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Article Info Abstract

Lithium-ion batteries are mostly used in portable devices. The major purpose of
enhancing the battery life is to implement a health analyzer to protect the battery
from overcharging and explosions. The “Arduino based portable analyzer for real-
time lithium-ion battery health monitoring” prototype deliver sustainable solution to
address the battery monitoring and management. This prototype determines perfect
specifications for the battery to verify the printed specifications. An LCD was placed
in the system to demonstrate the cell capacity, voltage, and current parameters. This
system focuses on the intelligent health monitoring of batteries using an Arduino
Mega microcontroller. The charging and discharging stations of the two stations are
designed to charge and analyze battery health. The discharging station was used to
yerify the _battery health, and the charging .station was ysed to cha_rge the Iithium-
This article s an open 10N batteries. The IRLZ44N MOSFET was integrated with an Arduino gate pin for
access article switching purposes. The system uses Arduino IDE software for software
disibuted under the  jmplementation. The microcontroller controls and monitors the processing
of the Creative measurements, and the implementation of this intelligent system increases the life
(Cé’g‘g"g)”ﬁc’:ﬂg“t“’” span and thermal monitoring of lithium-ion batteries. Compared with previous
htps:/icreativecommons.o  Studies, this system is economical and has increased efficiency in lithium-ion battery
rg/licenses/by/4.0 SyStemS
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Introduction

Lithium-ion batteries powered electric
vehicles. This study focuses on the testing of
lithium-ion batteries for implementation in
cars. This study investigated techniques to
evaluate Lithium-ion batteries for efficient
operation [1]. This study focuses on lithium-
ion battery capacity. This study investigates
battery techniques to assess their effect and
examines measures to improve the
performance and increase the life of the
battery. [2]. Rise in energy requirements and
implementation of sustainable solutions.
Lithium-ion batteries are smart energy-
storage equipment with reliable and safe
operation. Thermal and temperature issues
are also considered in this study. Health
management is a major issue that must be
addressed. This study investigated the
temperature parameters and framework to
reduce the thermal effects [3]. Reliable
operation is required for the longevity of
lithium batteries. The Accurate state of the
health prediction model utilizing the Gaussian
process predicts the future battery
information. Forty-eight lithium-ion batteries
were considered for the prediction and study
[4]. Lithium-ion battery management and
monitoring play an important role in
longevity. Challenges, such as thermal and
temperature, were considered in this study for
modern advancement. This study examines
the advancement in promoting battery
prognostics and health management utilizing
deep learning methods [5]. The maximum
utilization of lithium batteries is mostly for
electric vehicles. This study describes the
construction of an intelligent system for a
health analyzer using an STM32 controller.
The heat and charge parameters improve the
battery efficiency. The integration of Internet
of Things (loT)-based systems predicts
maintenance using optimization techniques
[6]. Growth in electrical vehicles across the
globe. The use of loT-based automatic
systems is an innovative technology. These
vehicles use lithium batteries, but there is a
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need to implement a battery management
system to increase the battery life [7]. The
batteries depend on charging and discharging.
Proper monitoring of batteries is required, and
this study provides a study regarding the
construction of economical and 10T electronic
dummy load management systems using
microcontrollers to check the state of charge
and health. The system checks for a reduction
in the voltage level and evaluates the battery
capacity and health. Real-time data are
transmitted to web and mobile applications to
track battery performance. The results show
that the effective and reliable state of charge
and health parameters are used to monitor the
battery [8]. The global focus has been on
sustainable renewable-based power
generation. To store this sustainable power,
lithium-ion batteries are used to optimize
battery operation and efficiency. The battery
needs to monitor overcharging to ensure its
longevity. The integration of internet of
things with long rage (LoRa) monitor and
transmit the power, charge and temperature
parameters to the server. An Objective
Modular Network Testbed (OMnet++) was
configured and simulated to monitor the
battery. A carrier frequency of 433 Megahertz
with 125 kHz and 2 decibel power
transmission was considered for the study [9].
Preventive  maintenance and  charge
monitoring of batteries are required for
optimal battery solutions. The ESP8266
Arduino microcontroller is linked to the
engine and battery to measure the current and
voltage compared to the revolutions per
minute [10]. An Arduino Nano was integrated
into the system to control the power
parameters. The charger sample analyzed
using the software resulted in 83.3%
efficiency after using the designed system
[11]. The Internet of Things (loT)-based
battery management prototype was designed
in this study to address the losses using a
smart system. To monitor the heat damage
charges that harm the efficiency and
longevity of the battery [12]. Lithium
batteries are rarely used compared with



conventional batteries owing to their
efficiency and longevity. This study focused
on fast charging by utilizing fuzzy logic for
the observation and demonstration of real-
time parameters. This monitoring system
increased the efficiency of battery charging
by 23.3 %. Arduino and MATLAB Simulink
analyze the parameters for quick charging
[13]. Electric vehicles use lithium batteries as
their energy system. These energy systems
require a nonstop monitor to save battery life.
To decrease the thermal effect, battery
management is required to overcome the fire
protection [14]. Lithium-ion batteries require
diagnostic tools to ensure efficient operation.
This study focused on the color change of the
battery electrolyte for the health of the battery
using an advanced optical sensor system. The
sensors included a photodiode and an LED
integrated with a printed circuit board system
to check the battery conditions. This system
uses different experimental methods and
techniques to diagnose the electrolyte color
and cell performance [15]. Most electric cars
use battery storage systems to manage cars.
Internet of Things (loT)-based battery
management is required to maintain safe and
optimized operation. The cloud-constructed
system analyzes charge and health utilizing
innovative algorithms.  This  algorithm
analyzes abnormal conditions in the battery
system. The battery charging parameters were
analyzed to protect the battery from
overcharging. Battery overcharging emits
gases, including oxygen and hydrogen, which
decrease battery lifespan [16]. This study
focuses on the experimental setup of the
TP100 lithium battery for the integration and
implementation of a wind turbine system in
Soweto, South Africa. The research findings
show that lithium-ion batteries can be used for
the optimum storage of wind turbine energy.
The 160 kVA Three phase cloud management
system considers for the study using BMS
software [17]. This study demonstrates the
development and application of seven-level
active neutral-point-clamped invertor
topologies for high-efficiency and voltage
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control. The inverter components included
eight switches, two capacitors, and two
diodes. Using these components, the inverter
gains the wvoltage parameters, and the
capacitor balances the voltage for efficient
equipment operation. This study performed
comprehensive analyses to manage the
voltage and power parameters. The
experimental and simulation results show that
the drive and inverter performance increases
and significantly stores renewable energy in
batteries [18]. An automatic solar-powered
irrigation system was designed in this study.
The system includes 20-watt solar panel, 5-
watt motor and 1200 mAh lithium battery to
store renewable power [19]. An Internet of
Things  Arduino-based monitoring and
control system was considered in this study to
manage the load. The findings demonstrate
that this automatic system switches the extra
load during peak hours and saves energy to
increase  utility  bills [20]. Battery
management of the voltage is very important
to ensure the proper supply of power. To
avoid battery and load failures, data-driven
approaches were considered in this study to
model the Gaussian process using a machine
learning system. The result shows that the
mean square error model is considered with
an loT-based system to collect the battery
voltage and temperature parameters using the
respective sensors [21]. This study focuses on
battery management systems for electric cars.
The system includes current, temperature, and
voltage sensors integrated with an Arduino to
monitor the battery temperature and switch
the cooling system. A Global System for
Mobile Communications is utilized to
monitor battery parameters to prevent battery
damage. The system used a programming-
based Arduino to monitor the battery [22].
Currently, each individual spends time on
electronic gadgets during charging without
ignoring the battery health state. The
computer system shows the battery
percentage while not monitor the battery
health [23]. The purpose of this study is to
design a battery management system capable



of measuring the resistance and internal
parameters used in different communication
systems. The lithium-ion battery LifeP04
batter was considered in this study to check
the energy density and power parameters to
increase the lifespan of the battery. The
electronic monitoring system uses an Arduino
Uno with a voltage sensor and Wi-Fi module
to demonstrate the real-time parameters [24].
Electrical cars integrated with lithium
batteries have attracted considerable
attention. Vehicles are shifting from
conventional to electrical systems to reduce
fossil-fuel-based  technology. Thus, the
efficiency of the battery needs to be
improved. To improve efficiency, Internet of
Things (loT)-based technologies must be
implemented. This study forecasted battery
charging/discharging parameters to estimate
Table 1 Arduino specification
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battery parameters [25]. This study focused
on lithium polymer batteries to monitor and
test their stability. This study observed the
state of charge and health of the batteries.
Different methods are used to inspect the
charge for reliable operation with lessen
errors [26].

MATERIALS AND METHODS
A. Hardware Components

Microcontroller: The Arduino ATmega2560 was
used to design the prototype. All hardware
components  were integrated with a
microcontroller to analyze the health of the
batteries. The table shows the Arduino pin
configuration.

S. Pin number Pin configurations

1 DO - D53 54 Digital 1/ O Pins.

2 A0 - A15 16 Analog I/O Pins.

3 D2 - D13 12 Pulse Width Modulation Pins

4 RX0-RX3 Receiving Serial Communication Ports

5 TX0-TX3 Transmitting Serial Communication Ports

MOSFET: The MOSFET connected with power
resistor load to the cell for the discharging of cell
linked with Arduino.

Table 2 MOSFET specification

S. Specifications Values

1 Voltages VGS=0V
VDS =25V

2 On state resistance 25 m ohms
VGS=5V

3 On state resistance 22 m ohms
VGS=10V

4 Operating temperature -55°Cto175°C
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Lithium-ion battery: The lithium-ion cell
utilized in this prototype to charge and analyze

battery health.

Figure 1 lithium-ion batteries
Power Resistors: The 10 watt, 10 Q power as a load resistor connected with a MOSFET for
resistors were installed in the system and utilized the discharge indication.

Figure 2 Power Resistor

Table 3 Power resistor specification

S. Specifications Values

1 Resistance 10 ohms

2 Tolerance 5%

3 Voltage 550 V

4 Temperature -55°to +155° C

4056 was utilized for lithium battery charging
Charging module: The charging module TP- and overcharge protection.
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Figure 3 Charging module
Table 4 Charging module LED specification

S. Charge RED Green
1 Charging ON OFF
2 Full OFF ON

Methods

This prototype key component of the Arduino
microcontroller managed and monitored the
charging and discharging parameters. Arduino
IDE software was utilized for the programming
setup. All the instructions were set in the
program. There are five charging stations and
five discharging stations to test battery health. If
any cell is not connected, the LED demonstrates
no battery indication; otherwise, it demonstrates
the voltage, current, and battery heath condition

B. Hardware Flow

percentage. The battery analyzes health by the
time period for discharging, calculates the time
eriod, and indicates the battery life. The power
resistors were connected to the MOSFET to
discharge the cell. When the cell is completely
discharged, it indicates the LED indication to
show battery health. The Arduino controls the
MOSFET operation and load resistor connected
to the battery load. A powerful charger was
connected to the system to charge the batteries.
Figures 4, 5, and 6 show the hardware flow,
schematic diagram of the proteus, and
experimental setup of the prototype.
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Figure 4 Hardware flow

C. Schematic Diagram
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Figure 5 Schematic diagram



KIMR VOL.1 NO. 12 (2024) ADVANCING LITHIUM-ION BATTERY...

D. Experimental setup

RESULTS AND DISCUSSION

The latest battery-powered systems require
efficient operation to enhance the lifespan of
lithium batteries. The charge discharge
parameters must be monitored to analyze the
lifespan. This prototype worked efficiently and
was able to detect battery health. The system
includes five charging stations to charge the
battery and five discharge stations to analyze
battery health by calculating the time period. The
battery parameters monitored were voltage,
power, current, and health capability. All
hardware components were integrated with the
main controller to monitor the health parameters.
The following calculations were used to analyze
the health parameters.

Battery voltage: 3.7 Volts
Reference voltage 5 Volts
Shunt resistor 0.1 Ohms

Shunt Resistor Voltage Calculation:

Analog Read vShunt Pin
1023

x Vard —

Shunt voltage =
—= (@)

5
Shunt voltage =22 y 5
1023

) Q DISCHARGING
STATIONS

@ CHARGING
~~  STATIONS

'igu‘re 6 Ei(berimehtal éetup

Shunt voltage = 2.5 vdc

Shunt Current Calculation:

battery voltage—shunt voltage
Shunt current = yrorage- g€
] shunt resistance
= (i)

Shunt current =

3.7-25

Shunt current = 1.2 Ampere

CONCLUSION

The current battery system uses lithium-ion
batteries, which require serious monitoring for
reliable and efficient operation. For the optimum
solution, the battery discharging parameters
were observed in this prototype to analyze its
health. This is a sustainable solution for
enhancing the lifespan of the batteries. These
lithium-based batteries are utilized in the latest
electronic devices. Therefore, there is a need to
implement a monitoring system to overcome this
problem. The prototype was designed to include
five discharging stations to measure the battery
health and five charging stations to charge the
battery. The key element in this system is the
Arduino Mega, which controls hardware
components. As in previous projects, this
system is a cost-effective and optimal solution.
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The experimental results verified the battery
efficiency and capacity closely. This system
automatically monitored the operation and health
of multiple batteries. The prototype observes
individual cell parameters to provide real-time
data.

The future prospects of this study are to integrate
the Internet of Things-based technologies to
monitor and observe parameters via cloud
Servers.
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