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Fig.1 Operational framework for aggregation of
multi-type DERs in VPP
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2.1 VMD &%

VMD 2355 25 56 45 75 43 % ( empirical mode de-
composition, EMD) £ H (1) — B 5t 1945 = 43 i Jr 2,
REAT AU EMD o A58 285 15 88 7 0 0 2800
i i N e R AN R LS R R S i
25, VMD FAY S5 i) B 38 W DA KOs AR 2tk AR
Fafs S mA BAE 117 o BT 2 E AT ROk Zh &
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Wl INAS TR APAIE 15 2 22 1) ) A B B2 e, DTG AR it
Bl n S 2% B IR R TH ISR . VMD B AASK ik ik
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2.2 Bi-MGLSTM

KOG A AR ] Bi-MGLSTM , J& 7EHij J&
m] A 4 #1012 (long short term memory , LSTM ) %]
ZRBRI Z I 1A BT TA L AN AT, BT
MIINRES JFSE R T T D REAR TR, (H2 221 1454 i i
ie4Z (multi gated long short term memory , MGLSTM )
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FIHA, B2 2 Bi-MGLSTM 282544
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Tl Relu 005 BEC R, b, 435028 ¢ 6209 16 5 14 B
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Fig.2 Structure of Bi-MGLSTM network
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LPL e < Py S TP (19)
F+Dl <1 (20)
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(1) WZEZ 5%, MAEBREH VPP N
DER BRE G, Bl NV, AN RUHL 375 N, A 6K HL 3 VS
ANIES Ll VAT SR R AR S 2 5 3 AT I
JrtigE, ;AN N, Ny N Y FROR

(2) Z5&KM, 4 VPP AT g &
L, & DER BRUTE « FZIRY 3 05 Py Py P A
o SR ) AT R R P P AR R
M o HLIRME 25 (AR RN
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Hp, VPP 145 DER 15 B2 1) S 2 [] 1 6 A2 AH
WA 2 AR (1) —30(27)
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WA BB AR BREL F e Fov Fross  Fror, o
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BRI AT TR
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A V(D) 2 VPP N DER J8 51 L A G ARl
i3 V(N,) 24 DER 508 BUX Ot il E 75 K i Ly
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PR T R ) BB R A LI 437+ (¥ R, shapley {E 7
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EIEH 7, L & DER B 9 & 1 i i i 45 43 BT
Y

(1) ZEG WIS GrFERE . Dy VPP B A
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Fig.3 Risk utility functions
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BEARAS B g o PRI I 8 3 XU 5 2 280 55 P e 4
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I B P B K AT IR 25 55w, S P IR RS IE B 1Y) B0
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he {12}
(2) LA Ml sTRk. 7R AT B B A i 20 BE A
AMUTTEFG I8 shapley LI HPHIBRAE , 1875 255
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LR B A TTEREE A G477 20T DER BREH m i
TG B M -5 TR S R I iy i 2 1 e 2 1L
B DER B8 m 5919 ST8k I 1 g, BARTTSN
S veM) - v(M = {m}) - V({m}) |

4, =Y

m=1

>, [VOM) = V(M = {m}) = V({m})

(35)
AU Oy DER B 864G V(M) Sy #84r DER Hi
Z5a e rlas; V(M - {m} ) 29 DER B2 m R
INAG AR R A4 s 5 V({m} ) O DER BKEH m 3k
H s 47 I A
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T = (36)
21 [C(M) = C(M = {m}) |
C(N) =CL + C,
Krpr: C(N) 2 VPP N#& DER BXB &R 17
FLERA s C(M) Ji5 DER B2 54 VR AL
A5 C(M—{m} ) 4 DER BEE m KA GAERT A
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HL il Al A Rk 7 SR e B T T 4% DER B WA 45 08
YA FFE AT B IR 55 2% A 5 A i 17 S
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255 75 P XS i 4 1)1 5T K A SCAS BTk S
R AMRAGE Y T BB IE A T AU, & ik
tTEEIERE R, W

Pu 4w T |
Rm = [Vl vy V3] M M M (38>
2 Pn 2 qn 2 T
m=1 m=1 m=1

K v, WA F,y=1,2,3,Hv, +v, +vy =1,
it 5153 DER BREBTIHANE 2 22 AR, N
AR, =R. - (1/U) (39)

MFREZ WL Y AR, = 0,5 4

O+ e (37)

t

BRI & IR A e W a5
(IM[-1)1 (U- M)

Y Ul

(V(M) = V(M = {m})) + V(M)AR, (40)
X Q7 R T L H R shapley {H£15
B A S BO L R o
4.3 BFEFEMBRBHE R EE LS B
4.3.1 K

A iR 14 43 T JEL A J2 LT i T4k — AN T LA
B 1 M6 SR B 1 o 7Y, 4
e(S,x,) =V(S) —x, ,FR MR TS A3 HL I
B HA L, VS) AR i 35 TS i, N
I G A VRN %5 o LI AU 35 43 E 7 2K «, B
FEVEEZE A, BIXS min max e(S,x;) KAt o

YRR AZ AT 3 R i UL 7 3 A P 2k
HLK (linear programming, LP) , il i 5 R 1 A AL AL £t
MBS T A, BRI 2% S0k 32] .
4.3.2  FLT AR R AR

T A T 86 W A A A A B, 8 T 5
0(x)="[e(S,,x,) e(S,,x,) = e(S;,x,)]" KRN
LTI AT T RE A A R AR G R e R
il , S 5 P s I B b S U L 4R
T R A T 1 A e R A AR R 1 e/
L, ELORR 5 VA 1 S B0 FG 7 106 0 06 2 3k ) e
PR, BB SR B B I A S R
SEVEIE SRS R, R, SR T A AR B 1
PHERZ A 1A VPP P34 TH06 R I B 2 o

FLREIR R« A2 3750 LP v DL e /b B AR 7
i [ P G 0 R MR M AR, 7648 % LP o DL e koAb
AT TR v G /M R B b, HEAT S B O 3R
KA, B SR ARA H o — o T35 B R A
AT 50 S T A A e, B IH T 1 i 2 2 S T
RN EASF, BARBAT

55 n A LUE/IME N B FREO A 5L LP 55 L0 .
min gDn

¢, =maxe(S,x;)
st. > %, =V(P) —¢, VPCS
ieP

Y, <V(P) -7, YPCS
ieP (41)
in +@, =V(P)

P

VP e H;ie{l,2,-,n~-1}
zxi +71.,=V(P)
ieP

VPel;ie {1,2,---,n—-1}
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X @, A E LP BRI SRR s o Mo
n=1 IREAEAGIR IS § UM S A 2" 1A
W FIRBALE TR IHERES, P REH 27 A
Al FEEA ST RARES, HOTTES S; H,
A i A LPBEEL L i, Hou R BT Tk R Y
RIS " MBS [ NS 4 LP
L ffige ey, FORE R I A 106 B A Wl RS B3 7
(OERAE A o 2 L) SRAR e — A i, 79 2 1 5K fi
235 SRRV Ay R R 4 0 i 5 5 USRS X LP T o
/MU AT R I R R R E 7, o

on AL R AL B AR A9 48 % Lp A 7Y
L::W“ ﬂ‘:’:
max 7,

Tn = mln e(S’xL')
ieS

s.t. in < V(P) -7,

ieP

zxi 2 V(P> _QD:

ieP

VPeH;ie{l2 - ,n-1}y (42)
Yox +e =V(P)

ieP

VP € HL;L € {1’2’.””1}
2 %+ = V(P)
iepP

VP elie{l,2,,n—-1}
DL Y 2 = V(S) KRB H5A1E

ieS

I RERIRIER . Y, 0 < V(P) -7 FITAR

JITAT K B 096 0 R 2 /N P D L)% SR At
7o AIPRAESR min s A2 HBLEEES n-1 R/
R 7, /NI Y, v = V(P) — @)

JHF 295 T 156 B0 Tl R R T A L
A @, AT AR UESR max ol EAS 25 H B E S
n WR IR @, BB,

5 BHISH

5.1 kFRESEGIHE

SCH ROGTINAE MATLAB 2018b g i 3055 i
i B, & 1F 19 5 08 3 B B R Ui 4 0 C ORI 7
MATLAB 2018b ¥4 Fi#H Yalmip iy CLPEX R fi#
TR AR o B HAAOR R AR QA 4 PR .

Ry TR AR R BR 25 R T 1R R ) A A
TSR K E M XY DER R4 00 VPP, B8 KU
Y1 WBUEA R 75 MW, XUHL 3% 2 (308 25 5
80 MW, S ARl 1 HDGAR il 2 BB E 78 1 1 0

_________________

v Rt [RASES | RBEAEET |
D Atk o [ZERREGE D i
HEZ =Rk ! [ B A

| mopmaem | [ PR | |shapley iy /vae |
: T T3 s :
i [mp] ! | [FIVAR AT
g V| FIEEVPP £ R AR - Bk
| DU EIL) | | BB | | s A

' | Bi-MLSTM | ! VAL B : | :
D shsmimn il | [EB R R .
: ! | [FIREDER | R RAR A
| [BiMLSTMEE | | PR a1 | B s
s | LA hoscessEmesnssss ‘
| L | [k R

VSO st
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FEILE
FrEAf?

TSR I
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i B AL R O 3R
g
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Fig.4 Flow chart of overall model solving

65 MW, SR L il 3 A5 25 ity 80 MW, 4il1 25 F 2
1 HY%UE 280 80 MW il & fL o 2 AYHIUE A4
70 MW, T55R M RE T AR E 25 1y 45 MW, 75 3R Wi 1y
2 AE S 55 MW, R VPP & LU 1k
Z 5 AT I 24 h JEEE B IE RS 1 h, 43
WP HLETANER 1 s, & Ll s 7 S 80nk 2 i
71 HAth = A A DG R BN 26 3 i, RS HIHL
TR SR AN S iR

®1 EXSZHEBSBEN

Table 1 Hourly tariffs for a trading day
e it B /[ e (MW-h) ']
08:00—11:00
4 : :00,
Ve 17:00—23:00 1009.5
07:00—08:00,
S 13.00—17.00, 740.3
23.00—24:00
= 00:00—07:00,
- 01:00—13:00 4758

5.2 RS AImME RS

SCH TSRO o 2022 4F 12 A S HIX
IAFAY 31 d KHER A RS . B 1S min RE—
U362 BSR4 2 976 Bt . EHAT 26 d
ARV E RN REE , Ba 5 d IR VE il 4e , ¥
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Table 2 Operating parameters of
pumped storage station

ZH 1 2

PP /MW 75 80

P /MW 15 20

Pre /MW 65 60
Pre /MW 12 12
/[ MW+ (hm?) 1] 240 240
o/ MW+ (hm?) '] 300 300
E,./hm? 10 12
E,;,/hm? 1.2 1.5

min

K3 HAEHEXRH

Table 3 Coefficient of cost correlation

280 HfH
vy 0.16
o 0.15
o 0.15
oy 0.20
Yoo/ [T (MW -h) '] 120
yh/[ G- (MW +h) "] 150
¥ /[ 6+ (MW+h) '] 120
Yo/ J6 (MW +h) '] 140
Yo /[ 76 (MW-h) '] 700

3501
300

_ .
Z 250+ N \/ \\.
%200- X
3131501/
gloo- \\/ \/f
50+
0

4.1 8 1.2 1.6 2.0 2.4
S a)/h
5 VPP HEBHAREX
Fig.5 Electricity load demand of VPP
W AR TR B AN [) 72 6 A KOG R L Zh 6
5.2.1 VMD g5
FH VMD X AR KRS 2 2 AT P A2 A Ak B
PR TSR SR ) 7751 . VMD RS 2
(E R IR HHSE R R RCR Y 2 (HEUN , 2540
TR AR, DB TC 15 53 ik g AR IE A 285 e B
(intrinsic mode function,IMF) 733, 4 z {HIE KR,
MBS IR X A 2 A IMF 735 B A A
Al IR . Zead Z2 U0 FLRAIE , B AR A AL 2
TETIZR o PR o RIS SSOHE W 2 B8 7 5333
8.2 000, 1 1 1077, 4} A3 B F )7 51 BEAS 25
PRSI S, )T LORIE il P S B R B . 141 6
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Fig.6 VMD power decomposition results
5.2.2 MOGHIRBEE R Hr
R Y BRI SCHR BT B S R A XUt D A
77 T RO, 2 3 DL S8 A - XS K 3
12 ( Bayesian optimization-bidirectional long short-term

memory , BO-BiLSTM) [ 2% | DL M- Jr {15 £k 9 XL 1] 22 7]
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K %3 W30 1Z ( Bayesian optimization-bidirectional
multi gated long short term memory, BO-Bi-MGLSTM )
¥ 2% . VMD-BO-BIiLSTM [ 2% . VMD-BO-Bi-MGLSTM
P2 AT ) BT . SCIRZE AN 7 R 4 Fs o

200
B
= 150
R
=100 |
ﬁg‘_
gty
= S50t
0 : — -
100 200 300 400 500
Hodls ik
() DAL XS EE
1207

90 |

60

30

JeRAH L F /MW

o) W) W) W]
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Kl s
(b) JGARTIMRS Ll
S2frfl — BO-BiLSTM — BO-Bi-MGLSTM
— VMD-BO-BiLSTM — VMD-BO-Bi-MGLSTM
B7 REWNERIIL

Fig.7 Comparison of model prediction results

x4 TREMMEEITMNER

Table 4 Evaluation results of different prediction models

JAH By SR T AR A eryse/ MW exar/ MW
BO-BiLSTM 2.623 3 2.048 8
BO-Bi-MGLSTM 2.2357 1.725 3
VMD-BO-BiLSTM 1.942 3 1.568 4
VMD-BO-Bi-MGLSTM 1.593 1 0.913 8

JGAR Ty SR T A5 A eryse/ MW exar/ MW
BO-BiLSTM 2.2352 1.827 8
BO-Bi-MGLSTM 1.958 9 1.534 6
VMD-BO-BiLSTM 1.653 3 1.257 1
VMD-BO-Bi-MGLSTM 1.195 4 0.853 7

1l 7 FER 4 v, 4 BT AR X 1) 3 )
HRE SR, FE DG AR DI 3R I A R T 0 25 A
ZERR, FLA B R 22 38/, X 02 A R B AR s 7 R
AR XU T REALE S 9 . X e BO-BILSTM
FERUFN BO-Bi-MGLSTM 575 | A J2 JXUH T 8 1)
M AR Ty 2 FO, I ORS B #R K F VMD-BO-
BiLSTM A5 FI VMD-BO-Bi-MGLSTM #7513 B
Xt JEUUA T AT VMD , 25 BR B 25 40 it b ) 22 A I

A REATE— o B FE b AR 2 232 0 U Bl Pk, (o 45 Fod U
BRI fE o 4 Hb 17 R AR (S B R B LR AR T
VMD-BO-BIiLSTM # %!, VMD-BO-Bi-MGLSTM 7£ X
HL 0O AR T Y ey 23 01 BE AR 0. 349 2
0.457 9 MW e,/ BIFEAR 0.654 6.0.403 4 MW , 3%
JEH A Bi-MGLSTM #5270 454~ LSTM £ i1 1 44
TR T AT, (AR 78 HoA B 5 a9 5 8 A 2
AET, BT LA i 53 148 Hb A BRI R] P 50 B0 i R BB 5

R B E SRR FE N [R] 20 B T fig , X
LU A BB RUAE F00 25 1 o — 25 U5 B i KOG
RPMIPAN S5 R, i3k 5 FrR o

£5 TERMEHNESHFEANENER

Table 5 Multi-step prediction evaluation
results of different prediction models

R T 5 3 0 A 7R $HK epuse/MW eyae/ MW
% 7.978 4 5.968 1
BO-BiL.STM
Py 9.906 3 7.550 4
-y~ 5.8377 4.667 0
BO-Bi-MGLSTM
Py 6.589 8 5.380 2
-7 5.464 9 44530
VMD-BO-BiLSTM
Py 6.120 4 4.738 2
-y~ 2.790 6 2.1351
VMD-BO-Bi-MGLSTM
Py 4.149 6 3.695 3
b IS i) LK eruse/MW enae/ MW
-7 5.806 3 4.674 0
BO-BiL.STM
Py 6.512 3 4.953 3
-7 4.632 1 3.711 3
BO-Bi-MGLSTM
Py 4.9959 3.790 1
-7 2.7259 2.0753
VMD-BO-BiLSTM
Py 3.751 4 2.600 1
-7 1.380 2 0.897 2
VMD-BO-Bi-MGLSTM
Py 1.948 5 1.464 2

H2% 5 Al A5, BEAE 020 R, Bir G B R Y
eRMsgﬂl eMAE%BiZﬁﬁij( , 1K A2 R Sk Z2 25 T 2 7 B
A TN R A Al R BRD RN 5 SR AR S 2 Rk
PETICI A SR 22 20 1 T 3200, DTS B0 22 4 by 22

R, PRGBS R DA RRAIL P 5 58 1 XL Ty
P S 5, A5 b T BO-BILSTM & %4, BO-Bi-
MGLSTM #5 BUFE — 20 | DU 25 S0 Y e pyse 23 501 A AT
2.140 7 3.373 2 MW, e, 4> B A% 1.301 1.2.161 2
MW ; 41 Ft F VMD-BO-BiLSTM #& %I VMD-BO-Bi-
MGLSTM & BUAE — 25 PU A5 F Y e s 23 51 B AR
2.674 3.1.970 8 MW , ey, 5 B FA% 2.317 9.,1.042 9
MW, SZEG2E SR A0 e T A A , VMD-BO-Bi-
MGLSTM #5584 {1 22 25 T 25 SR 1 e sy T eyap KBS
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/N, BA S ) T 8RN AR E PR R, BT LA
AR AR i o F) LR KO DR A
BT LR TN R, MR 4 224 KOG IR BT i
i, WA R KO s an el 8 B

80T

4 8 12 16 20 24
i 7] /h
E 8 ETF VMD-BO-Bi-MGLSTM g4 JR 3 H 7 F5m

Fig.8 VMD-BO-Bi-MGLSTM based
wind power output prediction

5.3 VPP &{EHHZERBEHD 1T

£ VMD-BO-Bi-MGLSTM KUt 5 il A A
W VPP WX DGR & FF R kS s AT
B 1, [ (ORI B R AT S VR B AN R L iE
T 2, 2 Fad 4B T 7 — A IR B2 JR 0 1
K HREE S5 X L2 6 FTR o

F6 X 1FEN 2 WREKASWENTEE
Table 6 Comparison of total benefits across
alliances for mode 1 and mode 2

T K HIREE/ T T
A1 R 2
PANIERS 10.095 12.029
PIRIN IS 8.602 9.556
HhE I 9.863 10.734
e 2 e G B 9.454 10.408
Bl 38.014 42.727

AL Y, VPP S [] S8 S (A i Bk B A 7
BYEE AN B BB Bk s S A1 DER B 1R 25
HAFE T RE MRS A 2 T, KB 50k
RIS A 114 FHL B it A7 ol 25 6 B v if)ﬂi%
SEEVEAT B 2D RN, DI (A5 25 B W25 4 Sl 3
T 1.934 JJ6HN 0.954 TJ5 ot %%Eﬂéﬁ%ﬂﬁj@ﬂr‘
X S G R W SR 1) R T SR Y [ B L B
MR, 76 97 fof e W I 1 7, I B 0 AT i B R £
TR, NI 4 A URES 38 5 1 0.871 J5 o0 0.954
JiJto

B 1R 2 1 s 0 25 R An &l 9 (& 10 s,
R 1T B AR DL B B R £5 e R AT FEL D 6
Ko FLE B R S KU OB AR B AT A 1
AN R BEUORIER T, R R BR G R

K FE TG, X PP 171 R B A & B F R B
to FEBE 2 T, KU B B 7F 22 G ) H s 0 s 3
WA R R, S R R G B (B I IO AR BB
FL T A, W IO IEG B 22 A 1) v R A A e i 25 0 R
YA TR E B, JE— 2B 4R T T T 1A RE R Y A
R, R 1 B B 2 R E P R S R AT i
ﬁﬁﬁfﬂﬁﬁﬁ%@ S, BE RE PR AE £ fur FH P £ FL
TR, )RR HE & A B RS . 7EF B B A I B,
FlES T S del 7K & N SR 7 ) B A R RS A K
ST ROGIC A H g ) (RSB T R AR BN Y

fittizts.
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Fig.9 Output results of alliances under mode 1
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Fig.10 Output results of alliances under mode 2
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Fig.11 Comparison of the three
methods of income distribution

BT BT LA M shapley {73 FCA B T B H2
YENZ 5 HATH 158 5 0 K B BE , IXUHL B
IR S8 XoF 4 A~ I B %) R 0 3 ik LA B ol AR
SR AR T A B 2 22 TR o R DR A Al
it o Fe 2RI W RO AREK B A 43 BL 5 2R 12.533
J1 761 9.957 J 7%,

(2) fEBE S AE I shapley {H T A9 43 Fit 25 51
g 11.439 J5 50, A% T shapley {3l £ 1.037 J7
IC, PN TE AR BAME T, 3 B B R T XU
A e Y A s R A R X XU o e R R AR U 2
S, KU BRI A R R ) e R B
KRB T K A R , 8 0 2 B BB 1 AR 1 3 K i B B
IR TR O E B AR XU 0 Bh N E R T
SR 5 L 2 Y P P e R R L AT Sy 1 B L
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A SR i 3k R A Bl shapley (BT (4973 Bie 45 R AH
BT LG shapley (HAMHC> T 1.487 Ji oG, 77 2K
M) o7 1B 3 P 40 L 245 SR A 9.456 Ti ot

T NIRRT 45 1 R B I 2R 43 i &Y
oo BT A, B A% AR AT 2 A 4 e 45 SR AR A
FRAE I REE R N T 3 — 25 UE B ik
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M7 Z A ToR A, G5 R 12 s 7 28, Ut
45106 55 014 06 2 152 20 A B pn e B 12 o,
ORI TG 45 6 R T R R O 22 BRI T
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M RRIE T AZA A, BRI A% 00 28 - R T A%
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Table 7 Results of refined allocation based on
improved kernel method

0 25/ it
A
By sk
R 1 6.087 6.155
JUH 2 6.446 6.378
etk 1 3.498 3.314
Jetk 2 3.142 3.219
JEiR 3 3.317 3.424
AR 1 5.537 5.613
HhE L 2 5.902 5.826
e SR iz 1 4.567 4.625
SR g 2 4.889 4.831
0081 =
Ak
s 0061 [
B 004l
i 004
=
&
£ 0.02 H H H
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KRB DRI F B 75 K R
15331
12 AEAZETERABRGTHEENTE
Fig.12 Variance of overall satisfaction across
alliances under different methods
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Cooperative game scheduling and revenue sharing strategy for

virtual power plants considering scenery uncertainty
SONG Duoyang, XUE Tianliang, LI Yipu, TU Jintong, Bl Yuhao, WANG Mankang
(College of Electricity and New Energy, Three Gorges University, Yichang 443000, China)

Abstract: Virtual power plants ( VPP ) efficiently aggregate small-capacity and large-volume distributed energy resources
through advanced control technologies to participate in electricity market transactions. With the increase in the number of
distributed energy sources, the volatility of their power output and the problem of their returns after aggregation still need to be
solved. Based on this,a cooperative game scheduling model is proposed for multi-type distributed energy sources aggregated in a
virtual power plant under the day-ahead power market. Firstly, the operation framework of multi-type distributed energy
aggregation in virtual power plant is proposed. Then,a combined prediction model based on variational modal decomposition
(VMD) and improved bidirectional multi gated long short-term memory ( Bi-MGLSTM ) network is established because the
uncertainty of wind power output seriously affects the operation of the system. Secondly, the same type of distributed energy
sources form alliances and aim to maximize the revenue from power sales,and construct a cooperative game scheduling model for
multiple alliances of virtual power plants. In order to realize the fairness of revenue distribution among alliances and members ,a
multifactor improvement shapley value method and a two-stage refinement of the revenue distribution scheme based on the parity
cycle kernel method are designed. Finally,the example results show that the proposed method effectively improves the prediction
accuracy of wind power,realizes the cooperative and complementary operation among alliances within the virtual power plant,
and ensures the fairness and reasonableness of the revenue distribution among multiple subjects.

Keywords : virtual power plant ( VPP) ; distributed energy resource ( DER) ; wind and solar forecasting; cooperative gaming;

shapley values ; kernel method
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Rapid estimation method of lithium battery state of health

based on novel health feature
DONG Xiaohong', DONG Jinbo®, WANG Mingshen®, ZENG Fei’, PAN Yi’
(1. School of Electrical Engineering, Hebei University of Technology , Tianjin 300130, China;
2. School of Artificial Intelligence , Hebei University of Technology, Tianjin 300130, China;
3. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)

Abstract ; The online estimation of the state of health (SOH) is an essential part of a lithium battery management system. Most
data-driven lithium battery SOH estimation methods are computationally intensive and difficult to use in real-time in battery
management system microcontrollers. Therefore ,a rapid estimation method of lithium battery SOH based on novel health feature
is proposed in this paper. The charging data of the battery is firstly analyzed in the method, and based on the existing health
characteristics of time interval of an equal charging voltage difference (TIECVD) in the constant current charging process of the
battery, constructs a new health feature, that is, the health feature of charging voltage at the same starting point and charging
time interval. Then, a fast estimation method of lithium battery SOH based on the novel health feature and multiple linear
regression ( MLR) is proposed. Next,by analyzing the oxford battery aging dataset and the random usage dataset of lithium ion
batteries used by NASA ,the method traverses the constant current charging voltage range in steps of 0.01 V and determines the
optimal starting voltage of the lithium battery by maximizing the Pearson correlation coefficient. Finally, considering different
time intervals,the method uses the ordinary least squares ( OLS) regression analysis method to determine the optimal time
interval parameter of the lithium battery. The training set divided by two datasets is used to establish a multiple linear regression
model,and the validation set divided by two datasets is used to verify the method. The experimental results show that the
proposed method and novel health feature can greatly reduce the calculation volume,and can achieve fast estimation of lithium
battery SOH while ensuring prediction accuracy.

Keywords: lithium battery; state of health ( SOH) estimation; novel health feature; data-driven approach; multiple linear

regression (MLR) ;charging voltage data fragment
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