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Lithium-ion battery SOC estimation based on deep reinforcement learning Kalman filter
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[ Abstract] With the rapid development of the automobile manufacturing industry in various countries around
the world and the improvement of emission standards in various countries, the rapid rise of the development of
electric vehicles has aroused the great attention of governments and environmental protection organizations in the
world. As an automobile country, China is also highly concerned about the development of electric vehicles.
Endurance and driving safety are the main research directions of new vehicle performance. Electric vehicles replace
traditional cars, the key point is to improve the performance of lithium batteries for vehicles. In the research of lithium
battery performance, the accuracy of SOC estimation of lithium battery is an important content in the research of

lithium battery. Accurate estimation of lithium battery SOC can improve the service life of lithium batteries and

improve the charge and discharge performance of batteries.

[ Keywords] Lithium battery; Vehicle performance; SOC estimation

1 #i2

REMA T AERERRE, AT R
B, RENTREEEHR . KENERESE
FREIH RGN, FRE AT T 2 M BOR RO REYE
BENAMER. HaRRELdiEaEkr R E
HFR T =F2RA, RGN IR R GIRER %
HBIHUR D REIR I, X gR AR, H
ANEE AR AS b ke 1) B SR RV 45 385 VR R
AT RN, FeA oy rRe, RT3
RS R R T 5 9, (HVR R 02 Ak RE RN 4L i B
DI, HBARERW S . el RESH R AR
RFRR N FE H bR, sishiR g BR
BB IR G e e Re S RE e L2, (HiE

HRRAARIRE R BN SRS A T A 2. 12
o 2 FH R F I ) M e R 1R s A R SR R W Bl g
SRR TG

2 $2EEith SOC it /A=K

BRI SOC okt (A&, H e A5
T3 RS, I AR LR HAE R 1) SOC A2 A L R HE 1
BRI SOC HERAAL T REdeE T+ TAEPERE, $EF-2E
M A FH R il TE T v ST 0 A F Tt )
SOC [ty 5:Ail, BT DL BUA 8IS T 7 72 4F & 2
(1o SOC flitH 77 VA4 S FEAR BV AN T B Hi R vk, R
U, RIR B, T A 28 D 288 A BT

RS PR 6 ¥ 14D i PR Pt [ R 7 S PR
FE AN, FrihiR e s, DUEE /MRS


https://jeea.oajrc.org/

FrE LG, W EE

SETIREE IR 5 5] R R 2 BB R 1 L SOC ATt

LR EAT RSO, B3 R SR 58 4 . FR ) SOC
AT DA L () 5 B R TRk Rk . BRI SIS
JIEE R ER:, AR R ER AR, SRR
ANETCUH A T, A

FE % H R R BRI S T AR T F R L 1 A
NI RA L, A S ISR e, SR ] Be A = HER
AEVR S LR /D FLHEL ) SOC 1 10%, & FL b
i PR i PR o TXRE T DA AT DAAS B4 S ) HL A A
AR SOC, %o bk B0 1 il 28 ] LS 21 v A 1)
OCV-SOC £k [PV T it H s 35 S e Jit 0 1 B P9,
VR ST PU BT B o AN R R AR AR £
T G B R PR AT A R vl P S R
FRMAER K, BT DA 24 5 1 H i ar A5 iR B AR K
—BRIFIA), A RE AR B i ) R A T AR AR
RAS, 75 DU 1 5 P P S AN T

LR 390 AT DARR A 2 I R 43 is, e isf Ry
AT DAAN T E I P A OB R T AR R B, AR
PEAR S b AN R, LR, B TR SRS,
Rt HAR S TR B, BN BAME RS, B
DA TS5 L i O 1 B I HE R RS, AT
XAk A B - VB IR A FOIRAS A — e v P, A
Bz S WA, BE SOC WA M LA, FrbL
B - HL I R ) G B ME ASRAS — AR I AU, T
H T T S 1 i R A R T S B H
BRI BRIz Ab, a5 se 0 iy s R A
A, BadsE Bl SOC WIRERAAE—

MRz, M H 2R R ZE N R R,

o B A S0 IR 1] 0 4 28 4 O, AT X
HIIR R SOC Al HEmaPER T LR, i H 1+ %
R0 i R ERES T HLTB F) F v A R 0 A A
H I EE B 7 Bl SOC, J& T IR, 7T REAFAE
ZINIRE, XEAME T HIE SOC fhil s
RZE ERKRDL,
ROREPEPLE MM LA XA, ARSI
P25 L Pt ) A R AN R I 3R A 2 ) o
BRE A, T B RS A T SOC AT iRl
filiTh o IR 2 T R b R AR A AL B
FReAdith ) SOC MRS AL &, AR FLiH ) 22 [ A Y
fELati b, AZIEATEEET AT SOC,  RATS 2 ik
FA RS o ) ] B 10 2R AU £ R B R 1
WIGEIRAS, (e (B R it b, b Al S St

ShE, R —AN R EIR ) SOC. HTHE T
AN EIIHEORAS A P G AT, 93D 1 e A
T HIVBAIINE SRR, (E4E R k. RR2
P8R S TSN A A 5 E R A
BHATIE S, T S 7 I AT BUIRES (SO0 , 2k
PERGAEL A RGe#l o LAMEH, YRz,
% SOC fili 577152 R SLAE FV ) 25 (R A |, 7
AL 1 FEV AR AT AR, 52 2 H Al R 2 B s b
BOR, B G ARG BT ORI m A 2R .

7 A1 428 IO 26 ik B0025 2 7 2 K S I SR 2 %
(A Lt s L it L, A, TR AR B
B MAEMLING, FEd RGN RIBRIZIE,
A DL B s AR A R A T SOC, & T2 Fh 25 AL
BEEL, AL R T sl RS, AN E
PR o ZAN T RG22, (AR fE R 400, i
HoR T HER Al THE I ) AR S, RERKEM
BRI ) S R AT N R A2 2] o Rzl T T
VB2 B P 22 I 28 P )11 22577 ORI ERCH % 22 1 52 ) B A
Ko

3 ETFEilR/REFER SOC fhit

RIOR PR L — PRSI RARN
TRLH M SOC flith, FH WM IAT AL T 55540
. adZFENHRRE, RREIEKEEZT N
BEHBLT EKF S35 M UKF 53, afRINHTFEZ
AU, Al INER . RGN T RAEL A it
AR AHR I K S A28, Ol B A T
HLY SOC #T R LA,

IR ER —FE BEEAR A B R
IR B PR UL R G R B, RS TR
1% RS O 42 41132 B DL S At N\ B g 70
MWTHE, CLRFEFRIRES TR, X RGHPIREHT &
At BARRHE SIS AR R

VA FH B R 1 B3 RG AR AL I T

X, =FX,_ 1+ Bu + W, 3.0

AR B Py k-1 ZIM TR, BN
X AR AR RS, w, N k B %) C s h R, BN
25 1) Fne, R AR B B, Wo RS FE M TS, W] AR A
AHTF M A

RGN 7 FEA :

Z,=C¥p_, +Du,_, +V, (G



FrE LG, W EE

SETIREE IR 5 5] R R 2 BB R 1 L SOC ATt

HA (3.2) # 2 4 k B ZIFWIE HiE, C
PR B X I HDRRERE, oL, T AR
NAFAR I

FIHRARES AR P RN AR BT .
S BRI UG 26 AN

xy = E[x], 5, = var(x)

IR 2 L T B W A A 23 ) 2 T
R AN R S AR, YA T AR A AT R
STTRETN T — PR TTRE, AR5 R IE B A M
Ml RS TR, WAL RS a3
MERFPIRETTRE R B BATEMA ARSI 12
RITRINERE, BB T2 k I 2 RGNS, RYE
ARG E PRSI R, TN APIRZES T3 R -

(3.3)

Prje-1 =FE[(Ki — Kupe-1) ¥ (%, — fk|k_1)T]>< FTJFFE[(Xk - Xﬂmk—ijW{]'FE [Wk[Xk - Xnm—l:'T] FT + E[W Wy ]

TR R ZE AT R A R A G, A
(3.8) faithfe

Pope—1 = F;\:I':';‘:—lu‘:—1F?:;r + 3.9

DA b gl 2 I 7 22 A S AR

TR APIRZS Al vt AT DLARCA AR (RS A 1
ANELHE T I (8] 2 ROV B, R4 B i PR
() 221 AL R B HK A2 TE A ESOdEIR A Al it

IR 2 R B sl IR A T R ORI 7
AR LNERT, ARSI THEHMA SOC i,
EKF BEm A LAAR /R S 80 i B Sl AT oot 1
fif KF BLREN A TR H 1) SOC flith. ¥ /@ +/K
Bk AR I RS R AR LR YRS o BT R R T
IR G G AR R R AN TR, PR
H KF 5iEHHT T — 265

4 KWHESHH

FR PG b SRR B B A FLh SOC il T4 St
2, BAE MATLAB 40 'S8 73T . AFk
A IE T B0 5 AORIGE TR /R 2 9 S
ML) SOC it Rtk o« AT A fd FH A0 40 25 7 Fe vl A2
48 SHEFHM, ZHEIFRER RN 4735mAh,
FE i FEL PR R RO HE N 4190V, #8k1E He R R
N 3.259V. HTRIREHNTEH & RS T
DAALIE, By LA 5 f0 M 7 0 A2 AN A 1 v 07 T e 7

Kot = Fidlemqgoq + By + Wb (3.4)
THC R 2 I T 22N
_ T
Pklk—l - kak—llk—le + Ve (3.5)

NS AN, BUIE XKk-1 #9772 H R

th
Pae-1 =[[Xk — Fope-s ) (K _Xﬂklk—ijr] (3.6)
FEAR (3 FAR (1) ZIaHE
K = Kemt = Fla-syey) T W (3.7)
HAI (3.60 AN (3.7) AL
(3.8)

PRI AV E TAERAS TR b EdE, SR <R
s UKF SR 0077 SORR R 87 Ft 1Y)
SOC SzPrfl, 57E MATLAB EA47E 3k SOC i &
AT, FEATIAIE UKF B4 it SOC 1%
SR AR

2

465§ 1 SOCHY 3 b 5 (i ¥U{E

18

1.6

14

1.2

1

sS0oC

0.8

0.6

0.4

0.2

0
0 200 400 600 800 1000 1200

LR A L R A LA R Hir, (R
50%SOC VAP, AFHJCiE R 7K S0 2 251 it 1)
SOC Aty tH 1R =y RS B B2 5 1 EL X 8 28 7 F b 1)
SOC flitHHa e AR LT, 77 Had FEA 2 IR IR s
X R SR 245 IR RE TR 58 X BB T F It i
SOC i THG 1R 3 ¥y &k

g

Ak, WEBINAEMKERG. BERE
M TAE SR ES) I TT A A 2 - B HHL )
R, HENAGIX T H MG . N T Tt



JEEI, W EE

SETIREE IR S 5] R R 2 BB R 1 L SOC it

P A VPR RE A e A R, T RS HERR 1A,
THEE ) SOC. UKF ByAAEXTEE ) SOC il
THHREE RIS, feterEmHfh o4 b i SOC,
[[HERES ARV €8

(1]

(2]

(3]

(4]

[3]

SE Xk
WaltE e A TR G LA R AR T[] R HE & 5 3
11,2020,28(32):27+26.
FLAA. BENVRZE Bt 2 AT B DA S R R AR AT [0]. B AR
¥ZE,2017(20): 45-46.
Tk TR R IRIR ZE S0 ) r ith A B R ST (R 4 BT ).
B, T 7 2020(20):184-185.
TR B R AL 2 ST IR0 5 I B R 40 TC B ] R
T R A B TR T R R AR G AE 24 41k,2019(02)
BT IR B A M I BT A 34y 2K 510
BI[I]. BAEH; A Dave Yuen. BRI FE 2:41%,2019(01)

(6]

(7]

(8]

BT STF&LM HiA ) 82 1B 28 7 r it A — B RN
ARSI B = e WA s b E AL TR
#,2018(14)

FT HIERCT R TE I+ R S R vk A 2 T i
SOC Ml SOH Aliih[J]. T2, Pha . o B AL T2
2:41%,2018(08)

FE TR R BTl SOC K SOH it 7 im0 7% i3
FELD]. DL R ai  E SR 06 AL T 224,201 8(01)

FRALUEE R : ©2024 153 5 FF BRI FIWE 72 H 0 (OATRC) B
. AXELEBANILEE LT ERREK.

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS


https://creativecommons.org/licenses/by/4.0/

	1 绪论
	2 锂电池SOC估计方法研究现状
	3 基于无迹卡尔曼波的SOC估计
	4 实验仿真与分析
	结论

