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Abstract—Battery is one of the important components in
the development of renewable energy technology. This paper
presents a method for estimating the State of Charge (SoC)
for a 4Ah Li-ion battery. State of Charge (SoC) is the status
of the capacity in the battery in the form of a percentage
which makes it easier to monitor the battery during use.
Coulomb calculations are widely used, but this method still
contains errors during integration. In this paper, SoC
measurement using Open Circuit Voltage Compensation is
used for the determination of the initial SoC, so that the initial
SoC reading is more precise, because if the initial SoC reading
only uses a voltage sensor, the initial SoC reading is less
precise which affects the next n second SoC reading. In this
paper, we present a battery management system design or
commonly known as BMS (Battery Management System)
which focuses on the monitoring function. BMS uses a voltage
sensor in the form of a voltage divider circuit and an ACS 712
current sensor to send information about the battery
condition to the microcontroller as the control center. Besides,
BMS is equipped with a protection relay to protect the
battery. The estimation results of the 12volt 4Ah Li-ion
battery SoC with the actual reading show an error of less than
1%.

Keywords—battery management system, modified coulomb
counting, state of charge

I. INTRODUCTION

Increasing technological developments followed by the
increasing demand for energy in line. This also came with
an increase in population growth in the world. The source
of electrical energy that comes from fossils is a non-
renewable energy source. So that at this time, many
companies are competing to carry out research and
production in the field of renewable energy. To support
these energy providers, energy storage is important to
provide a reliable and continuous supply in a relatively
long time, one of which is the battery.

Batteries are an important component in the current
development of renewable energy which is commonly used
as a storage medium for electrical energy. Where batteries
are often encountered in electrical vehicles, power plants,
and devices that require batteries [1] because they can be
easily moved from one place to another when used at any
time.

Battery monitoring is necessary to find out how the
performance and condition of the battery used. Several
factors affect battery performance including capacity and
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energy output. For example, when compared to a new
battery, the battery's stored capacity will decrease, this is
due to the influence of temperature and long storage time.
From the factors that have been described, an idea emerged
to make a device that can monitor battery performance to
minimize the decline in battery performance. Things that
need to be considered when monitoring is voltage,
charging, and discharging status [2].

The system created in this paper aims to design a battery
monitoring system to estimate the State of Charge for a
battery that has a 12volt 4Ah lithium type. Estimated State
of Charge (SoC) is one of the most important problems in
battery consuming applications [3]. The method of
Coulomb Counting is widely used. But in this method, there
are still errors during integration [4]. The modified
Coulomb counting method used is Open Circuit Voltage
(OCV) with OCV data retrieval using multiple constant
current tests. The OCV method is done by measuring the
difference in electric potential between two battery
terminals at no load which is directly proportional to the
battery capacity [5] [6]. Estimation of State of Charge (SoC)
with Open Circuit Voltage is considered accurate, but
cannot be applied to battery applications connected in series
[7]. The battery monitoring system that will be designed can
display measurements of State of Charge, voltage, current,
Wh (Watt-hour), and Ah (Ampere hour) via the LCD and
can record data that can be stored so that it can be viewed at
any time by the user. It is also equipped with a protection
system to keep battery usage in ideal condition, by cutting
the power flow connected to the battery in case of over-
voltage, under-voltage, and over-current during charge and
discharge.

Il. METHODS

A modified coulomb counting method with open ciruit
compensation for battery management system (BMS)
would be implemented to this research. It has been equipped
with a buck converter as a charging system. Then, it would
be explained in the following points.

A. Coulomb Counting Method

The Coulomb Counting method is a method that can be
used to calculate the electric charge (coulomb) that enters
or leaves the battery so that this method can determine the
value of the capacity that is in the battery. Electric current
is generated from several electric charges moving per unit
time (seconds). The equation for calculating SoC is shown
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by equations (1) and (2) where SOC, represents the initial
SoC, I, represents the current through the battery and
Qrateq 1S the nominal capacity of the battery [8]. In general,
the Coulomb Counting method is formulated as follows:

to+tn

h Ipat AT
SOC = SOC, + >———x 100 (1)
Qrated
ft0+tnl AT
SOC = S0C, — "dt x 100 @)
rate
Annotation:
SocC = state of charge / battery percentage
S0C, = state of charge on the first second
I bat = current entering or leaving the battery
Q rate = total capacity on battery (Ah)

B. Open Circuit Voltage

The battery SoC estimation technique with Open
Circuit Voltage (OCV) is one of the SoC estimation
methods. Open circuit voltage is the voltage in an open
circuit that is not connected to the load [8]. Open circuit
voltage represents the full source voltage because there is
no voltage drop to the load or because the voltage is not
shared with the load.

OCV is a voltage condition when the voltage source is
not connected to the circuit or the load.

The voltage at no load is the true voltage. Therefore, to
get an accurate SoC estimation result, the battery must rest
(rest time) to reach a state of cell balance before measuring
the OCV of the battery or, it can be said that the battery
state must be completely at no load. The output of the OCV
method is a battery State of Charge (SoC) estimation value
which can be used as a reference for measuring battery
capacity.

C. Block Diagram System

A 12volt 4Ah lithium-ion battery was used in this study
with an overview of how the system works is shown in
Figure 1. The system is designed to keep the battery used in
an ideal state so that the battery is not easily damaged.
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Fig. 1. Block diagram of the system

In this research, the battery is designed using the
STM32F4 microcontroller as the control center. Voltage
and current sensors as indicator readers of the battery state,
which can be seen in Figure 2.1. In the design of this BMS
tool, it can display the parameters on the battery, namely the
value of battery voltage, State of Charge (SoC), Ah
(ampere-hour), and Power (watts), where the SoC
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estimation uses the Modified Coulomb Counting method.
displayed on the LCD screen. As for battery protection,
replay protection is used to protect the battery when it is
over-current, over-voltage, and under-voltage, which will
automatically cut off the current.

D. Flowchart of Research

The coulomb calculation method is done by measuring
the charge that is covered by the battery at its current state
when charging or discharging. However, there are some
inefficiencies when using this method, due to the insecure
conditions of the initial SoC reading [9]. An improved
coulomb counting calculation method using open circuit
compensation is required to determine the initial SoC to
have a maximum SoC value of 100%. The algorithm
flowchart can be seen in figure 2.
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Fig. 2. Flowchart of the system

Estimates of the SOC of a Li-ion battery, in this case, a
method based on monitoring the voltage and current. When

the battery is in an open circuit, I,,, = 0 and compensation
for losses when self-discharge, so the amount of charge lost
in the open will be recalculated. With this method, the SoC
value of the battery can still be read accurately and is not
affected by the charger voltage when the battery is
connected to the charger and the voltage drop when the
battery is connected to the load. The principle and
workflow of the modified coulomb counting algorithm
with open circuit compensation can generally be seen in
Figure 2, it can be seen that there are two initializations,
namely battery voltage, and battery current, and there are
three conditions on the battery, namely discharge, charge,

and self-discharge. Where SOC,represents the initial SoC,
I,at represents the current passing through the battery and
Qrateq 1S the nominal capacity of the battery, while S is the
switch condition to determine whether the system is active
or not. By determining SoC,, it is obtained from the Open
Circuit Voltage (OCV) test with multiple constant current
tests, so that the SoC,reading is more precise because if the
SoC, reading only uses a voltage sensor, the SoC,, reading
is less precise which affects the next nth SoC, reading
which is used for know the SoC when the battery is
charging or discharging.
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E. Battery Parameter Planning

This paper uses a Li-ion type battery. The battery in this
system will be used in 2 conditions, namely charge and
discharge. The usage of the battery is not immediately used
in these 2 conditions but used to interchangeably in only 1
condition. Haijiu HITX5L-FP-SIN Li-ion battery (12V,
4Ah) used as an object in this research. The spesifications
are as follows: max voltage = 13,9V (100%), min. voltage
= 11.9V (30%), fast current charging = 6A, max. current
discharging = 4A (1C), max. temperature = 60°C.

F. Buck Converter

The buck converter has the role of controlling the
voltage from the rectifier output which is the grid source
rectifier for charging the Haijiu HJTX5L-FP-SIN Li-ion
battery. The buck converter consists of several main
components, namely the mosfet as a switch, inductor,
capacitor, and diode. Figure 3 is a Buck converter
hardware. A spesifications are as follows: V,, = 32.24V,
Voue = 14.4V, P, = 17.28W, f=40kHz, I, = 1.2 A.

1) Duty cycle:

D= Yout _ %% _ 446 = 44.6%
Vin  32.24

2) Rated Load Current:
IL=1p="2t=12A

R=Yut -2 _ 120
Io 1.2

3) Ripple Current:
AIL = 20% xIL=0.2 x1.2=0.24A
4) Inductor Value:

= [* - Vot Vel o L
L = [f] X (Vin = Vour) X [vin+ vf] x Aip
1 14.4+0.7 1
- [ﬁ x (32.24 - 144) X [32.24+0.7] 024
= 864.88uH
5) Maximum and Minimum Inductor Current:
Imax = Iy + 25 = 1.2 +0.12 = 1.32A
lmin = I == = 1.2 - 0.12 = 1.08A

6) Inductor RMS Current:

Ay ? 0.12)2
IerS=Jlf+<ﬁ> = (1.2)2+(f) =12A

7) Capacitor Value:
_AQ _ AiXT A, 0.24

C. = = = =
o AV, 8AV, 8x fXAV, 8 x 40kHz x0.0144
= 52.0833uF
A Aip XT
AV, = AQ _ AiLxT
Co 8Co

Where AV, = +0,1% X V¢
AV, = 0.001 x V,,; = 0.001 x 14.4
AV, = 0.0144 volt
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Fig. 3. Hardware BMS and charging

G. Open Circuit Voltage Test with Multiple Constant
Current Tests

The open-circuit voltage test with multiple constant
current tests is used to obtain parameter data in the form of
current, voltage, and time when the open-circuit voltage is
used to determine the OCV - SoC relationship on a Li-ion
battery. This test is performed using the charge constant
current method [10]. From the test results, it is then used to
determine the SoC estimation using the modified Coulomb
counting method with open circuit compensation. The data
retrieval test is shown in Figures 4 and 5.

Oscilloscope

Fig. 4. Testing of battery characteristics data retrieval in charging
conditions

Fig. 5. Testing of battery characteristics data retrieval on discharging
conditions

Figures 4 and 5 are tests when performing multiple
constant current tests, the battery is charged or discharged
with a current of 0.3C, namely 1.2A. In the battery charging
condition, the first thing to do is to empty the Li-ion battery
cell from the minimum battery voltage of 11.9 volts and
charge it to the maximum battery voltage of 13.9 volts to
record the charging time. Next, the battery is again
discharged to a minimum voltage and recharged again by
dividing the charging time that has been done into 10 pulses
with a rest time or the battery's open-circuit condition for 1
hour. So that the battery is filled every 10% SoC interval
from 0 - 100% SoC which is rested or in an open circuit for
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1 hour. Itis done until the highest cut-off voltage is reached
until the SoC is considered to be 100%, namely 13.9 volts.
This also applies to the battery discharge condition which
is also discharged every 10% SoC interval. Then, the
battery is rested or is in an open circuit for 1 hour until the
lowest cut-off voltage is reached until the SoC is
considered to be 0%. From the multiple constant current
tests for charging and discharging the battery, the OCV-
SoC curve of the Li-ion battery is obtained which can be
seen in the figure below.
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Fig. 6. Charging current pulses
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Fig. 7. Charging voltage pulses
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Fig. 8. SoC pulses top up

In Figure 6 and Figure 7, it can be seen that in the results
of the output of current pulses and voltage pulses. There is
a high (up) condition that is taken during the charging
condition, while the low condition (down) is the battery
rest time condition. Figure 8 shows the SoC reading, where
it can be seen that the SoC value increases with the length
of the charging time. The charging process is carried out
from 0% to 100% SoC.
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Fig. 11. Discharging SoC credit

In Figure 9 and Figure 10, it can be seen that in the
results of the output of current pulses and voltage pulses,
there is a low (decreasing) condition that is taken at the
time or discharging condition. While the high condition
(rising) is a battery rest time condition. Whereas in Figure
11 shows the SoC reading, where it can be seen that the
SoC value decreases with the length of the discharging
time. The discharging process is carried out from SoC
100% to 0%.

I1l. RESULTS AND ANALYSIS

After testing and taking actual data, multiple constant
current tests are obtained and the parameters of current,
voltage, charge, or discharge time are obtained. From this
parameter, the SoC can be estimated using the modified
Coulomb counting method with open circuit compensation
which is then validated from the actual measurement data.

A. SoC Estimation

The estimation results of SoC using the modified
Coulomb counting method with open circuit compensation
can be seen in the graph below. Figure 12 shows the
estimated SoC curve at the charge condition, while Figure
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13 shows the estimated SoC curve at the discharge
condition.
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Fig. 12. Estimated SoC (a), charge current (b), charge voltage (c)

Figure 12 (a) is a graph of SoC estimation using the
modified Coulomb counting method with open circuit
compensation, which shows an increase in the graph due to
increased battery capacity. The filling process is carried out
from SoC 65% to SoC 100%. Figure 12 (b) is a graph of
the flow during the charging process. Where, if viewed
based on the area shown by the red circle, it is a condition
when the protection system is active due to the battery
being full or when the SoC is 100% worth, the protection
system is active to stop the charging process on the battery.

When the current value i=0 is the condition when the
voltage compensation is open circuit, in which case the
SoC will continue to be read. Whereas in Figure 12 (c) isa
graph of the voltage during the charging process. The area
indicated by a red circle indicates a cut-off event during the
filling process.
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Fig. 13. Estimated SoC (a), discharge current (b), discharge voltage (c)

Figure 12 (a) is a graph of SoC estimation using the
modified Coulomb counting method with open circuit
compensation, which shows a decrease in the graph due to
reduced battery capacity. The discharging process was
carried out from SoC 65% to SoC 30%. Figure 13 (b) is a
graph of the flow during the emptying process. Where if
seen based on the area shown by the red circle, it is a
condition when the protection system is active due to the
battery being empty or when the SoC is 30% worth, the
protection system is active to stop the discharge process on
the battery.

When the current value i=0 is the condition when the
voltage compensation is open circuit, in which case the
SoC will continue to be read. Whereas in Figure 13 (c) isa
graph of the stress during the discharge process. The area
indicated by a red circle indicates a cut-off event during the
emptying process.

The existence of a protection system that is active
during the charge and discharge process can reduce the
decrease in battery life and also keep the battery when used
so that it remains in ideal condition or according to the
datasheet.
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Fig. 15. SoC reading results at draining

Figure 14 shows the SoC reading when charging. From
this figure, it can be seen that the reading of the modified
Coulomb Counting method using Open Circuit Voltage
(OCV) with the determination of SoC, is obtained from
the Open Circuit Voltage (OCV) test with multiple
constant current tests, so that the SoC, reading is more
precise, because if the SoC, reading only uses the voltage
sensor then the SoC, reading is less precise which affects
the next nth SoC, reading which is used to determine the
SoC condition of the battery when charging. Whereas in
Figure 15 is the result of the SoC reading during discharge.
It can be seen from the reading shown by the graph which
is the result of the SoC reading using the modified
Coulomb counting method with open circuit compensation
coinciding with the SoC readings obtained from the
multiple constant current tests. While the graph which is
the result of reading the SoC using coulomb counting
without modification there is an error, where if you see
there is a large enough SoC reading error in coulomb
counting without being compared to the modified Coulomb
counting method with open circuit compensation.

IV. CONCLUSIONS

In the research of the SoC estimation method for Li-ion
12volt 4Ah battery using a modified Coulomb counting
method with open circuit compensation, the error was
below 1%. To get the actual battery voltage value, a battery
test is carried out using multiple constant current tests with
a rest time or a battery open circuit condition for 1 hour
where each battery has different OCV characteristics so that
the battery voltage level cannot be equalized between one
battery and the battery that is used. different types. The
existence of a protection system can reduce the decrease in
a lifetime and keep the battery in ideal condition or
according to the datasheet when used.
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