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Abstract — In this paper, an estimation algorithm for state of charge (SOC) was applied using an equivalent circuit
model (ECM) and an Extended Kalman Filter (EKF) to improve the estimation accuracy of the battery system states. In
particular, an observer was designed to estimate SOC along with the aged capacity. In the case of the fresh battery, when
SOC was estimated by Kalman Filter (KF), the mean absolute percentage error (MAPE) was 0.27% which was smaller
than MAPE of 1.43% when the SOC was calculated by the model without the observer. In the driving mode of the
vehicle, the general KF or EKF algorithm cannot be used to estimate both SOC and capacity. Considering that the
battery aging does not occur in a short period of time, a strategy of periodically estimating the battery capacity during
charging was proposed. In the charging mode, since the current is fixed at some intervals, a strategy for estimating the
capacity along with the SOC in this situation was suggested. When the current was fixed, MAPE of SOC estimation was
0.54%, and the MAPE of capacity estimation was 2.24%. Since the current is fixed when charging, it is feasible to
estimate the battery capacity and SOC simultaneously using the general EKF. This method can be used to periodically
perform battery capacity correction when charging the battery. When driving, the SOC can be estimated using EKF with
the corrected capacity.

Key words: State of charge, Equivalent circuit model, Extended kalman filter, Observability

To whom correspondence should be addressed.

E-mail: kimy3@kw.ac.kr

fo] ie edigh A W] AdE 71dsle] FaE gl
This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

363



364 AR A A
LM B

H A7) AEAF AL AR F T2 vlEe] S7skaL gl wiElE]
FaF 2335 ofat] 918l $hE8HA] 931 State of Charge (SOC)
80%~90%7HA 1 F-dsto] 3 T8 WA sk o] tiko®
A= 3 oAk v ] AHS-& Helshes wiE e wHe] A" A
g3l SOC FHI7}F FolAof 1% a&# o1 bAsA miH e &
e 5 ATH1-4]. SOCE A &atA SHE = vk AgAte]
FHA L Y An)y ]'*7]'01'” 5 P gl Ao ST
Y F2 mfo] 7Itenhs]. =8, w2 & ARE-ehell whet At
e §o] ol E= do] YER A Ftt. 3t Aol 23t
T &3S Ags] FYshE AR AR T A 2 Qb
FQ3lth SOC A & &3 YeFs W Fo| 22 w3l §5F
e e

W 9l F o] M E A ok, A/ dEl el A= Open circuit
voltage (OCV)E &&-3to] SOCE &9 FHstA Coulomb
Counting® = SOCE AXFeHe W E & 2Hesitt. sl Wi
H w2 et W o g AFA oy FA el e %%LO]
7Fssttt. 28, FaskAY T4 A8l = ARV 523 9l

7]e OCV-SOC map< 5314 SOCE 7o 2 o= il
A3hslA] ¢hrh. OCV HHE Alo] T3] P H Al AgkE ol
L3517] wjFo|r}, wsl Coulomb Counting'H2 %7] SOC 3=
AEs] LA Fakal A 549 wol=7F EAE A9 1 eat
FAE= WRo] Ut [6-8]. APA 7oA = Tk AR gt =

7] SOCE &3] & &= Ut} 1ZHE] SOCE Coulomb counting
o ® AXkE & 4 g7l diolE| & R 7hsslth. AR, Ay,
=5 52 wEddel Y, AAke dlolE socE wEYle] & ZE’:‘ °
7 8te] Rl REs 5538k0] SOC F4 ol E-8ehs HHER
ZAETH9,10]. 22t B glo] HlolE 21t 7EE wEuls &
S 749 Y= SOCANA peak?t HASH= E/do] UEeRY, ol &
43} Unscented Kalman Filter (UKF)E &85} dldsl= W
TANZITH 1]

A|zro] A]tel] what v 2] §-%Fo] 7hAahe SOCel] FakE v

Bz a9 ey &35 #4948 271 itk Coulomb
counting & 73l #A| AfolZelx o] Hu] &5 7h& ANH12]
st ‘j‘“i SE([1318HA, 29 7|RE B57)E F
SOC} 3| F7g3h= W [14] T©] Ath

oA SOCE =g 71‘& =715 T3 %

fiotd oo

State of Health (SOH) =3 &= #5571 &
OCV-SOC mapS &-g-310] o115}
 EroME B E“Jﬂr AT 57 %k* 3 574 = 7}5} el
TFE —%7@@ —/F +i= 79 I E|(Kalman Filter, KF) ¢ 18]5S
& 59, AAF st = HHHE] s
——ll‘ijﬁH SOC’%‘ _7—[\_13“3‘31— “'é]_g_ﬂ' Qlo Ui ?SHD]' TIE ‘ﬂ’oﬂﬁ’
A= vk g =9 3o 2dl oS 3k

==
A éé a]o]ae S ]%3:5} 1 54 Jgk
7]

N
b4

7]_ 0 U% 7;“/\]— 2
7} moving horizon estimation¥} 7+ B} =X] vy 4
Aol Sltt. &3 oSl gt 725 Yel® F Slo] ofy
2} AakS F3l T A AAO R AMEE IR ] 38k 7o)
PFsefc}. 2 A 28 9i3tol 44 429 Ao} e /]
At =5 H o]+ Equivalent Circuit Model (ECM)S &-8-5191t}.

yiil

rlo

Korean Chem. Eng. Res., Vol. 60, No. 3, August, 2022

WS A9 A e By

12 71 RS 39 A
S ISRt B A A0 87517

f
Mo o
2 o
i 2

23

o

Tl “HEP/] %&W}X] 7S WA
Aeks & “‘3—0]’04 SOCe} =3t E -irxéﬁ]”c ks AATEHA
t}. 53] %@ "Lﬂoﬂ/ﬂh AR7F FEE dAsioheE Aol At
A gl soC 4 ) w3l §s st 714
o= E%‘a’}i— S AlRIEITE AR Zﬂi 10 24 AN QL
Extended KF (EKF)7} 28 7588 215191t} B3t Observability
TAE Fate] B 7 Aol eS Gl R o R
W dstell A RA R 858 13 7, EKFE AMS-sle] SOC

1 5233151 0] Bl Ad8lellx o] 38 AEE A4S et
Section 20|41 = ECMe]l T3l A saL o] 5 7o 2 AXkE =
SOC 1 ZE 18Xt} Section 3 A= KFell Tl 478k
o] § E,%o]—o% SOC F74& 5393} t}. Section 4014+ e 2] 2]
A 3] A3l A Ml vilElY] §5-8 S8t

]°ﬂ fﬂra} 13 A|2Ho] Hof, EKFE 48313t

H~1

LA S

=]
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Table 1. Nomenclature

Parameter Name

A System matrix (n x n) matrix -
B Input matrix (n x 1) column vector -

C), s Nominal capacity in unit A-s A-s
C, Nominal capacity in unit A-h Ah
C, Capacitance of RC circuit A's

H  Output matrix (m x n) matrix -
I, Applied current of battery A
K, Kalman gain Matrix -
M, Observability matrix -
P, Initial error covariance matrix -
Py Error covariance matrix before current measurements are used -
© System disturbance covariance matrix -
R Measurement noise covariance matrix -
R, Internal resistance Q
R, Resistance of RC circuit Q
AT Sampling time s
u, System input -
v, Measurement noise -
w; Process disturbance -
x, State variable -
%, Initial estimation of state variable (n x 1) -
% The predicted value of x;, before current measurements are considered -
%; Present estimated value -
z; Measurements (m x 1)
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Fig. 1. Equivalent Circuit Model.
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Fig. 3. Current scenario used for simulation, dynamic stress test.
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Fig. 4. (a) Real SOC, SOC estimated using Kalman Filter, and SOC calculated without Kalman Filter. (b) Percent error with respect to real
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ST 90% w=3te A A capacity 3k 32.4Ah0]™, Fig. 5(c)°llAl o) I——
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4-2. Observability A 284
HiETE] 85 CF ANEE ] W5 = F7eto] MiE] &35 .
FA8k= Zlo] 753k Aldko| 9= %] gHela}ky] 9)&] observability . . v y
2 A=8) Bk Alo] Al2ELE e WS A 02 R |, ’ T e P
FEHF S AR U BipEo| B2 o)X 4317 of Fig. 5. (a) Percent error in SOC when estimated along with capac-
HE A7) vt} Ao] 7)1 AABIAY Alo] Al AEL] AEIE T ity (Red lifle) and estimated with .the initiz.ll estimated capac-
) - = a3 e o =B 3 ity (Blue line). (b) Percent error in capacity when estimated
2ab7] 1slA B e ) ]?ETE = S8 4ol sl o along with capacity. (c¢) Estimated capacity (Red line) and
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observer” ' H| W= gk doh)7] flsiAlE Aliklo] 95 7hs(Rlo]
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olg}a F-2u}21].

Xpiy = Ax+ Buy (32) 21 (32)% (33) 2> FEjo] AH T3 WAg o] e

2, = Hy, (33)

o]

Table 3. Mean and maximum of absolute percentage errors in SOC and C, estimates when they are estimated simultaneously by EKF. Those
percentage errors in SOC when only SOC is estimated by KF with the overestimated capacity

Simultaneous estimation of SOC and capacity ~ Estimation of SOC with the overestimated capacity

G, SoC SOC
Mean absolute percentage error [%o] 2.24 0.54 0.97
Maximum absolute percentage error [%] 5.00 1.96 234
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