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Method for applying OCV tables
to enhance SOC accuracy after
small discharges
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Korea, ?Department of Green Energy Engineering, Far East University, Chungbuk, Republic of Korea

Lithium-ion batteries are widely used as core energy sources in various
applications such as electric ships, drones, electric vehicles (EVs), and energy
storage systems (ESSs). These batteries can be operated safely with the help of
a Battery Management System (BMS). Among the various functions of the BMS,
accurately estimating the State of Charge (SOC) is crucial for the efficient use
of the battery. One common method for improving SOC estimation accuracy
involves using an Open Circuit Voltage (OCV) table. The OCV table is typically
divided into a charge OCV table and a discharge OCV table, both of which can
be used to correct SOC values. Generally, the charge OCV table is applied after
charging, while the discharge OCV table is used after discharging. However,
when a small amount of discharge occurs after charging, SOC correction using
a simple OCV table may not yield accurate results. In this paper, we examine
SOC estimation using both the charge and discharge OCV tables in cases of
minor discharge following a charging cycle. We also implemented and tested an
optimal compensation logic designed to improve SOC accuracy by evaluating
the error associated with each method. The test results show that the proposed
logic reduced the SOC estimation error to 1.4% when a 3% discharge occurred
without a rest period, and to 1.6% when the same discharge occurred after a 2-h
rest. This logic enables accurate SOC estimation even under conditions involving
small discharges after charging, thereby enhancing overall estimation reliability.

KEYWORDS

lithium-ion battery, battery-management-system, state-of-charge, open circuit voltage
table, small discharge, charge/discharge hysteresis, error reduction, thevenin equivalent
circuit

1 Introduction

While lithium-ion batteries do not directly reduce carbon emissions, they play a
crucial role in supporting the electrification of the transportation sector and enabling
the efficient and stable utilization of intermittent renewable energy sources such as
solar and wind power (Chatzigeorgiou and Papadopoulos, 2024). Therefore, lithium-
ion batteries are regarded as a key component of the infrastructure required to achieve
carbon neutrality. These batteries are widely used in various fields such as aviation,
drones, electric ships (Ku et al., 2015; Misyris et al., 2017), and electric vehicles (EVs),
and their applications continue to expand. In EVs, lithium-ion batteries serve as the
primary power source, and extensive research and development are being conducted
to extend the driving range. Efficient use of lithium-ion batteries can lead to increased
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driving range, making accurate estimation of the battery’s State of
Charge (SOC) a critical factor.

The Battery Management System (BMS) is a system that
comprehensively manages lithium-ion batteries. In automotive
applications, it is often divided into the Battery Management Unit
(BMU) and the Cell Management Unit (CMU). The CMU monitors
cell voltage, temperature, and current and transmits this data to the
BMU, which in turn uses this information to estimate the battery’s
State of Charge (SOC) and State of Health (SOH) (Lu et al., 2013).
Additionally, the BMS performs fault diagnosis and controls the
main power relay to interrupt charging or discharging as necessary
(Gabbar et al,, 2021). It also performs cell balancing when voltage
deviation occurs between cells (Omariba et al., 2019).

The driving range of an electric vehicle is closely related to
the accuracy of SOC estimation. One widely used method for
estimating SOC is the coulomb counting method (Ng et al., 2009),
and to correct accumulated errors, an Open Circuit Voltage (OCV)-
based correction method is often employed (Zhang et al., 2016;
LEE et al, 2007). Other methods include equivalent circuit
modeling (Lee et al., 2005) and internal resistance-based models
(Sato and Kawamura, 2002), such as recursive estimation using
Kalman filters (Shrivastava et al, 2019; Zhang et al, 2019).
Among these, the OCV-based correction method is the most
fundamental (Jeong et al., 2013). OCV-SOC tables can be provided
by battery manufacturers or obtained by performing controlled
charge-discharge cycles.

The discharge OCV table is generally constructed by discharging
the battery in increments of 5% or 10% from a fully charged
state under standard conditions, with measurements taken
after the cell voltage has stabilized. Although a minimum rest
time of 30 minis required for stabilization (Yang et al., 2017),
a rest period of 2h is commonly used for optimal stability
(Zhou et al., 2020; Xiong et al, 2011). Conversely, the charge
OCYV table is constructed by charging in increments from a fully
discharged state, with measurements also taken after a rest period
of at least 2 h. These OCV tables remain valid even as the battery
degrades over time, making them reusable.

In practice, the OCV table can be used to correct SOC
by measuring stabilized cell voltage during rest periods. In
Energy Storage Systems (ESS), such rest periods are common
during discharge and make frequent corrections feasible. In
EVs, OCV-based correction is possible during extended idle
periods or while parked. Previous studies have focused on SOC
correction using OCV in short rest periods during battery operation
(Jeong et al., 2014; Zhou et al., 2023), where full stabilization is
difficult. In contrast, this study focuses on SOC correction during
non-operating periods of lithium-ion batteries, such as nighttime
idle periods in ESS or after slow charging in EVs.

In residential settings such as apartment complexes, EVs are
often charged using slow chargers while parked. In many cases, the
charging plug remains connected for extended periods. In electric
vehicles, the battery thermal management system operates not only
during slow charging but also during fast charging, maintaining the
cell temperature within a safe range (Dai et al., 2023). To enhance
safety and prevent fires, the BMS may periodically activate during
parking to check battery status. In such scenarios, it is possible
to use the stabilized cell voltage after charging to correct SOC via
the OCV table.
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Similarly, in ESS applications, nighttime rest periods can include
small discharges due to minimal system use. In addition, due to the
recent large-scale installation of electric vehicle charging stations,
many apartments and multi-family housing complexes now have
charging stations within their premises. Even in places where they
are not available, there are often charging locations within a 10-
min drive, allowing residents to move their cars back home after
charging. After such events, if the SOC is inaccurate, an accurate
SOC correction based on the OCV is required. However, it is unclear
whether the charge OCV table (used before the discharge) or the
discharge OCV table (following the small discharge) should be
applied. This choice affects the SOC correction results, and a rational
decision is essential.

This study investigates whether SOC correction should use
the charge or discharge OCV table after small discharges that
follow charging. Tests were conducted under two conditions: one
with a 2-h rest period before a 3% discharge (Song, 2025), and
another with immediate discharge after charging. Based on these
tests and prior research (Song, 2025), additional experiments were
performed to generate new findings. Furthermore, SOC correction
logic using both charge and discharge OCV tables was implemented
and evaluated. This study aims to propose an improved method
for applying OCV tables to enhance SOC estimation accuracy in
lithium-ion battery systems.

2 Main body
2.1 Coulomb counting method

The most used method for estimating the State of Charge (SOC)
is the Coulomb counting method. This method can be expressed as
shown in Equation 1. In addition to SOC estimation, the Coulomb
counting method is also widely used for calculating the State of
Health (SOH) of batteries (Song et al., 2025).

SOC(t) = SOC(ty) - Jt i(D)dr (1)
Cy )y,

In Equation 1, SOC(t,) represents the initial state of charge
(SOC), and C, denotes the Full Charge Capacity. The SOC is
calculated by subtracting the accumulated current, divided by the
Cy, from the initial SOC value. However, if there is a measurement
error in the current integration, the error may accumulate over
time, leading to an increasing deviation in the final SOC value. To
correct this, a widely used method involves utilizing the OCV (Open
Circuit Voltage) table during a resting period when the battery is
neither charging nor discharging. This method allows for accurate
SOC correction by referencing the stable voltage characteristics of
the battery.

2.2 SOC estimation with Extended Kalman
Filter (EKF)

Figure 1 illustrates the Thevenin equivalent circuit model used
for SOC estimation based on the Extended Kalman Filter (EKF)
(Cui et al., 2022). Equations 2, 3 represent the discrete-time state-
space model derived from the Thevenin equivalent model for
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FIGURE 1
Thevenin equivalent circuit model.

SOC estimation using EKE By applying this model to the EKE
the SOC can be estimated. Equation 3 corresponds to the output
equation of the Thevenin equivalent circuit in the EKF method,
where OCV(SOCK) is calculated by extracting the OCV value
corresponding to the predicted SOC using the OCV table. This
allows for the prediction of the terminal voltage V#, which is then
compared with the actual measured terminal voltage to estimate the
system state. As such, the OCV table is an essential component in
EKF-based SOC estimation. The choice between using a charging or
discharging OCV table can affect the estimation accuracy.

In this study, Thevenin model parameters such as R;, R, and C,;
were selected based on manufacturer specifications and fine-tuned
using experimental data under nominal conditions. However, these
parameters may vary with SOC, SOH, and temperature. To improve
the accuracy and generality of the EKF, future work will include a
more rigorous parameter identification process, such as the Hybrid
Pulse Power Characterization (HPPC) test protocol, to extract these
values under varying conditions.

At
soC 1 0 Nelos C
I B PO 1 Loy [ @
d_k 0 e\ RiCa Vi k1 R d(l—e RiCq )
V=V, (SOC)—iR; =V, (3)

2.3 Charge and discharge OCV table

In this study, tests were conducted using the Samsung SDI
21700 battery cell, which is based on Nickel Cobalt Aluminum
Oxide (NCA) chemistry. Unlike LFP cells, NCA-based cells exhibit
a steeper and more nonlinear OCV-SOC curve, which enables more
accurate voltage-based SOC estimation. The OCV (Open Circuit
Voltage) tables utilized were based on the specifications provided
by the battery manufacturer. To construct the tables, standard
charge and discharge procedures were followed: the battery was
fully charged and fully discharged and then charged or discharged
in 5% SOC (State of Charge) increments. At each step, the
stabilized cell voltage was measured and recorded as the OCV. These
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measurements were conducted at room temperature (25 °C), and
the resulting data were organized into separate charge and discharge
OCV tables.

The OCV tables serve as critical reference data for estimating
SOC in battery management systems (BMS). Since the manufacturer
does not provide specific calibration methods for these tables, users
are responsible for applying appropriate corrections based on their
system and environmental conditions. Typically, the charge OCV
table is used during charging processes, while the discharge OCV
table is used during discharging. However, since it is more important
for the user to match the accuracy of the SOC during discharge
rather than during charging, sometimes only one discharge OCV
table is used.

Figure 2 is a charge and discharge OCV Table graph measured
at room temperature (25 °C). In Figure 2, the charge OCV and
discharge OCV show slight differences across the entire range, and
the difference is particularly large below SOC 40%. Among them,
the deviation between the charge and discharge OCV in the SOC 5%
partisa maximum difference of 153 mV. Since this voltage difference
between the charge OCV and discharge OCV appears directly as a
deviation in the SOGC, it can affect the SOC accuracy.

Although the OCV hysteresis observed in this study is treated
empirically through separate charge and discharge tables, it is
known to originate from mechanisms such as phase transitions
in the anode material and lithium-ion diffusion gradients
(Ovejas et al., 2019; Barai et al., 2015). A detailed electrochemical
analysis will be considered in future work to further clarify
these effects.

While this study adopts a practical approach based on the
Thevenin equivalent circuit and empirical OCV tables, future work
may consider integrating electrochemical modeling techniques such
as simplified P2D models or multi-scale frameworks to further
investigate the microscopic origins of OCV hysteresis and improve
the physical interpretability of the SOC-OCV mapping.

2.4 Small discharge test after charging

The electric vehicle slow charger is generally 3-7 kW, and the
full charging time may vary depending on the pack capacity, but it
takes approximately 4-5 h. Based on this, the current flowing per
cell may vary depending on the series and parallel configuration
of the cells in the pack, but the charging was performed at 0.2 C
to simulate a 4-to-5-h slow charge. The small discharge was set
to 3% of the capacity based on a short discharge of less than
10 min. First, to confirm the standard capacity, the standard charge
(0.5 C) and standard discharge (0.2 C) were performed based on
the specification, and the discharge capacity was confirmed to be
4808.6506mAh. Therefore, the impact of a small discharge of 3%
based on the standard discharge capacity was confirmed.

For the small-discharge test after charging, tests without a rest
period and tests with a rest period between the charge and the small-
discharge were performed at room temperature (25 °C), and a full
discharge was performed as a standard discharge before charging.
First, in the case of the case without a rest period, for the test,
100%, 50%, and 20% were charged, and then 3% small discharge
was performed immediately, and the final SOC was set based on the
capacity. Then, after a 2-h rest period, the OCV was checked, and the
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FIGURE 2
OCV Table for charge and discharge at 25 °C.
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SOC was checked through the charge OCV Table and the discharge
OCV Table, and compared with the final SOC.

Secondly, if there is a rest period, we charge to 100%, 50%, 20%
destination for testing, and check the SOC with the charge OCV
table after a rest period of 2 h, and perform a 3% discharge to set the
final SOC. Then we check the rest period for 2 h, check the OCV, and
check the SOC by looking at the charge OCV Table and the discharge
OCV Table, and compare it with the final SOC.

Figure 3 shows the voltage change of a 3% small discharge after
charging to 100% SOC, and Figure 4 is a graph showing the voltage
change of a 3% small discharge after charging to 100% SOC and
resting for 2 h. Table | summarizes the results shown in Figure 3.
After charging to 100% SOC at 0.2C, a small 3% discharge is
performed without a rest period. At this time, to confirm the effect of
the C-rate of the small discharge, a 3% small discharge is performed
at 0.2C, 0.5C, and 1C, and the Final SOC is calculated by capacity.
The Final SOC is the result of subtracting the 3% small discharge.
Then, the OCV, which is the stable cell voltage of the battery through
a 2-h rest time, is measured, and the charge SOC and discharge
SOC were confirmed using the charge OCV Table and the discharge
OCV Table, respectively. The error was confirmed by comparing
the charge SOC and discharge SOC values confirmed by the charge
OCV Table and the discharge OCV Table with the Final SOC as the
standard. Here, the error comparing the Final SOC and the charging
SOC is denoted as Chg _SOC error, and the error comparing the
Final SOC and the discharging SOC is denoted as Dhg_SOC error.

Table 2 summarizes the results shown in Figure 4. After charging
to 100% SOC at 0.2C and resting for 2 h, the charge SOC is checked
with the charge OCV Table. After that, in order to check the effect of
the C-rate of the small discharge, a 3% small discharge is performed
at 0.2C, 0.5C, and 1C, and the Final SOC is calculated. The Final SOC
is the result of subtracting 3% from the previous charge SOC. Then,
the OCV, which is the stable cell voltage of the battery through the 2-
h rest period, is measured, and the charge SOC and discharge SOC
are checked using the charge OCV Table and the discharge OCV
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Table, respectively. The error is checked by comparing the charge
SOC and discharge SOC values checked with the charge OCV Table
and the discharge OCV Table based on the Final SOC.

As shown in Tables 1, 2, the error (Dhg_SOC error) of discharge
SOC confirmed by the discharge OCV Table was small both in cases
with and without a rest period between 100% charge and 3% small
discharge. In addition, it was confirmed that there was no effect on
the rest of the period. In addition, it can be confirmed that the effect
of small discharge is large after 100% SOC charge. Conversely, the
effect of 100% SOC charge is small. Therefore, if a small discharge
occurs after 100% SOC charge, using the method of calculating SOC
using the discharge OCV Table can reduce the SOC error.

Figure 5 shows the voltage change of a 3% small discharge after
charging to 50% SOC, and Figure 6 is a graph showing the voltage
change of a 3% small discharge after charging to 50% SOC and a 2-h
rest period. Table 3 summarizes the results shown in Figure 5. After
charging to 50% SOC at 0.2C, a 3% small discharge is performed
without a rest period. At this time, to check the effect of the C-rate
of the small discharge, a 3% small discharge is performed at 0.2C,
0.5C, and 1C, and the Final SOC is calculated with capacity. Then,
the OCV, which is the stable cell voltage of the battery through a 2-h
rest time, is measured, and the charge SOC and discharge SOC are
checked using the charge OCV Table and the discharge OCV Table,
respectively. The error was confirmed by comparing the charge SOC
and discharge SOC values confirmed by the charge OCV Table and
discharge OCV Table with the final SOC.

Table 4 summarizes the results shown in Figure 6. After charging
to 50% SOC at 0.2C and having a 2-h rest period, the charge SOC is
checked with the charge OCV Table. After that, in order to check
the effect of the C-rate of the small discharge, 3% small discharges
are performed at 0.2C, 0.5C, and 1C, and the Final SOC is calculated.
Then, OCV, which is the stable cell voltage of the battery through a 2-
h rest period, is measured, and the charge SOC and discharge SOC
are checked using the charge OCV Table and the discharge OCV
Table, respectively. The error was checked by comparing the charge
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FIGURE 3
Voltage change with small discharge of 3% after charging to 100% SOC (without rest).
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FIGURE 4
Voltage change with small discharge of 3% after charging to 100% SOC (with rest).

TABLE 1 SOC error according to voltage of small discharge of 3% after charging to 100% SOC (without rest).

Charge Small discharge After 2 h of rest SOC error
C-rate | Charging | C-rate Discharging Final SOC OCV [V] Charging Discharging| Chg_SOC | Dhg_SOC
ca;[);jity capacity [%] [%] SOC [%] SOC [%] error [%] | error [%]
cccv o02C 100% 0.2C 3% 97.00% 4.1228 98.13% 97.17% ~1.13% -0.17%
cc-cv | 0.2C 100% 0.5C 3% 97.00% 4.1233 98.20% 97.21% ~1.20% -0.21%
cccv | 0ac 100% 1c 3% 97.00% 4.1256 98.50% 97.39% ~1.50% ~0.39%
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TABLE 2 SOC error according to voltage of small discharge of 3% after charging to 100% SOC (with rest).

Charge After 2 h of rest Small discharge After 2 h of rest SOC error
Mode C-rate| OCV [V] Charging C-rate | Discharging Final OCV [V] Charging| Discharging Chg_ Dhg_
SOC [%] capacity  SOC [%] SOC [%] | SOC [%] SOC SOC
[%] error [%] error [%]
cC-CV | 0.2C 4.1779 100.00% 02C 3% 97.00% 4.1223 98.07% 97.13% ~1.07% -0.13%
cccv o02C 4.1783 100.00% 0.5C 3% 97.00% 4.1227 98.12% 97.16% ~1.12% ~0.16%
cc-Cv | 0.2C 4.1781 100.00% 1c 3% 97.00% 4.1229 98.14% 97.18% ~1.14% ~0.18%

Small discharge voltage after charging to 50% SOC
(without rest)

3.2000

e Charge at 0.2C, then discharge 3% at 0.2C
3.0000 e Charge at 0.2C, then discharge 3% at 0.5C
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FIGURE 5
Voltage change with small discharge of 3% after charging to 50% SOC (without rest).
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FIGURE 6
Voltage change with small discharge of 3% after charging to 50% SOC (with rest).

Frontiers in Energy Research 06 frontiersin.org


https://doi.org/10.3389/fenrg.2025.1724766
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org

Song and Kim

TABLE 3 SOC error according to voltage of small discharge of 3% after charging to 50% SOC (without rest).

10.3389/fenrg.2025.1724766

Charge Small discharge After 2 h of rest SOC error
Mode C-rate| Charging C-rate | Discharging Final SOC OCV [V] Charging | Discharging Chg_SOC Dhg_SOC
capacity capacity [%] SOC [%] SOC [%] error [%]  error [%]
[%] [%]
cc 0.2C 50% 0.2C 3% 47.00% 3.7029 46.77% 48.04% 0.23% ~1.04%
cc 0.2C 50% 0.5C 3% 47.00% 3.7022 46.69% 47.95% 0.31% ~0.95%
cc 0.2C 50% 1C 3% 47.00% 3.7156 48.29% 49.59% ~1.29% ~2.59%

TABLE 4 SOC error according to voltage of small discharge of 3% after charging to 50% SOC (with rest).

Charge After 2 h of rest Small discharge After 2 h of rest SOC error
Mode C-rate| OCV [V] Charging C-rate | Discharging Final OCV [V] Charging| Discharging Chg_ Dhg_
SOC [%] capacity = SOC [%] SOC [%] | SOC [%] SOC SOC
[%] error [%] error [%]
cc 0.2C 3.7331 50.32% 0.2C 3% 47.32% 3.7015 46.61% 47.87% 0.71% ~0.55%
cC 0.2C 3.7437 51.43% 0.5C 3% 48.43% 37116 47.81% 49.10% 0.62% -0.67%
cc 0.2C 3.7548 52.58% 1C 3% 49.58% 3.7224 49.10% 50.38% 0.48% -0.80%
Small discharge voltage after charging to 20% SOC
(without rest)
4.4000 -
e Charge at 0.2C, then discharge 3% at 0.2C
4.2000 e Charge at 0.2C, then discharge 3% at 0.5C
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FIGURE 7
Voltage change with small discharge of 3% after charging to 20% SOC (without rest).

SOC and discharge SOC values checked with the charge OCV Table
and the discharge OCV Table based on the Final SOC.

As a result of checking Table 3, 4, except for the results of
charging at 0.2C, resting for 2 h, and discharging 3% at 0.2C, the
remaining results show that the error in the charging SOC confirmed
by the charging OCV Table is generally smaller, but the error in
the SOC is not large, so it can be said to be similar. However,
in order to reduce even a little error, it is necessary to check the
SOC using the charging OCV Table.

Frontiers in Energy Research

Figure 7 is a graph showing the voltage change of a 3% small
discharge after charging to 20% SOC, and Figure 8 is a graph
showing the voltage change of a 3% small discharge after charging
to 20% SOC and a 2-h rest period. Table 5 summarizes the
results shown in Figure 7. After charging to 20% SOC at 0.2C, a 3%
small discharge is performed without a rest period. At this time, in
order to confirm the effect of the C-rate of the small discharge, a 3%
small discharge is performed at 0.2C, 0.5C, and 1C, and the Final
SOC is calculated with the capacity. Then, the OCV, which is the
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Small discharge voltage after charging to 20% SOC
(with rest)
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FIGURE 8
Voltage change with small discharge of 3% after charging to 20% SOC (with rest).

TABLE 5 SOC error according to voltage of small discharge of 3% after charging to 20% SOC (without rest).

Charge Small discharge After 2 h of rest SOC error
Mode C-rate| Charging C-rate | Discharging Final SOC OCV [V] Charging | Discharging Chg_SOC Dhg_SOC
capacity capacity [%] SOC [%] SOC [%] error [%]  error [%]
[%] [%]
cc 0.2C 20% 0.2C 3% 17.00% 3.4436 15.35% 19.10% 1.65% ~2.10%
cC 02C 20% 0.5C 3% 17.00% 3.4464 15.62% 19.37% 1.38% ~2.37%
cc 0.2C 20% 1c 3% 17.00% 34516 16.12% 19.87% 0.88% -2.87%

TABLE 6 SOC error according to voltage of small discharge of 3% after charging to 20% SOC (with rest).

Charge After 2 h of rest Small discharge After 2 h of rest SOC error
Mode C-rate | OCV [V] Charging C-rate | Discharging Final OCV [V] Charging| Discharging Chg_ Dhg_
SOC [%] capacity  SOC [%] SOC [%] | SOC [%] SOC SOC
[%] error [%] error [%]
cc 02C 3.5045 21.14% 0.2C 3% 18.14% 34562 16.56% 20.33% 1.58% ~2.19%
cc 02C 3.5059 21.26% 0.5C 3% 18.26% 3.4583 16.76% 20.55% 1.50% ~2.29%
cc 02C 35272 23.20% 1c 3% 20.20% 34810 18.94% 22.92% 1.26% ~2.72%

stable cell voltage of the battery through a 2-h rest time, is measured,
and the charge SOC and discharge SOC are confirmed using the
charge OCV Table and the discharge OCV Table, respectively. The
error is confirmed by comparing the charge SOC and discharge SOC
values confirmed by the charge OCV Table and the discharge OCV
Table with the Final SOC as the standard.

Table 6 summarizes the results shown in Figure 8. After charging
to 20% SOC at 0.2C and having a 2-h rest period, the charge

Frontiers in Energy Research

SOC is checked with the charge OCV Table. After that, in order
to check the effect of the C-rate of the small discharge, 3% small
discharges are performed at 0.2C, 0.5C, and 1C, and the Final SOC
is calculated. Then, OCV, which is the stable cell voltage of the
battery through a 2-h rest period, is measured, and the charge
SOC and discharge SOC are checked using the charge OCV Table
and the discharge OCV Table, respectively. The error was checked
by comparing the charge SOC and discharge SOC values checked
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FIGURE 9
SOC error change graph of 3% small discharges at 0.2C, 0.5C, and 1C after 0.2C charge.

TABLE 7 Average SOC error results for 3% small discharges after charging.

0.2C charge Small discharge Average SOC error
SOC [%] C-rate Capacity Chg_SOC error Dhg_SOC error Chg_SOC error Dhg_SOC error
without rest [%] without rest [%] with rest [%] with rest [%]
100% 0.2C&0.5C&1C 3% ~1.47% ~0.24% ~1.11% ~0.16%
50% 0.2C&0.5C&1C 3% -0.25% ~1.53% 0.60% ~0.67%
20% 0.2C&0.5C&1C 3% 1.30% ~2.45% 1.45% ~2.40%

with the charge OCV Table and the discharge OCV Table based on ~ based on the Final SOC was small for both cases with and
the Final SOC. without a rest period between the 20% charge and the 3% small

As a result of checking Table 5, 6, it was confirmed that the  discharge. It can be confirmed that the 3% small discharge after the
error of the charge SOC confirmed by the charge OCV table  20% SOC charge has no effect.
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SOC of 3% small discharge at 0.2C&0.5C&1C after 0.2C SOC of 3% small discharge at 0.2C&0.5C&1C after 0.2C
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FIGURE 10
Graph of average SOC error change after 3% small discharge after charging.
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FIGURE 11

Flowchart of the logic to compensate SOC with OCV table for charge and discharge.

2.5 Application strategy based on results of
small discharge after charging

Figure 9 is a graph connecting the SOC errors confirmed by the
charge and discharge OCV Table for the cases of 3% small discharge
with and without a 2-h pause at the 100%, 50%, and 20% points at
0.2C, 0.5C, and 1G, respectively. The left graph of Figure 9 is a SOC

Frontiers in Energy Research

error graph without a pause between charge and small discharge,
and the right graph of Figure 9 is a SOC error graph with a 2-h
pause between charge and small discharge. In the graphs, the charge
SOC error (Chg_SOC error) is the SOC error confirmed by the
charge OCV Table, and the discharge SOC error (Dhg_SOC error)
is the SOC error confirmed by the discharge OCV Table. From
the results of each graph, it can be confirmed that the SOC error
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Simulation results of 0.5C small discharge after 0.2C charge
(Without rest)
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FIGURE 12
Graph of simulation results of 3% small discharge at 0.5C after charging at 0.2C (Without rest).

TABLE 8 Simulation results of 3% small discharge at 0.5C after charging at 0.2C (without rest).

Charge After 2 h of rest Small discharge After 2 h of rest SOC error
Mode C-rate | Charging SOC [%] C-rate Discharging Final |OCV [V]| Normal New Normal New
capacity capacity  SOC [%] method method method method
[%] [%] SOC [%] SOC [%] SOC SOC
error [%4] error [%]
CC 0.2C 20% 20.00% 0.5C 3% 17.00% 3.4464 19.3% 15.6% -2.3% 1.4%
CC 0.2C 50% 50.00% 0.5C 3% 47.00% 3.7022 47.9% 46.7% —-0.9% 0.3%
CC-Cv 0.2C 100% 100.00% 0.5C 3% 97.00% 4.1233 97.2% 97.2% -0.2% -0.2%
Simulation results of 0.5C small discharge after 0.2C charge
(With rest)
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FIGURE 13
Graph of simulation results of 3% small discharge at 0.5C after charging at 0.2C (with rest).
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TABLE 9 Simulation results of 3% small discharge at 0.5C after charging at 0.2C (with rest).

Charge After 2 h of rest Small discharge After 2 h of rest SOC error
Mode C-rate | OCV [V] Charging C-rate | Discharging Final OCV [V]| Normal New Normal New
SOC [%] capacity = SOC [%] method | method method method
[%] SOC [%] | SOC [%] SOC SOC
error [%4] error [%]
cc 0.2C 3.5059 21.26% 0.5C 3% 18.26% 3.4583 20.5% 16.7% -2.2% 1.6%
cc 02C 3.7437 51.43% 0.5C 3% 48.43% 37116 49.1% 47.9% -0.7% 0.5%
CC-CV | 02C 4.1783 100.00% 0.5C 3% 97.00% 4.1227 97.2% 97.2% -0.2% -0.2%
confirmed by the discharge OCV Table is smaller at high SOC and Figure 12 is a graph of the simulation results of 3% small

the SOC error confirmed by the charge OCV Table is smaller at  discharge at 0.5C without rest time after charging at 0.2C, and
low SOC, and it can be confirmed that generally all tests appear in ~ Table 8 is a table summarizing the results. Figure 13 is a graph of
a similar form. the simulation results of 2% small discharge at 0.5C after charging
Table 7 is a table expressing the test results without a rest time  at 0.2C and resting for 2 h, and Table 9 is a table summarizing the
and with a 2-h rest time in Figure 9 as an average SOC error. The  results. The simulation output results are designed to be rounded
SOC error (Chg_SOC error) confirmed with the charge OCV Table  off from the second decimal place and expressed up to the first
in Table 7 changes from a positive error when the SOC is low to a decimal place.
negative error when the SOC is high both with no rest time and The simulation results without rest time in Table 8 show
with a 2-h rest time. The SOC error (Dhg_SOC error) confirmed  that near SOC 100%, the SOC error of both the conventional
with the discharge OCV Table has a negative error both with no  method and the proposed method was the same because they used
rest time and with a 2-h rest period, but the error decreases as the  the discharge OCV table. Near SOC 50%, the SOC error of the
SOC increases. Based on these data, Figure 10 presents a graph. proposed method was 0.3% while the SOC error of the conventional
Looking at the change in the SOC error graph, it is distinguished  method was —0.9%, which reduces the error of the proposed
based on SOC 75.5% when there is no rest time and based on  method. Near SOC 20%, the SOC error of the conventional method
SOC 78.5% when there is a 2-h rest time. As the SOC increases for a5 —2.3% while the SOC error of the proposed method was

each criterion, the SOC error (Dhg_SOC error) confirmed with the 1.4%, which confirms that the accuracy of the proposed method

discharge OCV Table gets closer to the baseline (error 0%), and as ¢ improved.
the SOC decreases for each criterion SOC, the SOC error (Chg_ In the simulation results with the rest time in Table 9, the

SOC error) confirmed with the charge OCV Table gets closer to the SOC error was the same for both the conventional method and

baseline (error 0%). the proposed method around 100% SOC because they both used

Figure 11 is a flow chart of the logic for compensating the SOC . discharge OCV table. Around 50% SOC, the SOC error of
with the charge and discharge OCV tables. The reason for checking

the proposed method was 0.5% while that of the conventional
whether the remainder of the rest time counter (Rest_time_cnt)

) n o : method was —0.7%, which shows that the error of the proposed
variable divided by 720 is 0 is to perform the SOC compensation |1 4 oo qiced. Around 20% SOC, the SOC error of the
operation every 2 h since it operates in units of 10s. It can be changed

depending on the operation time. In addition, if the discharge is
less than 3% after charging and the current SOC is 77% or higher,
the SOC is compensated with the discharge OCV Table, and if
the current SOC is less than 77%, the SOC is compensated with
the charge OCV Table. The reason for setting the SOC standard .
to 77% is that when there is no rest period, it is distinguished 3 Conclusion

based on SOC 75.5%, and when there is a 2-h rest period, it is

distinguished based on 78.5%, so the average value of 77% was In this study, a test was conducted to improve the accuracy of
applied. In addition, the logic was designed to compensate the SOC ~ SOC correction using charge and discharge OCV tables when a
with the charge OCV Table if the previous state is charging, and to ~ small 3% discharge occurs after charging, as part of the OCV-based
compensate the SOC with the discharge OCV Table if the previous ~ SOC correction function under battery stabilization conditions.
state is discharging. The proposed flowchart was implemented and ~ This approach was compared with the conventional simple method.
simulated in C code in a Visual Studio environment. The proposed ~ Since the timing of the rest period after charging can vary
logic was implemented in code to perform comparison with the  depending on the user, two test scenarios were considered: a 3%
general method, which simply compensates the SOC with the charge  discharge performed immediately after charging, and a 3% discharge
OCV Table if the previous state was a charge and compensates  performed after a 2-h rest period. The test results showed similar
the SOC with the discharge OCV Table if the previous state was a  patterns in both cases. Based on the average results of the two

conventional method was —2.2% while that of the proposed method
was 1.6%, which shows that the accuracy of the proposed method
was improved.

discharge. tests, it was found that in order to minimize SOC estimation error,
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the discharge OCV table should be used when SOC is above 77%,
while the charge OCV table is more appropriate when SOC is
below 77%. A logic rule was developed based on these findings, and
the corresponding code was implemented and validated through
simulation.

Specifically, when charging to 100% SOC at 0.2C followed by an
immediate 3% discharge, the proposed method reduced the SOC
error to 1.4%, compared to —2.3% observed with the conventional
method. Similarly, when the 3% discharge was performed after a
2-h rest, the SOC error was reduced to 1.6% with the proposed
method, compared to —2.2% with the conventional method.
The proposed approach can serve as a practical guideline for
selecting the appropriate OCV table in both coulomb counting
and Extended Kalman Filter (EKF)-based SOC estimation methods
when a small discharge occurs after charging. By applying this
logic, the accuracy and reliability of SOC estimation can be
significantly enhanced.

This study has certain limitations that should be addressed
in future research. The experiments were conducted at room
temperature using fresh cells and thus did not consider potential
variations in OCV-SOC behavior under extreme temperature
conditions or with aged batteries. Additionally, although the
proposed method estimates SOC on a per-cell basis and is robust
to cell-to-cell variation, determining a representative SOC for the
entire battery pack remains a separate challenge. Furthermore,
the Thevenin equivalent model introduced for EKF-based SOC
estimation was not supported by empirical parameter identification.
Future work will include parameter extraction using the HPPC test
protocol and sensitivity analysis under small current disturbances
to enhance model accuracy and robustness. Future work will explore
these aspects through extended testing under diverse conditions and
pack-level SOC integration strategies.

Furthermore, while this study relies on OCV-based correction
which typically requires a rest period, recent developments in
advanced sensing technologies such as ultrasonic reflection waves
offer promising potential for real-time SOC and temperature
estimation without resting conditions. Future studies will consider
integrating the proposed method with such sensor data fusion
techniques to enhance the responsiveness and real-time applicability
of battery management systems. In future work, the proposed
correction logic will also be benchmarked against existing hybrid
OCV strategies to evaluate its relative advantage. Additionally,
we will investigate the practicality of segmented rest durations
(e.g., intermittent idle periods during parking), which are more
representative of real-world battery management system behavior in
electric vehicles.
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