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Abstract: The safe and efficient operation of lithium batteries depends on accurate state of charge (SOC)
estimation. However, the traditional battery model and SOC estimation have poor robustness and reliability under
noise interference. Aiming at the problem of SOC cooperative estimation under noise interference, firstly, the
maximum available capacity and open circuit voltage (OCV) characteristics of the battery were analyzed, and the
curve characteristics of lithium battery SOC—OCV were studied. Then, the problem of online model parameter
identification and SOC estimation under noise interference was studied, and a two-swarm cooperative particle
swarm optimization (TCPSO) method based on adaptive dynamic sliding window was proposed. Experimental
results show that the maximum SOC estimation error of the proposed method is less than 1%, which shows that the
proposed method can realize online parameter identification, and it is superior to the existing collaborative
estimation methods in terms of anti-noise performance and SOC estimation accuracy.
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Z I B R? AdjR?
1 0.967 40 0.963 78
2 0.974 09 0.967 61
3 0.991 22 0.987 46
4 0.998 97 0.998 28
5 0.999 67 0.999 33
6 0.999 84 0.999 59
7 0.999 90 0.999 67
0.999 93 0.999 66
9 0.999 94 0.999 44
4.2
Ak * RO C VI AT
— ZWAMAE KR
>3.8
53.6
3.4f
E
39 : . . :
0 20 40 60 80 100

SOC/%
BT BRI OCY IIREE SRR 2 Ul A AR
Fig.1  Incremental current OCV test results

and best polynomial fitting effect
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Fig.2 Logic flow diagram of two-module parallel strategy



ki, KT AERS AR E 20428 AR IS SOC R AF 3t

WA AR 20245F H 544 24

7 B A o L A R e | X — B B
P T HL b3S 17 1o R A R O A A B B
BB B L LRI T T 005 R RO 5
BOPPRE HE . A7 HEZRAE 9 2 500 IR 45 SR (e
B | POk B S O ST A T R
25K BN A AR BT DR, YA LB AT A
RO EATAZAT I B R T o, FE AT LA L LA A
USROG B 1 R

3 R E T 69542 SOCHE

it R R iE

3.1 ZHHEIEREMNSEEHE

FE S0 BIE B SRR R A o AR
RIS B FH 32 17 M 2 B AR R 25 5, SOC—
OCV A 56 R B A HL it 1432 17 0 2 & AR o0 7AE o
PRI, AN TR) 0 L3 43 14 580 IE , S 56388 43 (14 A 784
AETE G R 25, MR R S 8507 i it 70 il 2o i o
N P2 31 R L, T A2 i S ] 3 25 AR S
PRI, S 56050 430 455 0 S 19 Rt S0 5 4 ok 1Al
WE AP AN FE S B TONE SR E R . A
SCORFH B B2 R A it I T B T A R
FEAS | ¥4 INR18650-20R HiL WL 75 25 “C 1Y h 248 [
J13 (dynamic stress test , DST) T. A S S5
AR R T B RAE AR 4 1 Hz, Horp
INR18650-20R (¥ IH 755t 2 A-h, JfF44 HAE R
B Covo SOC—OCV 5 Z 38 1 38 12 20 HL I
OCV M ELHi AR, -8 ik 2 012U 40 G 4 2l 2 00
AR R . DST LB 4 & 3 s .

4
2 b
< 0
~ _2_
_4H
-6 " " " n
0 30 60 90 120 150
t/min
(a)HiL VL B di

0 30 60 90 120 150
t/min
(QLNES ¢/
I3 9B DST THL 6 3 AR
Fig.3 Experimental verification of DST load data
P T 52 50 AR e BI04 0

1, PR 1 B0 R A AR B AR S
FETHAYRZ R R 2 2 B v 30T I P 155 R o 21

B . FE LR 4, FRLS (38 5 K AL
5 8% ¥ & Sk 0.999, A< SCAT AR % $F RLS-EKF,
FRLS-EKF 1 TCPSO-EKF = Ff by [] 8.9 ik 47 %F
Fe AT, = A5 100 EKF A5 58 2 —3L

*2 WMESR IR EHREES

Tab.2  Noise signal attached to experimental conditions

SE ORI R oV LR 2 oA’
1 OE 10 0
SE2 OF 100 0
T3 IE 0 100
SL4 IR 0 0.001
EHS  EIV 10 100

PEAR = 77 7 10 W 75 T 0 S 5 fiE ) T
W BRI BB SOC 1S B A . S E
SIAFDKE 3 o 2 IR AR AR, B e CL AP IR
B} SOC=80% , BEHEAUS AT Ao W 7 (1) DST 1.4
T R T A AT T SR

S0C, =8S0C,_, + nil),kAt/Cmax (21)

SOC AT S ZZAE AN & 4 s .
100
80
T 60

)

S 40
201

O() 3‘0 6I() 9I0 1 2I0 150

t/min

Kl4  SiB0BIE SOC AT 2241k
Fig.4 Experimental verification of real-time

reference value for SOC estimation
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Fig.5 Experiments verify the absolute error of model predicted

voltage under offline parameter identification
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identification under noise-free conditions
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cation and SOC estimation under different noise disturbances
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Tab.3  Experimental results of SOC estimation

under noise interference
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