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An Online State of Charge Estimation Algorithm for Lithium Batteries
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Abstract: An online state of charge estimation algorithm for ternary lithium batteries is proposed
based on online calculation of open circuit voltage and table lookup method. Firstly, the first-
order Thevenin equivalent model is applied to the lithium battery, and the relationship between
port voltage, port current, and open circuit voltage is derived through the equivalent circuit
model. Then, the recursive least squares method is used to solve the open circuit voltage online,
and real-time calculation of the approximate open circuit voltage is achieved through the port
voltage and current parameters during the operation of the lithium battery. Finally, the
implementation process of the proposed online state of charge estimation algorithm is introduced,
and the estimation accuracy, computational complexity, and other performance of the proposed
algorithm are compared, analyzed, and experimentally verified using typical datasets. The
experimental results show that the estimation error of the proposed online state of charge
estimation algorithm is less than 15% ., and the computational speed is 2. 5 times that of the

extended Kalman filter method. This indicates that the proposed online state of charge estimation
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algorithm has high accuracy and low computational complexity, which make it suitable for online

state of charge estimation.

Keywords: lithium battery; equivalent circuit model; open circuit voltage calculation; online state

of charge estimation; low computational burden; parameter estimation
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Fig. 1 First-order equivalent circuit model for lithium

batteries

u(t) = uoev (1) —i(OR; (1) — uc (1)
i(1) = Co(Duc () + uc (1) /R, (1)
s ue (O uoey (0 535 ¢ I 20 AR A6 L 25 L T
H Tt T 6 L T
FTREPAUERMSEA . uocy () Ry (1),
Ry () \Co (0) vue () o e ue () 7T DL 3 HiAth 2 %4
FoR AR AL AR i R AT DUKE O 25 P (2)
PSR A
u(t) = uoev () — i (OR, (1) —i(OR, (1) — uc ()
(3
A woey Ry () cue (o) BEF HL LA far LIRS S
W T FEH AR BT b B 2R AT AR A BT LA woey () 7T
PLRR N STk W3 H0F X

(2

il()(‘x'(t) =
257
dt
|:(714(>(‘v(t) Jupey (1) (']u()gv(z‘):| 97T (4)
EN) aT dk at
Ik
e |

) B, ATH B N B R (o) & m D 5 B Y
B
)
En

IR, (1) IR, (D) JRl(t)} aT
aS aT ak dt

R () = [
Ik
dt
(5)
i i #E AT 1 C B TAE , far FCRAS A 1 3K
JNE O YIRS E] R 3 600 s,0S/drA3X 10, K%
R b B R A R R AEIA E) 10 C 24 H Ik
AL AR R far R S B B R S8 0, — T i,
OB T 8 Sk R, DR I Sl A 3 R A 4 ) HL
T JBE SR AT AR 0 M A5 L DR TR AR T LR Y
s 55— 5 D . IE H T AR I Rt 9 3R B AR Ak R 2%

'F%,lﬂﬁtgﬂ’ﬂ{ﬁﬂui&{uﬁ 0. FE ML — UK 1 B ]

http: // zkxb. xjtu. edu. cn

A 95 75 WL B[] R0 R B R, R R L 1 C B

1C A MIk/Ita~1, 4 X 10 AT BIHA B2 T 0.
gi LTk =R T LR 4k A

u(t) ~— i (DOR, (1) —uc (1) (6)

(2~ W ue @) vuc (DA

R, () + R, (1)

u(t) =~—R,(Di(t) — R, (DG (D) i(t) —
1 M()(‘V([)
R G 0“Y TR (HC, D D

M AT LA S woey (o) BT RLTE 38 A 3 O A
Je S L OAE DA B S35 R B S RO AR B i FL TR
FEL VA 7 PR T A R AT LR 0 A DRI T T A 29 Y
T et v TS A 2 3K i 1] U AT LA A O 25 2% H % 5 U7
2 HEIRIA)
1.2 FBREEEZITE

R TETHES DR REB o (i=1.2,

3. )RR RIEAN
ar =— R, (1)
. _ R®O+R®
’ R, (1)C, (1)
1 (8
as =— 5~~~
R, ()C, (1)
a = u()cv(t)
TR, (DG ()
M= (HA IS N

u(t) ~ a1 () Fai(t) Fasult) +a, [€*D)
3 (9) Sy I 8] 3% S 3 b i 3R 3A B 2L 7E T % i R
TEE 7 B AT B AL B R AR TR
T.. 22 =(xp1—x,)/Tesx(t) =z, 2 A Bl u %
£ U ADRE 2 (O B AN T 1Y B AR X
Upr = b1y + 0501, +Fbsu, +0,7T, (10)
K .0,=a,;0o=a.T.—a,;b:=a;T.+1;0,=a, .
WLEE (10> A B 2% 3 19 454> 2 BT DL i
28 W B VA e /N VA EAT SR . i S A T e Y o
CENARN LR N iU RS SRRV € N VNN N
MR RS a1 vas vay vans TG SRAT woev () BIMH R
woev (= —ay/ay s uoev () B A 78 28 3R i 15 21 ¥y IF
FEAELE . W UL R R A A R L R, ()
R, () \C, () AT A >R A5
WhABLAE M BCOR AR SCAR Y T ik RE 8 S BT %
BRI TELIT S Hor s —E R R,
O, 25 FL L i 4 o 10, R o 11 L 9 ) 5 B ()
(), PRI, Y i A O A 1 B 7 AR o 22 1
W2 (OISR 0, B 289 AT LA faj 4k

w(t) &~ a,i(t) +asu(t) +a, (1D




509

e O e R R o ER VAN [ =R E 167

KADHAH 3 MRS EG as vas a, TR
b 1) 55 AL B RSB T woey () Ry (1) VR, (),
Co (O AANFERS L X PRk S HH R KT
J5 AR, JO T H b A5 A% AR A 1 S B AT oK
fiff s R SRR 0 N I B P AN RS . Ak, 2
F G000 B A AL RS KR A A A ) RS AR R
W aT RE GRS AH B B 23 A ik 22 . 1 =X () Bk 1y
IERE W BCRRESAR £ R R 2
TRAE IR K5I AR 2 . RAESR M,
B UL R G0 B RE 8 92 1 S e D i e AR 4 0 R
T A R R S A b SR B SR AR R R AR T
1 Hz, DAt O B 80 Ak Ak B 04 11 50K B . 76 — 283
B ILBOE S 1 TO0 T K 0yl o M 25 5
AW 22 . BEXT X ARG A, T DL &5 5 Ak
JO7 A B0 AT R 75 03 BT, 78 B8R S A I A B 2 Y
DAL LU o TS

2 AEZf VRS T

AR SCHE 0 B T % R S A B A R 4
ARG TR 19 5 B AE T 4R B0V o 1 OF I PR L FE
LA B IT B R 22 5 R R R Tt T B R R S R

2 o IR A 22 () A9 AR £ X 1 O AR Ll it A Rk
LT LA B fef RS

ARSI I 3T T B R S A B A A A
FER S A B30 2 AL A B b LE R 005 7
gy MIEEEEORFER, b SV Ol 2R TH, K
WL SEBR AR LL 5 °C o AR N T AR PR B IR X[
WS EEATAR 2 . AR SCLLE IR 25 °C o i X T 42
TR AT

B HEELIRE SV ik, BARREmAE 2
JT 7R o R AR R b T L TR R B A R X N ) SV
2 AS 58 4 A TR) PR b, S T 4 v A R S A B RG
JE T BN TR R R SVl 2R AT S 5 AR
FE . IRA DK R (HPPC) 5256 2 % B H
MRy 2 i ik HPPC 32 56 30408 mT DL AR 31 — &R 51 fof
FL R A B H X 7 1) O B LT SRS 25 A I UL A 1Y
BerF B AT ISR SV ol Rk, g AT LA
PGSR R SV BE . SebR TR N
AL SV BE £ A% 7E FLASH H, {78 26 far i1
REMTHRIEE RS,

IR b AE 2R AR B g IR S AR TR R B 3
i, B 1, Ros R g s B EER . TAEP L
T, SR SR e JE I 6 Fi vl o R L R I KA R AT R
A, I AR5 SR A 1 R U B0 A S L Y R S AL TR/

http: // zkxb. xjtu. edu. cn

FE/ B0
A KT AR

B2 PR SV B R B LR e TR
Fig. 2 Offline calibration process for SV

data table of lithium battery

5 GRS o IR N R el = R (=
Fn HLMLAL T AR 38 i A A 21 Y TR 2T B
HLROR A% O 5 AT AR B SE I OT o RS 8 Y o
PV U A PR T, 275 R Tt A T AR S AR R R R
o 7 A5 31 A9 T HL 2 A 2 AT B0 R A A HEOIR 25 Y
it FEL A VA LB B, 78 At A T S AR A AR Al
2R b 2 19 2 A T HL 2 A SR AT B0 N A faf B ZS
i AR L B RT 7R R AT B T 8% T HR I B iy
LIRS 52 B Tt R A i B A FE Al T

KA it i
MR HUR

Rl e 2 77
AT TARIRES

[i(t)>14,?

FELRARIT B 1T

| bt | | sowsat |
l I
76 Il 28 2 TR i £
Rt kA iR A

I l
3 TR AR S A R

Fig. 3 Online state of charge estimation process

2 HB AN AR B SEEL AR PR A

(DBELArE . OFEAF PR EET L it
FECR AR SV A s @ i B A Oy A
F ML A SV KB OMRE i Kk
2B A PR S T R O X AR A7 & FLASH, it
LA R,




168 W % oz M

PN

58 &

(DRI . OXF HL I HL TR I HL 3L 47 JA
SRR SRR S 30 R BB 1 s 5 O F I i b e R
Ak T ST R RS+ A 2R S HL R /N T A L O R
R R AR Bk 2 QD 5 4 SR o AL O R T i B, R
B Rt A TR B O 5 O Jd i R AR 4 1153
T 6 HL T 5 (O MR 308 Fi Yt ST HOIR 2 e FE TR SV
Rt 22, A R AT 2L A fr RS L BE R D

P YL L AR T I 220 8 R L PR T L LR AT
i Rl e SRS NG s R AN TP = R R TR TN
AL A I 3 i 457 1k T AR 45 1k Ay
RURZSELIT AL .

3 SLEYIE

DR VBN R R R R T S L R O o
B FEAE PR (UDDS) T4 R G ok o T80 A 461, % e 44
B A A e A RS AR TR AT LI I UE . SEIR K
it U5 T 22 e B W R R 2 R RROHE 4 L r i TR S R
LG HG2 18650, #l & WL 4 3. 7 V, Hl & 75 &t >
3 A - h BHE AR AL R A S aak R v e H IR A S
BrAE . A LA T3 Al 1T 45 2R 1 VA 3 A

FESEAT A LA FEAR AR 112 1, ARl B8 4 b 2 Ui
FEAS R E L B i R 1 SV Ol e ik 2L BL 0. 01
i PR A Ay 28R i AR S AT HORE L I 31330 RH 12 1Y)
FF I L L TR T I H e 5 i HROIR S B0 X R A 2R A7
it 2% - DA HEAT 7E Loy HUR S A SR A Rl H
3.1 WHERBERIR

R OLT . F Tt far IR AR AR 0. 9~0. 1 19
30 BRI T T AT X i L LA FR A L 0.9 TR F 0. 1
(1 3t R AT AR 2 A AR S AR BB vl Tt o HL S g HL
LR SR B2 M08 10 Hz, SR 5 21 14 HL R R eRL 3 %
w4 s,

45
240
§§3.5
30 ‘ : '
0 2000 4000 6000 8000 10000 12000 14 000
IR 1) /s
() i H, HE i1 B
10
<
e
2 0
®
-10 !
0 2000 4000 6000 8000 10000 12000 14000

IR ) /s
(b) % H, 3 P
4 ST T B BR T 3 R TR L S R U DO
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