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Lithium-ion batteries are electrical energy storage devices often found
in portable electronic equipment. Overcharging and discharging the
battery will reduce its life and cause severe damage. Constant current
and voltage control methods and control algorithms, such as fuzzy
logic control, must be added to avoid this. This research aims to
develop a lithium-ion battery charging system using a constant
current and voltage method based on fuzzy logic control. A constant
current-constant voltage (cc-cv) charging system helps control the
charging voltage and current by conditioning the initial charging to
use a constant current so as not to overcharge. Constant current uses
a buck converter circuit, while constant voltage uses a voltage
requlator circuit. The charging system is equipped with a voltage
sensor and a current sensor. System control uses fuzzy logic control
methods with input variables as errors and delta errors while the
output is a duty cycle. The overall system design was carried out at
the Measurement, Reliability, Risk, and Safety Laboratory, ITS for 4
months. The test results show that charging the battery produces a
voltage of 12.6 Volts and a current of 2.5 Amperes. The battery will be
fully charged, and the charging system will stop when the flowing
current decreases and the current is cut off at 100 mA.

Copyright (c) 2025 by Author(s). This work is licensed under a Creative
BY SA

Commons Attribution-ShareAlike 4.0 International License.

Introduction

Batteries are a medium for storing electrical energy. Batteries were chosen for energy storage
because they have high efficiency and low pollution levels [1]-[3]. There are several types of
batteries, one of which is the lithium-ion battery. Lithium-ion batteries are rechargeable and
environmentally friendly because they do not contain hazardous materials [4]-[6]. Lithium-
ion batteries have many advantages, including charging capacity, volume, and weight
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compared to rechargeable batteries. One of the problems in lithium-ion battery research is
battery charging, which includes techniques that maximize battery capacity. The commonly
used battery charging methods are constant current and voltage [7].

Constant current and constant voltage (CC-CV) is a charging method consisting of two stages:
constant current and constant voltage. Constant current will be provided at the

start of charging the battery until it reaches the specified voltage limit on the battery. Constant
voltage will be provided when the battery has reached a predetermined voltage limit. This
causes the current during initial charging to drop to almost zero, and a cut-off will occur,
which indicates that the battery is fully charged [8]. The CC-CV method requires an electrical
circuit and a control system to be applied. One control method that can be applied is fuzzy
logic control [9]-[11]. The CC-CV battery charging method tends to be less flexible in adjusting
charging parameters for different types of batteries. Fuzzy logic can overcome this limitation
by implementing adaptive rule-based decision-making, allowing current and voltage charging
settings based on the actual condition of the battery.

Fuzzy logic control is a control method that is widely used in the field of control systems,
especially for nonlinear systems [12]. The fuzzy logic control algorithm requires a controller
to be implemented in hardware. STM-32 is a controller that is applicable to use because it has
a higher clock frequency and capacity, and the power used is much more efficient [13], [14].
STMB32 is more suitable for implementing the CC-CV battery charging method because it has
an ARM Cortex-based microcontroller that supports fast and accurate processing to monitor
battery parameters such as current and voltage precisely. This research aims to develop a
lithium-ion battery charging system using the CC-CV method via STM-32 using fuzzy logic
control. The thing that needs to be considered is determining the right duty cycle parameters
to determine the shift from constant current to constant voltage method so that the life cycle
of the battery can be increased. Applying the CC-CV charging method using fuzzy logic
control is expected to improve charging efficiency, extend the service life of lithium-ion
batteries, and ensure safer charging under various operational conditions.

Experimental Method

The experimental method consists of two main stages: the design of the battery charging
system and the design of fuzzy logic control. The following two stages will be implemented
and tested for each component. The overall system was designed and implemented at the
Measurement, Reliability, Risk, and Safety Laboratory, ITS, for 4 months from February to
June 2021. The instruments used are a DC power supply and a multimeter. The statistical
software used is Microsoft Excel to process data and Origin for data visualization.

Design of Battery Charging System

Charging system components include a power supply as a voltage input, a buck converter
circuit as a circuit at the constant current stage, a voltage regulator as a circuit at the constant
voltage stage, a relay, a voltage sensor, a current sensor, and a lithium-ion battery [15]-[18].
The hardware design stages are divided into two stages, namely, constant current and
constant voltage. The first stage is a constant current, consisting of a series of buck converters
controlled using a fuzzy logic method so that the output current is 1.2 - 2.5 Amperes. The
second stage is in the form of constant voltage, which uses a voltage regulator to produce an
output of 12.6 Volt. The schematic diagram of the circuit is shown in Figure 1.
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Figure 1. System Charging Scheme
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Determination of the value of the components in buck converter design, including the values
of capacitors, inductors, and resistors, which are calculated based on [19]-[21]. The input
voltage is 18 Volts, and the output voltage is 12.6 Volts. The calculation results for each
component used in the battery charging system are shown in Table 1. The buck converter
circuit has a voltage sensor to determine the output voltage.

Table 1. System Component and Parameters

System Component Value
Mosfet IRFZ44N
Diode 6A
DC-DC Buck Converter Inductor 300 uH
Capacitor 100 uF
Switching Relay 5 Volt Input
Voltage Regulator LM317 2-30 Volt Output
Sensor Voltage Sensor 0-25 Volt
Current Sensor 0-5A
Battery Lit-Jon LG18650 HG2 (3Ah)
PWM Driver D4184 Continuous Current 15A

The type of MOSFET used in the buck converter circuit is IREZ44N because it has a maximum
drain-source breakdown voltage of 55 Volts and a drain current of 47 Amps. The diode used
is a diode that can conduct 6 Ampere current. The selection of MOSFET and diode
components maintains safety when used without excessive voltage or current [22], [23]. The
battery parameters that need to be considered are the voltage and current supplied and the
cut-off value when the battery is fully charged. The battery used is the LG18650 HG2 lit-ion
type. The battery specification data has a nominal voltage of 3.6 V, a standard constant current
of 1.5 A, and a constant voltage of 4.2 V with a cut-off of 50 mA. Fast charging is carried out
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with a constant current of 4 A and a constant voltage of 4.2 V with a cut-off of 100 mA. This
battery has a capacity of 3000mAh.

The control of the charging system regulates the duty cycle, which will affect the output
voltage in the buck converter circuit. The control method used is Mamdani fuzzy logic. The
control signal from the microcontroller is the duty cycle, which will then be sent to the
MOSFET gate pin.

Design of fuzzy logic control

Fuzzy logic control (FLC) is used for duty cycle generation, which controls the output voltage
on the buck converter so that it has a constant value. FLC has two inputs, namely error and
delta error, and an output is the duty cycle. The error is the difference between the output
voltage and the setpoint value, while the delta error is the difference between the previous
and current errors. The fuzzy inference system is Mamdani with rule 3x3. Mamdani was
chosen because it is more intuitive, very flexible with data, and has been used by many parties
[24], [25]. The fuzzification results of input and output are shown in Figure 2 and the rule
base is shown in Table 2.
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Figure 2. Fuzzy logic control membership functions (a) error, (b) delta error, and (c) duty cycle

343



P-ISSN: 2615-1278, E-ISSN: 2614-7904

Table 2. Rule Base for Fuzzy Logic Control
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Results and Discussion

The results of testing the voltage and current sensors are the linearity equation and the
maximum hysteresis value as the static characteristics of the sensor. The maximum hysteresis
for the voltage sensor is 0.5 percent, and the current sensor is 0.8 percent. The graph of the
linearity test results from the two sensors is shown in Figure 3.
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Figure 3. Result of (a) voltage and (b) current sensors testing

Figure 3 shows the linear relationship between sensor output and standard values. The
average error produced was 0.04 Volts and 0.01 Ampere. Equations (1) - (2) show the linearity
equation for voltage and current.

Verg = 1.0077V — 0.0533 (1)
Iseq = 1.00771 — 0.0533 )

Equations (1) - (2) show that the coefficient of the regression equation is 1.0077, which
indicates that the relationship between the standard value and the sensor value is very close.
The regression coefficient value approaching 1 indicates that changes in the standard value
are almost wholly followed by similar changes in the measured value, indicating a strong and
consistent relationship between the two. A minor correction (0.0077) can be considered a
minimal deviation within the tolerance limit. Study [26] has a regression equation coefficient
ranging from 0.9402 to 0.9796, indicating a lower value than the results obtained. The accuracy
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obtained was 99.6 percent for the voltage sensor and 99.3 percent for the current sensor. Buck
converter testing was carried out after sensor testing, and the results are shown in Table 3.

Table 3. Rule Base for Fuzzy Logic Control

Setpoint (Volt) Input Voltage Duty Cycle Output Voltage Error (Volt)
(Volt) (Volt)
16 0.521 12.87 0.27
17 0.611 12.95 0.35
12.6 18 0.654 13.03 043
19 0.595 13.11 0.51
20 0.538 13.19 0.59

Table 3 shows that the buck converter performs well because the error produced is less than 5
percent. The 5 percent error margin was chosen because it is considered small enough to
maintain the stability and efficiency of the DC-DC converter without requiring overly complex
control. This value ensures a reliable output voltage for most applications, but if the margin is
exceeded, the converter may become less efficient, generate excess heat, or damage connected
devices. The integration results of the entire system were tested, and the test results shown in
Figure 4 were obtained.

6.0 - 71ir - r - r - r - r 1 1 17 13.0
554 |—Current r
{ |——Voltage F12.5
5.0 I
4.5 -12.0
T 4.0 -
= 4 =
8 35- RS
E i >
< 304 110 g
=
c 2.5 L 8
o . ©°
5 2.0 105 =
© s I
=] L 10.0
1.0 A
0.5 - 9.5
0.0 -
T T r T T T T T T T T T T T T 9.0

-10 0 10 20 30 40 50 60 70 80

Time (Minutes)
Figure 4. Result of charging curve of the CC-CV using fuzzy logic control

Figure 4 shows that the current is in the range of 0.1 - 2.5 Amperes while the voltage is 9.3 -
12.6 Volts. The current is maintained at 2.5 Amperes in constant current conditions, and the
voltage is maintained at 12 Volts in constant voltage conditions. The change from constant
current to constant voltage takes 24 minutes. The battery will be fully charged, and the
charging system will stop when the flowing current decreases and the current is cut off at 100
mA.

The system that has been built has a sensor accuracy of over 99 percent, and the error generated
by the buck converter is less than 5 percent, indicating that the system can produce precise
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and stable control. The study began with a simulation of fuzzy logic control conducted by [19]
but has not yet progressed to hardware implementation. The accuracy of both sensors is higher
than the accuracy of [26], which ranges between 91.94 to 97.7 percent. High accuracy can
significantly increase the safety of battery charging because the risk of overcharging or
undercharging can be minimized. This system has strengths, including the implementation of
fuzzy logic control that can regulate the charging current and voltage based on the actual
condition of the battery (adaptive) and the use of STM32 as a microcontroller capable of
monitoring the battery current and voltage precisely, while the limitation is that the capacity
of the lithium-ion battery used is still relatively small, with a total of 9 Ah, and the input
voltage is still constant. Future research is expected to achieve stable current and voltage
outputs with varying inputs, such as those from solar panels that fluctuate based on solar
irradiation and temperature. Monitoring the state of charge and health should also be
integrated into the system.

Conclusion

A lithium-ion battery charging system with fuzzy logic control has been successfully
developed. The charging system uses a DC-DC buck converter voltage regulator and STM-32
as a microcontroller by embedding fuzzy logic control. The results show that the system can
maintain a current of 2.5 Amperes in constant current conditions and 12 Volts in constant
voltage conditions.
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