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Review on progress of data-driven based health state
estimation for lithium-ion batteries

Jin Shuai, Dong Jing

(School of Light Industry, Harbin University of Commerce ,Harbin 150028, China)

Abstract ; Lithium-ion batteries (LIBs) are widely used in areas such as electrified transportation, electrochemical energy storage and
mobile electronics. Consequently, accurate assessment of their state of health (SOH) is fundamental to ensure safe and reliable
applications. Data-driven methods are the mainstream methods to evaluate SOH, which do not need to consider the complex physical and
chemical reactions inside the battery, and only rely on direct data analysis to achieve accurate SOH estimation. This paper analyzes the
current research progress of data-driven estimation methods for battery SOH under the consideration of the influencing factors of SOH for
LIBs, and focuses on comparing the principles, advantages and disadvantages of machine learning, filter and time series methods in
implementing SOH estimation. Finally, according to the practical application scenarios of electric vehicles, the future development trend
of SOH estimation methods is prospected.
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for lithium-ion batteries
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Fig.3 Frame diagram of model-based SOH estimation method for lithium-ion batteries
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boosting machine , EBM ) & SOH fhit#8 ., R E
P SR T, S8 TR ek, s
Z T BRI R B LA SOC 5 SOH 2z [alfii 1145
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OAFEL Tt A AR E S ) T SR S AR b 2 ) A R 2
[ (R R 53 G 2R 0 S e v R Ak A B 5 5 HL T SOH 22
[EOCER . Nl 4 Fros, 2T ML $R A FL it SOH Al 1t
H IR R 32 2 79 9 G 2H i, 388 DI i A R
HEAT WAk ot A ) LR 2R ATt m] DA B R AT
BRI} B TAR AR T =2

1) W Al , AL AL O BE L R ] 26

2) $EBCEAL IS FEARAE K T S A HRAE 5 it SOH
) L SEARAS I R il 4

3) I FH HIL i 2 2 I B0 A 5 A 22 L3 I I

ANN SVM DA e RVM =Rl 9 3 A J7 ik A 48
mr.

1) ANN

ANN B TERBLG7 AR 4T g, FEIEA S5 4 4% i
AR RO ZE R R =2 R S RN R
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TRV A A | AR I A0 1 7 8 B 299 8, B
i R A AN ] 4 i, el 8030 B RS [ 114 )1 2 5 30 B 30 1iE
Tl R RE EE, KRS ZETH



%3 4 Db A BT DR S G R S R b BRI S A T g 0 R 2Rk 49
LT w0 |
| UMD, X $51Ed iy !
Vlvon 1ot 11 Xz % BEMESOH__ |
| ! g § |
: X=|Xi1 X2 Xiq || FEA i
| H H 3 H
| ; R |
! geqpm | Xva vz o (Xnd B AGA :
| |

RS % ‘_’_‘_’_’_‘I
|

SOHffii :
Fnew |

|

|

|

4 MLSEILAL AL SOH /Y EAHESR
Fig. 4  Overall framework for estimating battery SOH by ML algorithm

BI5  ANN BEARZR
Fig.5 ANN basic structure schematic

AR fh i B b R AR Ak R ICT IR E AR Al b
3 AN R S B T LT AE 0 7 il 2k b A I (AR N
BPNN (% A, SOH ki 3 SR Y ZA A | 1) 11 A4 HE A i 4R
WAE TR R SERe R I, K 22 B b A FURG A
2% LAV, /%5 e, vl 1 00K R L AR R 1% e A, R T
FFNN, Pan 2 1 T —Fh LT FENN (19785, %05 2 LU
ANTRIAEERUCECT (9 FL B ] T P s A0 P ek 3R A il 2 54
JEAE M T LIt SOH. AE Ay i HH A8 - S E L it SOHL Y
FEHATT, ANN [ —A 5355 s B AT AR 1S I 2555 F f5i)
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B b 70 FEL AT A AR AT, S DR A 2 A T A 48 3 el b Y
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RVM 3% F DL i fE 2 B38| J& —FP 21T SVM 11
WA 2] 5 1 TE FE A DG TR SR R S BE Al 1Y T B T
BRANHHOC S, AR RIFG AL AR 78 RVM o, ff i %
W55 Ok S I i AR IR 2 ] R AR R PR e . B R B TR
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FEFI SOH Ak 1175 T A 3¢ = ARG B2 R o 1 68 s Pk
B X B — R 9K Bl B R A FLH SOH. Y FE Ze At iz 4k
e Sy 2= 55 m B R S RVM 454 1E4d 1 it SOH
I AR A& FENE . Chen 2500 $2HH T —F LT BA
PeAb iy RVM B948 B 7 i3t SOH 7 £k Akt 7 i, 3 FL
NASA 23 FF #4 o 9t B0 56 30F T 12 7 2% A9 16 A 1 R 2
P, TRERSEDT R EC 7l 2 vl 0 i 0 s T AR A
FRIE, FIFIR G A% RVM A 57 L vt SR 25 8 0 A T A 7Y
SEELHL I AR SOH FPRS B G 11, S 34 AH X 158 22 Fn 35 AR
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BT UR U A Ak Ty ik S R U R P R 6 SR
TIE F b A BRSSOk 1T SOH A3, 3 # % F
Fr TN FAL IE AN AT, I L8 2 L R AR R S ROk
$EF SOH M THKs B, ZE T U U my vk 2 THEZ
SEWHAGT B RIS A A R R 2 08U (kalman filter,
KF) FUL F- €)% ( particle filter, PF)
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KF 2 —fpliiad R A RO %, T L BT
30 3 0T ST A U R > A 0 S A2 Ak AR, AT A
B —AAHXTHER O, FRAER KF AR (6) Urn .

Xy = F a2 + B,

P(t [i-1) = FIP(1—1 [=1) + QL

;%u):;%\[—]) + K, (y, —H[;c(t“,,)) (6)
K, =P, H(HP, , H +R)"'

P,,=P -KHP,

(¢le=1)

A x AGTHRZS s F IR HE R R I s B 42 I 4E B

u RFE ) P ORI 2556 1 5 Q Sk BT 2556 y
Sy ) B HO O AR s K O R R S A R I
J7 2R, SR B S KF L R — MR TELRMERAER
DS  ABER LR M A R AR R R G, I, 2
FHERM T KF SR, YRR R 2k
(‘extended kalman filter, EKF ). JC i | /K & g %
(unscented kalman filter, UKF) . & /R 2 J€ I% ( dual
extended kalman filter, DEKF)

EKF FIERM T LML Kalman 535 (B EA
SEARAY TR S A | S PR RS 1Y SR B | DR I T A AR
AT G B A SR N RS AR 2 1z iis .
Liu %508 3 it X480 0 1 Pl R A 7 S AR SE 6 DA HL Tt 1) ¢
i FEL R PRI S5 Ttk SOH A % VI & R F5 4, IF
SR EKE B3k X% B il i SOH #4782 Wi fn s, 53 4%,
LT EKF 572 1 T Rl SOC Hl SOH Bk & A
PR o EKF bR 25 O R RO R O AR A ) A

X (7) K (8) P,
%0y =f(,u,) +w, (7)
v = g(x,u,) + o, (8)

s f,,u,) K5 R G0 RIR S A 56 Y R 26 1 R B
g (o, yuy ) N DR 2SR RN LI AR o A 2 AR DG IR Al A e
UKF i3 UT A8 B4R At A 2R 1 pR 500 5 2%
[ R v il O I S N N = e
I, TR B HL it SOH Ak 11y Tl B A5 B B /NI 15 25
L, H w0 38 0 5 ik — ML UKF s, Lai
S ORI H5e /N T 1 % Lt SOHL R 47 4 31, 75
UKF Bk iR, A5 s it SOH B Ak TR 2276 2% LA
T XA P T T UKE 850 19 16 4 A B OE
SOH fh 484y, (EAS I & 0, Oy L RE e R H 42 4 3h
FIHL UG TR AR B AN S R B IR R LR )
FE AL (R P A T B R Y SOH ., Ik, &
T TR SR B
DEKF J3:3% (i %00 SRR 22 8 0 FH AN R IR 2 8 g
ok S F A AR T b SRR S W B AR . AL 9
RIRSUEW AR MPATE L S AL AT 5 i R R
B SHGHATAG T 5 I 28 T 05 000 2 50 ofe ) 5 A 76 - T
ARG HIR A, e &SP i SOH 52 B A 71, Fang
281090 3 3k 43 M IR P BEL K. SOHL [ f G I , i JH 3 T
DEKF Bk AT 48 528 SOC A1 SOH BYEX &A1t
o B0 RCHR A BELAG Ak , R A TR 4 P B B IR A s
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