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Parameters identification of lithium battery based on forgetting factor recursive

least square algorithm with improved initial value
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(1.School of College of Electrical & Information Engineering., Changsha University of Science & Technology, Changsha 410114, China;

2.Disaster Prevention and Reduction Center, State Grid Hunan Electric Power Co., Ltd.,Changsha 410007, China)

Abstract: Accurate estimation of the state of charge (SOC) of lithium-ion batteries relies on precise model parameters.
When using the forgetting factor recursive least square (FFRLS) algorithm for parameter identification of the equivalent
circuit model of lithium-ion batteries, improper selection of initial iterative values can lead to low identification
accuracy and slow convergence speed. To address this issue, circuit analysis is combined with the FFRLS algorithm,
and then an improved initial value-FFRLS (IIV-FFRLS) algorithm is proposed. Firstly, offline identification is
performed to obtain the equivalent circuit model parameters corresponding to various SOC points, which are then fitted
using a polynomial function. Secondly, the initial SOC is obtained using the initial open circuit voltage (OCV) and the
OCV-SOC curve, which is then substituted into the parameter fitting function to obtain the initial parameters. Finally,
these initial parameters are used in the recursive formula to obtain the initial iterative values for the IIV-FFRLS
algorithm. Parameter identification is performed for four operating conditions of lithium-ion batteries, and the results
show that compared with traditional methods, the IIV-FFRLS algorithm reduces the average relative error by more than
58% and the convergence time by more than 23%. The IIV-FFRLS algorithm exhibits higher identification accuracy and

faster convergence speed.
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Figure 1 Second-order RC equivalent circuit model
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Table 1 Off-line parameter identification results of

equivalent circuit model

Soc/%  Ry/mQ  R/mQ  R,/mQ C\/F C,/F
100 0.393 5.830 3.459 7746.323  113.488
90 0.389 5.705 3.202 7954.404 121490
80 0.344 5.918 3.505 9286.733  148.783
70 0.349 6.469 2.596 14 564.715  160.303
60 0.359 6.044 3751 10421.221  122.204
50 0.369 6.243 3.184  14648.241 138.715
40 0.375 6.181 3.208  11493.142  124.009
30 0.386 6.141 4.193 9580.253  104.364

20 0.386 6.275 4.668 9220.223 93.960

10 0.446 6.788 5.747 8808.073  101.429

rK2 BT ERWBIMA
Table 2 Initial value of iteration on each condition
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Figure 4 Comparison curve of experimental voltage and model voltage
10¢ 0=107°| 20f 6,=107| 30 6,=10"° 0=10"°
SMW IOP‘WW 0 30
» Or Ok (o)Lt R RRRERAERRRNRR o PO Ao
2 IQW Tof b0 38 ort0°] 1 6i=10"
= IOW L A PR PERRRFARNYRYY o BB 430130
> 0 oL 0
E 10} 0:=0 | 20} 30 —o|
@ 5 0 20 90:0 90*0 0 gﬂ=0
o IOWM 2 30
s 0 ok O WU L e ol bl ol 15 P LA,
5 HV-RLS | 20 IIV-RLS | 30 IV-RLS | 0 ITV-RLS
0 10 15 30
0 o (R s T ] PSP ¥ NS o L1 1 111
10} 0
SN e AR fi=107| 30 =107 34 fi=10°
~ 0 35 36 lof'g~L 15 15
(3 10F 055 B oL M 0 i " 0 dssmid, "
EOSIANL_ O3] 00107 500 0=107| 30 0=107 | 30 =107
o 15
= 0 35 36 lgh‘\_ " 0 15 ‘
= = - | " " 0 i
% lgk 0;; 05=0 | 5ol 6,=0| 30 0=0 | 30 0=0
oo 18&_ " 1501,
,D'K 10 " AL k. 0 Y k.
i 5 : j[ il IIV-FERLS] 99 IIV-FFRLS | 30 IIV-FFRLS | 30 IIV-FFRLS
OW"""‘ 0'1535 36 18 1(5) " 1(5) " "
0 5 10 15 20 25 30 35 0 5 10 15 20 25 0 2 4 6 8 10 12 0 2 4 6 8 10
iiE /(107 s) i ]/ 107 s) IR /(10°s) i E] /(10 s)
(a) T8 1 (b) T-# 2 (c) B3 (d)T.H 4
E5 & Tthsbig £ &
Figure 5 Comparison curve of absolute error
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Table 3 Comparison of ey on each condition
Soc.o/ RLSTTIET eyar/mV FFRLS # T eyap/mV
T4 )
% 0,=10 % 0,=10° 0,=0 IIV-RLS 64,=10% 4,=10° 0,=0 IIV-FFRLS
1 100 2.905 2.882 2.869 1.147 0.947 0.804 0.801 0.399
2 80 3.526 3.388 3.363 1.453 1.428 1.246 1.241 0.900
3 100 1.623 1.615 1.597 0.530 0.289 0.281 0.280 0.137
4 80 1.816 1.810 1.808 0.470 0.360 0.350 0.349 0.127
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Table 4 Comparison of egyse on each condition

: Soc.o/ RLS LT epuse/mV FFRLS 575 T epuse/mV
Lk % 0,=10"* 0,=10°" @,=0 TI1IV-RLS ¢,=107* 0,=10"° 0,=0 IIV-FFRLS
1 100 8.248 8.256 8.225 7.566 7.669 7.665 7.661 7.487
2 80 9.301 9.293 9.286 8.768 8.729 8.707 8.704 8.692
3 100 4.857 4.802 4.789 4.132 4.097 4.011 4.010 3.912
4 80 5.445 5.383 5.379 4.612 4.696 4.602 4.600 4.416
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Table 5 Initial value of iteration on condition 1
AR IR 1 EATE ey FEARAT(E
1.102 507 027 181 523 1.092 598 786 745 391
—0.134 046 518 822773 —0.142 448 799 401 740
a(0) 0.002 965 758 404 419 0.002 837 580 903 811

0.000 358 211 806 287
0.002 179737012923

0.000 386 800 092 754
0.002 373 592 953 594
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Figure 6 Comparison curve of absolute error on condition 1

R6 T IU1H eyapH epuse ML

Table 6 Comparison of ey, and egyse on condition 1
evae/mV
0,=10"*%  0,=10"° 0,=0 ZOUA R
0.947 0.804 0.801 0.399 0.412
ervse/ mV
0,=10"%  0,=10 " 6,=0 ZOUA R
7.669 7.665 7.661 7.487 7.501
4 Z5iE

AR SCHH A B RC S5 250 H B 0 5 491 25 H
HEAT BT, 44 FERLS 2500 A TE AR 2
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