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SOC Estimation of Battery Based on DFFRLS and Neural Network-ASRUKEF Algorithm
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Abstract: The 3.5 V/20 A<h lithium iron phosphate battery was taken as the research object. Aiming at the online
estimation of its state of charge (SOC), the second-order Thevenin equivalent RC circuit model was established, and
a joint SOC estimation algorithm was proposed by combining BP neural network, dynamic forgetting factor recursive
least square (DFFRLS) method and adaptive square root unscented Kalman filter (ASRUKF) algorithm. The open
circuit voltage- state of charge (OCV-SOC) curve was fitted by BP neural network instead of polynomial to improve
the fitting accuracy. The model parameters were identified online by DFFRLS. Combined with ASRUKF algorithm,
SOC joint estimation was conducted. The research shows that the proposed joint estimation algorithm effectively
eliminates the artificial error caused by the initial value of noise covariance and overcomes the non-positive semi-
definite problem of state covariance matrix caused by filtering divergence, so as to obtain the optimal SOC estimation
value. Under the experimental condition of cyclic dynamic pressure test (DST), the joint estimation algorithm was
compared with other traditional algorithms. The results show that the proposed SOC joint estimation algorithm has
better rapidity, convergence and accuracy.

Key words: battery; BP neural network; dynamic forgetting factor recursive least square (DFFRLS) algorithm;

adaptive square root unscented Kalman filter (ASRUKF) algorithm;SOC joint estimation

UTAER , PEBEAE T S A R Ll K SRR BB IR A I B DR IR, il T AR ARG
AE IR ELIR 0 s, TP BE IR BRI B TR WA % HOAR A 8 e, 5 S ST 5 ) L Tt
& BB IR A AT A B TR R R 1Y B KR & 2 4 (battery management system, BMS) S i}
W, BB F iAo M ARIBGE i Y AR AR S A A i
BEETB - i K E R AT AL I 210 98 Bh 35 H (202010294129 )
EF BN R L (2000—) , 5, A B}, Email : g2£2206@163.com

59



wAEF 2022F F£52K H17H

JRER U, 5 B F DFFRLS Foib 22 1 25 - ASRUKF H- 3% 49 % &, 38 SOC 4% 3t

HHBR 2 (state of charge, SOC) Flfat HEtR 2 (state of
health, SOH)"™, H i, SOC Jy H i A5 P R 58 e %
DBYHEAR 2z — S0 SOC AL TAT LA E b A5 3]
FEFIFI ] R A B AR G B E R

HHTX SOCAE T s AR ZFh, £2 50 H
DU JLZE - 2 B T B H TR i P22 ) 46 125
FIEE TS ORI RT 22 B R g — Rl 24
ARG T I7 1k 3L SOC Bl TR 22 e Bl I 1] BEA T
SR B TR R SOC AR TS BE A ZEK , HL
HSOC Al i+45 R 52 SOCHME M S mEE R . IF %
HLURR IR TE A T SOC Z i BERE 35 1 L T it e
TR —BLi AR ARIE SOC A TF B TR 14 , TR A
TG TAELAG T, Bl 0 25 R R B I 25
HAkTE SOC, H H AR U 28 AT A [R) HLAG 5K
JE 32N Gk J7 1 B M R JE T AR AR T Y
SOCAG T J7 1k F2 2 g 40 i R K & I8 5 % (extend
Kalman filter, EKF) S H G i To 3k < /R 2 8 i3 v
(unscented Kalman filter, UKF) . EKF 7£ X%} & 4
PEAT LML B 7 P 2200 T 2R 8 RO IS A R
S VA BRI, (i 15 RGEAFE LRI IR 22 . UKF
i 3o TC I A R AR B R M B T 22 ST
B UKF 5 2R 48 5 W by J5 2 W04E, 145 SOC
T AFEME P 522 | [ I UKF TR AREIR A D7
ZEHE MR E M AR s AT

N T fif R LA IR, AR SCHEHE 3.5 V/20 Avh
8 i TR Ak AR P Tt R BF X R, e L B
Thevenin 55 RC HL BEAEAY , - H VIR ZS T BRI
W75 #5985 R BP 2 M 245 A0 2 0 35
OCV-SOC M £, 42 i 1 HH 2 ADLA K5 B2 5 1448 57 A
By A% 38t 1o PR 33 #E B2 /N 7€ (dynamic forgetting
factor recursive least square, DFFRLS) ¥ 1 H 1 L/
IR TCHE R R 2 € (adaptive square-root un-
scented Kalman filter, ASRUKF )% 1 347 SOC Bk
ATt i DFFRLS 75 £ B iR B 1 2 80, >R
ASRUKF 547 SOC Ak i1 5 fe 7, B4y B 5
B, %F A SRR 5 O T8l R R 2k
(square-root unscented Kalman filter, SRUKF)
UKF | H 3 1 IG5 R 7K 2 1 1 (adaptive unscented
Kalman filter, AUKF) % 347 23 SOC A 1145
SRR BE RIS

1 BFR AR SRR

1.1  ZFr Thevenin Z 348 8Y 7 57 & B #{ 1L Ab T2
 HL I SOC A% 110 B A4 8 RS % 174 FL %
60

FERY AT ] N AP 3 R AR AT  Rint BEAY
— B RC AR PNGV B FI — Y Thevenin 5524
H, BRASE U021 [ Thevenin 25 %5 H, BR R U AH L
T By RC A A REA% T NIORE B Sz e 25 Fh S 1) 2
A TR Bt T R A 7 5 H LR TR 2 BT R S
PR, PR AR SC3E F B Thevenin 8524 H 6 52
AU T Lt AR, L F S B N BT 1 PR o

1 i Thevenin 2555 iy fg A5 75

Fig.1 Second-order Thevenin equivalent circuit model
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Fig.2  Comparison of the effects of the two fitting methods
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