Vokasi Unesa Bulletin of Engineering, Technology and Applied Science (VUBETA)
https://journal.unesa.ac.id/index.php/vubeta
Vol. 1, No. 1, Month 2024, pp. 1~13 DOLI: " 4
ISSN: xxxx-XxXX

Monitoring battery charging using Node-RED

Nur Vidia Laksmi B."", Muhammad Syahril Mubarok?, Reza Rahmadian', Mahendra Widyartono!,
Ayusta Lukita Wardhani', Aditya Candra Hermawan' , Muhammad Abdus Salam!,

'Department of Electrical Engineering, Faculty of Vocational, Universitas Negeri Surabaya, Surabaya, Indonesia
*Department of Engineering, Faculty of Advanced of Technology and Multidiscipline, Universitas Airlangga, Surabaya, Indonesia

Article Info ABSTRACT

Article history: The need for a smart grid has been spurred by the growth of distributed
. generation, the aging of the current grid infrastructure, and the desire to alter

Received Jul 26, 2024 networks. The development and enhancement of smart grid technology is

Revised Aug 9, 2024 significantly facilitated by the Internet of Things (IoT) technology. Batteries

Accepted Aug 19, 2024 play a crucial role in the energy storage of electrical systems, including smart

microgrids and electric vehicles. To enhance performance and prolong battery

life, a Battery Monitoring System (BMS) is required to manage the energy
Keywords: storage process dynamics within the battery. Battery life prediction
contributes to the consistent and efficient operation of battery-powered

Battery devices. This research presents battery charging monitoring using Nodered.
Charger Apart from that, the battery charging feature uses a cut-off concept. The cut
Node-RED off on the battery is to prevent the battery from over-discharging which can
ESP32 damage the battery and shorten its lifespan. This research carried out
Internet of things validation using 3 case studies on battery charging. Validation of

measurements uses a comparison between the INA 219 sensor and a
multimeter. From experiments, current testing from 3 case studies, it was
found that the average difference in current sensor error was 0.19%.

This is an open access article under the CC BY-SA license.

G000
1. INTRODUCTION

The need for electrical energy is currently a basic requirement that is needed in everyday life, whether
used for household, industrial or automotive needs. The higher the population, the greater the need for electrical
energy to meet electricity needs continues to increase, but the availability is not yet sufficient [1]-[2].
Rechargeable batteries are becoming increasingly common among various energy storage devices due to
advancements in the area. An energy storage system (ESS) is necessary for renewable energy sources to ensure
a steady and uninterrupted supply to the consumer [3]. A battery's safety, dependability, efficiency, and long-
term functioning are ensured by the Battery Management System (BMS), a crucial component of any battery-
powered system. Even if a battery pack's cooling system is well-designed, the temperature of each cell varies
[4].

Managing the deterioration of battery health, which is mostly exhibited by capacity loss, is a major task
in battery management. The battery's maximum capacity continuously decreases as the number of
charge/discharge cycles increases. To creating efficient battery management plans and scheduling maintenance
tasks, it is essential to accurately assess the maximum battery capacity [S]. The battery cut-off concept refers
to the principle of managing battery power to extend its service life and ensure optimal performance. When we
use devices that use batteries, such as cell phones or laptops, the power management system is often equipped
with a battery cut off feature. The basic principle of battery cut-off is to prevent the battery from over-
discharging which can damage the battery and shorten its lifespan [6]-[7].

The term "Internet of Things" (IoT) describes how commonplace objects are connected via networks.
This kind of wireless device linkage is self-organizing and designed to connect commonplace objects. Through
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interfaces with sensors, two-dimensional codes on objects, and electronic IDs, it is connected to wireless
networks. [oT technology facilitates machine-to-machine or human-machine communication. [oT is primarily
defined by three characteristics: sufficient size, intelligence, and internet connectivity [8]. Data collection,
bilateral communication, handling, and reaction control are the four components of the Internet of Things. A
visual programming environment called Node-RED was created expressly to link online services, IoT devices,
and other dispersed systems together into a clear data stream. By assembling "nodes," or building blocks, users
can construct intricate visual workflows [9].

Several studies regarding battery monitoring based [oT have been presented by several researchers. Isaias
Gonzalez et al presented a monitoring system based on IoT technology for batteries integrated in a Battery
Powered Hydrogen Microgrid (BHMG). The data provided by is transmitted to an internal IoT server and
displayed through a user interface developed using Grafana software [10]. Xiaoping Wang et al presented a
battery monitoring system based on Narrow Band Internet of Things (NB-IoT). The system is designed with
STM32F103 as the main control chip, and the BQ76930 chip collects relevant information such as voltage,
current and temperature. Battery information is sent to the Alibaba Cloud server via the NB-IoT module, and
state of charge (SOC) estimation and information storage are carried out on the server [11]. Zena Ez Dallalbashi
et al discuss the development of a photovoltaic (PV) system battery performance monitoring unit. This will be
done using an Arduino and a long-range wide area network (LoRaWAN) as a control and monitoring system
[12].

The application of Node-red as a framework for several monitoring applications has been implemented
by several researchers. The application of Node-red as a framework for several monitoring applications has
been implemented by several researchers. Nurazamiroz Bin Kamarozaman et al present a portable patient
monitoring system based on the Internet of Things (IoT) which can be installed on remote patients without
requiring the patient to be constrained by cables and remain in bed throughout. day. The MQTT server protocol
is used to send data to Node-Red and ThingSpeak for monitoring [13]. Paul Macheso et al present a smart
home design using Message Queuing Telemetry Transport (MQTT) and Node-RED. Smart home solution
design using MQTT mosquito broker on raspberry Pi 3B+, single board computer development board [14].
Luis Gonzalez et al explain the development of a water source monitoring system in the Tres Lagunas Andean
highland wetland ecosystem (Ecuador), using LoRa technology. The system design mainly involves an
ATmegal284p micro-controller, LoRa transceiver, and physicochemical sensors. The data collected from the
research location is sent to the server and then forwarded to the Node-RED platform using the MQTT protocol
[15]. Although IoT-based research has been widely presented. research on monitoring and Node-red still has a
lot of space that can be explored. This research has contributions, namely:

1. This research presents battery charging monitoring using Node-red
2. This research uses a cut-off method for battery charging

This article has the following structure: the 2nd one presents the applied methods and a complete study
of 10T, Node-red, NodeMCU ESP 32 and INA 219 Sensor. The 3rd part reviews the results and performance
analysis. The final section is to present the conclusions obtained.

2. METHOD (10 PT)

2.1. Internet of Things (IoT)

Internet of Things (IoT) refers to the concept where physical objects, devices, vehicles, and even
people are equipped with sensor technology, software, and internet connections that enable them to
communicate with each other and exchange data automatically [16]-[18]. The goal is to create a connected
environment where devices can interact, share information, and perform actions without human intervention.
Objects in the [oT ecosystem are equipped with various sensors (such as temperature sensors, motion sensors,
humidity sensors) and communication devices (such as microcontrollers, wireless modems) that enable them
to collect data and communicate with other devices and IoT platforms. Communication between objects in [oT
and the [oT platform or infrastructure usually uses an internet connection. This may include Wi-Fi connections,
cellular networks (3G/4G/5G), Bluetooth, or other wireless technologies. Data collected by IoT devices is sent
to an IoT platform, where it is processed, analyzed and used to make decisions. These platforms often include
cloud computing infrastructure, artificial intelligence algorithms, and analytical software. Data collected by
IoT devices is used for a variety of purposes, including automated monitoring and control, predictive analysis,
process optimization, energy savings, predictive maintenance, and more.

The essence of the IoT concept is connecting physical objects to the internet to collect data, analyze
that data, and take appropriate action based on the resulting insights. This makes it possible to create connected
and intelligent environments that can monitor, control, and respond automatically to environmental conditions
and user needs [19]. The Internet of Things (IoT) offers several significant advantages in various areas of life
and industry. [oT enables real-time data collection from various devices and sensors. This enables accurate and
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timely monitoring of condition, performance, and environment. Examples include real-time patient health
monitoring, city infrastructure monitoring, or production monitoring in factories. With IoT, processes can be
automated based on the data collected. This reduces human involvement, increases efficiency, and reduces
human error. An example of an application is a smart home system that automates temperature, lighting, and
home security settings. IoT can be used to optimize energy usage and reduce unnecessary energy consumption.
Examples include energy management systems in buildings that regulate lighting and air conditioning based
on environmental conditions and human presence [20]. Figure 1 is an illustration of the characteristics of IoT

Connectivity

Sensor and
device

10T

Interoperability Data
Security Comunication

Figure 1. IoT characteristics

2.2. Node-Red

Node-RED is a visual programming platform designed to connect IoT devices, web services, and
other distributed systems in an easy-to-understand data stream. It allows users to create visual-based workflows
using blocks called "nodes" and connect them to form complex application logic [1]. Node-RED provides a
web-based user interface that allows users to create and edit workflows using drag-and-drops [2]. It allows
users to quickly build and change application logic without special knowledge of programming. Node-RED
has a wide variety of nodes that cover functions such as input (e.g., [oT sensors, RSS feeds), output (e.g.,
databases, web services), data transformation, flow control, and more. Users can easily add new nodes from
the available libraries or create their own custom nodes. Node-RED can connect to various devices and services
via dedicated nodes. This includes integration with IoT platforms such as MQTT, HTTP, and CoAP, as well
as cloud services such as AWS, Microsoft Azure, and Google Cloud [3]. Users can orchestrate workflows
using connected nodes by defining the setup logic, conditions, data transformations, and actions required to
run their applications. Additionally, Node-RED has an active community that continues to develop new nodes,
tutorials, and solutions for various use cases. This makes it a flexible and widely extensible platform [4]

2.3. NodeMCU ESP32

NodeMCU ESP32 is a variant of NodeMCU which uses the ESP32 chip from Espressif Systems as its
base. NodeMCU itself is an open-source development platform that uses the Lua programming language and
is specifically designed for developing IoT applications. By using ESP32 as its base, NodeMCU ESP32 has
similar features to the standalone ESP32, but with the added ability to use Lua as a programming language for
IoT application development. This makes it a popular choice for developers who want to leverage the
advantages of ESP32 in IoT applications while still using a simpler, easier-to-understand programming
language [5].

2.4. Battery Charging

The concept of the tool created in this research is that users can monitor applications based on the Node-RED
platform. When charging. The cable is connected to a tool according to the battery poles, then the INA219
sensor will read the voltage on the battery. When the battery voltage is less than 12.5 V, the relay will turn on
until the voltage reaches 12.5 V. When the voltage value is 12.5 V, the relay will automatically trip and send a
notification to the application. An illustration of a battery charging tool can be seen in Figure 2. Details of the
wiring for the battery charging device can be seen in Figure 3. This prototype uses the INA219 sensor as a
component to detect current and voltage. The INA219 sensor is a very vital component. This component
functions as a voltage and current reading, and also functions as a cut-off setting when charging is full. To
calibrate this sensor, we can do this by:
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Enter the script on the Arduino by first downloading the library from the sensor.
Connect each pin of the INA219 sensor according to the wiring in Figure 3

. Next, upload the example script from the library that was downloaded previously, then try checking it via

the serial monitor in the Arduino application.

Figure 2. Illustration of the proposed method
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Figure 3. Illustration of the Battery Charging Wiring Design

After calibrating the INA219 sensor, the next step is testing the sensor to disconnect the battery charger using
Node-RED, as follows:

1.
2.
3.

4,

Upload the program that has been created on the Arduino software to the ESP 32

Connect the pins of each component to the esp32

Open the Node-RED dashboard application first on the local host (http://127.0.0.1:1880) to adjust the
flow according to your needs.

Adjust the function node in the form of a server and also a topic according to the script that has been
created (in Figure 4)

After connecting the flows between nodes, the next step is to set the layout on the Node-Red dashboard
menu (in Figure 5)

Application display on the local host (In Figure 6)
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Figure 6. Monitoring Layout Settings on Node-RED

3. RESULTS AND DISCUSSION

This research validates and verifies the tool using 3 different case studies. Case study 1 usesa 12 V 3.5
Ah battery, case study 2 uses a battery with specifications 12 V 4.5 Ah and case study 3 charging the battery
simultaneously with the method parallel battery with battery specifications 12 V 3.5 Ah and 12 V 4.5Ah.
Several things will be tested through filling above is the accuracy of the current and voltage sensors using the
INA219 sensor. Several things were tested, namely the accuracy of the current and voltage sensors using the
INA219 sensor. Testing the cut-off setting of the battery charger aims to determine whether the relay trips
automatically when charging reaches 12.55 V. To find out the average current entering the battery when
charging, we can calculate it using the equation as follows

A

X =
AS

(1

where X is average current, Al is total current. AS is sample data. From the results of case study 1 with a
charging time of 90 minutes and data collection every 10 minutes. The average result of the current entering
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the battery on the multimeter was 0.36 A and the average current on the INA219 sensor was 0.44 A. The
average error result of the current sensor using the INA219 sensor was 0.21%. Complete data for case study 1
can be seen in Table 1. Meanwhile, a comparison of voltage measurements between the multimeter and the
INA 219 sensor showed an error of 0.06%. Complete comparative data on voltage measurements between the
multimeter and the INA 219 sensor can be seen in Table 2. Figure 8 is a comparison graph of voltage
measurements between the multimeter and the INA 219 sensor. From Table 1, the graph illustrates the
comparison of current measurements from the multimeter and the INA219 sensor in Figure 7. The results
shown in the graph are changes in current data obtained 9 times. Data collection takes every 10 minutes.

Table 1. Comparison results of current measurements
between multimeter and the INA 219 sensor in case study |

Time Cul:rent Current )
(minute) (multimeter) (INA219 Sensor) Difference Error (%)
(A) (A)

10 0.69 0.87 0.18 26.08696
20 0.57 0.73 0.16 28.07018
30 0.5 0.53 0.03 6
40 0.38 0.48 0.1 26.31579
50 0.29 0.37 0.08 27.58621
60 0.24 0.28 0.04 16.66667
70 0.23 0.28 0.05 21.73913
80 0.19 0.23 0.04 21.05263
90 0.17 0.2 0.03 17.64706

Average 0.362222222 0.441111111 0.0788889  21.68969

CURRENT COMPARISON

Value

Time

e Current  (INA219 Sensor) (A)

e Current (multimeter) (A)

Figure 7. Comparison of current measurements using a multimeter and the INA 219 sensor in case study 1.

Table 2. Comparison results of volt measurements
between multimeter and the INA 219 sensor in case study 1

Time Volt Volt
(minute) (multimeter) (INA219 Sensor) | Difference | Error (%)
V) \%

10 12.42 12.44 0.02 0.161030596
20 12.46 12.46 0 0
30 12.49 12.48 0.01 0.080064051
40 12.5 12.49 0.01 0.08
50 12.51 12.5 0.01 0.079936051
60 12.52 12.52 0 0
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70 12.53 12.53 0 0

80 12.55 12.54 0.01 0.079681275

90 12.56 12.55 0.01 0.079617834
Average 12.5044444 12.5011 0.0077777 | 0.060088997

Volt Comparison

12.6
12.55
12.5
12.45
12.4
12.35

Value

Time

=@= "V olt (multimeter) (V)
=@=Volt (INA219 Sensor) (V)

Figure 8. comparison of Volt measurements using a multimeter and the INA 219 sensor in case study 1.

Case study 2 is used to charge a battery with a 12 V 4.5 Ah specification. The current test results can be seen
in Table 3 and Figure 9 which shows that the charging time was 140 minutes with an average current output
on the multimeter results of 0.523 A and on the INA 219 sensor of 0.64 A. Meanwhile, in The results of table
4 and Figure 10 show a graph of changes in voltage during charging for 140 minutes between the multimeter
and the INA 219 sensor and get a sensor error percentage of 0.08%.

Table 3. Comparison results of current measurements
between multimeter and the INA 219 sensor in case study 2

Time Cul"rent Current '
(minute) (multimeter) | (INA219 Sensor) | Difference Error
(A) (A)

10 1.16 1.54 0.38 32.75862
20 1.09 1.37 0.28 25.68807
30 0.86 1.1 0.24 27.90698
40 0.7 1.03 0.33 47.14286
50 0.64 0.71 0.07 10.9375
60 0.44 0.53 0.09 20.45455
70 0.44 0.5 0.06 13.63636
80 0.37 0.46 0.09 24.32432
90 0.38 0.38 0 0
100 0.31 0.33 0.02 6.451613
110 0.26 0.29 0.03 11.53846
120 0.28 0.29 0.01 3.571429
130 0.25 0.25 0 0
140 0.25 0.23 0.02 8

Average 0.530714 0.6435 0.11571 16.6007
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Current Comparison
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Figure 9. Comparison of current measurements using a multimeter and the INA 219 sensor in case study 2.

Voltage Comparison
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Figure 10. Comparison of Volt measurements using a multimeter and the INA 219 sensor in case study 2.

Table 4. Comparison results of volt measurements
between multimeter and the INA 219 sensor in case study 2

Time V.olt Volt )
(minute) (multimeter) (INA219 Sensor) Difference Error
W) W)
10 12.37 12.37 0 0
20 12.39 124 0.01 0.08071
30 12.42 12.44 0.02 0.161031
40 12.45 12.46 0.01 0.080321
50 12.48 12.48 0 0
60 12.49 12.5 0.01 0.080064
70 12.52 12.51 0.01 0.079872
80 12.53 12.52 0.01 0.079808
90 12.53 12.53 0 0
100 12.54 12.53 0.01 0.079745
110 12.56 12.54 0.02 0.159236
120 12.56 12.54 0.02 0.159236
130 12.56 12.54 0.02 0.159236
140 12.55 12.55 0 0
Average | 12.49642857 12.49357143 0.01 0.079947
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Case study 3 is charging the battery using the parallel battery method with battery specifications of 12 V
3.5 Ah and 12 V 4.5 Ah. In case study 3, the current test can be seen in Table 5 and Figure 11 which shows
that the charging time was 240 minutes with an average current output from the multimeter of 0.50 A and the
INA 219 sensor of 0.61 A. Case study 3, sensor error of 0.2%. Meanwhile, the change in voltage during
charging for 240 minutes between the multimeter and the INA 219 sensor resulted in a sensor error percentage
0f 0.55%. The results of the voltage test in case study 3 can be seen in Table 6 and Figure 12.

Current Comparison

1.5

Value

0.5

12 3 456 7 8 91011121314
Time

=@==_Current (multimeter) (A)
=@=_Current (INA219 Sensor) (A)

Figure 11. Comparison of current measurements using a multimeter and the INA 219 sensor in case study 3.

Table 5. Comparison results of current measurements
between multimeter and the INA 219 sensor in case study 3

Time Cul.‘rent Current )
(minute) (multimeter) | (INA219 Sensor) | Difference Error
(A) (A)
10 1.04 1.28 0.24 23.0769
20 1.02 1.23 0.21 20.5882
30 0.99 1.17 0.18 18.1818
40 0.84 1.07 0.23 27.3809
50 0.74 0.94 0.2 27.0270
60 0.62 0.86 0.24 38.7097
70 0.6 0.72 0.12 20
80 0.53 0.68 0.15 28.3018
90 0.51 0.66 0.15 29.4117
100 0.53 0.62 0.09 16.9811
110 0.46 0.54 0.08 17.3913
120 0.43 0.53 0.1 23.2558
130 0.48 0.49 0.01 2.08333
140 0.4 0.49 0.09 22.5
150 0.34 0.46 0.12 35.2941
160 0.39 0.43 0.04 10.2564
170 0.35 0.4 0.05 14.2857
180 0.3 0.37 0.07 23.3333
190 0.31 0.34 0.03 9.67742
200 0.27 0.32 0.05 18.5185
210 0.28 0.29 0.01 3.57142
220 0.23 0.28 0.05 21.7391
230 0.22 0.27 0.05 22.7272
240 0.22 0.26 0.04 18.1818
Average 0.5042 0.6125 0.108333 20.519
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4.

Voltage Comparison
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Figure 12. Comparison of Volt measurements using a multimeter and the INA 219 sensor in case study 3.

Table 6. Comparison results of volt measurements
between multimeter and the INA 219 sensor in case study 3

Time Yolt Volt )
(minute) (multimeter) | (INA219 Sensor) | Difference Error
W) W)
10 12.2 12.42 0.22 1.803279
20 12.24 12.42 0.18 1.470588
30 12.27 12.43 0.16 1.303993
40 12.3 12.44 0.14 1.138211
50 12.32 12.46 0.14 1.136364
60 12.34 12.47 0.13 1.053485
70 12.35 12.48 0.13 1.052632
80 12.38 12.49 0.11 0.88853
90 12.41 12.49 0.08 0.644641
100 12.42 12.5 0.08 0.644122
110 12.44 12.5 0.06 0.482315
120 12.46 12.51 0.05 0.401284
130 12.47 12.51 0.04 0.32077
140 12.48 12.51 0.03 0.240385
150 12.49 12.52 0.03 0.240192
160 12.51 12.52 0.01 0.079936
170 12.51 12.52 0.01 0.079936
180 12.52 12.53 0.01 0.079872
190 12.53 12.53 0 0
200 12.53 12.54 0.01 0.079808
210 12.54 12.54 0 0
220 12.54 12.54 0 0
230 12.55 12.54 0.01 0.079681
240 12.56 12.55 0.01 0.079618
Average | 12.43166667 12.49833333 0.0683333 | 0.554152

CONCLUSION AND LIMITATION
The term “Internet of Things” (IoT) describes a scenario in which real-world objects such as furniture,

appliances, cars, and even humans are equipped with internet connections, software, and sensor technology
that allow them to share data and communicate automatically. one another. Designed to connect IoT devices,
web services and other distributed systems in an understandable data stream. Node-RED is a visual
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programming environment. Using building blocks known as “nodes,” users can create visual-based workflows
and connect them to produce complex application logic. This research presents battery monitoring using Node-
Red. This research carried out validation using 3 case studies on battery charging. The difference in voltage
from the three case studies obtained an average percentage error from the voltage sensor using the INA 219
sensor of 0.23%. There is a difference in current when charging the battery, the current becomes smaller when
the voltage reaches its full limit in order to keep the battery in good condition. Testing the current from 3 case
studies showed that the difference in the percentage of sensor error from the voltage using the INA 219 sensor
was 0.19%. This research can be developed by adding the latest IOT and communication technology such as
LORA to get its updates.
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