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SOC Estimation of Cylindrical Lithium-Ion Multi-Cell Based on
Extended Kalman Filter for Improving the Life of EV Battery Pack
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Abstract The battery management system (BMS) of an electric vehicle functions by optimizing the safety
management and efficient operation of the battery. Because the SOC estimation of a battery can provide
information on the internal state and lifespan of a battery cell, it is essential in BMS operation.
Furthermore, battery SOC information is required to resolve the energy balance that occurs between
cells. In previous studies related to SOC estimations, internal parameter characteristics of battery cells
were modeled and analyzed through a simulation, or SOC estimations were conducted using only a single
cell. On the other hand, existing methods have limitations in accurately estimating the SOC because
factors present in a battery pack consisting of thousands of battery cells, such as leakage current and
energy imbalance, are not observed. This paper proposes possible problem factors in an actual BMS
environment by assuming modules inside a battery pack as a multi-cella to improve the SOC estimation
accuracy of cylindrical battery cells for electric vehicles. The cell equivalent circuit modeling and
step-by-step parameter extraction were performed. Based on this, the SOC was estimated using an
extended Kalman filter. As a result of the estimation, all sections except the initial stage of SOC showed
an error of less than 1 %, and an average of root mean square error in the entire section showed a high
accuracy of 0.2475 %. The proposed method contributes to hardware design that can mitigate problems
arising in actual BMS environments and provide accurate SOC estimations and energy balancing
methods.
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Fig. 1. First order Thevenin equivalent circuit model
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Where V, denotes the terminal voltage of the
battery, V,, denotes the OCV voltage which
means the voltage after relaxation period, £&;
denotes the internal resistance, R, denotes the
diffusion resistance, C; denotes the diffusion

capacitance, and Z denotes the discharge current
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Table 1. Equipments used in the experiment

Equipment Model Name
NI DAQ NI USB-6009
GW Instek
DC Power supply GPS-3303
Electric load LF10000-C
Software MATLAB R2020b

2.2.2 HiE2| M

A iAo 2E 44 SDI INR18650-35E HHE] =7}
ArgEion ARk Table 29+ Zt}. vig ] 32 %
WA AlelF 47 F71etol weh WREE Atolo] 35t
Y0 R Qlsf| TAAFITH17]. & =Rollx= A1 A+
H HiEge w3t AEiE wgst] s AelE 1
(Cycle Life)& 1 C-rate 7|5 3,400 mAhXrth 2R
3,260 mAhZ F#gct.

Table 2. Samsung SDI INR18650-35E specifications

Item Specification
Standard discharge capacity 3,350[mAh]
Charging voltage 4.2[V]
Discharge cut-off voltage 2.65[V]
1 C-rate < 3,400[mAh]
2.2.3 ZE| 4 SIS0 A
Fig. 2t B 4 Seble] 22409 92 74< U

Rt} Fig. 2()= EKF 71¥ AFg SOC 24< 9jst
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o) ge A wAd 9 A, AF 24 28 Uehith



At g 7t 953 FEel2 HE A9 soC 4

UB Battery

Electric Load

Differential
Amplifier

(a)

b

Fig. 2. Multi-Cell circuit Hardware Design
(a) Designed circuit schematic
(b) Multi-cell Connected in Series

Fig. 2(a)9] AXH3SKElectric load)= HE| Alat &
=)ol ARE FFolFe 9T ek Wi B Al
o] A== St HEHY HAF S4 oA LSt
= wo|2E Hasloly] {8 53 53 FE(LPE:
Low Pass Filter, ©|5} LPR)E AAI, ZF Aol A&F
574 4 AARHY] FHARE A5t flsiA 7L
AAt ZZ7](Dual Op-amp)E HHBuffer)Z A5}
of 32E FAWt. HF dlolE 2 HiElg] Ao a2
H PCB 7130 AEAEH(Shunt resistor)& 4Ustal
A5 TE271E AA SPEEE AN

[ ook
(o)

2.3 EE| 2 OictOjE| gt 24

EKF 7" 28§ SOC F7el= uisfz] A i m2to]
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Table 3. Multi-Cell parameter mean values

SOC[%I Ri Rd Cd
5 0.069637 0.040366 15089.58
10 0.066582 0.021491 29858.44
15 0.062788 0.029504 20747.38
20 0.059515 0.025450 24423.33
25 0.062542 0.029572 22729.07
30 0.056350 0.032339 19210.38
35 0.059898 0.038188 15830.97
40 0.060583 0.035682 16889.47
45 0.060076 0.028120 21685.50
50 0.061487 0.024409 25097.55
55 0.061911 0.024203 25552.22
60 0.059515 0.028915 21437.41
65 0.060775 0.038435 15744.57
70 0.059871 0.034093 17862.40
75 0.062076 0.034901 17330.59
80 0.060843 0.039393 15387.52
85 0.060665 0.030778 19746.34
90 0.062624 0.021792 28285.77
95 0.063857 0.021792 28285.77
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Fig. 3. Parameter Extraction Result
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denotes the command vector which relates to
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Where V, denotes the diffusion voltage,

denotes the terminal voltage of the battery, and
V, denotes the V;
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4(t)
S0C, ., = S0C, — f ad @)
4

n

Where C, denotes the capacity of battery, At

denotes the sampling time between step k& and
step k+1 in the EKF Algorithm
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Where @,.., denotes the rated capacity of the

battery
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function)& ©]&3ld OCV-SOC FA(OCV-SOC
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Ty = Az, +BU+w an
Yy = h(z,) +DU+v (12)
A
A= 0 |- At
01— At Qmax
R,C, At
G
_ | 9n(s00) } _vh
H*[ ssoc V=g ) (9

Where A denotes the Transition matrix relating
the step k¥ to the step k+1, B denotes the
H

control matrix, U denotes the current 1,

denotes the measure matrix computed by the
Jacobian matrix, h denotes the measure function
and the OCV-SOC curve, and D denotes the
internal resistance £R;

Table 4= 94 A2Jgt EKFe| 52 mdlo] EKF &
Do) HgEo] B QulETE FEE U
Epfit},

Table 4. Extended Kalman Filter Algorithm

order Extended Kalman Filter Algorithm
0 Initial Values :EU , By, Ry, Q,
1 T ap = fz,u,) + Bl
2 P; P.=AP _ Al+Q,
3 K | m=rulpmvR)
4 z, o, =y + K (y, — Hap)
5 A P = (- KH)P,
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Where @ denotes the covariance matrix of the
process noise, R denotes the covariance matrix

of the measurement noise
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Fig. 5. SOC estimation result using Extended Kalman
Filter
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Table 5. RMSE of Multi-Cell

Lithium-ion battery RMSE
Cell 1 0.0022
Cell 2 0.0024
Cell 3 0.0034
Cell 4 0.0019
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