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Review on Health State Estimation and Life Prediction of Lithium-ion Batteries

XIONG Qing, DI Zhenguo, JI Shengchang
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: With the increasing application of the Lithium-ion batteries (LIBs), the accurate estimation of state-of-health
(SOH) and real-time prediction of the remaining life of an LIB are of great significance to the safe operation of the LIB
system and the reduction of the maintenance cost. The complex physical and chemical reactions inside the LIB and the
outside complex operating conditions make it a challenge to achieve accurate SOH estimation and life prediction. Conse-
quently, we reviewed the research status of methods for the LIB SOH estimation and the remaining useful life (RUL)
prediction in recent years. We analyzed the advantages and disadvantages of the LIB SOH estimation methods and suita-
ble conditions based on the physical/mathematical model, the data driven, the fusion of model and data driven, and the
fusion of multiple data driven methods. We analyzed and compared the LIB life prediction methods of three different da-
ta-driven types. Moerover, we pointed out the existing problems of the LIB SOH estimation and the life prediction,and put

forward prospects in the future research directions. The conclusions can improve the theoretical system of the LIB SOH

estimation and life prediction algorithm and have important significance for the practical application technology.

Key words: lithium-ion battery; state estimation; life prediction; electrochemical model; data driven technology
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BMS st fili e bR, ok i L B B . F)
F T 05 2 P S LB ) SOH A RUL #EAT RS
HEAG TR AT SR 22 RS WA Fe i e, 323
WAMEE B2 KIE

P ANIEFEN D1 Sf 4 B 1 R LA IR A A
TR I ETT e T R T, 8 Tir%E
R . A AR Bt SOH Al 1+A1 RUL Fil 7 v
(RVRIEFE 32 FE KT LU R AN [R] Ay o0 Pl 77 2 PO A
AR, i H BT AR R R, IR
KR TAEMRE, DA THEm 2R, 2
(SRS

1 $E5FH SOH &35

SOH % FH Ha it o BH Bl 75 R (1), F Lt 2%
TR E SO SR 5 B Qo BRI E AR O
LefE, {#ERRA Sson tFE AR W=N(DFIR. 5 SOC
T FIh T R A7 FL AT AN [R], SOH RAE HthiB 1k /K
S PO E i = R L N BV (B2 N € A R T R

9
Sson = 0. (1)

SOH 5 Hi ity Py 308 52 2% 1 A 2% Js 7 A 01, i
FEFW], I A B LR AT LRSS R AR
LB L Y S R 1140 1 e 2 ¥ A R L R LT
VA, TERCAS TR SEL thialdl . RIS, &8
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Fig.1 Classification of SOH estimation methods for LIB
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Fig.2 First-order Thevenin equivalent circuit model of LIB

IR 4, B ERIE R HEHE SOH ZhAEAL,
H B 7 BT R A s . S5 SRR, %A
R BETE R34 77 #R 1% 22 (root mean square error,
RMSE) N8l SOH fiiih. Frfgtifh 2-RC BRI
1-RC BRI R R FERFIC, AR T N-RC 418,

TL95 K590 455 NAE 16 —Fr RL 2% ECM
Fefih b, fE 7 AR R S R AR AR S AR
PER) SOH At 77k, SEG A4t i/ — iz
EE, o0 H SRR T R R A BRI T A
B SHEOR AR B . (AR RS, BAEH A
— 4k {i B[Rl ¥ (health indicator, HI)R] PLyg/b T H
WA—HEXS SOH ks LR, (HSLinss
KW, AbTH AR B SRR B AT B
22019, PG 22 A0 K AR S5 Nk — B RC 253%
FLER A A, R FTBRR AR Y BEL A4 P BEL S R A
HLAS )3 2 PR A LA . Jl 3T KF 7EZ R
B SHL, - TR T 2+ ECM 1454 SOH il
WITE. &I A — RS Bl T HRZEE 1%k
A, ABXIAN[E RS S Bt 2 A e Rt — 2Pt 20,
112 Hep sy

14 5 7% 7 4> M7 (incremental  capacity analysis,

ICA) T ¥ — MEUA R %, S S it
AR L R IEA N T8 s i SOH. A

TR, MR R 5T R AR RN
dQ ~ AQk — Qk - Qk_l (2)
dUoc ‘ Al]oc,k Uoc,k - Uoc,k—l

b Q JySE A BT A B s Uoe SN AR LI B2
HSs AQ, NS k MBS E—AME A e
Wi s e #; AU N8 e AMERES B
AMIEFR ] S S LT R R 2 22 O NES kM
PRJRSE it A s Uy R & AMIEFR AR I
HAV I % HL

ST IC BhEk Nl 3 s, HERoR it 78l
FL e PP A R R R AR R P2, TR, IC
fH 2 PR 0 R BE PR A B 3 0 2 B ds, RITH



AE K, BRI, WS BEE T R R BERES A T S dn AT U e SRid 1185

1400 Y T SV
= F - R R A, 15 IR2500K
1200 P T B O IR A9 7
~ 1000 EY:
‘ iy !
z 800 l\{!. U6 {5 1
5 | l\\'\ '\
=~ i\
B 600 " e o B8
I/ \ . -
£l VAT
400 1 !
= N
200 2RI XS ]
/ o
L =< = x
320 325 330 335 340 345 350 355

HLE/V
B3 ANSFEIEPR BT B0 R 26

Fig.3 Incremental capacity curves under different cycles
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1.2.1 SZ¥r &Ml (support vector machine, SVM)
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L T R 43 AN ] VA ) 3o FH T i ke [ U5 ) st
SVM # FI/E SVR BTN T 5. . SVM i3 78 s 4E
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VER—Pp BT DI M Az B, 4t 1 ek s
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JURME L 78 A oy (1) SEAE R B Ao Hs, i 72k
WIS TG A HI SEBL SOH i1, 45K, %
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RAATH SRR .
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GPR)

GPR 215 FH iy 40 3 2 5 56 o) 040 147 0] V3 73
M dES A, [FIR), GPR AT H&ALwm ¢ R 5
GO, a2 — N B AR AT AT P R A
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Fe 8= AT 2 — B TR Bl 25 e o gz
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Fig.4 Principle diagram of SVM

5 LSTM SASHIE
Fig.5 Overall architecture diagram of LSTM
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error, MAE){XUA 0.36%034, 2 1 i ok Bt B A4 i 1
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SEALFEIE SOH i THZ A (1775 - PL-ELM A5 A1
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6], SERF AT ()M 93 pso #5ER B BAR AR 445
AE R TR, EE T R F A b g gk
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transform, FFT)[EAL(E SAGE MR, 1R
6 /5 it SOH AH R ) FaAL B HTIE RFAE « 28 )5 F)
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BB INE
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{5 FH 2 Ju2k M [8] )9 (multiple linear regression, MLR)
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Table 1 Comparison of advantages and disadvantages of different SOH estimation methods for LIB
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Fig.6 Relationship between SOH and RUL of LIB
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Fig.7 Classification of RUL prediction methods for LIB
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Table 2 Comparison of application effects of different RUL prediction methods for LIBs
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