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Parameter identification and SOC estimation methods considering multi-timescale
effect lithium batteries

Z0U Guofa, GAO Xiang, WANG Chun
(School of Mechanical Engineering, Sichuan University of Science and Engineering, Yibin 644000, China)

Abstract: Accurate state of charge (SOC) estimation is of great significance for the safe operation of battery management
systems in new energy vehicles, and reliable parameter identification is the key to SOC estimation. In this paper, a joint
parameter identification algorithm based on adaptive forgetting factor recursive least squares (AFFRLS) and adaptive
extended Kalman filter (AEKF) is proposed considering the multi-timescale effect of a lithium battery. First, a lithium
battery dual-polarization model (DP model) is classified into fast dynamic and slow dynamic based on multi-timescale
effects. Secondly, the AFFRLS and AEKF based-joint parameter identification algorithm is designed to identify the
parameters of fast dynamic and slow dynamic, respectively. Finally, the SOC is estimated using an H-infinity algorithm
with the parameter identification data. The results show that the proposed algorithm has good accuracy and robustness in
different driving cycles and at different temperatures. The maximum root-mean-square error of the terminal voltage is
only 3.329 mV, and the SOC root mean square error is less than 1%.
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Fig. 2 Experimental test platform for battery characterization
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Table 1 Basic parameters of lithium battery
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Fig. 3 Overall structure of the parameter identification algorithm

K, WEEE L, =RC, -
2 (4) e A0 B B B s sk A i w45 2]
u (k) =cu (k=1 +c,i(k)+cyi(k-1)+ 6
ugp, (k) — cyugy, (k —1) ©
X, k Rz, ATETFHE, SIARH,,
W
¢, =gy (k) — cugy (k=1) @)
756 (T), ' X k B Z RS HBURE R
(k) FISEHEIE 0(k)
¢(k) = [ut (k - l)ait (k)o it (k - 1)91]
é(k) = [01,02,03,04]T
Ba, ARG y(k) ATERRN
y(k) =u, (k) = ®(k)- (k) )
R T FRARARZE P 5 2255 A T H B ) 5 A
WO RIEIRES . 1BIERIBE /), FFRLS BEiE5I AN
AT, HIERERENRA0) AR,
K, (k) = P,(k—1)® (k)" [®@(k)P,(k - 1)®(k)" + ]
(k) =0(k —1)+ K, (k) y(k) - D(k)O(k —1)]

®)

P(k) =11 - K, ()@ k)P (k~ 1)
u

(10)

A K (k) F P, (k) 73 7129 k 8 %) AFFRLS 5%
WS FE P MRS M THE R Z W T ZHE R T A
RLHE R

FERHME, 0<u<l, wlk, FiLME
ERRE IR, (BSREEEERSE . T2 Bk,
Hr R SR ISR I, FIE R IRER R
RORW TG, HEM RESIE R EIE M. FrblA
TR HARZE AN AE TSR, SRR
EREEN, K, ASCRHAT LS B IE
(1B & MBS . R AR IEE A

E, (k) = u, (k) = ®(k)B(k ~ 1) (11)
. E (k)
Ok weerm

X, E (k) ARBAS T 1 B
4610 —RA)AHE T, HRGKAER
AT, HE E, (k) 38K (k) EIE A,
A5 5008 B DU s, TR A A 2 g A
AL R GBI, ITTIA B IE B R G forik
BRI WH B EOR TR AR, Rk
ThRERE, EX—IRE, KGRI
DR HEE (k) 2B BB p(k) 1EIERIE
RS X (B s s B e >, R
GuAT BB AR DA I, S8 RS R AR E .



AREE K, A5

25 A HL b 2 I () RUSE LRI Z 8095 SOC filiit 7 ik - 75 -

AFFRLS FikiHAHSHUEM G, MRAER13)
AR AT S5

ol
T, =—

I-¢
R, - —,(T, +7))

TI
(13)
R = (Cz _RO)(T; +71)
1
T,

c =0

Rl

222 @SS HEHHRFIE AT

WA T 2R B SR BRE AR A, W AR A
WSS RAER TR R S R g, o ASOR ug, 1F
MBS SIRBIS IR G AT, Ja 3 s R AT
NHTEERMAGEE . RSt #2014 Frs .

uy (k) = R, (k) -7, (k)

-I
u, (k)= efk-hG k=D cu (k=1)+
T
: 14
Rk-D-i(k-1)-(1- eR‘(kfl)C‘(kfl)) (14)
upp, (k) = uy (k) +u, (k)

ugp (k) = u, (k) — ugy (k)

WD TEE, WRR . R CHIKEERS
FIMGAIE, AT g, 1R PRE U sk
1, FENEIIEIIMEIN. TBo¥EH SOC-
OCV LS NBIZHFHHN, A HE OCV 15 R
—ACFIFKME. AT, SEIRE. WRIRE. TE
TRES R RSN OCV kR, I HiXFhEsmm
ST . N T KRR B B N R 22, AR
X OCV MUONRERL R R A —3 5, K5 HAh
18 75 L% A — R

¥R R 2R 5 (extended Kalman filter, EKF)
1 L AR TR 2 B R AT B 7 2 HIE B A R
(R B AR T toF kAR e 7 5 Y e 7 i 2R R R
TPl TSR R R R 2 R SR e %
(B HT P B St AT T 2000, MheR T Ik
[ E &R, FTE— e RERE L XGE EKF 9% . A
B R R .

P AR A AT 15 31 0, (IRIE R, WiskAS)FTR.

iy (k1) = 5 (k) 4 R (k) (k) -(1— 00
(15)
KRS FL R LA R, , A8, , 13(16)

Fi 7

L(k+1)=e®V%D i (k) +i (k)-(1-e%P20) (16)
B HEEHFRNSHG, . U, . R C,®ENIR
A, WERRIFENRERMA ERMBSERT
VEIEAR R, BERY SH A B KA I ] P 8 /S
ERL AT PAE 5
Uy (k+1)=U, (k)
R, (k+1)=R,(k) (17)
C,(k+1)=C, (k)
¥ RA6) 57, TR B RFERIRES T
£, wm=(18)Fr.
v =[ik+1) U (e+1) Ry(k+1) Cy(k+1)] =

~T,

. i -,
ROe® o o ol | 200 ] — B ®C®
0 1 00]. U (k) " 0 -i, (k)
o o1 ol|lR® 0
0o oo 1|LG®E 0

(18)
K x, NRGHPREE: v, NRGTHA.
A)RARAS M & 3R A 3 1] 15 B RAMVIRES e
FEHERE 4, , W=NA9)FTR,

o, o O

oi, (k) ~ oR.(k) oC,(k
A :af(xkavk)| = 125 ) 1 20( ) 6( )
k x, =X
ox, T 0o 0 1 0
0 0 0 1

(19)
A, X R ARG ERM T

9 eR;(kﬁ(k)

0i, (k)

% _ R2<1:>7é2(k>. T, o

oR, (k) c IR (i, (k) =i, (k)) (20)
_h Rzu;Tcsz(k), T o

aC, (k) © ROCKh) (i, (k) =i, (k))

5E L ug, AR, TR G 77 7y

h(x,,v,) =us, (k) =U, (k) + R, (k) -1, (k) 21)

T2 1) % AR ) £ 3K s 32 B A2 2R 40 W0l 46 R
C,, w22~

_ Oh(x,,v,) |

X =X)
axk k=X

9 =[R, (k) 1 (k) 0]  (22)
A, % BoR ARGk M.

sk 75 {5 2 Wb 7 22 DL G S92 W] DS e B3 v 10
M 7S e R R A T2 R AT 3 B TR



- 76 - B 2GR 54

SR FLE BN . AEKE 75 (5 L Uiy 22 DURE L
1) EL ST B F I
P 0 B8 ) 7 LS A
ZHREL @3N,
HI) =~ Y E(EI®) (23)

Kb MORTFE A E, (k) NI Mo
.
U 75 Ty 2256 5 AR
N(k) = (H(k) - C,P; ()C,") (24)
1, Py (k) o AEKF SETUb IR ZE W7 ZERE R
R 7 2 T A
(k) = K, ()Y H(H K (k) 25)
Kot K, (k) S AEKE FLUL 828 1.
AR A A2 P 2 T A T
P; (k) = (I - K,(K)C,) P; (k) (26)

3 WIESHh

3.1 BRINRLERSH
3.1.1 ZHFHREE R
SZHHORERWE 4 Frox. HE 4 0LUEH,
HER RS E /NG A ), T BT
WHRIEAE RN F NN S A & —
Yo ABHR,~ R~ R, B A] 2 3L HEHTH K
e, XHRENFL R, BN BLEEE SOC
AR N>, ghdh, A Sz, (7, = R,C,) K
Y1k 7,(z, = RC,) I 21 {52,

Ry/Q
=

0 5000 10 000
IR )/

R\/Q
o
W

0 5000 10 000
I 8)/s

0.4

0.2

R,/Q

0

0 5000 10 000
I [8)/s

4.0

3.5

OCV/V

3.0 . .
0 5000 10 000

frF[a)/s

C\/F

— (5]
=) in =
T X

I /s
s %103
&
&
0 1 3
0 5000 10 000
I ) /s

4 SHEPHAER

Fig. 4 Parameter identification results
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3.2 SOC f&It &R o #h

R DI E 2 i ) RS S5 S 1 T
BTk, K PR SRR S ERN R AR R i —
Attt SOC. H J&73 UK (H-infinity filter, HIF) 5%
WOE R g BARNY, R S0 TR AR AT
REH FRCIRES M I R TR 2, A RS E
WA RERA, RER R E M EE 5%
Pk, o R B PR AR T POt )52 BT DAAR
TP RHHR SR A HIF £ SOC.

i 7 fER 3 AT LLE H, 7E DST T4 3 Ml
FE R IIRTERS RS, PO EE ST SOC #EkiE
HYE, mRKREAEIT 0.45%. M B8,
PR R Al TR 22 B — e R 3 N, IX AT R
T HERC S E R P AR AR, M8
EHAFER, IXFPIL G I 2 . (BT AFFRLS-
AEKF #HRZSH R ZEHEE /N, 3 NRE T
KARZE R 3%, SOC fli vl ih £k th 5 ¥ fika
TE o ARYE 3.1 THEBIMERA, 10 CTH 40 CFHIRZE
AHEEG 25 CRERERSA G, N SOC ¥7HiiRZEHRK
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Fig. 7 SOC estimation error for DST condition
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Table 3 SOC root mean square error analysis

i RMSE/% RMSE/% RMSE/%
T HE . . .
(10 °C) (25°C) (40 C)
DST FFRLS-HIF 1.824 1.143 2.118
AFFRLS-AEKF-HIF 0.874 0.722 0.806
FFRLS-HIF 1253 1.073 1.198
UDDS
AFFRLS-AEKF-HIF 0.829 0.724 0.799
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sl FFRLS-HIF(25 C)
77777 FFRLS-HIF(40 C)
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Fig. 8 SOC estimation error for UDDS condition
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