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Abstract: The purpose of this research is to develop a battery management system capable of directly
reading internal impedance. Currently, many systems used in major markets are based on lead acid batteries (LABS)
because of their effectiveness in powering such major applications as telecommunication systems, rectifiers,
uninterruptable power supplies (UPSs), forklifts, and buggy systems. LABs are easily available at a low cost. But
they last only two to five years because of factors that erode performance: depth of discharge (DOD), the lack of
any mechanism to prevent excessive charging, extreme temperatures, and the charging algorithm. The popular
lithium iron phosphate (LiFeP04) battery has a longer life cycle, higher energy density, and a longer shelf life, and it
can provide continuous power over longer periods of time. But because it is expensive, in many contexts it is
inadvisable to replace LABs with LiFeP04 batteries. As an alternative, this paper introduces a battery monitoring
system with internal impedance reading (BMS-IIR). A BMS-IIR is an electronic monitoring system equipped with a
voltage sensor and a Wi-Fi module. It uses Arduino Uno scripting to ensure real-time monitoring of the voltage of
every battery and to ensure that impedance readings are in a condition of equal and balanced charge. The
experimental results indicate that data on the voltage and impedance of all four batteries in BMS-IIR devices are
accurately read and monitored in real time using the BMS-IIR cloud storage setup.

Keywords: battery management system, internal impedance reading, lead acid batteries, lithium iron
phosphate, lifespan, Internet of Things.
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1. Introduction

Most industries, including manufacturing, medical,
agriculture, transportation, telecommunication, and
education industries, employ electrical components that
require major consumption of electrical energy. Using
batteries is crucial to ensure that backup mechanisms
are in place if and when the main power source fails.
The major types of backup battery include lead acid
batteries (LABs) and lithium-ion batteries (LIBS).
Fig. 1 illustrates the significant differences between
LABs and LIBs.

‘ Lithium-ion Batteries (LiFePO4)

40 watts per kilogram 125 watts per kilogram

Cycle Life 200 @ 100% DoD

50% 80%

Temperature sensitivity Degrades significantly above 76°F (25°C) Degrades above 95°F (45°C)
Voltage Per Cell v 32v

2800 @ 100%DoD

Regular maintenance, every 3 months Basic annual maintenance

Fig. 1 Differences between LAB and LIB [1]

Despite the importance of reliable battery
management, there has been too little investigation into
how to enhance that management to ensure that
batteries are used as efficiently as possible. Another
concern is the possibility that a damaged LAB or LIB
will have a negative effect on the environment when it
is recycled. The problem of an unbalanced battery
becomes serious only after a sufficiently high number
of charge-and-discharge cycles. The lifespan of a
battery depends in part on how well it is treated as it is
discharged and recharged. An intelligent Dbattery
management system reduces the cost and energy
required to maintain physical equipment.

A battery management system (BMS) is an
electronic system that manages the physical conditions
of the battery, including current, voltage, and
temperature, in order to prevent unsafe operation.
Parameters that a BMS must take into account include
voltage; temperature; state of charge (SOC) or depth of
discharge (DOD), indicating the charging level; state of
health (SOH), indicating the remaining percentage of
the battery’s original capacity; state of power (SOP),
indicating the total available power during a specified
usage interval given the temperature and other
conditions; state of safety (SOS); and coolness of
battery flow.

In a battery pack, monitoring of batteries is crucial.
Reading the internal impedance of a battery determines
the SOH of each lead acid battery. Our BMS-IIR can
monitor SOC, DOD, and SOH; balance the batteries;
protect them from overcharging to prevent overheating;
and provide accurate real-time measurements.

2. Related Works

Our review of the literature focuses on LAB
management. According to [2], LABs had to deal with
such problems as how to predict battery power,
lengthen short battery lifetimes, and balance battery
packs. Most important was the need to monitor battery
states accurately in real time while consuming only a
low amount of power. A battery monitoring system
(BMOS) [3] was proposed to monitor rechargeable
battery cells using three parameters: battery voltage,
current, and SOC. The system was connected using the
Arduino Uno microcontroller, a liquid crystal display
(LCD), and sensors. The results showed that battery
voltage was still 11.1V when SOC was 100%, and the
SOC declined to linear as voltage decreased to 3.9V at
an SOC of 0%.

Automatic analysis and monitoring of battery health
was proposed in order to provide indications of LAB
level, SOC, voltage, current, and the balance of charges
of a battery in real situations [4]. Using Wi-Fi as the

means of network communication, the battery
information from each client location is further
analyzed. The functionality of the battery is

consistently monitored for sudden charges and
discharges of the voltage in battery banks, and battery
conditions are viewed in the cloud with the help of an
Internet of Things (IoT) module. When the battery
level reaches a certain low state, a charging circuit is
triggered and information is sent to the person using
the 10T module.

The purpose of a BMS [5] is to identify the
emission of gases from the battery in order to
determine whether it has been overcharged as well as
to monitor variables like voltage and current. Most
important is monitoring the temperature using a safety
temperature monitor (STM) controller and using
sensors equipped with a GPS module to enable vehicle
tracking. Data are stored in the cloud. A high
temperature indicates that the battery is unstable or is
being subjected to abnormal conditions. To measure
temperature, the researchers used a thermistor that can
show changes of resistance when temperature changes.
They found that when a thermistor with a negative
temperature coefficient is used, it exhibits 10K ohms of
resistance in room temperature.

A short and concise battery model is a must for a
battery management system (BMS) [6] due to the
increasing number of electrical equipment in the latest
vehicles. Using their BMS, they discovered that for
each type of battery, a special-purpose battery
management optimization should be put to encounter
the behavior and the characteristic qualities that could
vary between different types. A test case with different
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variable setups for different methods to measure the
different characteristic curves has been presented.

A Battery Charging and Cell Balancing (BCCB) [7]
is proposed using two cells battery of 12V 7.2 Ah
LAB. The device is connected in series to monitor the
voltage and current for good operating conditions.
Battery model equations are provided to serve as SoC
observers in predicting and correcting the current
charges of each cell. A dissipative equalization of
voltage and current formula is proposed for cell
equalization among the connected cells. The schematic
circuit is derived, and simulation is done with Proteus
and NI Multisim. Results show that a charging strategy
in cell equalization allows an additional 31% voltage
energy to be stored in the battery pack as compared to
the previous strategy, which stops charging when the
strongest cell in the battery pack reaches the maximum
voltage allowable. The study has improved
significantly in battery charging and cell balancing.

[8] analyze their proposed battery management
system to cater to electric vehicles and large-scale
stationary energy storage. The analysis caters to issues
such as testing and functionalities, design topology and
architecture, and BMS safety aspects and reviews
current related standards and codes of BMS. They
provide a framework for developing a new standard,
especially on the safety and operational risk. The four
main areas focused on are construction, operational
parameters, data integration, and installation for
improvement of BMS safety and performance, which
complies with the basic standards of, for example,
CSA, IEEE, UL, NEC, and IEC. This is to ensure
safety requirements are validated and adhered to.

In [9], the Gen. 2 is commenced based on the
internet of things (loT) for data monitoring on a remote
basis from a few geographical apart installation sites.
The Gen. 2 underlies continuous remote monitoring by
using cloud servers and can support single-cell
measurements and enhance communication reliability.

Research based on cloud infrastructure has
commenced many efforts [10]-[12] to enable real-time
monitoring, especially on big data [13].

3. Research Methodology

The BMS-IIR research methodology consists of 4
phases. Phase 1 is the sensor component setup. This
phase begins with the assembling of the small
component of the ESP8266 module, voltage sensor,
and buck converter. Then, it is followed by Phase 2,
where the components are connected to the
laptop/desktop, and the programming code is written to
establish the connection among the components. Next,
Phase 3 is the database being set up to store the data
sent from sensor to database through a cloud server.
Phase 4 is the BMS-IIR app’s development to retrieve
the data from the cloud database and is viewed through
mobile devices. Thus, users can view the BMS-IIR
real-time data through the BMS-IIR web system and

BMS-IIR apps. Refer to Fig. 2 for the BMS-IIR
research methodology.

L

Fig. 2 BMS-IIR research methodology

4. Fundamentals of Battery Calculation
For simple calculation of battery voltage and
impedance, consider the following terms [14]. Let R =
{R | resistance}, X = {X | Inductive reactance}, Xc =
{Xc| Capacitive reactance}, then
Voltage, AV = {AV | changes in voltage} (1)
Impedance, Z =
R or XL or XC (if only one is present) 2
Impedance,Z = V(R2 + XL2) or V(R2 +
XC2) (if both R and XL or XC are present) (©))

5. Project Brief

The BMS-IIR is based upon online monitoring of
LAB via the loT. The voltage sensor is the loT
component coded using Arduino Uno to connect with
cloud database. For this BMS-1IR project, the focus of
monitoring goes on the voltage and impedance
readings as the primary parameters for battery
conditions. It is proposed to solve three main issues.
First, it is reported that almost 80% of uninterruptable
power supply (UPS) failures are due to undetected
battery failure. Second, most manufacturers and
factories spend a lot of time and money in solving
maintenance issues involving the lead-acid and lithium-
ion batteries. Third, during every failure, it is difficult
to detect which battery was affected, when the failure
happened, and what caused the failure. The main
objectives of our BMS are to monitor battery status in
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terms of voltage and impedance in real time, and to
reduce manpower efforts in manual monitoring. The
wireless network is used as the backbone network. The
information collected from all the associated battery
clients in the system is analyzed in an asynchronous
transmission control protocol/user datagram protocol
based on a cloud server. Refer to Fig. 3 for the BMS-
IIR architecture diagram.

BMS-IIR Apps Architecture Diagram

Leod Acid Battery with
BMS.

.

nw
(bu-in WiFi /GSM)

Fig. 3 BMS-IIR architecture

6. Design of BMS-IIR

The BMS-IIR device comprises three main
hardware components as shown in Table 1. The
components are one Wi-Fi module, NodeMCU
(ESP8266), one voltage sensor, and one buck
converter. To enable real-time monitoring of the
voltage and impedance dataset, the BMS-IIR system is
developed using only a few software components, as
stated in Table 2.

Table 1 BMS-IIR hardware specification

Hardware  Function and specification
NodeMCU  Asa microcontroller, it gathers sensor
(ESP8266)  data and provides connectivity to the
module gateway for transmitting data. It has a

micro-USB for flashing or
reprogramming via Arduino IDE and
can be operated from a voltage as low
as 3.3V. The module also included
3.3V and 5V power regulators to
stabilize output voltage and provide
more flexibility regarding the type of
sensor to be used.

Voltage sensors monitor a battery pack
used to power an Arduino that is
attached with two resistors wired as a
voltage divider

Voltage
sensor

Buck Supplying power to low voltage

converter circuits from a single Li-lon cell
3.3V battery or USB power. It provides up

to 600-mA load current across the
entire input voltage range of 3.5 to
5.5V.

Table 2 BMS-IIR software specification
Microsoft Windows 8 and above Operating system (OS)
Google Chrome, Internet Explorer
and Mozilla Firefox
Arduino IDE 1.8.9

Web browser
Coding for the device

platform
Dart 2.13.1 Page scripting
Apache Tomcat Web server

Continuation of Table 2

MySQL Database Management
System
Flutter 2.2.1 Framework

The BMS-IIR project is based on Arduino Uno to
monitor and control the sensor battery. These sensors
are used to measure the temperature and voltage of the
lead-acid battery and send the values to the Arduino
Uno for processing. Based on the instructions given,
the data will then be displayed on the database. The
processes occur when the battery supplies voltage and
temperature to the voltage sensor. The block diagram
of BMS-IIR is shown in Fig. 4.

— —

e ks

&
j
@

Fig. 4 BMS-1IR schematic diagram for testing a"nd running the pilot
project in real field trial/site

Four 12V batteries are applied for our BMS-IIR
device. Apart from this, there are two readings of
voltage and impedance. Thus, in our BMS-IIR, there
are a total of eight readings, with four readings of
voltage and the remaining four readings of the
impedance of each battery. Our BMS-IIR would
display two parameters: voltage (in Volt, V) and
impedance (in ohms, Q). Table 3 represents a detailed
explanation of the seven parameters in BMS-IIR.

Table 3 BMS-IIR parameter description

Parameter Description

Voltage The pressure or force that pushes the current
inside a conductor is the same as the force
experienced by the negative charge (in Volt, V)

Impedance  The measure of the overall opposition of a circuit

to current, i.e., how much the circuit impedes the
flow of charge (in Ohms, Q)

The sample of calculation is given in Fig. 5.

// Voltage Probe - Max input is 25 v

// Uses 3.3 kand 15 k resistors in series

// The factor is (R1+R2)/R2

// Example R1 =15k, R2=33 k.

// Factor 1s 18.3/3.3=5.54

Double Vout: // Voltage at pin A0

Double Vin: // Voltage being measured, max =25 v
Double factor = 4.54;

Double Vee = 5.00: // This is the Arduino's Vee and
adjustable

Fig. 5 Sample of calculation of factors with two resistors
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7. Result and Discussion

7.1. Database Design

The design of the BMS database is referred to in
Fig. 6. The name of the BMS-IIR database is db_bms2.
There are four batteries in one BMS-IIR system with
two parameter readings of voltage and impedance.
Thus, there are eight readings of four voltage readings
and four impedance readings.

A parent table is named tbl_device and connected to
a child table identified as tbl_device_manager.

Neoo tbl_device
¢ id:int
¢ . BatterylD : varchar(20)
 VB1 : decimal(10,3)
# VB2 : decimal(10,3)
n © db.t tbl_device_manager # VB3 : decimal(10,2)
0id:int # VB4 : decimal(10,2)
# IP1 : decimal(10,2)
# IP2 : decimal(10,2)
# IP3 : decimal(10,2)
» # IP4 : decimal(10,2)
m Date : date
@ Time : time

¢ BatteryID : varchar(20)
batteryName : varchar(40)
modellD : varchar(10)
locationID : varchar(10)

v tbl_model
¢ id :int
¥ modellD : varchar(10)

n o 0 tbl_location '
modelName : varchar(50)

vid:int
1 locationlID : varchar(10)
locationName : varchar(20)

Fig. 6 BMS-1IR database design

7.2. Real-Time Database Experimentation

The tbl_device_manager table is then linked with
another two child tables, tbl_location and tbl_model.
For each table involved, the data type for every field is
illustrated in Fig. 7.

BMS-IIR system can be accessed at https://my-
developments.com/phpmyadmin. Fig. 6 illustrates the
schema in db_bms2.

G @ - s B @ -

4k

Fig. 7 BMS-1IR scheme of db_bms2

Fig. 8 depicts the real-time data from the BMS-1IR
cloud database retrieved from table tbl_device.

€ C Q s @ @

Fig. 8 BMS-IIR table on thl_device

7.3. Real BMS-1IR Implementation

The real development of the BMS-IIR device is
assembling the hardware components, as shown in
Table 1. Fig. 9 and 10 show the actual view of the
project.

Fig. iO Top view of the BMS-IIR system consists of a BMS-IIR
device and a 3.3V buck converter

7.4. Proposed Interface

The draft interface for the BMS-1IR system consists
of only three interfaces with one main interface and
two sub interfaces. The sub-interfaces will display the
list of 4 batteries attached and the voltage and
impedance readings for each identified battery. The

initial sketch diagrams are shown in Fig. 11-13.
[F oW ol

IMPEDENCE MONITORING
SYSTEM

MAIN SCREEN
EXIT SCREEN

Fig. 11 Main menu of BMS-IIR after clicking the icon
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< Number of Battery

@ 58:BF:25:16:8A:D0 2021-11-19

Battery 1
Voltage :5.000
Impedence :3.00

Battery 2

Voltage :4.000

Impedence :3.00
More.

Battery 3
Voltage :9.00
Impedence :2.00

More

Battery 4
Voltage :10.00
Impedence :1.00

More.

@ 59:BF:25:16:8A:D0 2021-12-22

Battery 1

Battery 2
Voltage :5.000

Voltage :4.000
Impedence :2.00
More.

Impedence :2.00
More.

Battery 3
Voltage :4.00
Impedence :3.00
More

Battery 4
Voltage :5.00
Impedence :3.00
More.

Fig. 12 Main menu of BMS-IIR after clicking the icon

<  Battery Code : 58:BF:25:16:8A:D0

Voltage Impedence

Fig. 13 Main menu of BMS-IIR after clicking the icon

8. Conclusions

The BMS-IIR system that has been developed is
considered successful because it has achieved the
study's main purpose with the ability to reveal the real-
time status of each battery device from the data read in
the BMS-1IR cloud database. When real-time data can
be read, the voltage sensor in the BMS-IIR device is
functioning properly and correctly, thus being an
indicator of a successfully connected cloud database
schema. This project only covers the voltage and
impedance levels since both readings reflect the
internal resistance readings. The internal resistance
helps to identify problems with inter-cell connections,
corrosion of terminals, and loose connection hardware.
With real-time monitoring, voltage and impedance
results are streamed at each set of intervals. Therefore,
any anomalies or abnormal conditions can be detected
at an early stage [15].

Moreover, implementing 10T in the BMS-IIR
project can speed up the real-time detection process,
and battery state analysis can be well visualized [16-
18]. Our strength refers to the battery monitoring and
maintenance since no manual checks are required to

indicate our BMS-IIR is reliable [19]. Thus, the battery
maintenance cost reduces with the auto-monitoring and
reviewing the real-time battery status. The limitation
would refer to the reliability of battery data sent and
received. Our next paper will discuss the programming
flow and share the detailed code for this BMS-IIR app.
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