical applications. To capture changes
in battery performance and make predictions, operational data of the battery is typically relied on to train machine learning algorithms, such as
neural networks or deep learning methods. However, traditional machine learning models often adopt a single architecture to adapt to the entire
dataset. which is insufficient when dealing with complex and highly heterogeneous big data. Such models generally have the risk of insufficient
generalization ability and overfitting, and are inefficient in big data processing. Therefore, Hierarchical sparse mixture of experts(HS-MoE)
and multi head mixture of experts(MH-MoE) models were used to construct predictive models for battery State of Health(SOH) and Remaining
Useful Life(RUL), respectively. Comparative experiments were conducted on publicly available datasets from NASA and EIS, and the results
showed that the MH-MoE model outperformed the HS-MoE model in predicting SOH and RUL on both datasets.

Keywords: mixture of experts(MoE); hierarchical sparse mixture of experts(HS-MoE) ; multi head mixture of experts(tMH-MoE); state of
health(SOH) ; remaining useful life(RUL)
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