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Rapid prediction of the state of charge and state of health of decommissioned
power batteries based on electrochemical impedance spectroscopy

Luo Fan, Huang Haihong, Wang Haixin

(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract ; Aiming at the problems of time-consuming, low accuracy and high energy consumption existing in the detection of the state of
health (SOH) of the decommissioned power battery at current stage, this paper proposes a method to quickly predict the state of charge
(SOC) and SOH based on electrochemical impedance spectroscopy ( EIS). Through testing and analyzing the EIS of decommissioned
lithium iron phosphate power batteries in different SOH at different SOC and different temperatures, an EIS equivalent circuit model is
constructed. Then, the relationship between the constant phase component parameters and the SOC and SOH of the decommissioned
power battery is used to establish a mathematical model to realize the rapid estimation of the SOC and SOH of the decommissioned power
battery. Verification experiments show that using this method can greatly reduce to less than 20 min, save energy source and achieve
rapid estimation of the battery with unknown SOC and SOH, and the prediction error is within 4% .
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Y3 1% 3 7 B sy BEIR 75 (state of charge, SOC) Fl{gEkE
RZS (state of health, SOH) ORI R
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far , SRJEHG FCC 5 # SOH, {H J2& 25 2 3 i FE A AT &2
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Fig.2 Impedance spectrum of decommissioned Lithium-iron
phosphate power battery with 60% SOC at 25°C

2.2 HEEHEBIEET

3 3 AR X BEL BT 3 A 28 B 43 BT, T 0 E Ak 2 B AT
SRR LS FLJEE L BRAB L RH R, LT AR S HL R R, 1
WHLZHZE €, FEB DL A BT w U4y, Hil T
— BT BT S B A I ) pil £ A [ SIS 4 — A R s Y
[, FIZAE 2B E ARG, TRE C, &
B R HEIUZ T Q. BAUZICME Q J& B dfe i for 15 38 N
RELRT AR 22 L 255 1) - B R B o ) XU J2 P 255 1 8 A A
Jolt, HARNO AN BEII R 1) AR A T ARk, 1 R S5 H S5 n
H, FARM TR BRI M kR (1) F(2)
FiR .

Zy = Yiu(Ja)) ™= Yiow_" I:cos(n;-) - jsin(%) :‘ (1)

tang = tan(%) , b =? (2)

ol Q BRI O eem s BHOIE (L § %%
FETRAT S 50 RN B n R WA AL T AR5 4, BUE
N 0<n<1;db RN A,

THh ERIX EIS RIZHE 1Ay 45°, 7] H
T2 Z LR B Li+7E A i A HL S B9 52, 2%
IR 5,3 T WS BN HERR T TR, Y E 5%
F, F AR/ NI b A0 A T RS 30 P, 2 5 1 vk R
TE/NIREAE X R B AR S AE T T KA I8l X Fig 0 vk
ZEMACATT 28 . FAABHHT W B BHBT AT H =X (3) o,
Kb o BFAHFEL

Zy =00 (1 -j) (3)

545 (1) M(3) ATLLE , REH A M oo BTk
IR o BUE 12 SR DA A RS, It 14



59 1

B L AF AR T AL E RS AR B3l g i b DR A R el FREAR S PR f5i 175

1o SR B LA T E , T U XSUZ T Q AU F AR
FLw, RIRTRIAREIANR 3 p0 AR i gAY, (B R 0
J2, AL BRI A BEL R, I AN 2 Bl ) AR AT B, G5 40
T PR I P 2 BEL R ik L REL

K4 L FELR, HHIBLTTARO,

—NVN—3
L HARLTE O,
>7

A PR
LR(QRQ))

K3 LR(Q(RQ))“FA A
Fig.3 LR(Q(RQ)) equivalent circuit structure
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IR A 4535 e BRABEAY SR ] Zsimpwin R4 4T
FHPTIEEAR LA, 0SS BIS 240, % 1 WoR T T
T B AR B — 5 FLOS AR [ BR 10% SOC #ULA& 15 8 1 =
5, WAR A Y BBHAT S 4L Q, #E 10% ~90% SOC [X [
Bl SOC A3 IR A, 10 A7 F b R iy 1 (/N

tHMEEITE AR Z1 =0 - n/Q, ATAL, 75 7 — 45
F o MFEFERERE R T, Q, B/, AR B PE
K, RV B - H b 7 V9 g BT A ik 22 BB R, MR 25
PN I AR A T R A5 3 e F A RE T, F AT D
o6 YR ) L S - P St 7 P i SOC X[ A 1 3% 3R 78
HLBE 1822,

Fz1 S57 #tXEH(10%SOC [EFE)
Table 1 S57 batch battery (10% SOC interval)

soc L/H R/Q 0, n R./Q 0, n

0 6.304x107" 0. 002 870 7.759 0.573 0 0. 014 440 251.0 0.719 9
0.1 6. 13x1077 0.003 154 2.511 0.7379 0. 004 878 657.0 0.494 1
0.2 6.16x1077 0.003 144 2.523 0.733 2 0. 004 637 675.7 0.483 9
0.3 6.12x1077 0.003 147 2. 589 0.726 3 0. 004 685 763.0 0.504 4
0.4 6. 13x1077 0.003 139 2. 669 0.721 4 0. 004 563 844.3 0.516 3
0.5 6. 13x1077 0.003 132 2.708 0.718 9 0. 004 529 907. 1 0.526 6
0.6 6.13x1077 0.003 111 2.904 0.708 1 0. 004 527 944. 8 0.559 7
0.7 6. 14x1077 0. 003 094 3.016 0.700 0 0. 004 560 954.0 0.574 6
0.8 6. 14x1077 0. 003 082 3.009 0.698 5 0. 004 407 1029.0 0. 566 5
0.9 6. 13x1077 0. 003 086 2.999 0. 696 9 0. 004 395 1139.0 0.579 5
1.0 6.08x1077 0.003 100 2.716 0.714 9 0. 004 348 205. 1 0. 806 6
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Fig.4 The relationship curve of SOC vs. Q, of 5

decommissioned power batteries in batch S57
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BT S, LR B, Akram ZPU IR T 25°C F A [H
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EIS, B H R, AL MM SOC ; Stroe 452 75 1, b (1 A [7]
ZALHBE H. SOC A 20% . 50% FiI 80% & W] k4T EIS ]
i, RMSBER, R, R, .Q, R Q, Hi& Ak 25 £k 1 A2
b, (A B BT AR Q, WoR AR SC R 2k
e, XL T HL I B 5 1R R BB LA
WA —E R, AT LR XA 56 F % H 3t 1)
ZARRS AT,
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R 2 S57 #XAR[E SOH HIEE I (75% ~95% SOC)
Table 2 S57 batch of batteries with different SOH
(75% ~95% SOC)

SOC/%

SOH/Ah
75 80 85 90 95

12.366 8 515.2 506. 2 531.9 564.3 599. 6

13.491 7 565.9 560. 7 588.2 618.5 643.7

13.751 9 608. 3 653.6 686. 3 680.0 811.4

14.200 7 726.3 700.9 745.6 789.6 902. 4

14. 480 6 821.0 798. 8 870. 4 902. 1 961. 4

14.547 5 838.6 888.7 980. 8 992.7 1068.0

P, 32 T —FF SOC F1 SOH iy PRt 73 Jy 8, 4n
K5 Bz o | T A [l Uk A v b =2 [ AR B A7 7 850K 22
5, AR BN 250 Q, 5 SOH R R A HA W
WEAXRESEER I, X T PR AR IR B R RIR 25 AR $2 2h
TS S HEATHEUC DT BE , AR B 2 A I i Y H b At
UG, DT LA PR 368 1o AT S5 A% e O 248 Q, 5 SOH
A 0 B AL RO I 4 SO 5 4 3% W el Stk YR DC g %
W, NI RT DAREA T U0 R R EXS AG N 38 sk 15 o S
IBAZ S 7 H Y SOC AR it il v H f5E Q) s vl 74
SOH , ART7 AN T Al 348 fofT FH AR08 30 78 T v
O A BB HEA T FE ORI, AR5 i B R H | ) O
e H R A% 7 A T R i R T 3T ) RS A T AL YA
M T RERYIHEFREDR . teoh, IR IR AR At 48
— I FET TR PR L R AT A IR A% D 1k B ARG
A [)AH 24 T 406 J 3] E1S 0 42 b (1], 107 30 4 of PRl BHL e 1%
MERMIFR LR Z 1, flanth EEYL 3k 6 P51 5=
PEAT AL BT DR U R, AT A LA 2
PRSI R B L s SOH fTE T

SR 3 A S CCCVil A G I e S ] A
RATRA BB L ek RIS B SHRARR0,
TR (R RQ) i f(0,)=s0C N Ty

JEEIST& REISOC,
Y
SHMaEE0, FMSOH= it £(0)-SOH
it 1(Q,)=80C ) L
@AM30C, QA(S0C,-50C,) AEISOH

5 SOH PRk Fitil 7y
Fig.5 SOH rapid prediction scheme

3.1 ETFEIS 9 SOC fhit&E %

FH AR W], B R BB A 5l ) Ha it SOC |2 XA
RIS B A 2 DG AR TR AT DL T OC 2R gt
FTRER SOC P Attt AR ik 2 Wt ] AR 4
HIFLE 70% ~95% SOC i [l 1 S 3L L i S 5 Q,, % 3 7]
HHBAEBRT 0. 97, B REBCR A .

SOC =AQ* + BQ + C (4)
&3 7T SOH BRI AR (70% ~95%SOC)
Table 3 Fitting results of the batteries with different
SOH (70% ~95% SOC)

SOH/Ah A B C R?

12.366 8 —1.341x107° 0.016 240  -3.968 0.976 1
13.4917  -8.462x10°° 0.012620  -3.755 0.999 4
13.7197  -4.232x10°° 0.007 346  -2.203 0.976 0
13.7519  -5.864x107° 0.009 873  -3.202 0.999 3
14.2007  -3.345%x107° 0.006 900  -2.590 0.977 4
14.4806  -2.356x10°° 0.005 576  -2.345 0.989 2
14.5475  -2.908x107° 0.006 703  -2.908  0.994 3
14.6485  -1.916x107° 0.004 614  -1.821 0.9877

3.2 E-T EIS 9 SOH f4it &%

Hi&] 5 J7ERAEIRI AT LLJIGE , 35T EIS 7Y SOH it
AR PIANTT I 2 — =2 B TR SOC T Y SOH Al
T, (3) A3 3 AT LAAIE SOC T i e s v, A1l
FHWGYUCELS I 50045 31 1 SOC 2 55 6 i it ik . 4 3]
e Q AT LASEEE SOH MY Tt ; — 2 A& T° SOH 54554
RIS Q, W EHER R, i 73 #r [ — S0C T A
SOH B 5y Jy i i S5 B 248 Q,, FII, Biln 3 4 mT 0
TR T K 2 WA W] LB R L Rl (H
A RAE—A SOC WIS BEAR L Baf . SEbr b, 35
R AN —E AT AT SOH ST UERM . [, o 13k 3 PRk
USSR RSN RS e eF R ERY W) QN0 151 IS E B4 S N T [
TR I B[R] — SOC {75 22 BB A2 AR —FE g, B
I, BLAR 70% ~95% SOC. 35 Bl Y S0 L 1% 288 Q, 47T LA
—EFEE EXSIRA S S Y SOH A U {8 [ 45
L YL TS0 P ) AR AR A L (5 5 B 1 FH R 4

4 1HE SOC B R[] SOH Hyr it % % R Hl & B

Table 4 Fitting degree of multiple functions of the

batteries with different SOH and the same SOC

SOH/% —Br Rk Rsquare By pRER Rsquare = [ BRI X Rsquare

75 0.811 1 0.937 5 0.992 0
80 0.793 3 0.934 7 0.962 8
85 0.762 0 0.9312 0. 960 2
90 0.761 0 0.934 8 0.980 8
95 0.819 6 0.865 7 0.914 2
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4 FEWIERERITIE

AT BRI T SOC Al SOH, #1117 AH R
B UESE 5 - 1) PH i TE 0 7R 5, fE R 4 min J5 i E
Ve /NI ARSI L AL 2 BB , 225 FHPE I 4 min &
AR ERE, BT S YK 4 min, BIACHL 20 min, Z )5 H1E
ELI R 28 A Lk F T 2) R E R S S R R
5 min 3 W, BLFTIN & 3 WK, 2 5 B4 TE i E Rk
L,

4.1 SOC At ERWIE

AT 4 min SEEXSALE 5 A 10 min #E4T T
SOC i, R B s Bfs 38 718 6 2558, rTLAE H 18
FETNMI 22 0 1 A SR AEFERR T 15 min T0M (955 =5
WAL IARZE 7. 61% Hb, HARIIRCR RIF/NT 4% , %7
HHAIET SOC Al TR R R
4.2 SOH fHitEXIIE

T SOH T A 9 A 77 2, PR L 36 it A 4% ol 17
B, TP SOC SBL SOH il iy 5 vk 45 AT
FS5He,

F£5 ETFHXEIS iU SOH K7 A58 1iE
Table 5 Verification of the SOH predicting method
based on two EIS detections %
SOH/Ah S0C,-S0C, SOC pre-s0C2pme =W R
12.366 8 6.74 6.57 -2.52
13.719 7 6.07 5.86 -3.46
14.536 6 5.59 5.40 -3.40

AL TR ELS M, 5 —FP T SOH 5453
RSE 0, W E R RIAE YRR B, Horp 36 6 R
A Fl B R FH SOH-Q T 5 55 & A st iR 25, —
9 PR AR A RN — B PR AT A 5 o Al LR 70 3R
%8 7Y SOH

x6

ETF SOH-Q [ SOC A [F SOH By Fill 77 % ik

Table 6 Verification of the prediction method based
on SOH-Q with the same SOC and different SOH %

) B R R R 2 =B R BTN R 22

o B A B B B A B B
75 -0.58 0.13 0.73 -0.42
80 -1.24 0.34 0.29 -2.70
85 -1.31 0.76 0.22 -2.97
90 0.22 0. 96 1.53 -2.21
95 -3.79 -0.76 -1.46 -3.11
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Fig. 6 SOC prediction and error diagrams
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DX ] P LG A5 3 110 S AR R BR AR S8, 5 SOH HA 1R
LF AR G 3k 2 0 IE S B 45 SR 3R S 1 T 5% 22 45 /N
JRA, AHJE, R EIS Rk st/ 22 v AE 2 i IR A, A
AT EE WU HERR (4 A T H R 4% 30 7 f it M |7 19 SOC, I8 7
SRR . B, Wk ELS &AL 1 SOH )y



178 U #H £ ¥ W

B4

ZEREA -2, (L Eh TR Z LR
WRZES LA, R X T BT B A S 50 A th 2ok

IR, 2 H ) SOC I SOH e A6 Ty 4 # KX o5 78
T, EIS PR b 485 25t BUAH [R) (1% 2 B0 B AN 41
NIRRT AN B, TS S P A A R R
SEZ TR, P T X H A2 T Sl ) 2 B R
T2 AT R b 1 A R S5 A R R AT A o BT RS il —
i, A T S B AE REE, RIS KR A E A7
I3 AN S AT 3t 3 PR SR xed FH it R e 75 L, 18
FEL A 2 R 3t b 1 7 R RS AT AR AR AR
TP 14) FEL AV 38 Ay L St %) B85 L S 198 i R A Y0 iy X
T HL 3 YRR R RS S RS T HEA T, DUA5 1% B sl B B sk
AE A WA S AR BB T R A/ B T 338 EE AR B RRAE
[RIFSE, EIS P i e 57 455 3 405 2 114 1 5% L S e /L R 41 i
B4 AT S5 FE B IR 4 SR A 2 AR, IE 5% LR
(B 15 E — P B AR B0 38 2R 5 10 EL AR5 D0 45 7, I et
e 2 ol X SR I B S 1 AL 15 e I ) 4 S 30
JAlANGS 3 3R 0 R A = S e R ) 9 e
WA T AT R AT LA A5 200 e s ), PR, 2R
SR R BE BT IE 5 LR R R 4 mV, EHREAR
FEI 0.1 Ha~1 kHz; 55— 5 17, Bl T Ab BR 358 A0 BfR
BREGRERERS, X AR T bR H R
Be P R DA R 70 B 4 R S T IR A MR R K 1
T L A AR AR R BIS M A B2 A,
SRR FORCE | AR IR R R[] B R 34 A 1 AR TR 1
FEHP AT , SRR ARG - Ah 2 A T DA B B AR TR
il 5 PR Tt R L A R P L, O LR TR L &
FEREFRE 1 /NG, GRS T HE— 24 A I ], & B
/NI A TR RE A B, S S 45 SR 48 i ke /N
R T >k

AT N R A, R AR SCE X B e AR
15.5 Ah B RBE 9 42 H AR 18 s oy v st (H 2 28 3 3
HAAAE & A0 A6 32 Ak B %) 32 41 5 25 1 T AS TR R 1
AT LATE R SOC X R4 A 15 B B4 Q, WIS SoC
IR BRI WA Pk, BB, AR SCEL AR 2 BT T cell
G RS I AN A R AR B R S ELS K
FHZES 00 B A 7 B R IH AT LA SR 48 R module 2 FII
pack ZI ) SOH B FHi

5 & i

2R S 1 o R kAR A% B0 F7 R b g A S 4y
B, ¥ 158 ) L= B T A0 R PR AR TR o0 e AR AR
SRS IR AR B 3h 1 s SOC Fl SOH MISEHE 421 T
— 7 ELA 3k 3 P Y SOC 1 SOH PR it %, %

Jr A& ve Nl T EIS A v 3 1 4% o s I B 0

BRI B TR A IR 22 45 28, W] LURA PR HAS I A

RS IR BB 7 v b | R AT AR LA B 775 24 BE IR A — Fh

TETT o SRR, AR SCHR H A4 7512 o8 T i b s A ) 1

Pesh I i s R A 1O A L AT O 1

Sk

[1] CHEN W, LIANG J, YANG Z, et al. A review of
lithium-ion battery for electric vehicle applications and
beyond[ J]. Energy Procedia, 2019, 158 4363-4368.

[2] BRACO E, SAN MARTIN I, BERRUETA A, et al.
Experimental assessment of cycling ageing of Lithium-ion
second-life batteries from electric vehicles[J]. The
Journal of Energy Storage, 2020, 32. 101695.

[3] MUHAMMAD M, AHMEID M, ATTIDEKOU P S,
et al. Assessment of spent EV batteries for second-life
application [ C]. 2019 IEEE 4th International Future
Energy Electronics Conference (IFEEC), 2019 1-5.

[4] OPITZ A, BADAMI P, SHEN L, et al. Can Li-ion
batteries be the panacea for automotive
applications? [ J].
Reviews, 2017, 68 685-692.

[5] ZHOU L, GARG A, ZHENG J, et al. Battery pack
recycling challenges for the year 2030: Recommended

Renewable & Sustainable Energy

solutions based on intelligent robotics for safe and
efficient disassembly, residual energy detection, and
secondary utilization[ J]. Energy Storage, 2020,3(3):
€190.

(6] XUKRF, KR, flE, % #e 7 i d i HoR s
P FER 1] BB, 2020, 41(11) 1418,
LIUD T, SONG Y CH, WU W, et al. Summary of
health status estimation of Lithium-ion battery packs[J].
Chinese Journal of Scientific Instrument, 2020, 41(11) .
1-18.

[7] CUMA M U, KOROGLU T. A comprehensive review on
estimation strategies used in hybrid and battery electric
vehicles[ J].
2015, 42.517-531.

[8] I, FhEdy, M, &5 —FRG I HRINE
FL BT H R S T BB iR [T ], TR AR
2016, 31(9) . 189-196.

WANG Q, SUNY K, NI F Y, et al. A new method for
predicting the state of charge of hybrid electric vehicle

Renewable & Sustainable Energy Reviews,

batteries[ J ]. Transactions of the China Electrotechnical
Society, 2016, 31(9) . 189-196.

(9] AFFpE, BBk, BIJLA, 55, 34 A 7 it
SOC i B ik gr iR [ 1], f BE B2 5 B R, 2021,
10(3) :1127-1136.
FUSHY, LYUT L, MIN F Q, et al. Summarization of



59 1

B L AF AR T AL E RS AR B3l g i b DR A R el FREAR S PR f5i 179

[15]

SOC estimation methods for Lithium-ion batteries for
electric vehicles [ J ]. Energy Storage Science and
Technology,2021,10(3) :1127-1136.

MOVASSAGH K, RAIHAN S A, BALASINGAM B.
Performance analysis of coulomb counting approach for
state of charge estimation [ C]. 2019 IEEE Electrical
Power and Energy Conference (EPEC), 2019; 1-6.
AHMED M S, BALASINGAM B. A scaling approach for
improved open circuit voltage modeling in Li-ion
2019 IEEE Electrical Power and Energy
( EPEC ), 2019, doi: 10.1109/
EPECA47565. 2019. 9074789.

LAZREG M B, JEMMALI S, BACCOUCHE I, et al.
Lithium-ion battery pack modeling using accurate OCV
model; Application for SOC and SOH estimation [ C ].
2020 IEEE 4th International Conference on Intelligent
Energy and Power Systems (IEPS), 2020. 175-179.
XMES*, Ak, JUB, 2. mim SOC Al it M
JBEFEFR OB B B 7 L 2 A AL )] AERANER
224%, 2019, 40(11) ; 117-127.

LIU ZH Y, ZHU CH CH, YOU Y, et al. A Lithium-ion

battery

batteries [ C].

Conference

combination model that takes into account

temperature and cycle times for SOC estimation [ J ].
Chinese Journal of Scientific Instrument, 2019, 40(11) ;
117-127.

2, WINER, SkigfL, 4. JET RBF-BSA [ £
THI SOC IR S FIE 1], BB R 4k
(FIARLR) | 2019, 47(12) ; 67-72.

LI ZH Y, SHI Y H, ZHANG H CH, et al. Hybrid
estimation algorithm for Lithium-ion battery SOC based on
RBF-BSA[J]. Journal of Huazhong University of Science
and Technology ( Natural Science Edition ), 2019,
47(12) . 67-72.

LOCOROTONDO E, PUGI L, BERZI L, et al. Online
state of health estimation of lithium-ion batteries based on

[ C]. 2018 IEEE

International Conference on Environment and Electrical

improved ampere-count method
Engineering and 2018 IEEE Industrial and Commercial
Power Systems Europe ( EEEIC/I&CPS Europe ), 2018
1-6.

KT, AR, 2RI, SF. BERRYEE 5 ) b 1R B
FEAIIN 75 2 (0], S AAR A, 2021,
35(1): 33-39.

ZHANG N, TANG J L, PENG F Y, et al. Prediction
method of cycle life of Lithium iron phosphate power
battery [ J ].
Instrumentation, 2021, 35(1): 33-39.

RTEHE, FRARK. — P v £l R AT IR 2 1

Journal of Electronic Measurement and

(18]

[19]

[20]

[21]

(23]

[26]

B AL [ J]. v [ B AL TR 2F 4R, 2018, 38 (12)
3613-3620,21.

ZHU L Q, ZHANG J Q. A new model combining the
health and state of charge of Lithium batteries [ J].
Proceedings of the Chinese Society of Electrical
Engineering, 2018, 38(12) : 3613-3620,21.

YUAN H F, DUNG L R. Offline
estimation for high-power lithium-ion batteries using
three-point impedance extraction method [ J ]. IEEE
Transactions on Vehicular Technology, 2016, 66 (3) .
2019-2032.

HUHMAN B M, HEINZEL J M, MILI L,
Investigation into state-of-health impedance diagnostic for
26650 4P1S battery packs [ J ].
Electrochemical Society, 2016, 164( 1) : A6401-A6411.
LI Y, ABDEL-MONEM M, GOPALAKRISHNAN R,

et al. A quick on-line state of health estimation method

state-of-health

et al.

Journal of the

for Li-ion battery with incremental capacity curves

processed by Gaussian filter [ J ]. Journal of Power

Sources, 2018, 373(JAN. 1) . 40-53.
ZHANG S. A new method for lithium-ion battery’s SOH
estimation and RUL prediction [ C ]. 2018 13th IEEE
Conference on Industrial Electronics and Applications
(ICIEA). IEEE, 2018 2693-2697.

JEmE, AREAE, SIOR, ST H B AU
AR el FRPR 2 SR A 7 i WF ST [ D ] R R AL
TR, 2019, 39(1) : 107-113,327.

ZHOU D, SONG X H, LU W B, et al. Research on
real-time assessment method of lithium battery health
status based on daily segment charging data [ J].
Proceedings of the CSEE, 2019, 39(1) . 107-113,327.
JIANG J, LIN Z, JU Q, et al

impedance spectra  for

Electrochemical

Lithium-ion  battery ageing
considering the rate of discharge ability [ J ].
Procedia, 2017, 105. 844-849.

PASTOR-FERNANDEZ C, YU T F, WIDANAGE W D,

et al. Critical review of non-invasive diagnosis techniques

Energy

for quantification of degradation modes in lithium-ion

batteries [ J ]. Renewable and Sustainable
Reviews, 2019, 109 138-159.

XIONG R, TIAN J, MU H, et al. A systematic model-
and health
monitoring method for lithium-ion batteries[ J]. Applied
Energy, 2017, 207(dec. 1) ; 372-383.

WANG X Y, WEI X ZH, DAI H F. Estimation of state

of health of lithium-ion batteries based on charge transfer

Energy

based degradation behavior recognition

resistance considering different temperature and state of

charge [J]. Journal of Energy Storage, 2019, 21 618.



180

fiC s & =

F42 8k

[27]

[28]

[31]

[32]

ZHU J G, SUN ZH CH, WEI X ZH, et al.

Lithium-ion battery internal temperature on-line estimate

A new

method based on electrochemical impedance spectroscopy
measurement [ J ]. Journal of Power Sources, 2015,
274:990.

WESTERHOFF U, KROKER T, KURBACH K, et al.
Electrochemical impedance spectroscopy based estimation
of the state of charge of lithium-ion batteries[ J]. Journal
of Energy Storage, 2016(8) ; 244.

WO, AR, UL BT R BE BT Y L b A
HURZSAG T J]. [RISE Rz ( A AR E) |, 2019,
47(S1) : 95-98.

DAI H F, WANG D CH, JIANG B. Estimation of battery
state of charge based on electrochemical impedance
spectroscopy[ J]. Journal of Tongji University ( Natural
Science Edition) , 2019, 47(S1) . 95-98.

MINGANT R, BERNARD J, SAUVANT-MOYNOT V.
Novel state-of-health diagnostic method for Li-ion battery
in service[ J ]. Applied Energy, 2016, 183 (dec. 1)
390-398.

AKRAM E, OLIVIER B, NICOLAS B, et al. Behavior
and state-of-health monitoring of Li-ion batteries using
impedance  spectroscopy  and  recurrent  neural
networks[ J |. International Journal of Electrical Power &
Energy Systems, 2012, 42(1) . 487-494.

STROE D I, SWIERCZYNSKI M, STROE A I, et al.
Diagnosis of lithium-ion batteries state-of-health based on
electrochemical impedance spectroscopy technique [ C .
2014 IEEE Energy Conversion Congress and Exposition
(ECCE), 2014 4576-4582.

[33] SIHVO ], STROE DI, MESSO T, et al. A fast approach

for battery impedance identification using pseudo random
sequence ( PRS) signals [ J].
Power Electronics, 2019, 35(3) . 2548-2557.

fEZ 't

IEEE Transactions on

BEL,2016 4F TANE Tl K23k 5%+
DA RE W B PN 23 L e S o
WFFE 07 18] B R L S R RE R &t
E-mail : 2449726038@ qq. com

Luo Fan received his bachelor degree from
Hefei University of Technology in 2016 and is currently a Ph. D.
student at Hefei University of Technology. His main research
field is new energy power generation and energy storage system.

BEEGAREER) , 2050 T 1996 4 i
1999 AFAR A HL Tl e 2 2 - A 1240
2011 AF A [E B2 B A HE ) SR 2 0 5 Be
PAFE LA, B I ol R 282, &
FEWESE 5 1) S WL L ORI A S
E-mail ; hhaihong741@ 126. com

Huang Haihong( Corresponding author) received his bachelor
and master degrees both from Hefei University of Technology in
1996 and 1999, respectively, and received his doctor degree from
Hefei Institutes of Physical Science, Chinese Academy of
Sciences in 2011. Now, he is a professor in Hefei University of
Technology. His research interest includes power electronics and

automatic control.



